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PC : Phosphatidylcholine

LPC : Lysophosphatidylcholine

PLA, : Phospholipase A,

G2A : G protein-coupled receptor 123

PS : phosphatidyl serine

Apaf-1 : apoptosis protease activating factor-1

MTT : 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl-2H-tetrazolium salt
FITC : fluorescein isothiocyanate

PI : Propidium Iodide

DAPI : 4’,6-diamidine-2’-phenylindole dihydrochloride
FADD : Fas associated death domain

pNA : p-nitroanilide

ROS : reaction oxygen species

H,DCF-DA : 2°,7’-dichlorodihydrofluorescein diacetate
DMEM : Dulbecco’s Modified Eagle’s Medium

FBS: fatal bovine serum

HBSS: Hank’s balanced salts

HEPES: 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid
PBS: phosphate buffered saline

9-HODE : 9-hydroxyoctadecadienoic acid

PS : phosphatidyl serine
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RPN A E SR %\é'l‘i@ii'f lﬁ'l‘ H4 4% (PSC : primary sclerosing cholangitis) 7 & ¢ H{H-
9 o PR B NRE IR WT, BE - IR Y 27 35
wEnbnTingd Y, _ODH EHEDFAEA T =R L LT, IBE~ORER YT
IZ LV, W CREAE 415 phospholipase Ay (PLA,) DOEMAHREMN EFH L, 8
PERIENE Z D 2 &75%[%%&@ DIIBIZFG L TND EEEIN TS,

FENRAE FEG I B HE B OB & R 2 O b O TITE BRI 2 7R S 72008,
BT & BE & RN D28 BIFEIL, 60%Lh ENZERFEMBMETH -2 Y, 2oz
EMD | RN X Db F RS THE UTeME NIRRT E G LT 5 alREMED RIE
N5, £, BEEEMIITE ICETICRBESNA TV S0, Bt )
(Fig. 1) OZALNRIBIZF G LTV D AREMITEWEEZ bR TV 5,

U UNRE T D FEARER R 5> T, & N7 & LIS IE O i B SO &

DHERF 73 CIEHERERIENC B3 o &HI 2 > Tu\v5, U U IFE T phospholipase 73
ERT2Z2&T, U U UEE &R AR S 415, Lysophosphatidylcholine
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Fig. 1. Typical solute composition of hepatic
Phospholipids and gallbladder biles in normal humans.

CA: chole acid,

CDCA: chenodeoxichole acid,

DCA: deoxychole acid,

LCA: lithocholic acid,

UDCA:ursodeoxychole acid
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Fig. 2. Biogenetic pathway of lysophosphatidylcholine. R1, Ra: acyl group
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Fig. 3. Disruption mechanism of apoptosis cell membrane. PS: phosphatidylserin
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Fig. 4. General apoptosis signaling pathway.
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LPC (%, b MM EZMECOTMEZ: & CRRESIERAZ R Enmbin
Tb\é oD, LonL, b MR ERHIR 69 2 HIRBE E VR IS ShTun/e
. AETIX, b MEE BRI HuCCT-1 #MEICR 1T 5, LPC OfifafEE
1’Eﬁﬁ ZOWTHRFZAT > 72,
ARRFITIL, MTT assay (Fig. 5) (2X Y LPC OffiffazsEM% et Lz, MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) & X7 F 7> U 7 A
Wo—fThHo, EMEFoI bar U TABKEREZEICLVE TS, R
WM DOREH 4 formazan 2283 5, Z @ formazan AR EEZRIET HZ ST L D,
I hay R TEEEEM (SMAOEFR) Ak D LRtk s ),

@ NADH NAD*
N—N Ni\N
V4 N NQ

MTT Formazan

Fig. 5. Cleavage of MTT and formation of formazan by active cells.
MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide



F 18 MTT assay (2 X2 LPC OFMfEEFHENRE DR

AHITIE, HuCCT-1 e ool Eh B8 12 & 1F 7 LPC @?;;%rﬁisot@“ﬁ#%ﬁﬁkﬁ
7R BV TRRET Lz, IREEIE 1, 10 B XV 100 uM, FEfJIZENZAL 1,
BLON0 FFETHIE AT o 72, ZOREEE LT, 100 uM LPC O 1 IRFfiIEEE 4‘#

s i%ﬁﬂ’? EEFERIIA LR Do T2, 5, 10 FFRRET L2 2L, fla

EMERANRRICHERICHEE SN (Fig. 6), LPC 1, 10 pM MREERECIEHi

PR E AR~ DRI A %;J“Lfot Mol

120 |
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—— 100 uM

Cell viability
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Fig. 6. Effects of lysophosphatidylcholine (LPC) on cell proliferation in HuCCT-1 cell.
HuCCT-1 cells were incubated with DMEM medium containing 1, 10 or 100 uM LPC
for 1, 5 or 10 hr. Cell viability was determined by MTT assay. Each value represents the
mean £ S.E. (n=6) ** p<0.01 vs. vehicle.
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ARETIX, HuCCT-1 Mgl LT, LPC IZ X 2 IR EMER N A BN D 10 K
MIgEE & CTRHZITo72, TOMEL LT, LPC1, 10 uM Ti 10 KFfHEMREZ
L C b MIpREE s 2 Bl L7y~ 72, LaxL, LPC 100 pM BRFERETIX 1 WEfHiREE
TITEFEINH 2 7R S 72 o 723, 5 R LA R B e s okl EH 2~ L
77o X T. HuCCT-1 MK LC, LPC 100 uM TITiE< &b 5 I Sl
U EEANSI SR &ND Z EARB ST,

7 v MEENEHIEIZ BV C LPC 1%, 25 uM T 24 FEREI 2 Z Lok - THl
JapsEEA A X - L2, REBRICH VT HuCCT-1 Az x LCid, 24 B
MIREECH. S OICEBE THOWARTVTHBEEERZFE L o7, 2
FUiZ, HuCCT-1 MfEAEMa TH D70, IEFAIE & bl U CHFERENS m\v 7o
HDThHEZEZ BT,

F 72, HuCCT-1 Mgz 1T DAL, F 15~20 Kl Th 5, X 1 1Tidr
L CW WS, AR 24 FFf £ CRET 21T o 7o, 24 FRf#% TISRIRRES 2 f51C
2o TWADAREMENTSIZEZ BN D, Lol #F OMBETE K I LA
HEFEIR 1 Cd 5 FBS % 10% & A L T\ 2% 23 LPC BRFEH OIRIKIL FBS 2 &4 AT
W2V, ZD72, FBS F1E T & OFFMIERIIR 22 LEIN D, FEBRIC,
LPC 100 pM % 24 FF[RET 5 L AMEOE S NHEM L Tz, 2,
HuCCT-1 HEfR O HEFEREAY LPC IZ X DM FIEH LV & EElS> TnWe/ed Th
HEEBEZONT,
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%51 E CTIL.LPC 100 uM BEFE 13, HuCCT-1 a2kt U CRfRREE/E A 2R L\
MRAE 2 A5 Z L 2VURIE & fz, LPC 1T bl FRZHIAL . FFRa 7,
VU RERYB XN v MBI Y72 P2 ORI L TT AR h— 75:%%
THZEDHLNZZ> TS,

ZF Z TAZETIZ., HuCCT-1 M2 BT, LPC I X A MIfRFEN T R b —3 %
WZEERT DO TH DRt E1T o7,

B 7oa—HA AN —ICL AT R = ZMAOR

AR TIE, FITC (fluorescein isothiocyanate) ik AnnexinV & I {7 m &
217 2 (Propidium lodide: PI) C —EYfa L 72 HUCCT-1 fifa%d, 7o —H A | A
—H—FEHOTHRHTHZ LIk, LPC ICX DT R F—v ZAFHEEHEZ B
L7,

HEERNTT RN —VRAEZRZ LZMEIE, ~v7a 7y —Vk Eogasfilaic
KOBREINDZZENMONTWND, ZNLOEEMIAIX. 7R b— Afiid
O E —EBIZBIT 2 IERFREO B2 Y, MlaEROEL 2787 L <
W2 P, TR —VAPMTIE, BEMBONBEMICEEL TWD
phosphatidylserin (PS) 723, DG 2 HEFF L7- F F TSN H TS 570 &
BEDIERIFIEN LT D, Annexin V 1%, Ca®'{F7E F CHIINZE B ICEH L7 PS
X LTV E 2 or 9, — 5, TR b= 2R EITIR, EAEENICHE
T 578, DNA HFETH 5 PIOSHIKINIZA W iAZ, DNA H*Aﬁ“z—a 3032

X - T, FITC 3% Annexin V & Pl O “FEYta 2 V=84, 7R h—3 24
HClX Annexin V & PS OFEGIIBIER I N D, Ml & X n’ﬁ%éﬂ“@ﬂét
» PI & DNA IS L7ev (Fig. 7b), 774 b — v AR 7 v — 2 A DA,
AR OREE DN AREE S D72, AnnexinV & PI Oli FOFEENBIEZE SN D (Fig.
7¢)o 7R b= 2% WO TITMRESHE L TWD72H, r7r—r Rk
OHFIBF I W EWVDbILTWD, ZDOH, ARRFTIE 1748 b—3 X
fa=7R b — A9 EAOE LT,
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Fig. 7. Detection of apoptosis utilizing Annexin V and PL
(+) : positive for binding, (-) : negative for binding

LPC BREFTIC L AR T R b —3 ZFEICHOW T 21T 272, Ok
. HuCCT-1 ffEIZ 3T LPC 100 pM, 5 FFREBRFERE Cld= v b o —L & ik
LTCT7 AR =2 faoFlEn EH L (Fig 8).

OV A NS TLE, LPC BBHEOT R h— AfiloE G4 o ba—)L
DT R b= ZHEEIE TR LT 7 7/t L=b D% Fig. 9 177, T DRSS,
TR M=V AMROFIEIT 5 T he—vo 2 fFIZEML, 10 KE/T
23 (EFECER L=, 7T 73R LTV, 78 h— 2% EIM - 2
02— A OB A b KRR AFR I HEIME R &2 7R U, AR X RER o f & 4t
WZMEm &2 R LT,



(a) Control, 5 hr (b) LPC 100 uM, 5 hr

10

Annexin V- FITC Annexin V- FITC

Fig. 8. Apoptotic and necrotic death of HuCCT-1 were distinguished using FITC
labeled annexin V and propidium iodide (PI) stain. HuCCT-1 cell were treated as
indicated above each panel and then analyzed by flow cytometry. The lower left
quadrants of each panel show the viable cells, which exclude PI and are negative for
annexin V binding (Annexin V-: PI-). The lower right quadrants represent the early
apoptotic cell, positive for annxin V binding and negative for PI uptake (Annexin V+:
PI-). The upper right quadrants represent the later apoptotic cell and necrotic cells,

positive for annxin V binding and negative for PI uptake (Annexin V+: PI+).
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Fig. 9. Time course of apoptosis induction on HuCCT-1 cell by LPC. Flow cytometric
analysis of annexin V-FITC/PI double stained cells that were incubated with 100 uM
LPC for 1, 5 or 10 hr. Each value represents the mean = S.E. (n=6) *p<0.05 vs.
control.
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F1IHTIE, 77—V A " AR —IZL>T, LPC BFEIZLDVTHRF—T R

MHEEIND Z EE2MER LI, REITIE, 7K b= RS &b R 72
BEkD 1 2ThD, BEOWA b ZBIE L, HER L —F—BEi%E v,
DAPI (4’,6-diamidine-2’-phenylindole dihydrochloride) 5% (Fig. 10) THZYtA L
Al ZBI%E L=, DAPL ITflafoEiEtEoHF s tai ch o, fMido DNA
(TF = - FIUR) LEBRMSERT D Y,

FORERIT, 2 e — VlEO & g LT, LPC 100 uM, 5 FREIREERE
TIIEOW AIb D BE ST, Ko T, 7ar—3 A F X N U —DOfER & FERIC,
HuCCT-1 I B W T LPCFEME T R b= AN EEZ SN TWD Z L2V
Hnkirol,

NH2 zcl_

Fig. 10. Chemical structural formula of DAPIL.
DAPI: 4°,6-diamidine-2’-phenylindole dihydrochloride

(a) Control (b) LPC 100 uM

Fig. 11. LPC induced apoptosis in HuCCT-1 cells. Detection of apoptosis by DAPI
staining. Nuclear morphology was observed by fluorescence microscope. HuCCT-1
were incubated without (a) or with 100 uM LPC (b).
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10 FEECE GITHEM L TWER, X7 a—T AB LT R b— A% HE S
10 ] CHIMER 2R LTz, Ko T, SO TIL, LPCIZE DT R b—v
AFHENEROREZRFT D7D, X7 12— AOEENR/D20 LPC 100 pM, 5
WPfREEREZ 7R h— 2 AH L LT Z &N Th s L E X T,
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T, EATIEOIACIEERR RS R 2 3 E+ 2 22, F7o. JFOEPEALT 1 T
7 (PBC) TI% PC OffaNA 3 X OMEH~DOPEHEDIK TR Z TR L
TW5 Z EDBMEE SN TR Y Y PBC 528\ T ursodeoxycholic acid (UDCA)
BH%ZOE D RIA4 v ELTHERAEIND 7 0 77— FREANL, HHF~D
PC OHEHIEMMRZ DIERAEF Ch o &2 bl TV D,

PC (FulH . MRy Y HEE DK 96%25: 55 DIk L, LPC 1X 2%k E % 5

DIZTERY, UL, BEIBESREFIEOFTILZ DM A2 L,
LPC 73 PC D 2 fELA LD L 70D 2 E A STV D 22,
% 2 CAETIE, LPC OMIfEEEFEIERICKTT 5 PC DFEEIZHOWTORETE1T
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H1HI LPCIZ K DHpapEEIcxd 5 PC D

AHiClX, LPC 100 uM & PC 100, 200, 400, 800 uM %z ffF L T 5 FEf1RGE
L.LPCIZ LV FE D MifafEEMIC 95 PC OFE%EZ MTT assay 38 L OV 7
o—H A kA MU —THH L7, Fig. 1212 MTT assay OfE R % 7~3, HuCCT-1
AR O AETFERIT LPC HARIRINZ £ - TIKF L7243, PC 200, 400, 800 uM O}
ﬁ*# BUWTIE PC DIRERFIMIRAEFEREN B L. PC OOFHIC X DMl

FERTAER RO BT,

120
sk
100 | L
80
60 5 5
®.9 40
20 |
0
V) 0 100 100 100 100 100
1Y) 0 0 100 200 400 800

Fig. 12. Effect of PC on LPC-induced cell damage in HuCCT-1 cells. Each value
represents the mean + S.E. (n=6) *P<0.01 vs. control. ** P<0.01 vs. LPC only.

WIZ,PCIZ & D LPC#HEMT A b — v AMAIERHIC W T 7 —H% A F X |k
U —IZ L DMEt T, A, 7R F =AM, 17 v — 3 AN & X5
L7z, LPC100 uM & PC400 uM Z0FHT 52 &1 XV LPCIZ LD T AR h—
v ATHE NI STz (Fig. 13¢), PC OFFHBEOAMAL, 748 b — AR, *
7 a— AMifOEIGITa s he—v L [RRRE L AR o 72 (Fig. 13d).
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Fig. 13. Apoptotic and necrotic cells were distinguished using FITC labeled Annexin V
and PI stain. HuCCT-1 cells were treated as indicated above each panel and then
analyzed by flow cytometry. (a)(b)(c) dot plots. The lower left quadrants of each panel
show viable cells, negative for PI uptake and Annexin V binding (Annexin V-: PI-). The
lower right quadrants represent early apoptotic cells, positive for Annexin V binding
and negative for PI uptake (Annexin V+: PI-). The upper right quadrants represent later
apoptotic cells and necrotic cells, positive for Annexin V binding and PI uptake
(Annexin V+: PI+). (d) percentage of apoptosis/necrosis. Each value represents the
mean * S.E. (n=6) **P<0.01 vs. each group of control. **P<0.01 vs. each group of
LPC 100 uM.
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ARFETIELPC DT R b — T ZAFEERIC KT T PC DFEEIZ OV THE LT,
LPC 100 pM & PC 100uM O FFH TIZ LPC 12 & 2 a2 34k S /e 7273,
PC 200, 400, 800 uM DPHEFIZ L D PC DR FR 2R EIER SR b
77

WIZ, MTT assay % H W 72 BFHZ W TRl RFEERH 23+ /012588 B 47z PC
400 pM % LPC 100 uM EfFH L, 7 —H% A F X MU —IZ LD E1T-o 72,
FO/ER, THRI—v A, X7 —v A AMEOEISIE PC 400 pM OfFAHIC
XozEhZEhn=ay be— /L ERRE LD PCIC X AMafGEER R E N7,

ARFEOFMR IV, PC 2 LPC (Zxf L CEENAFET 2 ABMSM T TiE, PC
IZ& Y LPC FHEMEOMBEENMH SN TWD Z ENE X b, BEOEH
) UHEREIEH 96%73 PC. K 2%72% LPC Tdh S 728, ARl EER M I1TEE D
JEYT & Hel LT LPC IZxd % PC OFIE MR, AERFHCHV 2 HuCCT-1 i
(TEARCTH Y . ML L i U CHIFERE DS m ) oDl E O REHRE AR Kkt
T 5 PC DEIGDMENSEAT LPCICX T 2 REERDNRBO L /REER H 5,

—J5. HuCCT-1 #HIZ 3T LPC100p M & PC 100uM D Ff Tl e 2
IR HIIRN o Tm, WAL AR EFE CIZARA o LPC JEE OHIN & PC DO
DLV LPC A PC D 2 fFLL EOREEL 725 Z L@ S TR0 2,
ZOEH Y R DA S RS b R R R R A A T 5 RTREE ASHER X
iz,



o 4 F

LPCIC LA TR = AT T FIVAGRERE

1 FEBXOH 2 T, HuCCT-1 MifdlZd T, LPCIZX Y TR F—3 AN
FHE S, MEEEERNAECL Z ERHALNE o7z, RETIX, LPC
PET R b= AZBT D ¥ 7 T IMRIEREICOW TR Z1T 9,

ARETHRMNEITo T2V 7TV K% Fig. 14 1O 9, EICTHR —v AT TS
IARERR S T, SR DDA RV ART AL T X =2V T T IANMeb % 2
& TCHEITT 5, KRR T AL E T X —L LT Fas LET X =R HHNA TN D,
Fas RIZ L > TT AR b= 2 & 23 Hifl, FIROFERERIKIC LV 2 fEA

(Type I . Typell) (Z/¥E S D, Type [ 1£3 b= KU 7 IEEKGFHIIC AL SE
AFHFET L0 L, Typell 13 k= B U PRI HIBGSE 2 4 5 3237,

TALETSZ =PRI L, Fas B sy 12> bl % 521 F 7= procaspase-8
DIEMEL S, TEVERY caspase-8 & 725, TEME(L S 47 caspase-8 I procaspase-3
25 caspase-3 ~EIEMALESE L —T7, I ha s R T OE(EEREST S0+
ThHBdaE7oty 7 L CEHRO Bid £ 345, tBidiZk I ha RN
TS OFEE A EME X7 b7 1 A C I, caspase-9 3 KON Apaf-1 E A KA
BT 5, Capase-9 1TEAGEREKTHZ LICLD, 7R M=V REITFHRFT
® 5 caspase-3 Z{EMH LI H D,

& 5T, caspase-9 72 ENEMAL SN DML I b= B U THRAFMED Type

2B S, caspase-9 DIEMALZ LDV by U 7 IEEAFMEO M IE
TypeI I G,
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cellular stress
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Cell membrane C / | Caspase-8 |

Cytochrome C release

Apaf-1
| Caspase— | —»[ Caspase-3 |
Complex activation ‘

Apoptosis

Fig. 14. Apoptosis signaling pathway.



F1EH THR =V AT T IAREST |- caspase-3. 8. 9 DGR

Caspase L, 7 A L& 7% —HliEIS, DNAMHE, A M LA Efkx 27 R
=Y AT TS L TEE SNV AT A T uT T —ETh D,

2L D EEE LT, OlrL, 7R M= RS (IS LT
W5 WP caspase b FDOIFMEFLINC Y AT A VLA EDL IEHE O
B CIXAiBRIA & L CTIEE LT 5, Caspase NEEE & 5lilk 921213, FE oUW
%ﬂ@NX%@40@7 JEBVETH D, EHIZ, EEOUIWHENLICIE
NRUHZT AT XU fpa WL L T AT #/E&OD C R ¥l & BIr9- 2 >+,

ﬁ*ﬁﬁ‘f“( %, EREoME 25 LT caspase-3. 8 B LN OIEMZHIE L7,
Caspase (2 &L - TRk S5 4 7 2 VEROESID C Kuifiliz pNA

(p-nitroaminilide) Z#5EA S, Z OAKIEE D HIFHE S 11D pNA EZ2HIET
% (Fig. 15), pNA IZOHMIN S 53R (400-405 nm) TRICEARET S Z
L . caspase DIFMEZHIET D 2 LA KD 2,

T HE & LT caspase-3 [ZHRF R AYALSY 4 £7-O DEVD-pNA, caspase-8 (ZHFHHY
B4l A Ff> IETD-pNA. caspase-9 (ZHEFEAYALYI Z £7-O LEHD-pNA % 7,

D:TARFEUE E: JNEZIVE VRN AT T=0,

I: 14 /aA4v>, T: hbA=r,  L:aAfv>, H: EAXAFTV)

Peptidyl—N@NOz —> Peptide + HZN@NOZ

Peptidyl-pNA pPNA

Fig. 15. Cleavage of peptidyl-pNA and formation of pNA (p-nitroaminilide) .



LPC (2 X % caspase 7 HEAL/EH

B2 EETIZ,LPC100 uM TS & 5 I CT AR h—v R 28T 52 &
PV L7z, 10 BERIREERE CIEBM TR b= RAB LR 7 m— v XA B RIKHC
HITL T, ZFD0, TR M= ADOL AT 5 B CIRERM A2 5 1
MIZERE L. LPC BEMED T R b —3 AV 7 IV RER I T caspase 23R 5- L T
WD SRR LT,

ZOFEF, HuCCT-1 ffEIZ3 17 %5 LPC 100 pM BRERIZ L W 7R b — 3 RFELT
K- Cd % caspase-3 1% 1.6 iF (Fig. 16), T ALt ? {KAFMETd % caspase-8
(1.8 1% (Fig. 17). X b= RV 7{KFFME caspase-9 1% 1.7 f% (Fig. 18) £ TIF
PERS EFH U7e, — 5 ARIREE LPC (10,50 pM) % 5 FREREIIREE S 272 Tl caspase-3,
8 B L9 THICHEARTENED ERIIA DR T2, Lo T HuCCT-1 A
BWTLPC 100 uM IZ K DT AR b—3 AFFEAERIZIT caspase-3., 8 3B L TN 9 3B
HLTWD Z LR sz,

[S—
()}
I

Caspase-3 activity
(Fold of Control)

o
(9]
T

10 uyM 50 uM 100 uM
LPC 5 hr

control  vehicle

Fig. 16. Caspase-3 activity in LPC induced apoptosis cells. HuCCT-1 cells were
incubated with LPC 10, 50 or 100 uM for 5 hr. Each value represents the mean =+
S.E. (n=6) * p<0.05 vs. control.
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Fig. 17. Caspase-8 activity in LPC induced apoptosis cells. HuCCT-1 cells were
incubated with LPC 10, 50 or 100 uM for 5 hr. Each value represents the mean =+
S.E. (n=6) * p<0.05 vs. control.
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Fig. 18. Caspase-9 activity in LPC induced apoptosis cells. HuCCT-1 cells were
incubated with LPC 10, 50 or 100 uM for 5 hr. Each value represents the mean =+
S.E. (n=6) * p<0.05 vs. control.



2 TR b= AT T FIRES - Fas OTEMEREM

LPC IZ X A7 AR h—3 AT caspase-3, 8, 9 NPIH L TWHIZ L8 1 HiTH
HNETR oD T, AREI Tl real-time PCR EZ VW, TR h—T A2 7 F V5
EREICEEGE T 57 AL T —D 1 fiTHD Fas L7 ¥ —0O mRNA FHLIC
DN TR L 72,

ZTOFEFRIL, 2> ba—/L L LT LPC 100 pM, 1 B L5 BEHBRERE T
HAITH 7 5 F T mRNA FBHN EH L7z (Fig. 19), 7 — 23R LTV,
Fas U /7> K@ mRNA (X, LPC BB HEIC B W CRBIFFE I N7, Lo T,
Fas LB 7 X —InbD Y T FMREIL L > TELUD TR h—3 A X, LPC 2 H D
FTIC X 0 HE STV D ATREMER R S 17,

%
10 | .
£
%86—
Gy
W ©
gz 4t
I
=
0 | |
control 1 hr 5 hr

Fig. 19. Fas receptor expression in LPC induced apoptosis cell by real-time PCR.
HuCCT-1 cells were incubated with LPC 100 uM for 5 hr. Each value represents the

mean = S.E. (n=6) * p<0.05 vs. control.



F3E TR NV AT TV RES T Bax OIEMERHT

Bax |2 b2 R U 7HIZHEEL L, cytochrome C Ot # e L CT7 AR h—
AERET B0 TH D, AHiTlEreal-time PCREZH W, I har FU 7K
TEVET R b=y 22 7 ARERIGIC B 59 % Bax @ mRNA FEHUC OV TG
L7z, ZDOfER, LPC 100 uM, 5 FEREIEGERECa Y Fr—/L & ik LTI 3 15
¥ T Bax ® mRNA #3178 L5 L7z (Fig. 20), J - T, LPCIC XY EMILE D
TR b=V AV T FIREREKICIBWT I b3 B U TR B AN TEPEAL &
NHZ EBNRB I,

3.0 *

20

1.0 I

Bax mRNA expression
(fold of control)

0.0
Control LPC 100 uM

Fig. 20. RT-PCR analysis of Bax mRNA in HuCCT-1 cells. Each value represents the

mean = S.E. (n=6) *P<0.05 vs. control.
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AREETIX, HuCCT-1 MBEICK 5, LPC FEMET R h— 2 ¥ 7 URER
BIZHOWTHET 21T > 72, LPC 1%, T v MEBHINIZ I T caspase-3 38 L 188 7,
T v MRS IR R AR LZ 35U T caspase-3 = V&AL TT AR h—
VAEFHETHZ ENEINTWD,

Z DOFE R, HuCCT-1 #2383\ C LPC 100 uM, 5 FFREBRERIC L D, 7& h—
VAELTINFTH D caspase-3. T AL T X —IK{FHTH 5 caspase-8, I k=
¥ RUTHERAFMETH 5 caspase-9 DIEMEN EFH L7z, F£7=. LPC 100 uM, 1 K]
B LS RFREEREIC I\ T Fas L7 % —0 mRNA FEK 7 15 £ CiHE s
iz,

£ o T, HuCCT-1 MifEiZdiF % LPC FEMET AR F—3 Ak, Fas L&
Z—DRBENEFTDHZLICEY, TALET X —(KFME caspase-8 2N EMEA(L &
M. FIRFIZ S b 2> R U THARAFEVE caspase-9 DOIEMEAL, 7R b— 3 AFELTIK 1T
& % caspase-3 @Yﬁ‘fiﬂjﬁt* D. TRV ANFEIND Z ERRBEINT,

72, LPC IEFZIZ KV Bax OBBUIMARO 6NT=Z &b, LPCIZE DT
R —Y AT I\ a2 R THRAFPEOREDIEME L SN D &) Z ERRS
oo Bax 1ZX b RUTIRICHFEL, 2 bay R 7 OEGEMEZ TTESE
HZETI hary N T7HMEE RAROMIZH HIERAR—Z 025 D cytochrome
C D ERET 501 TH 5, Bax IZ XV cytochrome C DHHEHNIB Z V| Tt
D caspase-9 33 L U caspase-3 NIEMELSIND & TR =T ANRFETIND, 4H
DFERAG, LPC IZE D I hay R THREED T R b — A v 7 URER
PEOMEMEIL Z 4L, HuCCT-1 MR T AR h— 3 ADRFFEHIND Z ERNRST,

ARIOFER S, HuCCT-1 MifldiZ361F % LPC B8N T R F—2 2 7 F)uin

FERRIEIL Fas R/ EN Lo T AL 74 —(RIFHEREEZ T TR I ha v R
U THRAFHER IS A I L S8 5 2 E B E S VT,
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LPC #FHEMHET R F—v 2L G EAEXEMZHFNER GA (G

protein-coupled receptor 123) DR}

G & LB 5K G2A 1%, 4] LPC DZAKRTHH L DRENRH 1= P
. BRI R D2 AR & L THERET A Z & b S D, L
L. LPC % G2A S IRFEBL % up-regulate S, 7R h—T R LEHCES S LT
WA ZENRREEINTNS "D LPC A GAICK L TED L 5 2l F TR L.
TR M=V AEFESE, S5 GQRAZEERD Y H o R TH DRI R
IZKLTCED LD RIEHEZAT A0IERTEMBFIN TR, £72, G2A 13V
VOSBRI R BL L B0 RIEC SRS S LT D s, BRI T
DFEAMRBLENTIA & M 72 o TR,

G2A IZ. Gs. Gi, Gq. Gy ¥ > XI7EHLEALTWD Z ERHRESINTE
DT Gy 2Ry B LTRSS T G #2237 B RhoA DIEMEAL, Gq Z v /%
IEENLicA 7 v b= Ul (IPs) PEAMEE, MlaN Ly T AL D
AR Y, BUEE CICkk2 e 24T 5 2 LB EShTng PPY) F7-,
Ffast pH I EZFF D, pHIE FICE D GQRATEMMET T LW omELH
6 18,42,44,45)O

— T G2A TV v RIFEGERARMEE 2 BT 52 L WL N Lo TS 2,
ZDT=H, GRAITWNWL OND G XU NRNIBFEEHEZELTHDIN, 26D G X
N B OEHBIZSLT LD LPC flgZ L2 & Ly, LavL, LPC 2R L7
LEIF, GE U ERBLE ERSES Y,

D=, ARFTTIE, LPC 2 G2A SRR OB A LA SH5Z & T GA
SRR E OBREE RO, GARLF L2y 7T IRENFE SN D EE L,
Bt E1T 72,



%181 LPCIZ L% G2A REHE

AREITIX, HuCCT-1 ffRIZHIT 5 G2A AR ELOF R L G2A FHN
LPC IRFEIC & » TEEZZ T 20 &0 et Lz, KiiE, LPC 100 pM, 1 B &
OS5 FEMIEEIC T2y br— L L ik U ORI 5 15 % T G2A mRNA R EBL&EN L 5-
L7c, ZHuE, —Ma9IZ G2A A KE ISR & L THlE ST o g, v
> EAORR & RIFEEE CThH o7 (Fig. 21), £ > T, HuCCT-1 iz T LPC
12XV G2A Z RN mRNA L~V CHREDFEINDLZ LN LN E R ST,

8
. B * * I
526 |
28| :
5O
S5 4T
£z o
O £
O .o
control  vehicle 1 hr 5 hr spleen  Raji
LPC 100 uM positive control

Fig. 21. G2A receptor expression in LPC induced apoptosis cell by real-time PCR.
HuCCT-1 cells were incubated with LPC 100 uM for 5 hr. Each value represents the
mean = S.E. (n=6) * p<0.05 vs. control. Raji: Human Burkitt's lymphoma cell line



X512, KB LPC (1, 10, 50 uM) TP G2A ZRIRDFBUZ SOV TR %
{To7z, LPC 1 uM TiL G2A mRNA OFH FH TR 50 - 7243, LPC 10,
50 uM TIL LPC 100 pM M58 L [RFLE & TR LA 3O b7z (Fig. 22), G2A
B URTBIZBW Ty hr—L &g LT LPC 10, 50 3 LT 100 uM gz
2T RRESENTWD 2D, LPC 12 X 0 BEKRFMIC G2A ZRIERZ X
JRBLNPEML TS Z & ZsR L= (Fig. 23),

6 .
| I
ot
R

]

Control 1 uM 10 uM 50 uM

G2A expression
(Fold of Control)

LPC 5 hr

Fig. 22. G2A receptor expression in LPC induced apoptosis cell by Real-time PCR.
HuCCT-1 cells were incubated with LPC 100 uM for 5 hr. Each value represents the
mean = S.E. (n=3) * p<0.05 vs. vehicle.

- C—— —es— ‘ «— 43kDa

control  vehicle 10uM 50 uM 100 uM
LPC

Fig. 23. LPC induced G2A receptor aggregation. HuCCT-1 cells were treated with LPC
10, 50 or 100 uM for 5 hr. HuCCT-1 cell lysates were prepared and used for Western
blot analysis.
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A TIE HuCCT-1 AW T, LPC 12 L % G2A mRNA OFEBFHFEIZHOU
THF L7z, ZOfEE, LPC 100 uM, 1 BL S FEIRFEICCay br—L &
LR TR 5 5% C G2A mRNA &N EH Lz, 3610, KRE LPC (1,
10, 50 uM) TOD G2A ZEIRDFEHIZHOW TR 21T > 7=, LPC 1 uM Tl G2A
SRR mRNA FEL EF IR 60> 722, LPC 10, 50 uM TiX LPC 100 uM
IREE & AR CRBLEADBO O, GA ZRKZ VX7 EIZENTY
LPC 10, 50, 100 uM BEFE I TIHBLEDHEM L T\, K- T, HuCCT-1 Ml
BOWTLPCIZL Y GA ZREDOFHBNFHFEIND Z EDRHLMNERoT,

G2A 13fE %2 OB W T T R h—2 25T 5 2 Li3iE >, EhTs
V. AETT HuCCT-1 il iV T s, LPCIREEIZ X WV BB FEINDL Z &
WAL N E o T2, G2A ZRIRN LPC OB 2 /IR L L CIERT 2 223 H
HTIELZ2W 25, HuCCT-1 Ml 31T 5 LPC #FEMET AR h— AV 7V niE
FREEIZ. G2A ARG LTV D ATREMEDS R Xz,
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9-hydroxyoctadecadienoic acid (9-HODE) il 5P Dt

LPC 73 PLA, DAERIZ & 0 AR D B%. FIRFIZ PC @ sn-2 /7 R O EBERE 2
DERKRT D, L7223 > T, PLA, IEM O TUEIZ LW AR LPC 2 EE 238804 20k
PR T, BH LY EIRED LPC B8 X OWEBEIRIIEE 3 735 2 LB 2 6
N5, UYIEED sn2 MATIEIREFIIEEE DS FES LW Z EDRHM LN TEY
ARV ) RREICHRE AT DRI DK 30%3 Y ) — VR TH D Z ENE S
TW5 %, 2D, PLA, DIERIC L 0 LU BEENR D 5> 5Tk, U/ —
NEDOED HENENENZ ERFE X LD,

9-HODE %V / — /AR OBLAEMIFE TH O . G2A © VU o K& L THV
TEPEA RS 192 Lo, b PHEERMEMIICT R b= 2 E2FET 5 Do L g
STV D A, HuCCT-1 MifEiZ BT 2 EAITHE STV, 5 5 B2
C. LPC 100 pM. 5 F§EIRETE T G2A ® mRNA BLOZ /37 L~ULTOIEEH
HMAFRD HTz, £ D7 HuCCT-1 fMifEiZ BV T, 9-HODE 78 G2A #/r L C
TERT D AREENRB NS,

9-HODE |Zfig{t A L AD~—Hh—L LTHIERENTEY, Eﬁﬂ:x kL AN
HEUABRBEICBWTHEMT A LEZEZ 5N TWA, FEARE AR 5 E CIIIEE ~
DFER DM L 0 BIERIENE U, %n IC K VIEMERENEESIND Z &N
BEINTEY, FEEICHERE SR FIE CIZEgE ERZIC U’égﬁb\ﬁﬁﬂﬁx I
LAREDHILD Z ENRMESNTND Y, Li=d o T, BERLE G0 B E D
JEH Gl L0 S EIREO LPC B3 X WV9-HODE 237 L T\ A Z L N HEE S
o,

7'&%’6‘ ¥. 9-HODE D#iafEEEH B X Y 9-HODE 3 LPC #FEh: 77R h—3

ET B OV T 21T o 72,



% 1 9-HODE OMIFEFEIED Mt

AHiTlX. MTT assay {2 & ¥ 9-HODE 7% HuCCT-1 #iE MRy sEEh el K IF
TR OW TR 24T o 72, 9-HODE D282 >\ T PLA, DIEAIC L Y LPC
CRFFICAECDENIEECHLY J— i, LA, Vv, 7%
EEDRIZMC I T D 8 L Ll U 7=, 9-HODE 35 K O FlbeBiEAR TH e O 8 B 1%
10, 50, 100 uM & L., 5 FpfiligEEE L7, £ Of55%E. 9-HODE 100 uM T B 725
FaRE =N FRD DL, EDOMODIEMIFEIZ DOV TIW T OREIZB N T
BEREEIRD N0 o7 (Fig. 24),
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= o B ‘\\\ \ \\
©
o 40 | % § §

20 r

Control 10 50 100 10 50 100 10 50 100 10 50 100 10 50 100 (uM)
Oleic acid Linoleic acid Linolenic acid Arachidonic acid
9-HODE C18:1 C18:2 C18:3 C20:4

Fig. 24. Effects of various fatty acids on cell proliferation in HuCCT-1 cells. Each value
represents the mean = S.E. (n=6) **P<0.01 vs. control.



5% 2 #i  LPC T X 2 flfafEErEIC x5 9-HODE D522k

55 1 #iCl% 9-HODE 35 & OV AR EBEAE I e D B D B DWW TR 21T -
Too 2V OIRNIE IR & i 5 RE O F RS A E O IR HIZ W TRl
TLPC LHGFTHZENEZOLND, £ I TAREITIL, LPC & 9-HODE /3%
FEFREAR IR 2 o7 S, 2 OB E M2 LPC HARRINERE O M & b
B L7-, T OREE % Fig. 25 1257, LPC & OHAF T, WP obEBENs Lz &
JafEEM 2R &, LAY = Lligl 7T T % FUBITKEE Th MR
R MER 2R Lz, —J. 9-HODE IZ LPC L3595 Z &I12k v, LPC H
MIEER L0 bR O E M2 R LT,
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100 | ™
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(% of control)
D
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20
0
Control LPC 10 50 100 10 50 100 10 50 100
9-HODE Oleic acid Linoleic acid  Linolenic acid Arachidonic acid
C18:1 C18:2 C18:3 C20:4
LPC 100uM

Fig. 25. Effects of various fatty acids on LPC-induced cell damage in HuCCT-1 cells.
Each value represents the mean + S.E. (n=6) **P<0.01 vs. control. **P<0.01 vs. LPC
only.



B3 Tua—Y A MA RN —IZLDAT AR M= RO

AHEiTix, 7e—%A M A—%—%H\T, LPC & 9-HODE Off Iz X 5##
RAFEDIENN T R b — 2 ZADEINZER T 5 D Th 20 EIT OV THREF L
72o LPC 100 pM @ 5 BFEIRFEIC L 0 7R b—v AfiRITAEEICHEM L7 (Fig
26b), 9-HODE 100 uM ZffH 32 Z L2k, 7R b— AHilaid s o8
L7- (Fig. 26¢c),

INLOYA NI T AOEME, TR =AM, R v— AR OE
Hh, EnEhoay he—LofifaEla ChRLTY 7 7L Lzt O % Fig. 26d
\Z 9, LPC HifMBE#E . 9-HODE & LPC OOFHOMREICB VT, a2 ha—/b
BRICKRIT 2 327 v — 3 A% E U OEIS O8N & AL 0BG R 38
P INToo X7 B —2 2 %4 U7 OEIE X LPC O A OIEFE & LPC & 9-HODE
DOUFHTEDOBI CTRIFRE Th o 7228, TR b —3 ZAHE A 1L LPC & 9-HODE &
DFHEEIZ 3T LPC BUMBREERE IR LA RIS L7,
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Fig. 26. Apoptotic and necrotic cells were distinguished using FITC labeled Annexin V
and PI stain. HuCCT-1 cells were treated as indicated above each panel and then
analyzed by flow cytometry. (a)(b)(c) dot plots. The lower left quadrants of each panel
show viable cells, negative for PI uptake and Annexin V binding (Annexin V-: PI-). The
lower right quadrants represent early apoptotic cells, positive for Annexin V binding
and negative for PI uptake (Annexin V+: PI-). The upper right quadrants represent later
apoptotic cells and necrotic cells, positive for Annexin V binding and PI uptake
(Annexin V+: PI+). (d) percentage of apoptosis/necrosis. Each value represents the
mean * S.E. (n=6) **P<0.01 vs. each group of control. **P<0.01 vs. each group of
LPC 100 uM.
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ARFETIX, HuCCT-1 M@z 1) 5 LPC #BEMET R h— 3 RX1Zxt9 % 9-HODE
DFEEIZ DWW TR 21T > 72, PLA, DIFRIZ X Y LPC & FIRFICA U % iERERRR)
feChHOrA LA UEE, V=, U LU, 775 FUBITMminmEEE%
AT, LPC & OPFHIZEBW T b HIIREFMEILA bR o7, —J7, 9-HODE
I3 HuCCT-1 MRkt U C B CRifufE S M2~ L. LPC & OOF Iz THER
PEEM AR LT, 7a—3A A MY —0DfER2 S, 9-HODE | LPC Hijhbg
BRI L CT AR b= Afilazgnsd s Z E BNz,

9-HODE 7% LPC & DIAFFTED L 5 k2 L TT AR h— T A& HiR4
L DI S TRV, L L, 9-HODE 28 G2A U Hv K& LTERT 5
ZEDMESRTWS P2 LR YAFSEE TOFEBR T LPC 12X Y HuCCT-1 i
IZBWT QRA BNFEE SN M2 L5 LPC & 9-HODE DOIAFIZ L 57 R h—
VAFHEOEEIZ G2A N E L TV D A[EEMENEZEZ BN D, 2TNb DT b,
HuCCT-1 #ifaiZ 3 T LPC {2 & ¥ up-regulate 4172 G2A (2 9-HODE 28V ' >
FELTYEHTAZETT AR b= AN A LTI ENRHERI NS, L
7> L, HuCCT-1 #IZ BV T G2A & 9-HODE N ED L 5 727 R b — 2 AMn Rk
BETEHAL S E DD E VI TFEMR AT = X LZOWNWTIZIE SR D BEN L
Thbd,



[#a45]

AR 9 o W R BSOS SR F 2B\ T, B - IHsBEFRO U R
TRENEWVDILTWS, TNOFRBEOIINE LT, BE BRI K3 H
TR DR D ZEAL 2 EIC X D RENEESN TS Y, &b, MRETL
(2R BEFEGEE L, MlPEEERST R F—v 225 &7
REMEDRZE 2 HiLD, LPC L, MRS T D PC DR CTHEAE 45 PLAL IC
IIRESID Z LT KD AT B, AEN (ERH, 8K E) TO LPC BT,
TNTIVREDODMDZ R E LR L THET 200 EHT 10-150 uM
TH 5 2O, EFEOETFHIIIME L FEELZ2VEDbRTND ¥, LasL,
RS AL FLH RS ClE, AL 2 RJE L TV R W EE O 10 512 LPC RN
L7z WO mERH D Y,

2 XA FIOMRFHZHB W T, HUCCT-THIRIZ XT3 D LPCIZ L 5 7 A h— 3 A
HOMREEERB LT R = R T BRI O W TRET LT,

F9°. LPCHOSHIIEHETEIZ KT B DWW TMTT assay 2 HHW CTRGT L 72 & 2
A, LPC 1, 10 pMODOJREETIX, 10 FFfREE L C b M FEIcx L TEEL R S
727, LPC 100 uMTIES REAIREE D O Ml fE FEH 8l s v,

eV T, LPCAYHuCCT- TR k3 2 I FEEHA T AR h—2 R 2L 5 6D
Thorhr7ur—%A FA M —ITX YRR LIz, £OfE5 & LT, LPC 100 uM,
1 FERBERECIX T A b= AR A 6N 7o3, 5. 10 KEEBREERETIET
N b= A OB EMNE BTN LTz, X - T LPCIHRE ERGHARICx LT,
TR —=VAEFET L EBHLNE ST,

FIZLPCO T R b — 3 AFBEFIC KT TPCOEEIZ S\ TRaT 21T > 7=,
LPC 100 uM & PC 100 pM D FEH TIZLPCIZ K 2 AIaFESE 1 ZINH] S 72y 7228,
PC 200,400, 800 uMDJFHIZ K U PCOYREARAFRI 72 MR FEIE - 23580 b LT,
7a—H% A MA M) —IZEDBFHIBWNT, TARF—V A, X7 —T X, 4
AR DOEIEIZPC 400 ypMOPEIZ K W ZEiniay e — L EERRE L e o7,
PCITHEH ORI IZEBWTLPCE Y HIZ D MIELHFEL TS, LavL, R
BATEFE CIXARA P LPCHR E OB L PCIRE DD 3 E Z 5 72912, LPC
(2 X 2 MR BEE R O L PCIC X D HIIRARGEMER OB N = 5 Z &3, A
B LR AR E O —[K & 2o TV D ATREME S HER S 7z,

WIZ, LPCIHEENET R b — AD v 7T IAREREIC DWW TR LTz, 7R b
— A THMREFRIC 0 B D VRS A 0 FE T S, B AR
FoFAVES =N L TBiESND, RENRT A LE® S ¥ —Th HFas



BEPEY R I LRI ESh D &, SBEROETICHLT X T Z =017 e
WX VMR A aEESND, THOTERRN—V AT AL X —
IKAFMETH DHeaspase-8 WEMEL SV, I hav RUTENMTHZERITAHE
—VANFEITEND, —H, IO THR =R I bary RI T 20357
D, T RITHBEY M7 AC B I 4, caspase-9DTEMEILZ 1 5
Oz Teaspase-8 1X, Bid #/° LTI har KV 75%75@'55?5#%@7?7
R R =3 2 T IRERIE G IEMEL S8 537, Caspase-83 L D iEHAKIZ
0. TR M=V ZAETHA TH S caspase- 308 TEMEL S H, TR I\“—‘I/XZJ‘S?@?‘—I?S
b,

Fex OMFHIB W T, FasZ A OmRNAKILIL, LPC 100 pM., 1FFHBREIC
T EH L7, F7zcaspase-3, 835 L TNIIEILPC 100 uMT5 WEfHIREE 5 Z &2 &
S TEENER Lz, 2o Z &5, LPCIZHUCCT-1/fgic W, T A L&
X — T HFasse AR DIEELFHEIZ L U caspase-8&TEMEL L, 2 = RU THK
{EME Dcaspase-9% I LT, 7 b — 3 A FELTKF T 5 caspase-3 & 1EMELT D #%
BN S VT2, ZHUT TR 7R b — 3 ARSI 72258 T - 7= (Fig. 27),

LPC (Z £ % HuCCT-1 MifRIZ k2 7R h— Y AFEIZOWTHRF LTZ, O
fid, LPC 100 uM, 5 WefIgEE CHIRESIER A SIERZ S, 7R F—T R
RSy CTh D Bax OFEBUNAFRO Hiviz, SEIOFER L. BIFRETOWE
EDORKFHZ I T caspase-9 35 & WM caspase-3 DIEMELN A BT &0 5 FERN D
LPC (2K D74 b— R % Fﬂ/%)?@ﬁiODfXEﬂ%ﬁl\b’C HIxns ek
WO ZENRENTZ, o, BUMREOBEDOKRFHICIHBW T, LPC IZXL DT A
L7 X —D—FTH 5 Fas gﬁﬁ@%ﬁ?ﬂ L X — KM CTd D caspase-8 D
LD AN Z D HuCCT-1 MifRIZH1T 5 LPC #FE T AR h— A v
T FIGEERKE TIXT A L 7 ¥ — (KRB NTE L SN D 2 EREZ BN
%o L7223-> T, HuCCT-1 Mildicdsi) 5 LPC 358 T AR h— A 7 )ViniE
BREIIT AL 72 —(KGEMERK E I hay FU TIREERE O F 2075
ZENEEINS,

WIT, G2A ZRERDOFEBUZ DUV TR LTz, G2A AL, 4 #) LPC DX
{ZIKT%%) EOWENRD T VN, BICEACEEEEIEI R O RIR & L CHERET 5
T ENHEINT, LA L., G2A 1IfEA ORIV T LPC FF#EMET AR h—3
za:%‘éfm“é ZlFEE MV ERTEBY ., S OMFET LPC BEMET R b —

AN A ZREMBEE L TWD Z ENREBEXLND, AHFFETH,. HuCCT-1 ##

IZ%FLC, LPC 100 uM IEFZ 95 Z £ 12 LD G2A AR mRNA 38 L UVF X
7;‘%fﬁﬁ)iﬂ— L7z X2 T, G2A ZFIKN LPC DR R ZRIKE L TERT
NI B2 TR WA, HuCCT-1 Mz 381F % LPC 358 MET RN h—3 A3 7
FIREERRIRIC . G2A Z ARG L TV 5 ATBEMED RIE S Tz,



F72, LPCITER & MR ERGHIIZIZX L <, &SIRE (2100 pM) TIET7T R
F—yR&EHEL, KEE (220uM) TIET KR b= A7 FVICEE5T 55
O mRNA ZFE L7Z L WO MRENDH D 2, ARFHIHE VTS, LPC 1 100 uM
T caspase-3, 8 BLO9 M b, TR NI AxE I, —J, KE
J€ LPC (10, 50 uM) TIiL, caspase-3, 8 LN 9 TEMHALsET, 7H F—v
AHFE I NN, THRRN—V AT FIVERESS - Th D G2A ZRIKD
mRNA [FERE THREDNFEI NI, Lo T, LPC IIEIELE TILLPC BE»
THRM=VAZFLEL, KEETIEmRNA LV TT R b= AV 7L &R
HEXEL017E L TERHT O TIE v EB LT,

PLA, DYEFIZ LV LPC & [FIRFICIEBEREIIRR 3 42 U %, 2 O UFHERE IR D 30%
LLEZ 5D DY 7 — Vg, kx5 % Z & T9-HODE %417 %, 9-HODE
X G2A DU H > e LTHEMZRT D2 L0, LPC 232 OBV T G2A
BN LIS A 2 24 212 L STV D, SRR TORGHTE W
fgwcuHmUMfwwﬂnA%ﬁi%ﬁMéﬁt“k_ﬁgmﬁiw

AR AR AT IC X 2 RIES S TH U772 LPC 3 X 1V9-HODE 7Y G2A %1 LT%
AL&%Wuw@%&ibf“éT PENEZ BN D,
ABlORFHZ LY. b MEE EREEMELE HuCCT-1 #Mifaizxt LT, JEHHk

%T%éPCﬁ%ﬁ%%Punumm%%éhé_kuibéﬁéhéum
THRBR—=VREFETHZENHLNE o7, £ LT, LPC FHEMET R F—
VAV T F AR X, Fas SREPREGFLE, 7R h— AEHES T TH D
Bax D FEHLHE N, caspase-9 33 & N caspase-3 DIEHALN 2 H L7z E WV S FEFR NS
LPC IZL D27 AR =R hay RY TERGFHEORKEZ I L THFEIND <E
W) ZEDBIRENT,

WIZ. HuCCT-1 #falZxd4 % 9-HODE D#EZ-SU\ T, PLA, DIEHIZ LD
LPC & [AIIRFIC EL%%%MT%%)/—»M\ﬁV4VM\U/VV@\77
X RUBR ORISR WAL Ll U7z, EBENERA A B MTT assay Dfi
%\%mmmqufﬁi@m%hmﬁﬂmbgntﬂ Z OO REILERIZ S
WTHWTHOREIZEWTCHOABRREBIIRD N7, b Ol
JENfE & LPC 100 pM % 4% &, 9-HODE 100 uM O FAEE D I CHuMFE E/E
HAoEmEn A LN, 612, 7a—H% A FA M) —IZXDTHRF—vREXR
Ja— A& B L CTHRF L7 E. 9-HODE |X LPC IZ L5 7R h— AHE
RS Z L ANRENT-, 9-HODE @ LPC #FEMET R h— 3 R FRTIZ o
WTIEELRDMBNSLETHH)8, 9-HODE 1L G2A © U H v K& L TEAT
HLEWEEN TG P LR, YR TOBmEDHIIEIZE VT LPC (2L 5
G2A OFBEIMMFRD S TWD Z D, 9-HODE 73 LPC 12 X Y 3B HE 0
L7ZGA Z N LTCT AR b= A2 HETHREMENEZ 2 DD,



I HIZ,LPC OT AR F— v AFEERIZRIET PC DI ONW TR AT
72 LPC 100 uM & PC 100 uM O ff Tl LPC 12 L 2 s 13 mil < a7z o
S72H3, PC200, 400, 800 pM DHFHIZ L VW PC D FEHAFH 72 WA AE FH 73
BObNT, 7= A A M) —ZLDBFHIBNT, THRI—=V A, 37
o—3 A, EHIROEISIL PC 400 uM OFFHICE Y ZnEn =y Fa—L & HE
FLJE & 72 o 72 PCITEHE OB ICBWTLPC L W HIX 20 FEL TV D,
LU, R A FE IR LPC B O & PC IR E O A3 Z
57212, LPC I X A HIBEREEEH OB & PC 12 L 2 M ERFEVEH O 23 i
ZHZ e, BE EEMREEEO K & o T D rTEEMEDNHERI S v,

AEOKFNZ LD, LPC BT AR =3 AV T FIREICBWTI ha R
TRAFHERBEDNIEEAL SN D Z R E Tz, 12, U/ — VBl kO bz
HERG NI CTd % 9-HODE | LPC & A7 9 5 Z L2k V| LPCIZ X D HlfafEs %
BRI E D Z ENRBE N, BLEOREEN G FEILE SR FE 2 & OJRkE
TIZHBWT, By PC H12k LPC O L ilFERE I Cd % 9-HODE 23 B |- fZ
FHARPEE 2 k9~ 2 & DRI S T,

Ath. XBHITLPC FHEMET R N — 3 AR BREAMI SN S Z Lic &
V. B D o BRI AR E 72 £ O LPC JEEEN _EH-4 2R EE DI T2
B S, HIERTBRIEB LONTHENHELSND Z E S D,

LPC

up-regulation lup-regulation

G2A Fas receptor
Cell membrane 1 \

Mitochondria /////////////| Caspase-8 |

Cytochrome C release .'. EpaflD 1
Caspase-9 ~| Caspase-3 |
Complex activation 1

Apoptosis

Fig. 27. LPC-induced apoptosis signaling pathway in HuCCT-1 cell.
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1) SEBRmA
AyAb e R R EAmAEAE © HuCCT-1

2) AR

Lysophosphatidylcholine ( LPC )
SIGMA-ALDRICH

Phosphatidylcholine (PC) SIGMA-ALDRICH

9-hydroxyoctadecadienoic acid (9-HODE) Cayman
CHEMICAL

3) ARIEFHR AL
LPC & PC IXIEfEMBhIE E L% /) — /% W T 50 mM DR 2%l L
720 30 COMEE CTHRAT L, RS L CHW =, EFLOWEE % phenol red-free
® DMEM 7% 7580k & U CEBEA RIS TRl L 7=, 723, HuCCT-1 Mz #shn
THEEOZ Y ) — VIR, AMIEEEIRICERE L RFTIRVRETH D
3.0%LLFIZ72 D X D ICa%E LTz,

4) MfaEER, RIS KO

o I
Dulbecco’s  Modified  Eagle’s  Medium ( DMEM )
SIGMA-ALDRICH

Dulbecco’s Modified Eagle’s Medium (phenol red-free DMEM) GIBCO"
Dulbecco’s Phosphate Buffered Saline (-) (PBS(-)) A KBSkt
Fetal Bovine Serum (FBS) SIGMA-ALDRICH

Penicillin-Streptomycin solution GIBCO®

(penicillin 10,000 IU/mL, streptomycin 10 mg/mL)
0.25% Tripsin-EDTA solution SIGMA-ALDRICH
i O BRI T T Rk 2 55 L 72,

o MRS
10 cm?® dish IWAKI

15 mL Centrifuge Tube



5)
)

nunc'™

50 mL Centrifuge Tube IWAKI

CO; incubator THERMO ELECTRON CORPORATION

o EZARGGE O (LC-220) TOMY

NEYA P A—F— T )L~ HRE

SRR Nikon
S RrS

HuCCT-1 #fi% 10 cm? dish {2 FBS 10%. streptomycin 1%. penicillin 1%73
& E 72 DMEM & MW TR L7c, MERIE 3-4 Bl & ICHIlaE L% 1/5 12
AL TITo 72, FEBRITIL, HuCCT-1 M % 96 well plate, 6 well plate, &
%N 10 cm?® dish ([CHINT L, 70-80% confluent 72K FE T HV -,

L AWARTS
HuCCT-1 #if% 5 mL @ PBS(-)T 2 FEVE#E#4 . 0.25% Tripsin-EDTA 1.5 mL
WAL, 37C, 5% CO, T7TRIET 5 Z &I L0 ez FEE s &7, 85
H1 3.5 mL A W0 U0 2 VRS . ARV 1 mL (ZE5HE 9 mL &
7= 40,

SRR
HuCCT-1 OEFHAEDMFT : MTT assay (55 1, 3. 6 &)
fif F i
~A 7 v/ 1L — KU —4%— (model 680) BIO-RAD
Multi Dish 96 wells nunc™

i HFER B L O > |k
TetraColor ONE® (Cell Proliferation Assay System)  ZE{b52 T ¥Rk 4t

1, D FASE T T AR it 2 B L 72

ik

HuCCT-1 i (1x10° cells/mL) % 96 well plate (Z#EfE L, 6-24 FEfEEE L
Too BB AIRE LR, BIREORIEL IR LTz, AR HIGREE#% 23
WabrE L, MTT K 100 uL Z@N L7z, 2 KA o F 2 X— |k L7z,
WSR2 °Y, (HIERE & 450 nm)



@ TR bP—vAMEORKL  7e—Y A FA MU — (2, 3, 6F)
o fEHBEAS
7 —H%A kh A—%— (FACS Calibur) BD /A A A =
oA
FlowJo (7 m—%A K A —& —fif4r) =T UL IINA G
oY —
5 mL Polystyrene Round-Bottom Tube with Cell-Strainer Cap BD

Falcon™

Multi Dish 6 wells
nunc™
o MHEAEAIL O b
MEBCYTO-Apoptosis Kit 100 tests MBL

il DR T T HR R bn 2 i L7z,

o JiiE

HuCCT-1 i (1x10° cells/mL) % 6 well plate [ZFEFE L, 2 mL OEHIT
48-72 WRfIER LTz, SRR ERE L%, REEL2RmL, 7R =22 %
FE L7, 5 RFAIRER L 72 #2(C tripsin ALPE L 72 #d % | 15 mL Centrifuge Tube
\ZIEUY L PBS(-)C 1 [EI%EH L7=, binding buffer 85 pL % %8 L 7= MIAIRIC
AnnexinV & PL AL, B, S|IRT 15 ol a L7, Yk, S5
binding buffer 400 uL. Z# /i, 5 mL Polystyrene Round-Bottom Tube with
Cell-Strainer Cap (CB L, 7o —H A h A —F— 2LV HlE LT 2,

@ TAHR =T A OE Y - DAPI staining (5 2 &)
o [HTHESR

LA L —P— 2% v UBAREE (LSMS5Pascal) Zeiss.
ATA4 KT T A e = AR U i
MICRO COVER GLASS MATSUNAMI
oty R THERMO ELECTRON CORPORATION
o fEHEEH
DAPI (4’,6-Diamidine-2’-phenylindole dihydrochloride) Roche
10%-Formaldehyde Neutral Buffer TATAT AT

1, 0D FASE T T IR AR it 2 B L 72



@

ik

Penicillin-Streptomycin solution 1% £ 72\ A7 ¢ 7 A T2 R B L7
HuCCT-1 #f (1x10° cells/mL) % 6 well plate |[Z#&FE L, 48-72 HiffksaE L
77 BEEIH AT AL — bk L7, LPC 100 uM 2mL % 5 Hf[#BRE L. &
VAT LA S—THila %2 #1723 LI L7z, PBS(-) T2 [EIFF L7k, il
[ E#  (10%-Formaldehyde Neutral Buffer) 100 pL TR L =L T 30 4[]
JiiE L7=, PBS(-) Ty L7-#%. DAPLIRIGZIEM L, 37°C T 15 41 >~
FaX—T 3 L7, DAPIIRK%Z 7 A L— K L, PBS(-) Tk L 7=k
BATARTTAZ 1 EE L, W=7 RSz, HELL—F
—PAMEE CEIZE Lo, (JEH K 405nm)

Caspase TETEDOHIE (55 4 &)
i I RESS
~A 77—k Y —%— (model 630) BIO-RAD

il FH A e OV b

Dc Protein assay Reagent A BIO-RAD
Dc Protein assay Reagent B BIO-RAD
APOCYTO Caspase-3 Colorimetric Assay kit 100 tests MBL
APOCYTO Caspase-8 Colorimetric Assay kit 100 tests MBL
APOCYTO Caspase-9 Colorimetric Assay kit 100 tests MBL

At oD FASE T T IR AR it 2 ] L 72

®

YoRes

HuCCT1 #ifa (5%10°cells/10 ¢cm, dish) % 10 cm? dish (Z#6FE L, 3-4 HH
Bt BRI A7 A L— kL., LPC 100 uM % 5 FFEIREE L 7=, LPC I
FOVTHRPF = AEFHEIEZMME%E 1.5mL p-tube (Z[AIIX L, Cell Lysis
Buffer TEE L 7o, B8 L7 Miik 250 U, B 2 il iti & L7e,
fasbtigiz, 10mM P F A4 A LA b—/W(DTT)% & » 2xreaction buffer % ¥
M U7z, & D1k, FHE (caspase-3: DEVD-pNA, caspase-8: IETD-pNA . caspase-9:
IETD-pNA., & 200 mM) Z¥RANL., 2 WefEsse L=k, WG 2 3@
L. E#fE L7 pNA BeZ ko7 (RAEF R 405nm), pNA B4 | Lowry 14>
IZTCH NI BRELIEEZ NI BRE TR L, caspase IHTE & L7z,

TR b= AT 7 VR BE S mRNA ORE (5 4, 5 F)
il F b s



AN TR 7 R (DV640 Bio Spectrophostometer)

BECKMAN
COULTER
PCR Thermal Cycler Dice
Takara
Light  Cycler®  Capillaries ( 20 upL )
Roche

Real-time PCR system Light Cyclerl.5 ( ST300 )
Roche

o HHEAIBIOF v b

RNeasy® Plus Mini Kit (50)
QIAGEN
ReverTra Ace® qPCR RT Kit
TOYOBO

LightCycler® FastStart DNA MASTER PLUS GREEN I
Roche

o Uik

HuCCT-1 #Ifa (5x10°cells/10 cm? dish) % 10 cm? dish [Z#&FfE L. 3-4 H
W Uiz, B8R L, LPC 100 uM % 5 BRI L7-, LPC (2 X

DTRF—=VRAEFHESEMIAZ 1.5 mL <A 27 2 tube

(IR L,

PBS(-) T¥E#% L 72, RNeasy” Plus Mini Kit Z V>, mRNA Z#fiH L7-,
ETHEM L7 mRNA % ReverTra Ace® qPCR RT Kit % FV T ¢cDNA (i
55 L7, cDNA I LightCycler® FastStart DNA MASTER PLUS GREEN I

Z FIVNCHIME S8, real-time PCR I CHllE L7z 359,

@D vxAZUTuy ME (BS5E)
o [HHHEER
Block heater
VkEhFE Mini PROTEAN® 3 Cell
TA T A=A

o [EHEA
RIPA buffer
Protease inhibiter completeMini
GPR 132 polyclonal Antibody (G2A $HT{4)

AS ONE
BIO-RAD

Roche

Proteintech



goat anti rabbit I[gG HRP (SC-2004) Santa cruz

S=urA 7NV TGX 7V BIO-RAD
Immuno-BlotTM PVDF Membrane for Protein Blotting (0.2 um) BIO-RAD
Transfer buffer

Blocking buffer (0.3% skim milk —0.1% TBS-T)

o ik

HuCCT1 #iffa (5x10°cells/10 cm; dish) % 10 cm?® dish (Z#EFE L. 3-4 H
s Lic, B&RE7 AL — kL, LPC 100 uM % 5 WFfEgER L7-,
LPC IZL VD T7HA b=V RAEFHEIE-/ild% 1.5 mL p-tube (X L,
PBS(-) T¥i#% L7z, RIPA buffer & Protein inhibitor CTHIMZ¥EME L. 20
S OKm# ., 15000 rpm, 4°C T 10 Rl OaoEEL & X7 Zhhi LT,
2 87 RIETL Lowry % (DC Protein assay) (2 CAiT-o7z, filli L7z& >
X7 % 95°C TS5 MEVL, 12% gel SDS-PAGE H1C. 100V, 2 HF[HTKE)
L7z, £D%., v KA v F & H\ T, PVDF Membrane (Z 100V, 1
W C#iz5 L 7=, Blocking buffer H1C 1 FRIRSE L7-1%. Pk & BUt S
TBS-T C3 A LTz, TDk, 4 A— 2 VHEE % T 10 st
B AT T2,

6)  WAHEHT
MIEM L, EHE R FZETE LTz, ZELENT Dunnett’s test (2 L V1T
ST B, R I%EIT 5% R EHEEAEY & L=,



1)

2)

3)

4)

5)

6)

7)

8)

9)

[ 5 3CHk]

FRRIEMT. WNEE R A, BEIRE SR, IFHAEA, THEREICR T 2+
U Lo F o oREr. HE, 7: 491-198 (1993)

Masamune, A. Sakai, Y. Satoh, A. Fujita, M. Yoshida, M. and Shimosegawa, T.
Lysophosphatidylcholine Induces Apoptosis in AR42J Cells.
Pancreas, 22: 75-83 (2001)

EREE, Bries, BRI, EHZE. RS SRR & OO 4.
SNEHERE, 94: 823-829 (2006)

YR ZEZ., IS ASTHEE 2D T —F & U TIHEREZ F OIS H
K LEA RIS, 33: 261-270 (2000)

David W. Hay,M.D. Martinv C Carey, M.D, D.Sc. Pathophysiology and
pathogenesis of cholesterol gallstone formation. SEMINARS IN LIVER DISEASE.,

10, 159-170 (1990)

Takahashi M. Okazaki H. Ogata Y. Takeuchi K. Ikeda U. Shimada K.
Lysophosphatidylcholine induces apoptosis in human endothelial cells through a
p38-mitogen-activated protein kinase-dependent mechanism. Atherosclerosis., 161:
387-394 (2002)

Myoung Sook Han. Park SY, Shinzawa K, Kim S, Chung KW, Lee JH, Kwon CH,
Lee KW, Lee JH, Park CK, Chung WJ, Hwang JS, Yan JJ, Song DK, Tsujimoto Y,
Lee MS. Lysophosphatidylcholine as a death effector in the lipoapoptosis of
hepatocytes. Journal of Lipid Research. 49:84-97 (2008)

Phoebe Lin, Richard D. Ye. The Lysophospholipid Receptor G2A Activates a
Specific Combination of G Proteins and Promotes Apoptosis. THE JOURNAL OF

BIOLOGICAL CHEMISTRY. 278: 14379-14386 (2003)

Y. Sun Lee JH, Kim NH, Lee CW, Kim MJ, Kim SH, Huh SO.
Lysophosphatidylcholine-induced apoptosis in H19-7 hippocampal progenitor cells
is enhanced by the upregulation of Fas Ligand. Biochim. Biophys. Acta. 1791
61-68 (2009)

10) G. Schmitz, K Ruebsaamen., Metabolism and atherogenic disease association of

lysophosphatidylcholine. Atherosclerosis. 208: 10-8 (2009)

11) Li V. Yang, Caius G. Radu, Li Wang, Mireille Riedinger, and Owen N. Witte.



Gi-independent macrophage chemotaxis to lysophosphatidylcholine via the
immunoregulatory GPCR G2A. Blood. 105: 1127-1134 (2005)

12) Weng Z, Fluckiger AC, Nisitani S, Wahl MI, Le LQ, Hunter CA, Fernal AA, Le
Beau MM, Witte ON. A DNA damage and stress inducible G protein-coupled

receptor blocks cells in G2/M. Proc Natl Acad Sci. 95: 12334-12339 (1998)

13) Janusz H. S. Kabarowski, Zhu K, Le LQ, Witte ON, Xu Y.e.
Lysophosphatidylcholine as a Ligand for the Immunoregulatory Receptor G2A.

Science. 293: 702 -705 (2001)

14) Hattori, T. Obinatal, H. Ogawa, A. Kishil, M. Tateil, M. Ishikawa, O. and Izumil,
T. G2A Plays Proinflammatory Roles in Human Keratinocytes under Oxidative
Stress as a Receptor for 9-Hydroxyoctadecadienoic Acid. Journal of Investigative

Dermatology. 128: 1123-1133 (2008)

15) Obinata, H. Hattori, T. Nakane, S. Tatei, K and Izumil, T. Identification of
9-Hydroxyoctadecadienoic Acid and Other Oxidized Free Fatty Acids as Ligands of
the G Protein-coupled Receptor G2A. THE JOURNAL OF BIOLOGICAL

CHEMISTRY. 280: 40676-40683 (2005)

16) Obinata, H. Izumi, T. G2A as a receptor for oxidized free fatty acids.
Prostaglandins & other Lipid Mediators. 89: 66-72 (2009)

17) Janusz H. Kabarowski. G2A and LPC : Regulatory function in immunity.
Prostaglandins & other Lipid Mediators. 89: 73-81 (2009)

18) Caius G. Radu, Amar Nijagal, Jami McLaughlin}, Li Wang, and Owen N. Witte.
Differential proton sensitivity of related G protein-coupled receptors T cell
death-associated gene 8 and G2A expressed in immune cells. Proc Natl Acad

Sci102: 1632-1637 (2005)

19) Kabarowski, Feramisco JD, Le LQ, Gu JL, Luoh SW, Simon MI, Witte ON.
Direct genetic demonstration of Gal3 coupling to the orphan G protein-coupled
receptor G2A leading to RhoA-dependent actin rearrangement. Proc Natl Acad Sci.

24: 1210912114 (2000)
20) Yan, Xu. Sphingosylphosphorylcholine and lysophosphatidylcholineG

protein-coupled receptors and receptor-mediated signal transduction. Biochimica et
Biophysica Acta. 1582: 81-88 (2002)

21) EEPREE], JERMAESC, WIEE. AL W - BRSO 28 k. RH &, 29:
697-701 (2008)

22) MZIIRE, /INIEZERE, IR, TEREOR, TG, mARIEN, e KR, A



BT, MUGEISC. B - IR SR EIE G O R FE O RET —89E & DR
@%‘:EP IMZ—. ABIE. 12: 386-394 (1998)

23) HEMOK. B v MBS BRI KA TR, LB RFRFRUE s
2 (2009)

24) TR h—=v AR5 fRE/MEE— Fiht

25) Savil. J. Fadok V, Henson P, Haslett C. Phagocyte recpgnition of cells undergoing
apoptosis. Immunol. Today, 14: 131-136 (1993)

26) Nagata, S. Apoptosis by death factor. Cell, 88: 355-365 (1997)

27) L. V. Rubinstein, R. H. Shoemaker, K. D. Paull, R. M. Simon, S. Tosini, P. Skehan,
D. A. Scudiero, A. Monks, M. R. Boyd. Comparison of In Vitro
Anticancer-Drug-Screening Data Generated With a Tetrazolium Assay Versus a
Protein Assay Against a Diverse Panel of Human Tumor Cell Lines. J Natl Cancer
Inst. 82: 1113-1118 (1990)

28) Tim Mosmann. Rapid Colorimetric Assay for Cellular Growth and Survival:
Application to Proliferation and Cytotoxicity Assays. Journal of Immunological
Methods. 65: 55-63 (1983)

29) Savill J, Fadok V, Henson P, Haslett C. Phagocyte recognition of cells undergoing
apoptosis. Immunol Today. 14: 131-136 (1993)

30) T. Kobuke, T. Tazuma, S. Hyogo, H. Chayama, K. A Ligand for Peroxisome
Proliferator-Activated Receptor y Inhibits Human Cholangiocarcinoma Cell
Growth: Potential Molecular Targeting Strategy for Cholangioma. Dig Dis Sci. 51:
1650-1657 (2006)

31) MEBCYT® Apoptosis Kit®D i #E MLB.

32) MBL Apoptosis-Detection and Analysis-2002,
RS tE B AMNTTERT R

33) DAPIfa R E ROCHE

34) F TR b— 2 AERRIE FABRAME & KT O AT IE
/B, JIAREE, IHER. F

35) IEHM—, FEHE— FFRRSEAE & B R Y R RE. FFIEEE. 51: 607-616
(2005)



36) MZEME, /B KEE. JByFEE & AREHHE. FFREREE. 51: 537-542 (2005)

37) C.Scaffidi etal. Two CD95 (APO-1/Fas) signaling pathways. EMBO. J., 17:
1675-1687 (1998)

38) APOPCYTO caspase-3, 8, 9 Colorimetric Assay Kit®D & 3E MBL

39) Henning R. Stennicke, Guy S. Salvesen . Caspases - controlling intracellular signals
by protease zymogen activation. Biochimica et Biophysica Acta 1477: 299-306
(2000)

40) Masahiro Matsubara , Kozo Yao, Kazuhide Hasegawa. Benidipine, a
dihydropyridine-calcium channel blocker, inhibits lysophosphatidylcholine induced
endothelial injury via stimulation of nitric oxide release. Pharmacological Research.
53:35-43 (2006)

41) N. Inoue et al., Lysophosphatidylcholine increases the secretion of matrix
metalloproteinase 2 through the activation of NADH/NADPH oxidase in cultured
aortic endothelial cells. Atherosclerosis. 155: 45-52 (2001)

42) J.H.S. Kabarowski, Yan Xu, O.N. Witte. Lysophosphatidylcholine as a ligand for
immunoregulation. Biochemical Phtarmacology. 64: 161-167 (2002)

43) Murakami, N. Yokomizo, T. Okuno, T. and Shimizu, T. G2A Is a Proton-sensing
GPCR Antagoneized by Lysophosphatidylcholine. THE JOURNAL OF
BIOLOGICAL CHEMISTRY . 279: 42484-42491 (2004)

44) Monica J. Carson and David Lo. The Push-Me Pull-You of T Cell Activation.
Science 27: 618-619 (2001)

45) Tomura, H. Mogi, C. Sato, K. Okajima, F. Proton-sensing and lysolipid-sensitive
G-protein-coupled receptors: A novel type of multi-functional receptors. Cellular
Signalling. 17: 1466-1476 (2005)

46) Van Berge Henegouwen GP, van der Werf SD, Ruben AT. Fatty acid composition of
phospholipide in bile in man: promoting effect of deoxycholate on arachidonate.

Clinica Chimica Acta. 165: 27-37 (1987)

A7) JHEKRER, TrBmE, KEMEL, BHRESS. B3 & - B SR o
carcinogenesis —DNAMILIEEDEFK—. H L PE 22: 1081-1085 (2001)

48) Shimada K, Yanagisawa J, Nakayama F. Increased lysophosphatidylcholine and
pancreatic enzyme content in bile of patients with anomalous pancreaticobiliary
ductal junction. Hepatology. 13: 438-444 (1991)



49) JIFHERE H MR D — kG FIEIZ DN T
http://cellbank.nibio.go.jp/sheet/att00029.htm

50) Cell Bank, cell stock number: JCRB0425 [HuCCT1]
http://cellbank.nibio.go.jp/celldata/jcrb0425.html

51) Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. PROTEIN
MEASUREMENT WITH THE FOLIN PHENOL REAGENT. The Journal of
Biological Chemistry, 193: 265-275 (1951)

52) MEBCYTO®™ Apoptosis Kit? i H#E MLB.

53) MBL Apoptosis-Detection and Analysis-2002, ¥4t ESAMMIICET T
54) RNeasy® Plus Mini Handbook DA E. QIAGEN

55) ReverTra Ace® qPCR RT Kit®#iH . TOYOBO

56) LightCycler® FastStart DNA Master SYBR Green 1 M#iEHE. Roche


http://cellbank.nibio.go.jp/celldata/jcrb0425.htm

