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The Stimulatory Effect of P2Y, Receptor Antagonist
on RANKL-induced Osteoclastogenesis

A Long Sae Mi Noh, Miran Moon and Mijung Yim”*
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — P2Y receptors, a type of P2 receptor family, are G-protein coupled receptors and 8 subtypes have been char-
acterized (P2Y,, P2Y,, P2Y,, P2Y,, P2Y,, ;,). Recently, several studies have shed light on the role of P2Y receptors in bone
biology. Among them, little is known on the role of P2Y, receptor on osteoclast differentiation. Thus, we investigated the
role of P2Y, receptor on osteoclastogenesis using P2Y, receptor selective antagonist, MRS 2578. When osteoblasts and
bone marrow cells were co-cultured in the presence of VitD; and PGE,, P2Y, antagonist increased the formation of TRAP
positive osteoclasts. To elucidate the target cells of P2Y,; antagonist, we first checked the effect of MRS 2578 on osteoblasts.
Treatment of MRS 2578 did not affect OPG : RANKL mRNA ratio in osteoblasts. Next, we checked the effects of P2Y,
antagonist on osteoclast precursors using mouse bone marrow macrophages (BMMs). Addition of MRS 2578 increased the
number of osteoclasts in RANKL-treated BMMs. Although P2Y, antagonist had no effect on RANKL-induced NFATcl, c-
Fos and MafB expression levels, it significantly stimulated RANKL-induced Blimpl mRNA expression in BMMs. Taken
together, these data indicate that P2Y, antagonist increases osteoclast formation by upregulation of Blimpl expression.
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s sk o)2A Al =
A3k}, =3 OPG(osteoprotegerin)i= RANKLS] decoy
receptorzA] T H3le] Fo8h Aol delA ek

ATPU UTP 78 nucleotidet= A FEjollA] =14 <1 o=
Ao o]gs ik ope} AEelelw vk EAsh Ay th
ket AelA 7)sol Bojshs Zlow & deix k! AEe)
M| nucleotide®] ZHE-2 A3 QJute] EA)3H= &A1= vl7)
2 o]Fox=d|, o= FA P13} P2 5EA2 st} P1 5=
|41 adenosine”} AMPE 12151 Al, A2, A3= 111, P2
4=87= ATP, ADP, UTP2} UDPE Q125 g|zk=-o) o]
&A1) P2xXe} G-oh AdE P2YR LRrolXh R A
7 L2zl P2X =84 subtype> HA 871 ool (P2X, ),
P2Y &A% P2Y, P2Y, P2Y, P2Y, P2Y,, P2Y,
P2Y,;, P2Y,, 59 subtype5o] Harsle] ek P2y S84
subtypeE % P2Y;, P2Y,, P2Y,, P2Y,, P2Y;; 841 ARl
AX F29 Holgta Vs oz SAdstd Fejeta deA Q)

L1219 ozl o = AE 9JNo Al ] nucleotides E-4-5E2]
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i, W, Rk, =4, #), a1, A A T S 246 S FEE FAIEE ATl Zokth 1200 rpmellA] 5%
ALl aEstar QlomA tpekst Aeld] Vlss sk, A st - 10% FBS7F 3-8 o-MEMO = A& &Sl M-
AF ANeAg 248 53 A A4, 53}, 52, APE 59 CSF 10 ng/mi= 3Pyt weysto] FHAZLE 92 $ M-CSF
718 vizeh, WelA A A%, 55, AFEHA A Fvh 30 ng/miE 347 F7) wjekEin), o5 3)Rsle] sl TAlER
T Y thFd Weld el = dofdich, ut ot I ARESISIch BE A3 sioixisly FEaee] 98]
TEA= dolu SEA &, oFE B AR 54, oA 24 %91 3ol FHEAHESIM S SMU-IACUC-2011-0915-019%).
&, W) Alg, AEdA 9 28 23 59 22 FEHAE

4] Aol RE7|AS AR Holsks Alow ¢ MTT £4

A4 YTRD HT Ao P2 gl #Ek A7) o
W oz FeE o] Ak mEA 2 P2X,, P2X,, P2X,, P2Y,
P2Y,, P2Y,, P2Y,, P2Y), 841, vk P2X9} P2Y,E Al
93t RE P2 8A7 2R 1 glgo] RuEdnkBY 7 F
P2Y, 584= IFAIES] apoptosisE 2JAEI] AES ST
o] F E5 7)ol Bojglo] HuEgik B e} kAl
spol| tist P2Yy T8A12] 712 #2] A8 vt Sick. wkEhA
ATelxdE P2Y, AAAE ARESlo] P2Y, 8A1] Tl
3} 24 75 9 FE 719 2ARI7 el Barsls vlolt),
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MRS 25782 TOCRIS Bioscience(Missouri, USA), UDP+
Santa Cruze Biotechnology, %+ &A= Cell Signaling
Technology(Beverly, MA, USA)ollA F-¢18k3ioH, 71 9] A3
ARESE B AJekS- Sigma Aldrich(St. Louis, MOYIA +4313tt.

OFP2A =EMES| X7| Higk

AL 0~1429] 41780} ICR mouseZHH F7= 75 Yzl
T TS AEsIi olu] $FF &8 RN A A

At A , 37 52 AASH 3 o-MEM(minimum
essential medium)©. % 7FAA AIF3SIATE 0.1% collagenase2}t
0.2% dispase &4~ 2Nl o] 37°Coll 587+ I-AR] & A
TS MY A= G4 FAE Tl 37°ColA <F 15%
7F Agsle] Aedls 7o z2RS 43] W) 94 2
23 & 10% FBS(fetal bovine serum) 3k o-MEMOZ ¢F 3-
5x10* cells/100 mm plastic dish7} 5 %2 HE3th 5%
CO,, 37°CeNlA 3~4U3T vkt AIZE o] ZIAELE A

of AR&-3Att.
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Dj9A DHERTHEZS] gt

ICR mouse(6~97, TH)E AF &=t & 70% &&= &
S3lGith A e RS Aolste] F& 258 woWitt.
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MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetazolium
bromide) %> Mosmann®] W& Hslo] ST 1x
10* cells/well =52 96 well platec]] 53 AlZe] A 82 A
gfskar A AJZE s}t wiFsISIT. vkl Helal PBSE Al
3k & MTT 24(0.5 mg/miyS 100 pl/well 715t U=
2 2Fefell A 5A17F %<k wjkalal, Solubilization buffer(10%
SDS in 0.01M HCDE 100 pi/well 3716k oAl SU=2 T,

16~17~13F 59t okt &, 570 nmell M FEEE S

olEM=Eo| E5lfE

Z7) wjekst =ZAZ 5x10° cellswell$} =542 1x10°
cells/welts 10% FBS7} g% a-MEMOZ Fulof gt} =
=R A FES RANKL 200 ng/m/=} M-CSF 30 ng/ml &4 &}
of| A 4UzF ikt wioko] £ Ml 10% formalin® = 10
27+ 743 £ ethanol-aceton(1 : DE 1327F Al 74810 TRAP
(tartrate-resistant acid phosphatase) &322 &t} 370 o]4te]
35 7F TRAP ¥ MEE o) slaAlEs syt

RNA 22| 2 RT-PCR &M
Total RNA %2 Easy-blue(Intron, Biochemistry. INC.)E
o] 43}tk cDNAE 1 g total RNAE oligodT primer, 10
mM dNTP 1 unit RNase inhibitor 22} 17 4 unit Script reverse
transcriptase(Fermentas, Life science)® 42°CollA] 604 *]2]3}
o] 70°CellA] 10 71Esto 22X w55 TA|AF
Polymerase chain reaction(PCR)2] 713} A3t primer?] A
A2 olie} At

_ 9 = °
%L}é?ﬂ' T =

Primer A
P2Y,R (F) 5-CCTGGCACTGGCGGACCTGAT-3
(R) 5-GGCGGGCCATGCGACAATAAC-3'
Calcitonin (F) 5-TTTCAAGAACCTTAGCTGCCAGAG-3'

receptor (CTR) Ry 5.CAAGGCACGGACAATGTTGAGAAG-3'

Cathepsin K (F) 5-CTTCCAATACGTGCAGCAGA-3
(CTK) (R) 5-ACGCACCAATATCTTGCACC-3'
‘ (F) 5-TGTGATGGTGGGAATGGGTCAG-3'
B-Actin

(R) 5-TTTGATGTCACGCACGATTTCC-3'
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Real-Time PCR 24

%% cDNA 2 pell PCR &30 18 W Y2 % 7|37t A
717 == 235199t PCR £3899-2 SYBR® Green PCR
Master Mix(Applied Biosystems, CA, USA)$} 10 pmol9]
primer(Cosmogenetech, Korea), 12|11 i EF-S XoHot
t}. Real time PCR 82 7500 Real Time PCR System
(Applied Biosystems, CA, USA) 41| =S A}-g-3ko] Alaakich,
Cycle threshold(Ct) value= GAPDHE 71502 #5202 7|
AbElglom, Ay} ¥492- 7500 System Sequence Detection
Software version(Applied Biosystems, CA, USA) =2 7315 A}
23131t} Thermocyclings WA 95°ColA] 10i27F -F-A]3F3AT
°0]% 95°Col 15%, 57°ColM 13, 60°ColA] 132 40 cycle Wt
B3I, B4 $8) AR primer?] AES- v 2t

Primer A
(F) 5-CCAAGATCTCTAACATGACG-3'

RANKL ) 5.CACCATCAGCTGAAGATAGT-3'
ope @ 5-ACGGACAGCTGGCACACCAG-3
®) 5-CTCACACACTCGGTTGTGGG-3
s 5-AACGGTAGTGTGGAGGACS
(R) 5-TCACAGAAAGAACTCAGGA-3'
s () 5-TTCTIGTGTGGTATTGTCGGGACTTS
Pl (R) 5-TTGGGGACACTCTTTGGGTAG AGTT-3'
cappr® 5-TCGACCACCAACTGCTTAGCS3

R) 5-GGCATGGACTGTGGTCATGAG-3'

Western blot £41

AFZE A8t HNEE lysis bufferz Falldta QAR 313
t} o714 A 2Fs NS 10% SDS-PAGEE o]l 7] 3}
31 ©]& nitrocellulose membrane® = ©JAAFLE, 015 5% skim
milk’} 3+ ¥ PBST 20 © =2 blocking 3k, 13} IAZA anti-
NFATc1(1 : 200), anti-c-Fos(1 : 1000), anti-B-actin(1 : 4000) &
Ao} 7z Wkg- A)Fck PBSTZ 58] Al2jsla HRP(horseradish
peroxidase)”} AetE 2x} A 2} WHS-A|Zl 3 ECL Select
(Amersham. CO.)Z BHIA17] LAS-3000°2 =7 3 5 Scion
image %1383 AR&Ste] FAERITE

SAXNE|
A A= FF+BFAxE 371319077, Student’s t-test® 5

Hetol p glo] 005 TRkl W EARCR folelka Besiit,
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[
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P2Y,; Z&N7} StigAl D|Xls g 7
A A EZe g A 24 P2Y, mRNAZF @&
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Fig. 1 - The effect of P2Y4R antagonist on osteoclast formation in
coculture. (A) The mRNA expression of P2Y;R on mouse
BMMs and osteoblasts (OB). mRNA expression was
determined by RT-PCR using specific primers designed for
P2Y4R. (B) Mouse osteoblasts were cultured with bone
marrow cells for 7 days with or without 0.3 uM MRS 2578
in the presence of VitD; (2x107® M) and PGE, (0.3 uM).
Cells were then fixed and stained for TRAP activity. TRAP-
positive multinucleated cells containing more than three
nuclei were counted as osteoclasts. Veh : Vehicle, MRS :
MRS 2578, BMM : Bone marrow macrophage, OB :
Osteoblast, VitD; : 1a,25-Dihydroxyvitamin D;, PGE, :
Prostaglandin E,; * : p<0.05.

A2 o P2Yy 5014 A9& ARE-SE RT-PCR W2
2 RIS R T ATelA Z2T|eokst Z2FAE(0B)
o} v A9 3= A4 E(Bone marrow-derived
macrophages, BMMs)i= 25 P2Yy 583 mRNAE &3}
= Ao =Z #E 3 tHFig. 1A). PGEy(prostaglandin E,)%}
VitD4(1a,25-Dihydroxyvitamin Dg)2] *2li= 27| st vl
2 ZEAEe) FFAIES] FulAlolA] TRAP 4 o8 sk
Az B3lE ks Aow duA ok o] AFAE o]
g3lo] P2Yy 8412 AFAQ] MRS 2578¢] ThzAlE sl
mXE= G392 2AKE A3}, P2Y, 230(0.3 pMy= sl
A PGE,S} VitD,oll 918 A §4e Z7hA7)= Zlow
ERttH(Fig. 1B). Aol ZZ3AEe) s M2t 3
A EABIERE, P2Y, A3A7} o Mlaze] 2-g-8te] dmAE
ks S7MIREA aEE] Qe A4k Aol P2y A
A7E wRE GE ARG WA P2Y, A&A] gt g
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Fig. 2 — The effect of P2Y4R antagonist on the proliferation of BMMs
and osteoblasts. Mouse BMM cells (A) or osteoblasts (B)
were treated with MRS 2578 (0.3 uM) for 6 days. Then,
cells were treated with MTT solution for 5 hrs and added
Solubilization buffer. The level of cell proliferation was
measured at 570 nm. All values are the mean=SD of three
experiments. Veh : Vehicle, MRS : MRS 2578, BMM :
Bone marrow macrophage, OB : Osteoblast, N.S. : Not
significant.

AIE 23t S7F a7k Al 5 S71el Z1]1shs 740121 glst
7] flote] ZAAEs} ST Az MTT 42 =38t

o} 1 A P2Yy ddAle ZHAE} dFATAE 5 T
W3lA) 714 QL3ITh(Fig. 2A, B). ©] Avk= P2Y, A&A7} =
Al SREEATAIRES] 5 HEAIF O Z A g A 18]
FRIeh= A& ok s At

il WH —lﬂ 32

ZZMZO|| ChE P2Y, Malme ¥k 7
ZZAEl PGE,et VitD,E Hzlahd d2AE 23} fk

e

A 25
* N.S
|
5 L |1
T
£ 15 |
% 1.
Q
<
z 1
<
14
05
0 1 1 Il
Veh MRS Veh MRS
VitD+PGE,
B 1.2

OPG/GAPDH

i
i

Veh MRS Veh MRS

VitD+PGE,

Fig. 3 — The effect of P2Y¢R antagonist on RANKL and OPG mRNA
expression. Primary osteoblasts were cultured with VitDs
and PGE, for 24 hrs with or without 0.3 uM MRS 2578.
mRNA expressions were determined by Real-Time PCR
using specific primers designed for RANKL or OPG. All
values are the mean+SD of three experiments. Veh :
Vehicle, MRS : MRS 2578, VitD, : 1a,,25-Dihydroxyvitamin
Ds, PGE, : Prostaglandin E,; N.S. : Not significant, * :
$<0.05.

?1 RANKL®] o] F7ksh= ¢ha, 23} oAIRIAR] OPG
o e @iﬁ% a_% 2eiA ek RANKLL 75
T840 RANKS} 45 2H8-2 3lo] vk
AFME7} Ad<st kaﬂﬁ WSk =it OPGE ek
G842 RANKLel| Agsho 24 RANKL-RANK A% 2H8-
& el FHh2 gkl oA gl P2y, AFAE wAl
9] Halg Fsglon 1 &3l FA e RANKL
= OPGE) Wl 24sko 2 R 711 gelstua) s
Ak o1 93l ZHFAELE P2Y, DA =4 o}oﬂH PGE,%}
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VitD,;Z #2] gk 5 RANKL¥Y} OPGS] mRNA 23S Realtime
PCRS F3ll ZAFISIT). 7]Ee] s vol HUskA PGE,St
VitD,2] #]2]= RANKLS] mRNA 818 Z7MA)7)= 38 OPG
o] WS 71z $HE P2Y, AAE PGE,S} VitD,o] &
o] ol FE mX|H] o= o= JERTHFig. 3). o
o] AWEHE P2Y, AIA) o)st gAEe] 3 312 x
=A2E8] RANKL B OPG 2 ®igle]] 7|Q1skA] o= 7o
2 FY=3U

OEMTMZ0| CHE P2Y, ZENIe| s 7Y

P2Y, AA} Z2AEE FASHA] b Zo% LERtom
B U2 sETAEe gigt s AR ST
SR kA FEAIES M-CSFR= 3U7F jaksle] 9 BMM

A 250

200

150

100

No.of TRAP(+) MNGs

50

Veh

No.of TRAPH) MNCs
o
o

Veh UDP

AEE ARSI S A ES RANKLY M-CSF &4 3}
oAl 447 wijeksld TRAP o4 9] S=ALZ #3lsbH (Fig.
47), AL 5olA A f732F1 CTR(calcitonin receptor)
9} CTK(cathepsin K)2] mRNA &% =7} $th(Fig. 4B). o
FATAIES RANKLY M-CSF &4 3l P2Y, 2AE A
oIS ol s S F3F £ 30 (Fig. 44), olell
mel CTR¥ CTKS mRNA 2 A F7Fshz 2102 Lepst
CHFig. 4B). WHA P2Y,y 84¢] A4 eki== 2+83K= UDP
= gzl Aefsisls wl sAlERe] 37t AlE
= 2S s THFig. 40). P2Y AA7} oA 2] 13}
Y F ol DAl 2Esh=A Ak 21 P2Yy A¥AE
ek 717ke] Z71(day 0~2) Bx= $71(day 2~4)°ll Azlsto] st
A sk WEkE AT RTH(Fig. 4D). ST AR E ek

B
e ﬂ CTR
' iy CTK
R W | Bactn
Veh RANKL MRS R+MRS
D 300
*
250 | .
o
S
Z 200 t
T
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14
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o
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0 1 1 1
Veh DO0-4 D0-2 D2-4
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Fig. 4 — The effect of P2Y;R antagonist on RANKL-induced osteoclast formation. BMMs were cultured with 200 ng/m/ RANKL and 30 ng/m/
M-CSF in the presence or absence of MRS 2578 (0.3 pM). Cells were then fixed and stained for TRAP activity. (A) TRAP-positive
multinucleated cells containing more than three nuclei were counted as osteoclasts. (B) mRNA expressions were determined by RT-
PCR using specific primers designed for CTR, CTK, and B-actin. (C) BMMs were cultured with RANKL and M-CSF in the presence
or absence of UDP (100 uM). (D) MRS 2578 was added during the indicated culture time. All values are the mean+SD of three
experiments. Veh : Vehicle, R : RANKL, MRS : MRS 2578, UDP : Uridine 5'-diphosphate, * : p<0.05.
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mH

1LL011 RANKL—E— %1E1‘6}“E
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<
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o 2] NFATeld] 2l fieell J&a vIAA o= Zlow |
ERGTHFig. 5A). &= TR HARIARI c-Fost NFATc1S] o
£ ° 2, MafB(v-maf musculoaponeurotic fibrosarcoma
oncogene family, protein By= 24|40 % g5ty delA Q)
oF.230 A2 RANKL 22| Al c-Fos? WHo] 71w 9).er
(Fig. 5B), MafBe] 1S 7F4315ith(Fig. 5C). NFATc1e] ot
Anel XA P2Y, A A= RANKLe 23 c-Fos?| e
571 3 MafBe] ' Zhasol] ol FS mIAA] ekgitt. o]
= P2Y, AA7} NFATel 29} T8 sZAE #3ls =
Agth= 2ts ov|gitt

FT vkl ke sk AR 71302 Blimpl(B-
lymphocyte induced maturation protein 1) A7} #|A| = AT,
SZAE Eo] A Blimpl AL v s dE3AM|E B 98
3] ¢kom Blimpl sS4 0% Al 2ekE FXIeks A

B c-Fos - -
A N

12 L * N.S.

1
1 i ‘
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B-actin
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c-Fosf{B-actin
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I - 1
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Fig. 5 — The effect of P2Y4R antagonist on RANKL-induced NFATc1, c-Fos, MafB and Blimpl expression. BMMs were treated with M-CSF
and RANKL in the presence or absence of MRS 2578 (0.3 uM). After 24 hrs incubation, whole-cell extracts were harvested and
analyzed by Western blotting (A and B) or Real-Time PCR (C and D). All values are the mean+SD of three experiments. Veh : Vehicle,

R : RANKL, MRS : MRS 2578, N.S : Not significant, *

: p<0.05.
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AFA L] Al I Hde SAA7E B o® el thFg.
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A7) AR ekt P2y, A8Als 2243 RANKL 2
OPG &S WstA7|A] ekorom], sl AaEe] 3} 27]¢
AR o7 Agsle] Hals sk A 07 uE St P2y,
AgA 9 gZAFE 23} S G3= RANKLY 2J& f=5&=
NFATcl AZeh= Faksielod, P2Y, A&A171 Blimple] HA}
= e L I —; o Alg gtk & AT A=
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sl 71018 5 s A o= ZviEnh
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