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ATP(adenosine 5’-triphosphate):= Al Zujoll Al Lx}A 2l oA YPoz o] &
2 8 ofyzg} Alx el s wF EA e AlZu teke A sl #o
st= Aoz 4HA Aok Alxejde] ATP9L 22 adenine wEdl2HE 9
adenosine®] Zt&-2 Axejuto] EA|et= FEAE Wi/NR o] FoiX&=H|, oY
3 F8&AZS FUA &4 (purinergic recepton)g} dtH, =LA P13 P2 484
2 FEITY Fd4 FEAE AGHE Az I, S, B3, MEZAE
o MEF7] AsHG FAA LWHIS FHHS Za Jom, Foly AE
wel FE&A T g AEH EAo] ke AR dEA ok wakA B

Aol e dokel Bupelal MHA G FRAIE A WoolE AEE

T FEAY 43 ARE FUsHr] AA BEtelE MEFe] sk
¢l WERI-Rb-1 MEZE tdo 2 Z4 oln(imaging) 7I'HE o] &3t AE
U 2455 (Ca"DE ZAsgon, dutols Azute] HdE Fd4 =8
Aol ofdy-s BHEsH] flall GHAL AH FHRS RT-PCR)FH Western blot
WS ol gttt E AFE 8 HE 8 ZAide o3 2o

24 oluA Aol 10 p M ATPE FoJae uwl i wulols
AN A (80% ©h) AAF, A4 [Ca™l, F71E BIYL (n=46), o9} 2

Hile sEoEos yehgt FUA F8Ae @4zt wE [Ca”l
7he AZS] Zgol AAR Z2AAAE 90.7£1.0% °1F FAEAT (n=48).
@A A TS RT-PCR)E  ##3 Ay} wubols  AlZoA
P2Yisusaiie O8] FAA F8AE ZWshs mRNASo] FAHAT. Fa

A EA 4 otde] AIE sty s adA B AdAE AT 2

l

o[N



7}, P2Y, 84 F@A OMeS-ATP, 1 £Med| o3 AT ZHE= 27}
ATP (10 Ml 3 [Ca™]o] 85.943.1%°l o]21} P2Y o] Helx oA
MRS 2179 (30 #M) FolAl hHEE (86.3+2.3%)°] A=A (n=76). L&}
P2Y,.s EEAIQ UTP (100 xMeol <& [Ca?l o= A9 wWart sl
P2Y;, &4 oty EFANQ BzATP (100 Mol 93 [Ca*], & thzT9
31.2+3.7%°l |33+ 33, phospholipase C (PLC) =behA] (U-73122, 1
M) 2 Ca*-ATPase *}2HA| (thapsigargin, 1 Mol 9JsixEs ztzh tjz=79]
10.4+1.8% (n=55), 8.1+£0.9% (n=52)= thH& At} wkdel|, PLC kA
Ql U-731229] §-AAl (soform)ql U-73343 (1 «M) EAAdE Az 2%
o] A7} FojatA BEEA Pt (1=69). RT-PCR|A Psy, [Psyp 58
o}# ©] mRNAZ} FlE|glom, IP; £8A 2TAQ 2-APB (20 £M)E ATPo|
o8 AZTY ZHEEe Z7ME 925+1.3% AASAT (=71). wpAGoz F

A4 S84 GAS 3lstr] 9% Western blot S 53] P2Y, &4
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Ax o F ¥ w5
AA S Her oSk

4 & 3

A 17 AE

ATP (adenosine 5’-triphosphate)s= A|ZWolA Lx}# <l iAoz o]l g=
Bok ofyegt MELox mF EAstH AEU ot AR sl BAsE
Aoz Z 48 drh AEede] ATP9 #& adenine wFHLE:Z o
adenosine?] g2 AxZejute] EAdt= FEAE WR o] FAX =], ol#HT
FE&AE FHUA S84 (purinergic recepton)zt 3ol o= o7 7Hx] EHA
(agonist) ] &3 2 ZA3HA| (antagonish)®] A T 7|FSE AA P13 P2
g4 2 T8I Adenosine} AMP (adenosine monophosphate)e] 2Fgo] 94
g Pls&Al= vl AL A, A3, ADP9F ATPO] #+-8o] A% P2 &A= ¢
re-ol&A (ligand-gated) o] 2122 P2X¢} G-zt A9 P2YE UFolxth

(Burnstock, 1990). ¥HtA o2 ME LA FH FFH LS FEFIHANE

= XfEe=9 o, W, Hint, =42, 9, v, A, AR, = T 22 23 F
HstA Bxsta ot (Fries 5, 2004a,b). ©o] BEAEL FAA F8AS Ea)
FTFA7E 2 DxAAFAAAY]  AlFHE  (neurotransmitter) F2  AlF=A

(modulators)(Ralevic % Burnstock, 1998; Newman, 2003), &2 24 olAE ="
o] g 7 (Akasu &, 1981), Al (Burnstock % Meghji, 1983; Olsson %
Pearson, 1990), == (Kong, 1993), A3 (Lee &, 1994), & (Lee 5, 2000)%

o] BT FHoly o), TEE, AAAE=E 9 A ETISI (cytokine) EH]



(Fries &, 2004b) &3 #2& A2z 7eg 2dIvh =3 Az Eix s
(Pannicke &, 200D, MEW Asdd 2Hs 53 Mz 4%, &3, T4, AHE
59 7174 di7ista (Cha &, 2000; Fries &, 2004b), WA A&, AF, 53,
AAEHPAE A, svdEs oA e Hed 7ddx #o 3o (Fries 5,
2004b). =3F FdI AYu|dE hojy sdA &4, o= 2 DA FA4, oA
A x2 &4, Mo Qg 2Ed2 2 284 &3 T 2 HEHAYR 4%
ol HE7AE FAZANY=HE #AAsE A S 2 (Abbracchio ¥ Burnstock,
1998) <=4 Aot

AA7MA = A &
T7F A oh. & (Peterson 5 1997; Shahidullah 2! Wilson, 1997; Srinivas
S, 1998; Cha &, 2000), 7] (Jumblatt % Jumblatt, 1998; Hosoya &, 1999;

35|
i
9
)
rr
2
i
o,
4»
oo
i_l{l
it
=
of,
P,l',
N
fo
o
55
flo
rg

Kimura &, 1999; Sugamoto &, 1999; Murakami -&, 2000a,b; Shiue -&, 2000; Li
S, 2001b; Meyer <&, 2001; Cowlen &, 2003), # (Fujihara &, 2001;
Wheeler-Schilling &, 2001; Fries 5, 2004), ¥<%°] (Cowlen &, 2003), A&
(Sullivan &, 1997, Jumblatt 2 Jumblatt, 1998; Collison % Duncan, 2001;
Mundasad %, 2001; Bringmann %, 2002)< thAt 9
H oy AEy 2AdA4 FAh48 FEAVE e ExEo dgol g1FHA, 1
ZFFE F(species)t FHo met kst ZoE H

Cowlen -5, 2003). ®=3F dAFH o) FAAH F8AY UZ2E 7ol s
ME B A77F olFojA, A T EFToly dF ety A RA| 2 A 9
8% Y= JdY (Peterson 5, 1997; Murakami 5 2000a,b; Mundasad &,
2001; Cowlen &, 2003). 1=y &= ZZ oA dHEH= Fd8 F&AY &
X B8t dF F8A oy LIAEAL HE reF 540 AT =&
A US Wolw, WA o] BHHE FAAE FE&A 2HEAH o

A= =183 A7} o]0l A go} NEAl AT FaAo| A7 E Ytk
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L1 FA4 5849 Qx 54

=
93 Mok (Brake 2 Julius, 1996). £3], P2
Fe&AE U Axzo) FHYsHA Exsa e AES FIUE =S FHg
< MY, o7ldE gt=-2&4 (igand-gated) P2X F&A9F G-g A7F
P2Y #&A7F 23t &4 A4ste] wE sG-S AHH o o]xAd
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FAY (P2X) guanine nucleotide binding protein (G-gH)& wj/f =
(P2Y) A3t dA7tA] EHFNA cloning® P2X 484 olgde Ha 87
o] ol (P2Xi-g), P2Y +&Ad = P2Y;, P2Y,, P2Ys, P2Ys P2Y1, P2Y1, P2Yis,
P2Yyy 59 o8 Eo] RuF o ot (Ralevic ¥ Burnstock, 1998; Fries &, 2004).

P2X &A= AEUol Ce2 N-terminale] ¢ Xx]star AlE¥te] 71 loopE 7H
two-transmembrane (2TMs) receptore]th (Wheeler-Schilling &, 2001). P2X»,
P2Xy, P2Xg F&A ol¥F S AR DagxZd 71 dutFor A H Utk
(Burnstock, 1996; 1997, North ¥ Branard, 1997). P2X F&AE T3 AlsHdES
10ms ojWj o] Al&g AZF Wol| Alzuts FHste o]Fste HAAHA ol
(Na', K, Ca®™)ol olaf wijgct 53 Az 53 ZHHYS Az Z4o|
2FE F7H9 Fa3 Aol Hol ZAH AEue] gESS Yo7 By ohyg
(Bean, 1992; Dubyak % el-Moatassim, 1993), 2Fd ¢t o]&4 Ca* AMd< FAs)
AlA olxH oz ZHEad =D MEW AFA (endoplasmic reticulum, ER)ZF-E
o Za#dE T P2X FE&AC o3 ATHDGE Alxzgoly Azl
A1 second messenger®] AyAolu EAkAA o] HQa glo] wig AHEA o] FoF
28 AAAGoIY 5 A we Fad 9F& It (Kigelgen
Wetter, 2000).

g, P2Y 8= heterotrimeric G-t #}to] F52F8o o3 thkg A=Y
AMeHges FAHFA = seven-transmembrane  (7TMs) 48

(superfamily)ol] <3t} (Ralevic ¥ Burnstock, 1998; Fries &, 2004). P2Y &4



olFE F P2Yi, P2Y,, P2Ys P2Ys F&AE AolAIA F2YEH g1 753
o2 gAse e dHA Ao (Ralevic ¥ Burnstock, 1998; Sak 3 Webb,
2002; Abbracchio &, 2003). o] FTE&8AEL wITEQLE =Y Ao wet 2A
3o WMEE UE 4 ded, P2Y, & otdd wFY LEIE (adenine nucleotide)
of oJsjArt &3ty P2Ys TE&A= FEld w8 28 = (uridine nucleotide)
of oafj A, P2You= otuld ¥ fFreEld EFo o3 &4d3tett (North 2 Barnard,
1997, Communi &, 1997, Webb &, 1998). P2Yi 121314 FEAEL FHTol ¢8R
OlPER 1 Bx9 7|53 SAE daiAe b FE&A ofF S vl &
71 ¥7b A} (Fries &, 2004). P2Y FdA FE&Ad o Az AsdD 7|d
& 7BEAo7 P2Y FUA &A= EF phospholipase C (PLC) A3} -
inositol 1,4,5-triphosphate (IP3) A4 - A=ZW ZHsde HAHOZ olox&
PLC-IP; A =2¢ &=t (Harden %, 1995; Schachter %, 1996). o2 A4 4=
MEY Zgol o AHZHoZ MEr|so] =HHFT (Kugelgen & Wetter, 2000).
E O AHE2E ACE A#ste 71do] d8#Ad At (Ralevic ¥ Burnstock,
1998). A 75 eor FAdstE FeE Lz P2Y F&AE 5 P2Y), P2Y,
P2Y,, P2Ys 84 o}lgEL PLC AE2E FAHIAA [P35 AWATLEZA AxY
ZEAZLZHE ZES Tdste 71dd #H3ta (Chen & 1995). P2Y;2
PLCZH 29} adenylyl cyclase (AC) 71dS EF ZASAIIE Aoz d#HA A

(Communi %, 1997).

P2Y, &A= =E F (species)o| A adenine FZ | LEIT o] Aefzel 84
2, A%, =42, desd @3y, A%, A, o, JH5 FolA P2Y, FE&A

mRNAZ} @& 5 o] Qt}h (Ayyanathan 5, 1996; Janssens %, 1996; Leon % 1996;
Palmer &, 1998). ©] <&A= ADP, ATP, 2-methylthio-ADP (2MeS-ADP),
2MeS-ATP o <3 &AstsEly UTP, UDPAl 9siA e HEE3HA] @&
(Ralevic % Burnstock, 1998; Kiuigelgen 2 Wetter, 2000). P2Y;, £A¢ 7|52
HEZ, Uy, AAxAS 33 gokdt oA & o]y} endothelium-
derived relaxing factor (EDRF) % =Z2 ~eglZdd #37, 4% 3 5o #4
3t} (Leon &, 1996; Jin 2 Kunapuli, 1998; Fabre 5, 1999).

_4_
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P2Y, &A= MEY FZHULEE= ZdAQ ATPS} UTPol #FAHS %13}
(affinity)S 712 +&A 2 (Ralevic ¥ Burnstock, 1998) M =E, MAAE, 47
wAZ, WAZ, WINZz Fol FResA EEx3Ft+ (Burnstock 2 Williams,
2000). P2Y, &A= F 7IA G-&9 S ARl AZY Az

< (species)o] ThFRE AlEolA FHLAT AelZ 7o #HAFH (Dubyak =
el-Moatassim, 1993; Pintor, 1998; Cowlen 5, 2003).

P2Y,;= Uracll wEd B0 Aede] w2 F&AZ (Communi 5, 1995),
P2Y,; = UTPo o3k a3 &7t ATPS] 508i7F dow, Atgol ek, =, d3 3
g2 %2 S ExHo] ot (Communi %5, 1995 Nguyen %5, 1995; Nicholas
5, 1996;). ¥k, P2Ys &A= wEd A= diphosphated] %lstgo] w2
A=Z, UDPoll gt &dwkgo] UTPS 100u] o]/l &3star (Nicholas &, 1996),
Argre] H, A, e, &Sk, WA, "Rk A F A Sl d BEH
o (Kigelgen 2 Wetter, 2000) <& 4 Qlth

P2Yn F8A= =R A%, v1A, WM E, 53] dIFd ExHo Qgol &
HAH 3 (Communi & 1997, Zambon &, 2001; Conigrave -5 2001, Torres &,
2002), P2Yy, &A= €4 SHAAFANA T3 TS ot HoAx dHH
Atk (Nicholas, 2001). P2Yi3 oF&-& P2Ypel W% FARRE F25 o|F1 lon
oAzl WEAR7IeE Mo EEEHo dgol AT (Wittenberger &, 2001;
Communi & 2001; Zhang &, 2002). P2Y,, <8XA+= uridine diphosphate
(UDP)-glucose¢} UDP-galactoseE #Zt=2 7AW (Freeman %, 2001;
Abbracchio &, 2003), T+Fg 7 A718F HolA FBEAL dHA 9] 5ol &
dxE Ao® Bixo tt (Charlton %, 1997; Chambers 5, 2000; Freeman
%, 200D).

1.2. E=(eye) FF9AAY FHAH &A1 99
2ol ol2d td FEFUoHES ¥
&

ol #F&ol dHAEA F14



(Pintor 1998). £3], =2 st ATP} UTPe AHXAA - ¥el® 93 P2YS

Ao AR A=A ZAA P2Y FEAIE ZES fr
Duncan, 2001), 49| ZtetA|EoA SRS o]FAZ By olyz}t (Srinivas &,
1998; 2002), ATP= o ZAWHlA rot=#dd (noradrenalin)®] #Fel&EE
zA3lal (Fuder @ Muth, 1993) 772 #%9e] F48A (photoreceptor)oll A 1
of gk NAE 2dsE Aoz (Sato 2 Kawamura, 1997) R =) =
FAFEAE oAdFolA Bere Tdy HPAE FXska (Stellwagen 5 1999),
wjol7] 2] wWut (embryonic chick retina)oll /] ATPS} UTPE AZY AZAAZH
FElA7l= AR (Sugioka &, 1996) & At £ +& ¥ 7|5
B Ao we} I Aol s AT w22 R EA T E o
Je FAUAH F&A ol¥EL P2Y, P2Y, P2Y, P2Ys Solth (Jumblatt 2
Jumblatt, 1998; Pintor, 1999; Kimura -&, 1999; Hosoya &, 1999; Murakami %,
2000a, b; Shiue %, 2000; Pannicke -5, 2001; Cowlen %, 2003; Fries &, 2004a,b).
of FolAE FHIZo FFHFHANA FAo] FAHIL U= AL P2Y, FE&A oFF
olty. Z+et Ayle} W3] (Srinivas 5, 1998; Kimura 5, 1999; Cha 5, 2000; Yang
S, 2000), 2% “43 (Jumblatt 2 Jumblatt, 1998; Hosoya %5, 1999; Shiue %,
2000; Li &, 2001b), =<FA 243 (Wax &, 1993; Shahidullah 2 Wilson, 1997),
22 AMxEZ Maller celD(Liu ¥ Wakakura, 1998; Bringmann &, 2002; Fries &,
2004a,b), et M4 g3 (Sullivan 5, 1997), A7 A3 (Wheeler-Schilling 5,
2001, ZF=g9t (suprachoroid)(Sugamoto &, 1999), @M= AT M E (Collison =
Duncan, 200Dl #2331 A= P2Y, &A= HA 229 EA wet oheFgt
Aed Jls xdo| A o2 deA Adn. =9 A Rdo A
P2Y, &A= At A9 E C
celDZHE HAZHE AF38t7] W&o 7259 X5 F8&3 Aoz ¥
FHomMurakami 5 2000a,b), INS365+= EFA P2Y, &4 EIAZ AdFAZRT
dAES AT AHER A8 FEU ot (Mundasad &, 2001). ¥+ oy

){1
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g 748 FE&A= Bt FREAZT 71 #oste, Buate)e) A Ro: &
Z~ A9 fluid pumpE &4 3
FZ3la Yt} (Peterson 5, 1997). INS 37217+ whetalbg

o] sz A d4AE 7hsAol A3 A7 Iy
2003). 1 9] HEo] P2Y) 789 YA E LT w9 AN AEZW ZEF
9 (James ¥ Butt, 200D)o]u} [Ca*]/ wave (Li 5, 2001a) 59 ZHdo| o]Fo|A &=
Aol BralA =2 Aeld 7lso #HAsE P2Y) FdAZ FE&A tig Ao =
obA 7hal Ut

;0
o
o
o
=
D
=
of

1.3. ol Fe] EA4

WHfolE (retinoblastoma) ZAokSolAIA 7HE &3] W= k7l A4 F
Yo 2 HFA A 20,0008% 1He WIEE #@Asta (McFall &, 1977
Pendergrass % Davis, 1980; Mahony &, 1990) ®=olFo 2 Foit= HAF A
< AE 24/l (Francois &, 1975). WHtolse F4-8& A (photoreceptors),
A7 A E (neurons), 2 A7 nAHE (gliaz £33 F Jd& e 42 dFA
X (multipotent retinal precursor)olA] 7]¥4&k™ (Ohnishi, 1977; Hirooka <,
2001), wHio} (germyt AAME (somatic celDollA FAA 13H qldd FY
(region)e] Edwolo 98] (Yunis @ Ramsay, 1978; Sparkes %, 1983) =74l %
ZHE AMAAMES AR AZAE (neuronal and glial progenies)® £-3}sh+=
4l obd Ed¥ (malignant phenotype)S E53HA HWA FUHHMEIZ SIS
H o} (Ohnishi, 1977; Kyritsis &, 1984; Perentes &, 1987).

WabolE MEZ= AT AlExAI AFGAA (hyperchromatic)e] & oz o
Folzl AR 7 xm AR Fn T FHTH EALS UM mESE AxzolH
(McFall %, 1978), @41 WERI-Rb-13} Y-799] & 7}x] MEF7} g = o] ot Al
Fi ZHE A, wdstds W eoles we 71

Z H&sts g2 d-dFS AXEFH= 28 polyornithineo] 88 dol2S @
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Zetago] FH nigo] &3 (monolayern) o2 RzEE EAS Holmg wubol
& Eo]3 HEES W u (charged membrane)S 7FA1 YeE Ao g2 Holn
(McFall =, 1977), F-&9 Ax= Feishz]! w37l dojya #3171 o] FojA &=
Ao 2 4 A Aot (McFall 5, 1978). £33t WutH Lol ZA E(rosette)7}
Efube dAA@wZd AR dutolE MEe FHde FX (blebs), SR EZFE
(lamellipoia)®} 22 I =E7], 283 \AHE (microvillDEe] oo thE 4l
AMEZEY FEEY McFall &, 1978).

WatolEM = W AT M E (retinal precursor celDe] A3 E3& 93|
wdz Jdg o)gFoA ¢t (Herman %, 1989; Tombran-Tink %

Johnson, 1989; Barnes @ Haynes, 1992, Gomez %, 1993a; Gomez &, 1993b;

71

L
ok

Gallie &, 1999; Siegal, 1999; Hirooka &, 2001; Bertolesi 5, 2003). T3+ -+
e AlZAA dRtH oz MIU Zgoleie Wil Alxe wdz F7
(orderly progression of the cell cycle)e} S4 2 A& FHst=d F83HH
(Ciapa 5, 1994; Berridge 5, 1998; Guo &, 1998; Pearson &, 2002), =o}%
AZzW Zgxd JA Az &3l9t #dste dj¢ 83 7|HdoE FAEo
g AF7HA &R weolE Alxy ZExdEE tiiE 32 A o &4
(low voltage activated) o] xdS T3 ZHFddd 93 71do= (Barnes 2
Haynes, 1992; Gomez <&, 1993a; Wong, 1995; Hirooka -&, 2001, Bertolesi %,
2003), 53] a1GSt olH ot T-3 Zg 229 Lo F83 2oz 4HA
gkt (Hirooka 5, 2001; Bertolesi &, 2003). 13y T2 Z/F WM EE
Al Tt E vkey o] F8AE wi/NE FAIFQ dexd 540 z

Aol #3F A+E HiEo] YA Frh wepa] DetolEFe WA} FdE &
Z1ej oA £ 2K E 7] ¥ =™ (Ohnishi, 1977; Kyritsis 5, 1984; Perentes 5, 1987)
At el A A 8 A (Sullivan 5, 19979} Abgh WEfolE AMlEoA 9
A FeA7F #9899 A (Rah, 2004), 183 v E3lE AEZ g2 A9 wutolEe] EA

< 23 = W golF Axix Zgxde diiste FYUA4 F&8AVF 2d
d

T
>
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Ao A= wutolE (retinoblastoma) Al EE A2 of 7]



A 2 As 5 EH

21 29 NExF 2 ujg

B AFolA ARERE WetolES Wil oA (Caucasian female)®] seollA &
3  WERI-Rb-1 A& ATCC (American Type Culture Collection, HTB-169)2 -
Bl Eofntol Ag3lith WERI-Rb-1 M X+= Roswell Park Memorial Institute
Medium (RPMD 1640 (Cambrex, Walkersville, MD, USA)el 10% < EHo}¥H
(fetal bovine serum, FBS) 2 100,000 unit/L penicillin, 100 mg/L streptomycin
(GibcoBRL, Grand Island, NY, USA)e] 7Fg HjA oA wgFstdtt AEXF=
ATCCeol =Z=2EZJ wme} 3~4Y Ao =2 X E ZolFda 74S F7I2 A
oiul < Skt

22. 498 @ FE
221 Ad8y

g olmA AL 3 AE #FY (external solution; PSS)e] ZA(mM)
< 137 NaCl, 5.4 KCl, 1.8 CaCl, 1 MgCl,, 5 HEPES 28]3 10 glucose (pH 7.4)
o]ttt AFA o= BE RS oF 2 p/ming £EE E=HAMA o Hx9H
AW o] AFAIA APsHAT

22.2. %FE

< ®oldx (FBS) ¥ antimycotic-antibioticss= GibcoBRLZH-E], Fluo-3/AM<
Molecular probes (Eugene, OR, USA)ZH¥ Z+Z #4393, RPMI= Cambrex



AL Z B Astdet. =3+ adenosine  5'-triphosphate  (ATP),  uridine
5-triphosphate  (UTP),  2-methylthioadenosine  5°-triphosphate  (2MeS-ATP),
2’-3’-0-(4-benzoyl)-benzoyl-ATP (BzATP), « B -methylene ATP (o B -MeATP), MRS
2179, 2-APB, thapsigargin® Sigma Chemical Co.(St. Louis, MO, USA)ZHH,
U-73122%= Tocris (Ellisville, MO, USAAIZFEH, U-73343> Calbiochem
(Darmstadt, Germany, Cat. No 66204DAIZFE FU3F}ARY.  Fluo-3/AM3}
U-73122, U-73343, thapsigargin® DMSO (dimethyl sulfoxide)o] o] AF&3}93ar

7 9le BE AL ARAFFR e Hof AEsArh
2.3. AZY ZHoleE=(Ca*]) =4

AZY Zgoles s (Ca*)el WHs =Asty] el FFolmA AxdH
(fluorescence imaging system)& Ab83lH o™ 1 WHE FUS MEoA ZFol
+FEE 343 Rah (20008 WHS Fx3Ao. WA Azodd 1 meel
Fluo-3 /AM 5 M 52 H713 & 1837 283 g (sonication) & o 7]
WutolE MET7E ZodE coverslipe ¥ T 37C AME wiFr] (humidified
CO. incubator, 95% air 5% COp°lA 1AIZF FIAZY. H3t7F EUd Alxe
HRHo g 23] AHst] AzLHe] o Fluo-3/AME FE3| AATL s =
Hdr 4 (X51, Olympus, Japan)$#le] &/ AW (Warner Instrument, Hamden,
CT, USA)e] &1 #FY (normal PSS)S Fe€o| 93] 2 mi/min £E& 202
ol BFAA FH3I 2ol ~8H 23} (deesterification)”’} H == 3-Ath.

FFolm A= 75-W  Xenon lampERE voE B9 (ight source)
Fluo-3AMol| 23 488 nm (Figs) F2 02 7] (excitation A w 530 nme)
oA WE (emission)== 3 M7]E CCD 7wt (cooled charge- coupled

device camera, Cascade, Roper, USA)7} ZZAA oluAE el =dl(1d

D, olwf A= FFolnAE FEFAANE 0.1 Hzo] W== 3023+ ZA3
om AHEFE 0.03 Hze HIEE ZHsle] FPog A3 AEENS H43)



Atk AEUW ZgolesEs A5E F7] A Fluo-3/AM Fa=2 Qg 7|2 ¥
Bk (FORIA Fas TSRS o WstEe FFE @ HlE&E FALAoH
FFOkel AW Zgolesxe] WHIE WPe=s ottt AlaEvith Fluo-3ol
FatE = A= zol7t ¢ ATl A= FOgkol 1,0000]7d 02 Fi3
stE AlZoA] A& b ZFAIFTH

=33 FFolu A= AZEYo 7% 2] MetaFluor 6.1 (Universal Imaging
Corporation, USA)ZE 7]1&3+ F, LA XS] FFOHS HaUo ARE E43H
om, ol ¥F (O A (peak)A & Blalste] 43ttt

O_L
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1=
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2.4. §3A 44 F¢H-S (RT-PCR)

WA guanidinium thiocyanate-phenol-chloroform F& W& A3t
WERI-Rb-1 AZEZFE A RNAE EZstHA+ (Chomczynski 2 Sacchi,

1987). &, AZ£Z guanidinium thiocyanate buffer® lysis A%l ©h& phenol 2

chloroform< 7}l 45 oA 15% o] HASATE o5 4TA 10,000 x
g2 2083 94 EEste ASANS ZAAHA HIAT o] AFTAE T
isopropanol®} 412 Th& -70 TollA 1AIZF o] RNAE HAAZTE thAl 4Te

/110,000 Xg= 2083t ¥4 #Eldke] RNA pellets Ao, ol& ©Al 75%
ethanol® Aol & A4 Egste] RNA A &85 LA

cDNAS] &AL 2 g RNASF 0.5 pg random hexamerE WA 70 ColA H&E
v Wr$-A]7]a, reverse transcriptase 200 units, dNTP 25 nmoles, RNase
inhibitor 20 units o] 23 A skl 37 TollA 1AZF HEGA L O 2 A o] Folx
ot ool PCRE o2 FdA4 &4 2 IP; &Aoo gk A'TA (primenE ©]
£3te] o] FojF o, o] @rIAEL F 13 F 20 47 gkt PCR HE
Sdo= A HE cDNA 0.05 pg, Z+z+e] primer pair (10 pmoles), 1.25 units®]
AmpliTaqg DNA polimerase (Perkin-Elmer, Norwalk, CT, USA), 10 nmoles9]
ANTP So] Z3HA 3k, 94 T 30x, 60C 30x, 72T 1822 35 cycle 5<%



Uk A7tk PCR AFE2 ethidium bromide’} &% 1.1% agarose gelo]l 7]

E 1L 93 A4 FH-S RT-PCR)O| AHgE FHA &4 primer

Gene Product
P2Y Rs . )
Accession Sequences size
subtype
Number (bp)
P2Y: NM_002563 F 5-CCA CGT ATC AGG TGA CAA GA-3 168
R 5-TGA GGG TCA TGT CTT CAC TC-3’
P2Y2 BC012104 F 5-GCT CTA CTT TGT CAC CAC CA-3 157
R 5-GAG CAC GTA ACA GAC AAG GA-3
P2Y, NM_00256 F 5-CCT ATG GCT CTT CAT CTT CC-3’ 200
R 5-CAC TGC AGT AGA GGT TCC AA-3
P2Ys; NM_00576 F 5-TGC TAT GGC TCT TCC TCA GT-3’ 189
R 5-ACT CCC AAG CTT GTT AGC TC-3’
P2Ys NM_176798 F 5-CCA CAT GAG CTC CTA CAG AA-3 178
R 5-GAG GGA TCT TAA CTC CAT GC-3’
P2Ys NM_17812 F 5-GCT GAT ACA GAA GCA TCC AG-3’ 178
R 5-TCC TCT GAC TCA AGC TCT CA-3’
P2Y;p NM_01449 F 5-GCT AAG CTC CAG GGT AAT GT-3’ 181
R 5-GGG TAC ATG CTT CCT ATT CC-3’
P2Y,, BC00987 F 5-TAT GTG CCC TAC CAC ATC AT-3 187
R 5-CCA TGT AGA GTA GAG GGT GGA-3’
P2Y;, NM_17687 F 5-GTA AGA ACG AGG GGT GTA GG-3’ 156
R 5-AGC AGT GCA GTC AAA GAC AT-3’

F: Forward ; R: Reverse



2. 9AA 94 FF-E RT-PCR)O AH&¥ IP; =84 primer

Gene Product
IP; Rs ) .
Accession Sequences size
subtype
Number (bp)

5-GCA GAA GCA GAT TGG CTA TG-3 261
5-GTC TCA ATC AGG ATG TCA GC-3'

P31 NM_002222

IP3»  NM_002223 5-CAA GAA GTT CAG AGA CTG CC-3 295

F
R
F
R 5-ACG CAT GGC ATT CTT CTC CA-3’
F
R

5-GAT GTG GTG TTG CTG CAG AA-3 137
5-TTG TTG CTC TTC ATG TGC AG-3’

P33 NM_002224

F: Forward ; R: Reverse



2.5. Western blot analysis

WERI-Rb-1 A|Zute] &A= P2Y,, P2Y, FHAZ &4 dH& glstr] #sh
of ztzbel &A (Abcam, UK)E o] &3le] immunoblote Al#3tATth  0.5%
trypsin-EDTAZ 5x10°¢] M EZE Hgsle] PBS £ oz A A3k, 1,000 gol A
1087 943 % 05 m¢ modified radioimmunoprecipitation (RIPA) buffer (50
mM Tris-HCl, pH 7.4, 1% NP-40, 0.25% sodium deoxycholate, 150 mM NaCl, 1
mM EDTA, 1 mM PMSF, 1 mM NaF, aprotinin 1 pg/m¢, leupeptin 1 pug/ml,
pepstatin 1 pg/mO)= F-FA 712 A5 oA homogenizedt] 30&3 Rk F
HAste & oalg Rt Bradford W
0 pgol T2 #H3slo] SDS-PAGEE Aldstar

o

Ho=z o FEE

AN
o
ot
ol

o

’

18
nf

2
o
>
ngu

polyvinylidene fluoride membrane (Pall, MI, USA)el &1 %, ®
At 5% skim milk7} ¥g¥ TBST (0.05% Tween-20) R o7 A4 1A
7t &<k blocking®+ ¥ P2Y;, P2Y; (diluted to 1:500 in TBST) Ztz}te] &A= 713}
o 2AF B EEWA WESAIZ|L TBSTZ 1584 33 M3 3 221 A
(horseradish peroxidase-conjugated goat anti-rabbit Ig@)= 1At &<k HH-§A7]
1 MAH3 = ECL™ (Amersham biosciences, NJ, USA) &S A3} X-ray

filmell ZH3-sk Aot
26. 23 2 A&

A= Hd Meand FF2x SEMZ Yyehigleod, EAZAHQ o=
unpaired t-FAA 3 AR (one-way ANOVA)S. 2 7 Z3te], pgrol 0.05 o]3tY

B §OF Aol7t Arka (FSHAT. AAelM AAT TPNH HPAFE N

o7 ME & noz %739t



Sample

Fluor Objective

Dichroic Mrror

L

Relay
Lens

Image
Intensifier

Inverted microscope configured for fluorescence ratio imaging.

I¥ 1 AEW Zgel2eE oA FAL AT FA 3 2= lluminator
A o= BY = fiter® =33 488nme] 3o dichroic mirrorol A HkALE]
Abo 2 ¥3go] emission® ™ o] = 530nm 33l
relay lens¢t FZ7]

o] sampleg excitationA] 7] &

Dst=  PPo (image intensifie)& S¥3tdA CCD
camera®] Z 2= 1 o)A o] AFE Y FE= txrTo AHAHT]
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3.1 ATP9 93t AZY Zgol2FE ¥

Fluo-3/AMSo. 2 F3ld WERI-Rb-1 AIZEL2 ATP(10 M) EAA] diFEE] A
ZE B0% oI ANAH AEW BHolLEE F7h Fio] BRHAO
W (29 2), B FF0Y 32 7.1+0.2 (N=5, n=52) o]t} (I ¥ 3A). ATP] <
3 AEY BHolee wnoEHon Zshsgon (19 3B), YA AT A
t vk} gol 1 EIF AR 7
adte A% dUou FAMOE fo¥ W FE:L ofuolA (F-0612

o

st ATP Fo9] &7t &2 (desensitization)gle] ®EE
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7Pt AES ZERd WEAA,
Az ZagAdszy FEQIAE dotr7] 95t Az Zgd AAT
Ca”free (0 Ca®) BHFNL 3B AAAF T ATPo| o3 AT ZHoleexo W
35 BT (2F 5A). APZAF Ax9 Zgo] AA" =HAAE ATPA o3
AZY Zgols® F7he dE2TFY 90.7£1.0% °1d FAEANeH (n=48), 2zt
Fgghol Zastgd oy BAA frod2 gtk (19 5B). E3 17 4o A AAFE 6t
o} o] ATP WHE-Eojo] o3 A2l W3 7a £F7 FASIHOER ML 24
o] ATPo o&t AMZY ZHol2sEolle TS HAA &e& o2 R
TS o 2= ERube] Ca*-ATPase 2-gAl<¢l thapsigargin (TG) 1 pME& Fo
of AZW ZEAZLE LZAZ F ATPO 93 AXY Zgol2wxe W3}
FEEAT TG Fo & FA Az Zgoles=9 S/ Aden 1
T2 Hagel =2t ol 2H A3 aEH TG Fo oA
FEoA HmA A G FASATE TG AAHA F o]ef e AHA o
Al ATPE FoJatge wl 1% 6A 9 7Bol| UERd vl o] Az ZHolLs
29 Z7lE A R #9 81+09%= i st dAEE AL BT

A
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T A}t (p.001, n=52).

ATPe o3 MEW ZaEsd 7S glstax PLCAEAE AdAQl U-73122
1 «ME AREst dizTd Blasdn. 28 7A% AdA B 5 %ol
U-731222 38 F< HXx F ATPo| 23 Az ZHukse iz
10.4£1.8%0 A=A ol ATPe] 9& AMEU ZEol2sEe Z7H7F U-731229
o tEE AdAEES & 4 AATHP001, n=55). ¥HA, U-731229] fAFA(isoform)
A U-73343 I £ME YA AAXG T ATPE FoAF Foll= AZY ZHoles
T gz FASH F71ste] (29 7B), ATPol 93k Zrguk-g3t U-73343 A%
T ATPe 93 Az Zgoles® I3 Ho ik Aolde SAACE FoT A7t
Atk (2% 7B). E3 ER ol EAlgte AEe £34 Py &4 ATAA 2-APB
20 pME 5% ¢ HAAGF F ATPA 9T AZY ZgolesEy WHItE #ET
A3} 2-APB= ATPol| o3 Alxd ZFs=o tii (925+1.3%)S A8
(L™ 8A), ATPol 9% Z-gw&3} 2-APB M A A & ATPo] o3 AZU Zgol&
5 33 By Aolodle AR Fo3F Aol7k A (TH 8B). whekA ol et 2
< AREE TES B o ATPol 93 #9448 &4 439 8 71¥e PLC A
29 43 s 53 AU ZEAFLZRE ZETdYdS AT ST

M

-

L oof
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A ATP 10 uM ATP ATP
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] LA K.
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Time (sec)
B 8,
T —— [ I
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L,
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! 1st 2nd 3rd

L
T8 HALE 023 MERA e W AZY Zgoleere HMEE V5T A
oltt. Hi F FFg ()X A WA FAA 71102, F WA FoAA 69104, Al

A FoA 662052 SHHANCH, Al Foa2 TAHLE FoA A7t fle A
o= Ugwt (F=0.612, p=0.55)B). (F(=fluo-3 MZF3= Q1 7|8 JFik, FIEF
of o e wstE FFgk, Ist: A WA ATP FAA 9§, 2nd: 7 HA W5 FoA
WS, drd: Al WA bR Bo A RhE N=A @3, n=thd AE 5, 5 HA=ATP
Fof 717h)
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19 6. Thapsigargin (TG)°] ATPel &3 A2 Zgol2sE ®Id nX&
&3 TG 1 pM (Ca”-ATPase A9tANS AAA AL o AZY ZFolesse H
St ATPO] ot Zgol2sE HeE #AFEGAT TC Fo & 18 AF2 2
Fol =ty o] oF 8o AX MAI 2V|FEORE IEFHE AL FAF F 9
Atk o] W ATPE Fostd A2y Zgoles®d 7 dzw9 8

TGl o8 diy&e ZHukge] JAPE RoEth (A). 18 Be dZ27% TG dA
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32. ¥4 w84 ZEA AT AEXWY Zgol2EE W

FHA FEAE T MEYW ZFol2F R FFS Hlil% oty & TFH3H]
93] WA P2Y £&A TEAEC [Ca¥) o WAE EHE 10° M FE 10" M 7HA
FEEE s Bkt (2% 9). 2 A, wAdgd P2y £4A4 SAAA ATP (ECx

0.1 pM9} P2Y, 584 EHAA 2MeS-ATP (ECs = 0.4+0.01 M)l o3 A=
FroEdoz ATy Zgolermrt 384t 28y PX F44 EEAY ¢ B
-MeATP (100 xM)¥} P2Yy4 EFAZ &2 UTP (100 Mol 9sidE foe Wsls
2D F A £ A Zf Yo Zgol o daglel ATP od Al=zuf 2

A FSL 28 B 5 vk E=F PX; 2 P2Yy 84 ofF o] E@ANS BZATP
(100 Mol 23k [Ca™]; & ATPel| &% AEY ZFolesxe] 31.2+1.2%0) a2
stglom (2% 11A), BZATPO 9@ AMEAW ZgolesEe F7he Ca’'free
ZAANME FAEHA #EE P2Yy F8AIE WiNE E9E B A= Aztd
o} (29 11B).
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of-MeATP
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0 200 400 600 800
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2% 10. P2Y; 2 P2X FUA F£&A BIAC 7 AT ZEolLEE W
o] HlAE. 2MeS-ATP (I M) FoA IAZ MEU ZgolesE F7H= « F-MeATP
(100 £M) FolAolE YERA ekskth (A). 2MeS-ATP A FojA] 27] whg-3} H AR}
A AZW Zgoles=e] 77 #2HAY. B). (FO-fluo-3 AEfst=z <A 7]&
HAgh, BT o3 wsle g, N=AF3F, n=thd Az F F& HA-

oE Fo 7]7hH)
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3% 12. MRS 21797} 2MeS-ATPo] 9@ AMEU Zgol2sE W "AE &
3. P2Y, &4 FAA 2MeS-ATP (I Mol <3 AAZ [Ca®]; F7H= MRS
2179 30 £ ME 28 30= T AAAFol= I whgo] hFF (86.3+£2.3%) A
HRom AHF= 2718 Al S 5FAT (A). MRS 2179 A% 3t
Fo 2MeS-ATPell o3t Az ZgolsZds oA Aol7b AAUTB).
(Ffluo-3  AMZHF-st2  <Ik 718 F3}gh, [Ff=fod os) wda I3

WO=wash out, n=tl4 AE 4, N=2g3 4, F& AX=2kE B 7|7k 7 p<00D)
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19 13. MRS 217971 ATPe] 9§ AT ZFol¥E Wald nx& & 1
Aeld P2y F&A a@AA ATP (10 £Medl o3& AAA [Ca”); 7= MRS
2179 30 xM)E 2% 30x &t AAAFol= 1 ¥Ego] thFE (92.5+1.6%) <A
HAoH AHZFol= 27183 FASH A EHJAT (A). MRS 2179 "= 3}
Fo] ATPe & MEYW ZgFolsZde Fog Aol7F ARt B). (Fr-fluo-3
AzEstz A3 718 3, FF=Fod s Hstd 33k, WO=wash out, n=ti

A AE S N=AY3 S, F& AHM=0bE Eof 77 p00D)



3.4. RT-PCR ¥R < o &3 &A1 EANESH 71
D 44 &4

FESH P Fol PuolF: MTolA AT ABHY s)gel Fz P2y
FAY F8A0 o8] o FolA T U S

of gl P2Y 84l ol¥e TFHY] HUs) WeolE: METEVE RNAE Rel@
g, B4 obdel MelHel primerd ol &3k} RT-PCRE AASATh 18 140
A Uehd viet gol, U £8A o}BE F ZAFE YuHoE W@ o
Qe Aoz F 4HH PY), P2Y, P2Ys P2Ys P2Yy, P2Y 84 mRNA7F =
T gotelE Almel WA 91ee & F Ak T ol Solshl P2Y; 4

€4 mRNA7} 2& = A}

1% % WERI-Rb-1 Al ¥utol] w35

ol

ol



400 bp —

200 bp—

M Y, Y, Y, Ys Ys Ys Y Yy Y GAPDH

B P2Y, : 168 bp
P2Y, : 157 bp
P2Y, : 200 bp
P2Y: : 182 bp
P2Y; : 178 bp
P2Y; : 178 bp
P2Y,;: 181 bp
P2Y,,: 187 bp
P2Y,,: 156 bp

a8 14 FgolF AEA TEEE P2Y FAA FEAY EANETH 7
B, Ag guolE AEolA TAFHE P2Y FUA F&AY olFdES s
A3l BetolE MEZEERE RNAS &8 o5 54 oty A& A<l primers
o] 83l RT-PCRS AASATH (1 ¥ Wy #H=). vz o= glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)E Ar&3t3 o™ (A), B& of84 <didse
SEAES] 37 (bpE YEHAT. M2 DNA size markerd.



2) IP; &4

Wepold AE] AZANA WHHE Py £8A obFe HARI] A8 @
% MEZWE RNAS RS the, 574 obFo) M@ primers o] &3t
RT-PCRE A3tk 718 15914 hehd nish o], Py +84] ot4E & [Py,

P3, #&A mRNAZ} Wetolg Ao ddH s & = A (2H 15,



300 bp
200bp —»
M IP3-1  IP3-2 1IP3-3 GAPDH
B 1Py, : 261 bp
1Py, : 295 bp
IPys @ 137 bp

a9 150 qolF AMEANA HHEHE P; FEAY EANETH 79, AR
Wapol MZoA LAHE Py FE&AY oldES FsHr] fal wtolE AE
EE25E RNAE &3 o5 5 ofdel] Mg A<l primerg o] &3t RT-PCR
S AAsET (F2 2 Wy #F=x). tixTFOo®  glyceraldehyde-3- phosphate

dehydrogenase (GAPDH)E At&3tom (A), Be ol diEHe= S34=9
=7] (bp)E YEFH AT MS DNA size marker<.



3.5. Western blot HHES o] &3 FHA &4 993z
T+

At wputolE Aol A P2Yy, P2Y, FdA &4 guAdS s 9
3l WERI-Rb-1 AZEZHE wds 23t o3 P2Y), P2Y, 484 ofge o
3k &4 (antobody)E ©]-&3le] Western blottings A Alstch. 1 A3 P2Y,
|4 @A band7b FAHA oY P2Y, #&A @uide dAHA skt (1H

16).



A kDa M P2Y1
100

80

60

50

B M : West-View™ western size marker
{Elpis-Biotech Inc., Taejeon, Korea)

P2Y, : anti-P2Y, antibody
{1:500 ; Abcam, Cambridge, UK)

P2Y, : anti-P2Y, antibody
{1:500 ; Abcam, Cambridge, UK)

a8 16. FolF AxAA LdFHE= FIA4 FE&A 9o BEARYEF
7. A wEtolE MlEolAM P2Y), P2Y, FHA & @ dS 1317 93
WERI-Rb-1 MlZ2 5 @ilds B3 thg 27| oty et FAHE o] &3t
o] Western blottings 2 A% A3} P2Y; 84 @@lzo] F<lxdct (A). B

Z} olg ol ALgH A9 FF9 protein size markersd.
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AA ofgshA] WS o] 83 L olm A AP AN v EstE Yol AX
ANA ATP Fofo] @& IAZQ Az Zgoles=e S7H7F #ZEEHIAE=H,
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o]l F&9 F7he= oF 30& olWd BT IEHE AdA & F Udxel I WE
o] -9 UAHoIUT}. olg} Ze AHEE A WL TY AEFAA F
274 FEA o o7 AlZW ZEuksS F<l3 Rah (20048 AFoAE &Y
SHAl et 5ot olo] #AR VHoREE F27MA FE&AC 3 s
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|Alo o8 L2
olfrE B APdAE ATPE ¥t FoAT o= Fo A H4 (time intervalo]
- FQ3A e, A5 FAA FHojx S5& oo 3 &E7|te] Hasdu. F,
Fol AZE A 0] 5% © T5 das7F 24sk
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PLC AE2E & P39 Ao gl Zgxddd Bostet], o] FAol dAH
Ao R de#A o] (Tobin %, 1992; Willars 5, 1998; Fraeyman 5. 2004), & A
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ER& 3233 exchange pumpe 43l
FEFE TS F AE FoE AAgHAL

WotolE Amo] PEH FAH 5EA9 olFe Totns] A BAYEILH
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gtolF Ao = P2Yi., P2Y,, P2Ys P2Ys, P2Ys, P2Yn, P2Yy o}8 9 FHA F
#AZ2] mRNAZE AEHAth ol FUH FEASS URE AFS R
ZHEE 2HolA QY REdw ssHoz @AstHe YE ot3seln
(Ralevic ¥ Burnstock, 1998; Sak % Webb, 2002; Abbracchio &, 2003; Fries &,
2004). =&A4 mRNA Edo] HAA=Z @iz s BAH=AS AT
A3, Y2Y) 784 o ©ido] WHEH JFS & F AT Sl A=
= WHobFol P2Yse] mRNAC| 2 F o ke FHoloh P2Ys &A= Al
Toll A mEsE HL60 (human leukemia) MZE A &stas AbFERZ oA Bl
HA ke obygeltt (Adrian &, 2000). B ATl E o5 54 H vH #
S AT + gldey, 3 nEst B 23 FEAEANA P2Ys FEA7F A
ARG 71™ol Boste=Add B ASATF7E Basinty BEoh 3, {94
|AEe gdA AGAE o] &3 T AdFAFAANA P2V 3 P2Yn &4
Al o3 A ZEvrde]l FEEHJTE AH P BAAER L
UTPell 9Jsir = Az Zgol2s=e ¥HsE #Fd -
ol AEoA AEY ZEIVHE dovle 2FFe FUAY F&A ZdA F
P2Y, &4 a3 A 27 ZgolExE WMEgtol P2Yn F&8A &adAl o
ARG fFoletA F Buk ofygt ATPOl o3 Alxy Zgrkgo] A3 P2y,
A AgAel os) FE JAHATE H o= vFo] B uf, FdA FEA
of 9@ B4 F7bl FE P2Y) 847 AHH R BEE Ao BT w

A B ARA ST BANESH R sty e ol 43 APA
FUA 849 G4} BT LHZ7He PLCE vi/lsE P2Yi3h P2Y;o] ol
stuh, P2Y 9] &4 mRNA v ofyz} 752 &2 gdo]l Azt oy
Hol dar, ool iy A" AAgAe] iyt Ate HolA F=2 P2Y ol 7t

HEso] dAEE A4E & Ao FrEAE olH3 Ades wEHte BRI O

K



3 wxAAA AEI FUA FEAY YIASEAH FHE AolE BT AP
TolA FHE FEAE BAAAQA wollA Rk ol HejAdeH wMEU & =
ZANAE oy AsHdGE AR FFS vA =, ol¢ Ze tgs AEF 7
SZAd FE FA3e= FHA FEA= P2Y2l Ao F (Jumblatt 2 Jumblatt,
1998; Pintor, 1999; Kimura -s, 1999; Hosoya &, 1999; Murakami -&, 2000a, b;
Shiue &, 2000; Cowlen &, 2003) & A A7 wizeolth. w9 ztet Aajek iy
(Srinivas %5, 1998; Kimura %, 1999; Cha %, 2000; Yang %, 2000), Zv} Atz
(Jumblatt 2 Jumblatt, 1998; Hosoya <&, 1999; Shiue 5, 2000; Li &, 2001), =%
A 43 (Wax 5, 1993; Shahidullah 2 Wilson, 1997, Cowlen &, 2003), &-Hte]
22 AE Miller cel)(Liu ¥ Wakakura, 1998; Bringmann %, 2002), A4 75
(Sullivan &, 1997; Cowlen &, 2003)¢} 41744 A= (Cowlen &, 2003), “=etqt
(suprachoroid) (Sugamoto &, 1999), #:= F3I M (Collison % Duncan, 2001),
w=71&3% 2 (Cowlen &, 2003) SollA P2Y, =847} & o] UFo] &
vl ok E3ZF P2Y, &A &-A] UTPE Safl o F&Add o3 oA A
g2 7exde] dF EEHA=, UTP T4 E71¢8 Zbebdy] (rabbit corneal
epithelium)ol| A Zrg5Y 7Aoo A3 5 Kimura 5, 1999, E7| MA A
g} (rabbit pigmented conjunctiva)ell4 ClI'e} & Eu|7} 3= (Hosoya 5,
1999; Shiue &, 2000), =719} Atge] AupolA HAEn|7t =42 #ub ofyz}
(Jumblatt & Jumblatt, 1998), =& o2 F& %L HA3 FAS g B
H 7} Z7bebdtra (Murakami 5, 2000a, b) ®agk o7} sigdct. oAy A&
7HA e o AZEAA SAEA TR E] o
= Ao 2 Il P2Y, F8Als WHtolFo s ST 4 glo], B ¥4 =
B W7 ARG A= P2Y, R P2Y) FEA7F ¥ o9&
Zte Zlo 82 B oA A hFFHolA FHA FE&A Y ddH A L&k
7 F2 P2Y, F&Al FFH e AL AT W, dow FHAH FEAE
T3 (targeD= & @S] X gl guirtsde out stk 1 o
A &gk kel o], P2Y, &A= TS wx2A o Ex2EHY dFo] T
7

2
HRont, duetzFoa FolH P2Y FUA FRAY 2 Zo



3k A3 Ao Ut (Fries 5, 2004). E3F X Baolx Fo Exsies
P2Y, A 8471 Ao Wub=z32 (retinal slices)e] B M ZoA Ca® waveZE
do7IH(Li &, 2001a), ¥EFel T wjo} (developing chick embryo)ellA] MAP

kinase AlsA 23 DNA FAHES X3 = Aoz ¢dHA Jdoy(Sanches &,

Stk webd, A3z ol9le] a3,

24 # FHY VeSS BdEHL @ AS Aot = e AE
(retinal precursor cell) EHE AFE o] & WEfolF A ZLo|A o] FolA&= ATH

-
[\]
=~
=
)
o,
Sl
o
2
1o
N
o
N

17e P2Y,, P2Y,, P2Y, P2Ys P2Yy o EA4stE
29} (Harden -5, 1995; Schachter &, 1996) AC ¢
(Ralevic ¥ Burnstock, 1998) s°] <& A d=dl, & AdFdAA= FHA F8A9
AEZU 25 713 fdsto, Az Zgol2s AAT dedAx AT
)% MZEW Zgurso] ZFAsHA &9ka PLC A& xpdkA|el U-731229) IP; &
A AEAQD 2-APB AA A 7F ATPel &3 AlZW Zgoles = S7HE FAS
A AABE o7 Kol tirre] s T
o olgd At L AEFAA A4 FEA 93 Zexd VdFAs o
4 7ol & Hol&dl, Rah (2004)«= wetols AMEoA el Zgxde MEW 24
2EFEY fg 87 oldg Az T3 Y 71dd s E AR
2490 9tk oAYH FLT AdE2E 7o #Asn JeAHE FEA
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o5 2o A3E A

5o AZoA ATP F4A @A d34 [Ca™), F7HE Hen, o
9 e WM3He Ca¥-free 2ANAE AEY Zgo] AAR zAdAE
90.7£1.0% ©]% FA = A Hn=48).

Phospholipase C (PLC) xbghA] (U-73122, 1 M) 9 Ca*-ATPase AtthA|
(thapsigargin, 1 M)l olsiA= 424 =72 10.4+1.8% (n=55), 8.1+0.9%
(M=52)& thHF-E AAFGA e} PLC =eA|¢l U-731229] HAFAl(isoform)¢l
U-73343 I M) FAANd&= AlZW Zgs=9 JA7F FostA #ZHA

&ttt (n=69).
AAA A FFWSRT-PCRS  #=3 Ay wotolx  A|EA

P2Yisa651112 OFBe FUA F&AE ZYsE mRNASo] FSIE o,
ATPoll 9]& [Ca™); Z7H= P2Y; Al (MRS 2179, 30 Mol o] thi&
(92.5+1.6%) A= At}

P2Y, &A A o dArHom FUIEE AlEYW ZEolew:
P2Yy F&A EdA ] AT dF 9IS B P2Yrys TEA
ARl UTP FofFofl= whgo] Yel A 2&9kTh

ERE] IP; 484 Al 2-APB (20 £ M)E ATPel| o& Mz Z% %
T2 925+1.3% AR (n1=71), RT-PCROIA [Py, IPsy =84 o}3 ¢
mMRNA7} &1 % At
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ABSTRACT

Characteristics of Purinergic Receptor Expressed in Human

Retinoblastoma

Yoon Hee Kim
Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Jong Hyuck Lee)

ATP (adenosine 5’-triphosphate) is the essential energy source in the cell.
It is also well known that ATP plays significant roles in the various
physiological functions being present outside the cell. This role of ATP is
actually mediated by the purinergic receptor. Expression profiles and
physiological characteristics of the purinergic receptor vary according to the
species and the cell types. Therefore, this study was performed to clarify
the characteristics of purinergic receptor and a part of its physiological
mechanisms especially in the human retinoblastoma. To achieve this goal,
we performed two series of experiments in the WERI-Rb-1 cell, one of
retinoblastoma cell lines. Firstly, intracellular [Ca*]/ transient was measured
by using Ca* imaging technique to clarify the active involvement of
purinergic receptor. Secondly, subtypes of purinergic receptor were pursued

by using RT-PCR and western blot. Results were as follows;

1. 10 uM ATP elicited strong but transient increase in [Ca*1/ higher



than 80% in the WERI-Rb-1 cells (n=46) in a concentration-dependent
manner. This [Ca*]/ increase was well maintained by higher than 90.7+1.0
% after external Ca*-depletion (n=48). In the WERI-Rb-1 cells, mRNAs for
receptor protein was also identified by using western blot.

2. P2Y, agonist (2MeS-ATP, 1 uM) also increased [Ca*1/ up to 85.3+3.1
% of 10 uM ATP-induced response and P2Y; selective blocker (MRS 2179,
30 uM) suppressed almost of this response (86.3+2.3%). However, P2Y,4
agonist (UTP, 100 uM) elicited no response in [Ca®*1i and P2Y; agonist
(BzATP, 100 uM) increased [Ca*1/ only by 31.2+3.7% of ATP effect.

3. Phospholipase C inhibitor (U-73122, 1 uM) modestly suppressed the
10 uM ATP-induced response eliciting 10.4+1.8% increase in [Ca*1/ (n=55),
while its isoform (U-73343, 1 uM) had no suppression (n=69). Ca*- ATPase
inhibitor (thapsigargin, 1 uM) also elicited a modest suppression on the
ATP-induced response eliciting 8.1+0.9% increase in [Ca*1/ (n=52).

4. 1P; receptor blocker (2-APB, 20 uM) suppressed the 10 uM
ATP-induced response by 92.5+1.3% (n=71) and, interestingly, [P; receptor
subtypes of IP3-; and IP3-2 were actually identified by RT-PCR.

All these results together indicate that P2Y; purinergic receptor is
mainly expressed in retinoblastoma cell, which activates Ca*" release from
internal Ca®" storage sites via the PLC-mediated pathway. Therefore, it is
concluded that this purinergic receptor-mediated Ca*" mobilization works as
an essential mechanism involved in the differentiation and maturation of

retinoblastoma cells.

Key words: retinoblastoma, purinergic receptor, intracellular Ca*,
Ca*" imaging
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