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ATP (adenosine 5 -triphosphate)= A|Zujol ol&adel P2Xe} G-zt 2" P2YRE yoiR
A AAHARL iAo o]-&d Bt of} A9 =
ot g SRk AW TggE AelF 7)sel do AR EfFFNA cloning® P2X 84 o}g2
she AoE & deA AUk AZeA ATP 22 #4870 oo™ (P2X -5), P2Y F&AdE P2Yy,
adenine ‘l‘?ifﬂ]oa‘: 3‘4 adenosineQ] Z}—Q‘O /‘ﬂ_‘:f_ P2Y2 P2Y4 P2Y6 P2Y11 P2Y12 P2Y13 P2Y14
sjete] EAshs FEAE WMAR o] FolA=H, ol 59 ofdEe] Huso] Itk P2y 484 ol¥E

st +=8AE FHA 484 (purinergic receptor) Z P2Y1, P2Y,, P2Y4, P2Y¢ FEA= ALl AIA
g} g}, ol o7 7} A&8A|(agonist) B 23HA) 2 a7 H e A8t Feea delA
(antagonist)®] &Ie} HElY 55 7IEes = A2 P2Y1 1213 TSRS H2o LA o}y
P13 P2 #&A= FE3th. Adenosine® AMP S8 I B39} 753 EAEY dalHe e S84
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SHARE w220l FHESsHA wEE o] e FHA
43 o}dEL P2Y:, P2Y,, P2Y4, P2Ysdd A
FHEAG O o] FAME B3] P2Y, 584 o}
o zpu TSI Ap 1317 Dok 1819 g 4
y 362021 moy 2 webak(suprachoroid),” @= A
AT FUYE £2Hd B¥sln glows A
FHE 53 Cl-ol2d #79 ol 9 At 3%
goblet cell) 2HE HARUE A= FI3} F2A)
T 71d Tl BAste o= A, dHHew
trAxF I wubdtgle] NEAZ fLEo] &4
9T 18 HT =9 P2Y, FEAl YiAE
AR o] 2 AFH BHEFLPo|Y Ca’t
wave®5¢] zHo] o]FolXE Ao] BEA Yot 1
Hu & 2 A AR s FHA FEA9 g &
Fox B8kl Y FEA oo HHAEA H 7E
2 B4 HaArt & dHA Js Wol, HlwA &
o] THFoM F2YHE P2Y &4 oI E(P2Y11,
P2Y12, P2Y13, P2Yw ol & & £X5 o 7|53
o2 @At =R #aA = &El vyt Ao

wEhx] Fafobr|2F- WubA| e} T3 Z7]u)o}
AZZRE 7195072 Ak wrtol A ks FAA4
F4AVE #EE AP aga vEEE Axese] B
ol 2Fo] A4S aHs] E uf Weol2E AX
A& FHA F&AE EA8t 752 o2 S o
Ae Ao Holy, 53] Hd & FHA 578
A 5 AEsd 71l WA de P2V F8A T
dolie g1H v glok webx] 2 AFoie e
obH| EZ(retinoblastoma) MEE thA o E o7
HAEo As AR gHE P2Yy FEAE g
sl o]o] FEA AeHG Az AL 7)HS AE
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28 MZF R Bt

B AFdA AREE wetobAlzEe wil oA
(Caucasian female)2] wollA 23k WERI-Rb-1
MEE ATCC(American Type Culture Collection,
HTB-169) Z%¢ 4ol 28319t WERI-Rb-1
M¥E= Roswell Park Memorial Institute
Medium (RPMI) 1640 (Cambrex, Walkersville, MD,

USA)el 10% § Hje}&H(fetal bovine serum,
FBS) ¥ 100,000 unit/L antimycotic- antibiotics
(GibcoBRL, Grand Island, NY, USA)7} 371€
Hj Aol A vlFEtRTh MEFE ATCCY Z2EF|
we} 3~4Y 702 RS ZolgSlal T4S 7|2 A
ook skt McFall et ale WERI-Rb-1 A%
Z9] wj7} A17Hdoubling time)©] 96Xt & B
Hoy TS iR E o]&ate] Ykt £ Ao A
= oF dFYo| A8 HAUT

2 %@%OH ol oF

Zg oA AES A Az #FH(external
solution; PSS)¢ =4 (mM)2 137 NaCl, 5.4
KCl, 1.8 CaCly, 1 MgCly, 5 HEPES 283 10
glucose (pH 7.4)0l3th. A3 Ao+ EE IFES
°F 2 /ming £E2 =HEWA fo] A= Ao
HRAIA APt

22. %=

% "oldA(FBS) ¥ antimycotic-antibiotics
= GibcoBRLZHH, Fluo-3/AM< Molecular
probes (Eugene, OR, USA)2%H 74zt 748+
i1, RPMI= CAMBREXAIZHE F9att wgt
adenosine  5-triphosphate (ATP), 2'-3-O-
(4-benzoyl)-benzoyl-ATP (BzATP), thapsigargin
< Sigma Chemical Co.(St. Louis, MO, USA)
2R 7999 Fluo-3/AM< DMSO (dimethyl
sulfoxide)ol = ARESIA 1 £]9] BE Aok
SR 59 AR

HAZY ZgolF=(Ca’) e His 2437 9
3l &3go)n)#] Al2El(fluorescence imaging system)
S AHgeton T APHE s MM ol
FEE 243 Kim et al’'o] WS Fzagnt @
A MEZufFl 1 mlol Fluo-3 /AM 5 yM =5 3
74t & 187 259 AF (sonication) ¥ 7]
WatolA|2F ME7E BolE coverslipS B2t
37C M w17l (humidified CO; incubator, 95%
air 5% COg)ollA 1A1ZF A7t} Fal7t 24
H AEZe AFHOZ 23] A H3to] AL Zho
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Fluo-3/AME Z#3] AAT ths =y A9 4 (I1X51,
Olympus, Japan)9l9 #FF A (Warner
Instrument, Hamden, CT, USA)dl &3 &
FH(normal PSS)& T8l 93l 2 ml/min =&
20 o) #BFAIA FEI DolzEHZ8H(deester
ification)7} =% 3}

gPolu|x = 175-W Xenon lampEHREH Ue+e
39 (light source) 5 Fluo-3AMol| Ag3F 488
nm (F488) 3o o7](excitation) AlHS o}
530 nm<e] FolA W= (emission) = FF A7
£ CCD 7Hil2}(cooled charge- coupled device
camera, Cascade, Roper, USA)7} SZA|#A o]n
AZ Jepidled], ojw dojA= FFoluA= o=
EojA= 0.1 HzY W= g 3027 233190 A3
Zotol&= (.03 HzY Hlz® =43t Yoz 3t
A EE4S HAagst T AXY dEolesEs A=
S 27 A Fluo-3/AM Fatz g 712 §33k
(FO)ollA] k&S Fofatdls o wistsEe ()
o] v &2 ZHsIH o F/FOzke] AEY dgolxs
o] HslE WYstEE sttt MEuith Fluo-3°l
FatE= Are ztelzt qlof, B dAFddA= FOgkel
1,0000140.2 F&3] 2 Rl MEoA I gut
< ZFAAH.

=43 ggolnRe AZEY o] #7]2]9] MetaFluor
6.1 (Universal Imaging Corporation, USA)
2 7|53 H, ddAEY F/FOgs Haulo] AAZE
TAsIH e, ol FF(F/FO)ate Hdl(peak
amplitude) X| = Bludle] 243190},
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J. S{FIA}F 914 ZEEHS(RT-PCR)

WA guanidinium thiocyanate-phenol-chlo
roform 5% WHS AMHE-3te] WERI-Rb-1 AlZE=
HE A4 RNAZ E8th” % AEE gua
nidinium thiocyanate buffer2 lysis A7 T
phenol ¥ chloroform< 7}t €5 $JollA 158
o] BIEAT}. o] 4TA 10,000 xg= 2087+
A4 BEste] AEdnke 2A2HA Hstgo. o] A
< 599 isopropanol¥ 412 T -70CA 1
o’4 RNAE HAAZAY. tA] 4TelA 10,000
Xg2 2027 94 £83t RNA pellets 431°
o o]5 tA] 75% ethanol® Aol & Y4 s}t
o RNA A2E 4.

cDNAY 3442 2 ug RNA9 0.5 pg random
hexamerg WA 70CoAA 5&7F H-A|7]aL, reverse
transcriptase 200 units, dNTP 25 nmoles,

2>, ol
(NI
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RNase inhibitor 20 units §°] £g%A 3l 37
TolA 1A1ZF REGAIZI OS24 o] FojH . o]o] PCR
2 oy FAA FEA A tigk APEA| (primer) & ©]&
ste] o] Fojgom o9 HVIMEL X 14 893t
Atk PCR wHg-doll= 3499 ¢DNA 0.05 ug, 47t
9] primer pair (10 pmoles), 1.25 units9
AmpliTag DNA polimerase (Perkin-Elmer,
Norwalk, CT, USA), 10 nmoles2 dANTP o]
A sted, 94T 30%, 60T 30%, 72T 1Eo2
35 cycle ¢ WHEAIATE PCR AHE2 ethidium
bromideZ} 349 1.1% agarose geldl A7]%9%53}
of U.V.3tllA &3ttt

A
A

5 Atz

HI

A= i (Mean)d EF22HSEM) 2 YRR
o EAZC 9ojE unpaired t-ART EAHEA
one-way ANOVA)S.Z 7AZ3s}o], pgho] 0.05 ©]
3t W E o3k o)zl Aok ST
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1. ATPO|| ofst M ELY 20|25 E W3

Fluo-3/AMS.2 F3ld WERI-Rb-1 AXEL
ATP (10 uM) FoA] diFE9] AEZE(80% ©l’) el
A GAARD Az Aol wRY F7PF Tl #
ZERoH(Fig. 1), ¥ F/F0Y e 7.1+0.2
(N=5, n=52)°]1t}. ATPol| &3 A¥E Lol
2 FREH R FrIEtA oM (e YehlA &
L), €AT A7 HEo 2 ATPE wHE R3S u)
Figure. 1914 Ho]= nvle} o] 1 a3/ 43 74
she S Aoy BAZXCE FoF Wt FES
ol (F=0.612, p=0.55), 54 AxE] v
ATP Fo9o a3 @72 (desensitization)§lo
HEAHoZ QLS & & AT

20 2% Endoplasmic reticulum (ER) <]
Ca’"-ATPase 249l thapsigargin (TG) 1 uM
< Tt Azl ZeAZALE 12AZ] & ATP

p/]

F

— (=

k)

o & FA43% NEY ZgEoleEre F7F AN
18 AE2 Hugdd =239l o] oF 8&d 2
MAE] FAaE] TG Fo o] FFollA vlug o
A3 S AT TG A=A 3 o]e} & A]H
oM tAl ATPE 593192 W Figure 20 veht
uhol o] AEY Zpolrro Ut AS ERT
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Figure 1. ATP-induced [Ca’']; response in WERI-Rb-1
cells. WERI-Rb-1 cells, which was loaded with 5 pM
Fluo-3/AM for lhour, was mounted in a flow chamber. A:
100 pM  ATP increased intracellular calcium level
(F/F0=7.120.2), which response was not desensitized by
additional ATP application. There were not significant
differences in the peak amplitude of [Ca’]; responses
among 3 repeated ATP application. FO=basal fluorescence
value loaded by Flu-3/AM, F=fluorescence changed after
introducing ATP, n=total cell number, N=experimental
number, solid line=the duration for applying ATP.

9] 8.1+0.9% 2 UEE2 3/} AdAHE AL T
& AAH(pC.001, n=52).
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Mol N E AEY Zgrolerrrt 2rbatg o
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Figure 2. Effect of Thapsigargin (TG) on ATP-induced

[Ca™]; increase in WERI-Rb-1 cells. Original trace (A) and
histogram (B) showing an almost complete suppression of
maximal amplitude of 10 uM ATP-induced calcium transient
after pretreatment with 1 uM thapsigargin (TG). Drugs were
applied for 9 min as indicated by thick bars. FO=basal
fluorescence value loaded by Flu-3/AM, F=fluorescence
changed after introducing ATP, n=total cell number,
N=experimental number, solid line=the duration for applying

*

TG.”™ p<.001)

WERI-Rb-1 AZME P2X 8471 7158k
2 g S8 & 5 ok E=g P2Yy 784 of Y
o) 28AIQl BzATP (100 (M)l ©Jg Ca?t e ATP
o] ogt MTY ZgroleEwol 31.2+1.2%0) D3}
AoH (Fig. 4), BzATPdl| <3 Al LAY Zo] 2%
%9 Z7h= Ca’'-free ZANAE FABH T2 o
P2Yy &A1 93t Axd ZExd 7)Ao
WERi-Rb-1 AlZ % 71531 =S & U

3. RT-PCR &S 0O[2

rok

Fed FEX =AY

fEstd WS Tl WHoMES AMEoA AE
FZ P2Y Fd4 F8A 0 2
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Figure 3. Differential effect of P2Y and P2X purinoceptor
agonists on [Ca™]i in WERI-Rb-1 cells. Original trace (A)
and histogram (B) showing 2MeS-ATP (1 uM), P2Y
agonist, induced calcium transient, but those intracellular
calcium rise was not represented by the application of the
P2X agonist, af-MeATP (100 pM). FO=basal fluorescence
value loaded by Flu-3/AM, F=fluorescence changed after
introducing agonists, n=total cell number, N=experimental
number, solid line=the duration for applying agonists.

o]ZolA 1L 9YL&8 32l & WERI-Rb-1 A2t
I o] e P2Y 784 0} & 8] ) g
O EF AEZHE RNAS 23t 54 o3
of Mel&<Ql primerg ©|&3te] RT-PCRS AAls}
ATt Fig. 5ollA vephd npe} o] 5778 &4 of
PE T EFEE Iitdom BHdHo] Q= AR
Z 4#2 P2Y:, P2Y,, P2Ys, P2Ys, P2Y11, P2Y1o
T84 mRNAZF 25 HetolA 235 Ao s o]
Ves g F 92913}. 1 9= FolstA P2Ys &
A mRNA7Z} Z& =

A 8.
1 ATP 10 pM
'r. -
E_
54 BzATP BzATP
E a4l 100 pM 100 pM
ic 41 - -
31 0 Ca*
: .
1]
0 T 1 : - - -
1] 200 400 600 200 1000
Time [sec
B . (sec)
ek
E.
2 s
(TS
-
3- —0—
2- N=
n=65
! oca BzATP
ATP
+BzATP

Figure 4. Effect of BzATP on [Ca’]; increase in
WERI-Rb-1 cells. Original trace (A) and histogram (B)
showing BzATP-induced [Cay]i rise was almost to
31.243.7% of maximal amplitude of 10 uM ATP -induced
calcium transient, and BzATP-induced [Ca™']; response was
similar in the incubation of calcium free solution (0 Ca2+).
FO=basal Flu-3/AM,

F=fluorescence changed after introducing agonists, n=total

fluorescence  value loaded by

cell number, N=experimental number, solid line=the duration
for applying agonists.
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P2Y, : 168 bp
P2Y, : 157 bp
P2Y, : 200 bp
P2Y; : 182bp
P2Y; : 178 bp
P2Y, : 178bp
P2Y,,: 181 bp
P2Y,, : 187 bp
P2Y,,: 156 bp

Figure 5. RT-PCR analysis of mRNA encoding the subunits
of P2Y receptors expressed in WERI-Rb-1 cells. Total RNA
isolated from WERI-Rb-1 cells were reverse transcribed and
amplified by PCR with specific primers to the subunits of
P2Y receptors. The resultant PCR products were visualized
on agarose gel, containing ethidium bromide. As an internal
control, GAPDH was also amplified. Estimated product size
for each subunit is shown in parenthesis. M, DNA size marker.

& ol&3st gelstaat itk WA, RT-PCR 2¥%
oA WutolM|EFE AXTo|= P2Y:, P2Y,, P2Ys,
P2Ys. P2Ys, P2Yq1, P2Y5s o}8 9 FHA A5
o] mRNA7Z} AZHATh o5 F44 F8&AE2 o
AFEE HIEStY] 2firEE A4 de] EX23

o 715302 @AsEo] JE olPEog. "’ ol
A2 = Wl EFdd P2Yse mRNAC] ZE = o]
Jok= Aotk P2Ys 84 71€9 AgtolA v
3l¥ HL60 (human leukemia) XS A ¢jslae
AP A A BAEZR] oS o} ot 33 & Aol A
= o5 54 % 74 #HAS $UT F gl
U, 35 vt 2 23 AT P2Ys 8417
Ao &g ATAT7F 86}

E}i ED} ﬂ?ﬂ FAA FEAEY BEAE o83
oFe] et AP Ao A P2 Yl"+ P2Yn 84 &3dA
o ofgh dFA Zgukgo] HAHJT. 53], P2Yn
FEA A o3 AEW Zg57he P2Y) FE&A ) g
AETE ZgA T o)t Ade Wehs HIEg ot
A A BFS FUA FEA Y FAEA A B

57 gre AbolTh, 78] AN FUH FEAIE
B el B OIZ AR vl o

ZA A= e A= &S A=, ©]

o] A

otubetol Xl M 48 H M 8 =

20074 —

o} e gt A3 7lsxAdd F2 A=
A FEAE P2Y29 Aoz g9 glew,
HidA P2Y; FHA8 FEAV FHY w9
(retinal slices)®] B ElA Ca’" waveE do
711, % wd=e] & ok (developing chick embryo) el
Al MAP kinase A5d23 DNA JA4& FHs=
Aog ¢AA YoM o]HY AFA RE] Ex
Ao A ABHA FEE ] 0“’4"1 oheFst 71 &
ofdte o= gzl P2Y, ¥ P2Y; &4 o],
T A A A AR WA S A=
P2Y1 847 583 99E zte Aoz HRI
]7.10 z‘gi;(H o]-J,]_ (l.ﬂoﬂ/ﬂ ﬂ/‘j /\}R_;zﬂg] o]/d-;{% z4
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) PoY EA F89 BE 5o J)5A EXo) 1
g HuE A3 ATl glon ? Agwes g
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P2Y FAA F8&A0 gt Alxy Aede 7]de
712402 phospholipase C (PLC) #A3} -
inositol 1,4,5-triphosphate (IPs) A4 - M3EW
ZHsde BHPo2 oJojx= PLC-IP3AZE9} A
g} 0 ojdA FdE AT Dl o) dPHe
2 N¥r)lsol 289ty & g2 Azas adenylyl
cyclase (AC) ZAate 71do] &HA itk P2y
SAE = P2Y:. P2Yy, P2Y., P2Ys 584 o}d
2 PLC AZE ZA3AA [P:E AAToZH A
1H EAZALAZRY 258 $dste 7| T3t
P P2Y1& PLCARS AC 71d& 25 243
E Aoz g4 Yok ¥ B Ad A P2y, FIA
B9 AZU ZEsd 71, AXe ZHFols
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T84 ZAAAQ 2-APB HA27F ATPO 23k A|lE
U Zgolesry S7HE @A JAlske Aoz
Kol tgjio] 7|4 PLC-IP; A2 A#g ﬁzi
AZE, 0|23t Aibs 5Y AEFoN Z e
Aol s dHxd 7HIde i zols HOFHI
Kim et al (2004)°" JotobA % A LA 24
ZHLE A EY ZEAAZTEH Y itk ofet AR
IS B Zaay 71K gEiME g 2dEna st
At o)HH T} BExE 7150l Fskar A=
T A 24 wAYZo] oMY Atolrt s &
4 93, o]yt zpo|Z Rl ME If7)Eel ERA
Aoz Aedd Hgo] ANEHE Aoz EOJE}

oo Aol A WelAEH Wyt 2| v
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=ABSTRACT=
Identification of P2Y;; Receptor Expressed in Human Retinoblastoma Cells

Yoon Hee Kim, M.D.!, Dae Ran Kim, Ph.D.2, Ko I Chun, M.D.,
Jong Hyuck Lee, M.D.>, In Deok Kong, M.D.*

Shimmian Oculoplastic Center', Seoul, Korea
Department of Basic Nursing Science Keimyung University College of Nursingz, Daegu, Korea
Department of Ophthalmology, Yonsei University Wonju College of Mediciné’, Wonju, Korea
Department of Physiology and Institute of Basic Medical Science’, Wonju, Korea

Purpose: The present study aimed to identify the characteristics and physiological function of the P2Yy;
receptor, a receptor likely expressed in human retinoblastoma cells.

Methods: We measured possible P2Y; signaling in WERI-Rb-1 cells using a Ca”" imaging technique and
RT-PCR.

Results: 1) 10 /M ATP elicited a strong but transient increase in Ca”" in the WERI-Rb-1 cells, and this Ca>"
rise was well maintained after external Ca2+—depleti0n. 2) ATP-induced Ca”* response arose entirely through
Ca”" mobilization. 3) P2Y: agonist (BzATP, 100 yM) increased Ca”" by 31.243.7 % of ATP effect. 4)
mRNA for P2Y11 subtype was identified using RT-PCR.

Conclusions: P2Y;, purinergic activation can increase the intracellular calcium level through calcium
mobilization in undifferentiated retinoblastoma cells, which may play an important role in cell proliferation,
differentiation, and even pathologic processes.

J Korean Ophthalmol Soc 48(8):1134-1142, 2007
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