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Abstract : Though it has been reported that osteoblasts perceive extracellular calcium levels and
regulate the differentiation and function of osteoclasts, the details of its mechanism of calcium
perception or of its genetic expression system mostly remains unclear. In the present study,
therefore, the influence of a high-calcium environment on osteoblasts was examined from the
expressions of RANKL and CaSR mRNAs as well as from the formation of osteoclasts following
cocultures.

The identification of CaSR was made by the immunohistochemical staining method using rat
alveolar bones with experimental tooth movement. On the third and seventh days after
manipulation, both osteoclasts and osteoblasts showed CaSR positive reaction on the compressed
side of the alveolar bones. On the other hand, CaSR positive reaction was observed only for
osteoblasts on the tension side of the alveolar bones, though the reaction was weak.

In the subsequent experiment using an osteoblast-like cell line (Sa0S- 2 ), PT-PCR was performed
by changing the calcium concentration in the cultured solution from 1.8 to 2.5, 10 and 40 mM and
further by treating with 0.1 and 1.0 M of ionomycin. The PCR products of RANKL and CaSR
mRNAs were then analyzed. The expressions of RANKL and CaSR mRNAs decreased in a calcium
concentration dependent manner. When Sa0S-2 cells were treated with ionomyecin, RANKL
mRNA expression increased in a dose dependent manner. However, CaSR mRNA expression
increased at 0.1 M ionomycin but showed almost no difference at 1.0 #M as compared with the
untreated level.

In order to examine the effect of calcium on the differentiation of osteoclasts, SaOS- 2 cells were
cocultured with a human myeloid leukemia cell line (HL-60). Total RNAs were extracted after
Sa0S-2 cells pretreated with calcium were cocultured with HL-60 and after Sa0S-2 cells
pretreated with la,25(0H).D; were cocultured with HIL-60 under the presence of calcium, and the
amount of tartrate-resistant acid phosphatase (TRAP) mRNA expression was examined by
RT-PCR. Simultaneously, the number of osteoclasts that appeared was counted. As a result, the
expression of TRAP mRNA increased in a dose dependent manner up to the calcium level of 2.5 mM
but decreased at levels above it. The number of osteoclast-like cells showed a similar pattern to the
expression of TRAP mRNA. In the case of Sa0S-2 cells pretreated with 1 a,25(0H),D;, the TRAP
mRNA expression increased in a dose dependent manner up to a calcium level of 10 mM but the
expression at a calcium level of 40 mM decreased to a similar level observed at 1.8 mM.

From the results mentioned above, it was suggested that a high extracellular calcium level in
osteoblasts suppresses the expression of RANKL through CaSR which exists in the cell membrane
and further suppresses the differentiation of osteoclastic precursors to osteoclasts.
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Fig. 1. Immunohistochemical reactions for CaSR on experimental side (x 400).
Compression zone (a : day 3 ;c:day 7)
Tension zone (b:day 3 ;d:day 7)

B, alveolar bone ; arrow heads, osteoblast ; arrows, osteoclast
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Fig. 2. Effect of extracellular calcium concentrat-

ion on the expression of RANKL mRNA
and CaSR mRNA in Sa0OS-2.
Sa0S-2 was cultured for 1h in fresh
medium containing various concentratio
nsof Ca**. Total RNA was isolated from
Sa0S-2, and the expression levels of
RANKL mRNA and CaSR mRNA were
analyzed by RT-PCR.
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Fig. 3. Effects of ionomycin on the expression of

RANKL mRNA and CaSR mRNA in
Sa0S-2.
Sa0S- 2 was treated with various concen-
trations of ionomycin for 3 h. Total RNA
was isolated from Sa0S-2, and the
expression levels of RANKL mRNA and
CaSR mRNA were analyzed by RT-PCR.
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Fig. 4. Effects of various concentrations of Ca®
on TRAP mRNA in cocultures.
Sa0S-2 was precultured for 1h in the
presence of various concentrations of
Ca’*. Cells were fixed with 2% paraformal
dehyde for 2 min washed with PBS for
three times. HL 60 cells were cocultured
with fixed SaOS-2 cells in the presence
of 10ng/ml of M-CSF. SaOS-2 and HL 60
were cocultured in 35mm culture plates on
day 6. Total RNA was isolated from
osteoclasts, and TRAP mRNA expression
levels were analyzed by RT-PCR. Control
was cocultured with culture medium
only.
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Fig. 5. Effects of various concentrations of Ca**

on osteoclast-like MNCs formations in
cocultures.
Sa0S-2 was precultured for 1h in the
presence of various concentrations of
Ca’™. Cells carried out as described under
Materials and Methods. The number of
TRAP-positive MNCs was counted as
osteoclasts.
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Fig. 6. Effects of increasing concentrations of

medium calcium on TRAP mRNA in
cocultures.
Sa0S-2 was precultured for 24h in the
presence of 10°M of VD; and 10" M of
Dex. Sa0S-2 and HL 60 were cocultured
in 35mm culture plates. The culture
medium of the coculture was replaced
with fresh medium containing increasing
concentrations of CaCl; on day 6. Total
RNA was isolated from osteoclasts, and
TRAP mRNA expression was analyzed
by RT-PCR. Control was cocultured with
culture medium only.
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12 gp130%, PTH % PGE; (¥ cAMP %/t 4 3
Z itk RANKL 2 g4 25, Lal,
AFFE TR NS &350 RANKL FE HIfH
R D5 EDRES NI, AR TIIEE
MRAAEA D Sa0S-2 ICB T B H L v v AR
i2& 3 RANKL mRNA OZH)ic iz CaSR %=/
LR MBS L Tw B rfgEl SV & EAVRE
Nice BE, OB EIFHESEE i
HEL L - Eflaic CaSR BB 5 2 & %
Bt (Fig. 1) 1z, EEOEHIFD1.8mM
PMFEICEETN22.5mM Ly v LB TR
L TW3 CaSR mRNA 34V vy LEE A
10mM 240mM EEEIC FiF e & X icd Lk
(Fig. 2b) 7%, Thid RANKL mRNA ¢
s — (Fig. 2a) EZDLDTHUL TV S, L
72H3- T, CaSR & RANKL (3#E L T3 C
EDRELS RIS N, AV YT LAEEAT 5
CaSR (& a0 2Eima o BRI FEL L
TWVWBEEND 1D, & 72, BEHIEaTEXHmIE
213 CaSR WEAL, flaNosBEA VY Y
LB E AP D TR ZPRE I 5 & WV O
s B0, L LEAs, BEFMicsd 3
CaSR B K IFTHlN A v v o LR DR
BT AMEIZIEEALER L, AR TIE, B
FMBICBLWTANL Y Y AEEIZL-T
RANKL mRNA O¥8 & & &1z CaSR mRNA
ODHRENEFT S EEHLMIC L, L1
8- T, RANKL OFEICKd 2 HEHRE S L
T CaSR Bz D — A&t - T35 T &g <
RIS LT,

3. Sa0S-2 icktd 2k A v v o ARED

E./
5

%

SREOMEADL VY Y a0 ERITED
CaSR %41t L T RANKL 2E/Ld 3 & w5 |k
WORRZRE Z, (RICHRNA VY Y ADZE
F2S RANKL IZB LIFTHEICH>WTHNS
T &L L, MR OMasn s vy o &85
i3, BBLHR25mMM (1 A kA y s £1.25
mM) ICHERFES N TV A, flENA LY D A
BERZ010,00050D 1 D100nMBETH %,
L L, flifasi+re v ETRH S NIOEE,
FIMEI Fa vy F Y THOALY Y 5T — L
DoAYy ADBRHS N, @R VYT A
BED 1 uM i¥Eind 2%, ExL LT, 0B
B IERIE D 100~1,0004% (10eM~100M)
ICHETBEIEDDEEbVDNTVET, A
BH2E i, Bz 1L v A A a1 B
1AL calcium ionophore T % ionomycin
R W E A, BEKATICRANKL
mRNA OFBEAEE NS ¥ (Fig. 3a), L»
L, 0.1«uM THOL 72 CaSR mRNA 131.0uM
BETavire - VEERBERLUTH -7
(Fig. 3b)e CaSR (ZHIIEICIELET 205,
ionomycin IZ X W ffENICHL D A E i v
vy NERESEEINY 5 & FAIC CaSR mRNA
DYV LFal—va yPBELSLEIENEZ
bNb, —H, fAND VY o LEE OO
il 3 PKC %4/ L T RANKL OFH &gt 4
BEVWHREINH ZDT, APIFEICEVLTD,
MINTOH LYy AEFEOREINMA S VR
Ayt Ye—ELTDY T FNERD,
RANKL mRNA FEAHEINS &7 2 &#ER
INhs,

Tonomycin ALFESEER 2> 5, HBEMICHLD 1A
FTNEANY I LICED VT FIVEERICED
RANKL mRNA #H FRAMSELE I EEZ S
N, MENA VY AT FILRELTDS -
EbENEEMIEPKCREEEDN S, &5
iz, fEREN A Vv A BERE RANKL mRNA
D _EFH CaSR mRNA RIERICHEST 5 L5 X
5N B,

4. BIFHIE & BB mRERTENAa o R I
BXIFTHL Y L DB
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B BT BE & 3R B 7o D I B EFHIRE & B
B~ LAl Re sl O EFEAEA
Lt 1981 Ko 5P IIEE Y v — L LicE S
I VD EMCSFHEETTHIELILYY RO
B LI SRS E 5 2 &Ik
D BEAHRRAS TRAP B i & la sl ic 1L
TEHIEEGDTHRE L, ThLLE o
HAERR S EMIEO 2L EBEEDOHRICE
CHwsnTWS, SOl0EETIE, Sa0Ss-2
EHNVYI LHBEVIR, EHERESY I VDT
RUE L 7%, HMEEART O EEIL s 2
fedlch= ) v TREE L,

BhV Yy AEENEIFEMED RANKL
mRNA % CaSR mRNA OFRICEEL5Z
1eDT, WEMANOSMLEREICHT 5 h vy
v LD IC O WTHEREREH W THEN
7o 2.5mM AV v AJBEE TR L 72 SaOS-
2 % HL60 & Hh7EHE#S 4 5 &, TRAP mRNA
(Fig. 4) & TRAP B2 #lagk (Fig. 5)
DISHIBICEEAIEAN L 72 S HUIEH V& A
% L T Sa0S-2 it B 5 RANKL FHEHTT
L, HL60ICHIH L T3 RANK M E/EH
L 7GR, HL6O B FMla~mb L2 &%
T, LLl, 10mM, 40mM Hovy o AEE
T ORI T 1E Sa0S-2 ® RANKL mRNA &
HL60D TRAP mRNA »& $IT/ETF L7z,

BRI 13, RANKL & OPG O#HE%
HEPEETH L ENPREINTVEY, L
ML, TRl ThRWD, S
175 OPG mRNA OFBERZA VY Y LE
BB EAEEELEZ TSP, Lichio-
T, OPGOZEENIH VY Y ANED v 7+ v
EERKEFHORENLTVEEEZ SN
%o

BEAIA S BRI & 4T 5 B, @FE XD AL
v LBERRERL, 0l &tk Sa0s-2
® RANKL ORI EBELH 2 5, £ T,
Sa0S-2 % & 5 U BBRINAF T H 5 GRS
B4 3 v D, TUUEL T RANKL mRNA 22—
FEEMINSETEE, 2W\WTHL0E oItrFs:
BEH IV Y LEE FTITO, BEHE~DS

(LI EA 52 2% et Lz T A, 10mM
Ay LEEIZBWTS TRAP mRNA OB
g st (Fig. 6)o L L, 40mM #b
vy AEREIC ER&XH 5% & TRAP mRNA #H
BIHS Mo, C NGRS H L v
Y A% BE LT TRAP mRNA OFRBHAMH| L
FAEREHEI NS,

5 v MERREI B O THEA D VYT LB
FE % 10~15mM JEE T 3 & BB fian
Hovvy LEES ERT Y, hIdBEEMmE
DSHREAA Vv A EEAIL, T OtEH =M
HNANELELTWA I EERETEHDT, &
DIFHRD & SIERTFREOHIE, T78bLK
HIV VY L TIERBEROERL, Shvey
LTI & BB iR O MEBEDFIENIC D 728 -
TV b0 EBbh, ERLIAEROERE
XHTEHDTH B,

PIEDFERD S, #vvy 40d CaSR 24 L
TEIMIEL S IciEMiaoHIEICZE S
LTW3 I ENREBENT,

&

#

1) BFEMcBWT, &LV vofias h v
YU AR ICERET 5 CaSR 2L T
RANKL OREZMMFHT 5, i & D BEH
RaRTRMH AR OB B HEfE~ D 2L E2 %5 5,

2) BEHigcBVT, BRNOTLEICEDE
MmO SN ANV Y ABEENEL AT E
IZ & - THEHIRE O REEZ HIHI 3 %,

R BEAEKRZBICHI, KIRTHRENRS
BHERBZIGD F U oA RF RS 8 =
AT, DR b pen rads, O
JERE o R A RIS B S R 12 B
ARLET, KFEROEITICH 720 HEURV /2
12& & LI OB R AR 380, [FRE
FEREEEE I H LI D EHOELEL £
T, ZRBAHEGIE O X F L AFEwER
BIEFEE oSk, OB LB ORRE,
EErEENHOER, T L TBbY 2
TOHRICECEH#H I LE T,
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