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Characteristics of Purinergic Receptor Expressed in
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Recently, much attention has been paid to human retinoblastoma since it provide a good model system for studying

mechanisms underlying cell growth, differentiation, proliferation, and apoptosis, and for developing cancer therapy.
However, until now it is unclear whether purinergic receptors are involved in the calcium mobilization in the
retinoblastoma cells. In this regard, we measured possible purinergic signaling in WERI-Rb-1 cells using Ca*" imaging
technique and RT-PCR method. ATP-induced [Ca”]; transients was maintained to about 90.7+1.0% of the control
(n=48) even in the absence of extracellular calcium. The ATP-induced intracellular calcium response was only attained
to 10.4%1.8% (n=55) of peak amplitude of the control after preincubation of 1 uM U-73122, a PLC inhibitor, but it was
not affected by 1 uM U-73343, a inactive form of U-73122. And also ATP-induced [Ca®']; rise was almost attenuated
by 20 uM 2-APB, a putative IP; receptor inhibitor. Two subtypes of IP; receptor (IP; R, IP;,R) were identified by a
RT-PCR method. These findings suggest that purinergic stimuli can cause calcium mobilization via PLC-IP; pathway

after the activation of P2Y receptors in the retinoblastoma cells, which may play important roles in cell proliferation,

differentiation, growth, and cell death.
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AEL] N ATP9} 742 adenine F7EHSE= 2
adenosine?] ZHg-2 A Q| EAsE A5 v
2 o]Folx=t, o]t F&AE FTEA| (purinergic
receptor)2} 3}, ©]= 2] 7Fx] ¥ A (agonist)e] &7}
2 ZA&A| (antagonist)e] M EA] 58 7V|EoE FA Pl
I p2 FEAlE S 58], p2 A FEAE o
5t Mol FHLISHAl xS e MES] FEES
H=o] 28-S vizhahH, of7]el= 2lik=-<A4 (ligand-
gated) P2X T&A|¢F G-I A4 p2y F&A7F 23

. A EAdsle] mE Asdge Loz o
Aol J&S FAL} (P2X) guanine nucleotide binding
protein (G-©¥)S "WiZlZ (P2Y) 3t 34174 2 =
ZA AN A ] 2174 (Ralevic and Burnstock, 1998;
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Newman, 2003), +55-% 2 ©|¢} (Burnstock and Meghji,
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AAN7HA] =] 72 Z 7l HEE oY Axy =
|4 8 F8A7F B EEEHo] dsol 1=
1 B SE E (species) @ F-9loll whEh ekt A
2 BT} (Cowlen et al., 2003). 3+ Stafed oo
T8 FEAY AL 7edel tsiA e B
A7 o] FolA, AAl hAxSolt I ke
AGA =AY 2 84 %E JSH I AT} (Peterson et al,
1997; Mundasad et al., 2001; Cowlen et al., 2003). 221} A
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7154 56l et & A S Wolw, o}
A 22 Ao e A 71l BEE F4
FEAe] A5Gl M= T A7) o] FoiA
A ol A|&AR1 d7te] Aol A|7|EaL itk
Wulol M| EF (retinoblastoma) A0}Eol| 7%]/\1 e
3] W shs Qb oM TR R, ved WA

K

X (multipotent retinal precursor)oll 4] 7]} (Hirooka et
al., 2001), "o} (germ)ut A3 (somatic cell)oll Al A8 A]
133H9] q14H 9 (region)e] EA®olol 23 (Sparkes
et al, 1983) 7| MEZHE AAGAE} A0l AxA
3L (neuronal and glial progenies)= 3}5l= thAl o}A
A (malignant phenotype)ys 53l EHA T A
2 WA3HA F) (Perentes et al., 1987). TFYS XA
Aol A dubA oz My ZgolsEe] Wk
o] #wd 3=7] (orderly progression of the cell cycle)<}
2 2 s 2d3skedl T838HH (Berridge et al.,
1998; Pearson et al., 2002), ool X5 A¥ | ZH2d
AA] AZe] &Estel BAste] vl Fag V|Ho® B
Aeo] gk Au7HA Gl et Al 2
FE2EL gHFE w2 AL 29JEA (low voltage activated)
ol2Ad s S ZEAYl ot 71H o= (Hirooka et
al., 2001; Bertolesi et al., 2003) &4 g} 18 o=
Efre] THAEESCAA e e nkek o] mEstE
o EF AEAA F1A4 FRAE wivig A4

7170 BgE A= B
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ZadSAdoid Aade

1. 29 MEF U o

AT A AR oA EF AR
(Caucasian female)2] TollA] 2|8+ WERI-Rb-1 AXE
ATCC (American Type Culture Collection, HTB-169)25-E]
ool ALg-8klTE WERI-Rb-1 4|3+ Roswell Park
Memorial Institute Medium (RPMI) 1640 (Cambrex, Walker-
sville, MD, USA)°l 10% -$- Elo}&3 (fetal bovine serum,
FBS) % 100,000 unit/L penicillin, 100 mg/L streptomycin
(GibcoBRL, Grand Island, NY, USA)o| Z 7} vj=]o] A
w gttt MEFE ATCCY ZREF ne} 3~4Y
Ao w wjAE ZolFRlal 79S FIR AvHl et

ATt

= el ol

=
1) AEEN
ZE on A AEE fIgh Axe] BFY  (external

solution; PSS)2] ZA (mM)-2 137 NaCl, 54 KCl, 1.8 CaCl,,
1 MgCl,, 5 HEPES “12]31 10 glucose (pH 7.4)°]1{t). A&
Al BE oFEs oF 2 mimin®] £ =HATA
9ol AAE Ao FFAIA ARSI

2) A=

- ®lo}d* (FBS) % antimycotic-antibioticsi= Gibco
BRLZ4-E|, Fluo-3/AM<> Molecular probes (Eugene, OR,
USA) 258 2}2} 9138131, RPMIE= CAMBREX & 4-E]
T-A3F Tl K8 adenosine S-triphosphate (ATP), 2-APB+
Sigma Chemical Co. (St. Louis, MO, USA)Z5-E, U-73122%
Tocris (Ellisville, MO, USA)AF2 58], U-733432 Calbiochem
(Darmstadt, Germany, Cat. No 66204 )AF2E] -3} t)
Fluo-3/AM¥} U-73122, U-73343-% DMSO°] 5] Al8-3}
Rl 1 LJe] BE Ak AAbSRGe] o] AREst

ek

g

3. MEU Zaol2sE([Ca™]) &5

H]—’—lﬂ ],Q.lc_t_‘

[Ca¥])e] W3slE =A317] 9130

i O —1-
&J3go|m|A] A28 (fluorescence imaging system)S Al-§-
alom 1 e FU AN Lol s EE &
“d%F Rah (2004)9] "R& Fzspalvh. WA Azl
1 ml®l Fluo-3/AM 5 uM FTEE UK & 18t 255

2] (sonication) - o]7]el WHlolA|EF M ET} B
A= coverslipS ¥ Ul 37C AZWIY7] (humidified
CO; incubator, 95% air 5% CO,)l A 1A1ZF F-5FAIZIT). K-
7 B AEe] RN o R 23] AFste] AlEL
o] o] Fluo-3/AM< T3] AAG v =ddn A4
(IX51, Olympus, Japan)$]2] #5F W (Warner Instrument,
Hamden, CT, USA)°| &&%3 7 (normal PSS)S
Holl o]&) 2 mi/min £EZ 208 o] AFAA FE
ol ~H 23} (deesterification)”} ¥ =% 3}t

g Fo|n| A= 75-W Xenon lampZHF-H v &= F¢
(light source) % Fluo-3AM®l 33t 488 nm (Fug) TS
2 7] (excitation)A] A= W 530 nme] oA W&
(emission) == 8F A|7]& CCD 742} (cooled charge-
coupled device camera, Cascade, Roper, USA)7} S-ZA]A o]
H A2 GERSIET, owl FojA|= FFenAlE ok=
TN = 0.1 Hz9] RIER 3027 5438190 AF &

ok ol
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Table 1. Primer sequences for RT-PCR of IP; receptor subtypes

IP; Rs subtypes Gene Accession Numbers Sequences Product sizes (bp)
IP3, NM 002563 F 5'-CCA CGT ATC AGG TGA CAA GA-3' 168
R 5“TGA GGG TCA TGT CTT CAC TC-3'
1P,, BCO12104 F 5-GCT CTA CTT TGT CAC CAC CA-3' 157
R 5'-GAG CAC GTA ACA GAC AAG GA-3'
IPs 3 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
bl 0.03 Hzo) WIER Z4sle] Feoz Az A @ g. ATP10uM ATP 10 uM WO
S HAagleldlth Axd Zdgoleses A5s F - L L
7] A Fluo-3/AM -8k <13t 713 33k (Foyell A oF 71 YN
S TGS o WstE= 3 (PO g 54 6 1
al.om FIFOgo] AEW Zrole&sme] MalE vk 5 |
S 3Gtk A EPT) Fluo-3oll F-8ks]E A kel zlo] 2 4]
7} 9ol, # Al A= Fogkel 1,000 o] R F-3 .
& paka AN Qe ke ZAZ, B
543 FAoln A 22 =90 971719 MetaFluor o
6.1 (Universal Imaging Corporation, USA)Z 7|53t |, ©+ 11 Lﬁ_rm,\_d‘ | | W
AAEZS] FFOZHS Hardlo] AlsE #AleIglon, o= 0 _ S
B (FIFO)#ke] A (peak) A 5 wlasto] AsISIT, 0 20 400 600 800 1000
Time (sec)
4. AT Y SEEHS (RT-PCR) @ g -
4] guanidinium thiocyanate-phenol-chloroform =% " 7
HS ALg3te] WERIRb-1 Al EE25E A5 RNAZ | —— __
w233tk &, AAZE guanidinium thiocyanate buffer=. ——
lysisA] 7! Th phenol 2 chloroforms 743t G5 $lel o ]
A 158 o] BASIIE o]& 4TolA 10,000 Xg2 20 =y
1 A st AEATE 2AlagAl FHEslh 3
o] AZ NS 72| isopropanolZ}t 412> THS -70C ol A
12417 o]’ RNAZ A-AAZEE thA] 4TolA] 10,000 Xg 27 N
= 2083 A4 Eelste] RNA pelletS E91eH, ol 1 AP 0 Ca?* o
THA] 75% ethanol® Aol - €141 #2]3te] RNA A&

£ AUtk
cDNA®] §HdL 2 pug RN
A 70°CollA 5iE7F WHE-A]7] 3L, reverse transcriptase 200
units, dNTP 25 nmoles, RNase inhibitor 20 units 5-©] 3£3%}%]
Al o] 37ColA 1417 WS A0 =A o]l AT, of
©] PCRZ 1Py =84l thih A “‘Zﬂ (primen) = ©]-8-3}°]
o]Folxlon, o]5e] A7|A AL Table 19 L-oF3klTh
PCR RFS-Holli= A% ¢DNA 0.05 pg, 2H2}H2] primer pair
(10 pmoles), 1.25 units2] AmpliTaq DNA polimerase (Perkin-

RNA®} 0.5 pg random hexamer&

Fig. 1. Effects of extracellular Ca>* on ATP-induced [Ca®']i
increase in WERI-Rb-1 cells. ATP (10 uM) increased intracellular
free calcium ion level (F/F0=7.1%0.2), Wthh response was slightly
reduced in the absence of extracellular Ca>" concentration (A), but
there were not significant differences in the peak amplitude of
[Ca®]i responses among 3 repeated ATP application (B). FO=
basal fluorescence value loaded by Fluo-3/AM, F=fluorescence
changed after introducing ATP, WO=wash out,, n=total cell num-
ber, N=experimental number, solid bar=the duration for applying
ATP.

i)

Elmer, Norwalk, CT, USA), 10 nmoles®] dNTP 5©] X3}
Al 3k, 94T 30%, 60C 30%, 72T 1&£2% 35 cycle &

-335-



S WH-EAIZITE PCR AH=E-S ethidium bromide”} 23 o FF09] #k2 7.1£02 (N=5, n=52)°]|%{T}. ATPOl| ©|&F
1.1% agarose gel°ll 7]<gd-53t] UVslA] a3l AW Zpol 2 dAS AlE (HASE ATPE RHE
Foldls of 7 gt o askes A Aoy
=
[e}

S5E.O
]| ©
° AM ez fola vt S oflold, B AT

=

ful

t

! Atz 2

Kl

A= H Mean)? RT3 (SEM)E YER S gt ATP 719 @37} ©7H4} (desensitization)§ho] Wt
W, SAAR 28 unpaired +-H AT EAHEA (one-way HAHCE AAFS & 5 AT (Al HERiA] S8k
ANOVA)CS. 2 53}, PEke] 005 o3t W& fFofgt ). ATP 5o & UAH Ax] Zeolss S77F Al
zhol7b vkar skt Ao Al AAISE 1ol A 2] LS wWEQIA, A2 ZEHTLETE &
AYSlrE NOZ, AE 7= no & 17]8I3ith 2RJAAE doliy] Aste] HE] s AAT Ca™-

free TFAS 38 DA A & ATPo| <oJgh A|xu)

4 2t Zgpolsel Wets AFSA (Fig 1A). 28 A¥

| ATPO| S|Bt ALELY Zao|Sss wE) AE9 Lol AA" ZdAMZ ATP 238k AlEZ
Zgol s S7hs dETe 90.7+1.0% 1 A5

Fluo-3/AMS.2 -5} WERI-Rb-1 A5 ATP (10 lom m=48), ofzke] 3gto] Aasiion 544
pM) FIA] ] MEE (80% ohellA AAIARl o2 QI (Fig. 1B). o= AAATE Tl gk
AU Zolsre] 7P F5lo] daAE e 3 (Kim et al, 2007) ATP WHs Fofof] o]gk 141 wk-g-7t

e . ATP10uM @ . ATP10uM

8 8 ATP 10 uM
4 - 4 - =
7 7 -
] ] U-73343 1 1M
6 1 6
5 4 5
€ 4 ATP 10 uM g 41
L ] - w ]
3 U-73122 1 uM 31
2 1 2 1
14 J L\——w‘-k 1 4 w—d L‘
O T T T v T T T 1 O T T T T T ’ T 1
0 200 400 600 0 200 400 600
Time (sec) Time (sec)
@ 8 1 *kk @ 8 -
7 4 I 7 4 —_0—
—— — —
6 1 6 1
o 51 o 51
w 1S
[T 4 A (1 4 |
31 3 1
21 N=6 21 N=6
4 | | n=55 1 n=69
ATP U-73122 ATP U-73343

Fig. 2. Differential effect of U-73122 and U-73343 on ATP-induced calcium transient in WERI-Rb-1 cells. Original traces (A and B) and
histograms (A’ and B") showing a strong suppression of maximal amplitude of 10 uM ATP-induced calcium transient after pretreatment
with 1 uM U-73122, a PLC inhibitor, but not after pretreatment with 1 uM U-73343, the succinimide analog of U-73122. Drugs were
applied for 30 s or for 3 min as indicated by thick bars. *** indicates P<0.001.
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Q ATP 10 uM
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Fig. 3. Involvement of IP; receptor in the ATP-induced calcium
transient in WERI-Rb-1 cells. Original trace (A) and histogram (B)
showing a strong suppression of maximal amplitude of 10 uM
ATP-induced calcium transient after pre-treatment with 20 uM
2-APB, a membrane permeable IP; receptor blocker. *** indicates
P<0.001.

ox X

ATPOﬂ ofgt Axd] ZEEd 713de glsta} PLC
(phospholipase C) 74 = AFAI] U-73122 (1 uM)E A&
sto] iz} Blalstgit) Fig. 2A9Jr AllA & F %
o] U-73122% 3% &<t A=A 5 ATPO &gk Az
ZrakS-S 2o 10.4£1.8%° A UA] ¢kl ATP
olst AU ZrrolEre] Z7h7 U-7312240 9)E) Ul

28 4 F 1531@ (P<.001, n=55). ®WFA, U-
731224 isoform®] U-73343 (1 pM)< 50‘/\]7} A X &
T ATPE Fo3t Uoﬂﬂ MEY ZFol2ss
I} FAHAl 5

300 bp
200 bp
M IP, IP,, IPs; GAPDH
IP5.1: 261 bp
Ip3_2.- 295 bp
IP5 4 137 bp

Fig. 4. RT-PCR analysis of mRNA encoding the subtypes of IP;
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 subtypes of IP; receptors. The resultant
PCR products were visualized on agarose gel, containing ethidium
bromide. As an internal control, glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was also amplified. Estimated product size
for each subtype is shown in parenthesis. M=DNA size marker.

g gk Atolell= BAHoRE Fogt 2Ho]7t ¢l
t} (Fig. 2B"). T3k Ay iEiﬂ (ER endoplasmic
reticulum) "ol EAje= AE T34 P, 84 2t
A|Ql 2-APB (20 uM)E- 5% 5<F AX A g $ ATPo|| <]
g A EW Zgolesre] Hals sl Ay 2-APB%
ATPol| oJgh MW Zf5=o] oy
21AISHL (Fig. 34), ATPOI ol

A2 F- ATPell oIk Al ZgolesE JF Fak
Atolelli= EAA o& freofdt zto] 7} ISITT (Fig. 3B). W
2hA] ole} A2 ANES THE = w ATPOl| oJgk IF
A4 FEA GAstel Fa 713He PLC HRe] &3t

£ E9 AT ZEAdanyEe] 24598 A}
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B ATelM s AEW Zgel
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S WS olgste] b EE AT shtel

[ei3

WERI-Rb-1 Aol W&y Fa4 89 2454
gRlstalt. WA ofeldhs WS o] &3 e v
Ay Az} w)isle WatolM|ZE Mo A ATP Fofo
w2 AAARD AEY Lol s kel F7PF HEEA
=, ol ZES7hs AES] AgFoles AAS A
el & fAaketAl #EE o], 4 FEA og &
Fole AL FE GHS wilE Xy Asdd
o #sh= P2y FEAol og S & ATk
ke p2X FEA1E 10 ms o 2] A3 Al A

Fubg Fete] o]t HAE A FolE (Na|, K,
Ca™)S viZlE A Aadgel Holshs 7S 2t
A7 wEol A S A defelA
ogt Al Zgolsrt ST v A2 o7l
AlFERTA F e 2ol ofdehe on|7t Hk

3 P2Y 483 heterotrimeric G-YH¥}e] A5 218
of oJ3l thger MY 2lsHES GA3HA7]= seven-
transmembrane receptors®] 47} (superfamily)ol] <3Hc}
(Ralevic and Burnstock, 1998; Fries et al., 2004). P2Y =&
o}gE T P2Y,, P2Y,, P2Y, P2Y, &A1= Abgol A4
2RYH] gkar 7sAow Fdstd Pejetal gl A
21t} (Abbracchio et al., 2003). P2Y FHA =g&A) o3k
AW s 71d-e AA 274 A27F deA 3l
7P ARkl 712 8 A7E AT 13
BAER] 95 G-nhe] AFel G, W) Y5
2183} phospholipase C (PLC)E &Ad3}A|7]aL o] &4
+ inositol 1,4,5 - triphosphate (IP;)& A3/d3te] AlxEU] 4
FAZEE Z45S FYUSH EaL (Schachter et al., 1996),
olFA TdE AEU Zgel od) APz thefst
M50l ZH T} (Kiigelgen and Wetter, 2000). &= ¢}
2 AEFE G, 52 G T o] AJaa-go] o3 adenylyl
cyclase s @871 717 o] <A St} (Ralevic and
Bumnstock, 1998). @Al 7|'s% o= &/dstel FejE o
71 P2Y FE&AE F P2Y,, P2Y,, P2Y,, P2Yy 84 o}
£ PLC A2E &3t - 1P, A AAS Sato] Al
W ZEAGARNTE s sdshe 71l dofstar
(Chen et al., 1995), P2Y,;<> PLC 74 29} adenylyl cyclase 7]

e 27 szl ez 4wl vk (Communi

et al, 1997). 2 AFoAM = FUA 589 Axy Z
T 7133 Baste], Axe] Lol S AAT AH
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