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Mechanism of Ca®’ Regulation in Osteoblast~like Cells*

Park, Mi Jung*»

Physiological activity of osteoblast including bone formation is known to be closely
related to the increase of intracellular Ca® activity ([Ca®]) in osteoblast. Ca® is an
important intracellular messenger in diverse cellwlar functions, and regulation of its level is
mediated by the transmembrane Ca” movement via Ca® channels, Na'-Ca” exchange, and
by intracellular Ca® movement through the intracellular stores.

The purpose of this study is to investigate how the intracellular Ca® is regulated in
osteoblast-like cells(OLCs) by measuring Ca’ activity with cell imaging technique. OLCs
were isolated from femur and tibia of neonatal rats, and cultured for 7 days. Cultured OLCs
were loaded with a Ca®-sensitive fluorescent dye, Fura-2, and fluorescence images were
monitored with a cooled CCD camera. The images were processed and analyzed with an
image analyzing software. The results were as follows.

(1) [Ca™Y%; of OLC decreased as the Ca® concentration in the superfusing Tyrode solution
was lowered. When Na' concentration in the superfusing solution was decreased, [Ca™}
increased.. These suggest that Ca®' flux occurs via the Na'-Ca® exchange mechanism. (2)

E - . . D4 . 2 -
When Na' in the superfusing solution was removed, a transient Ca” increase(Ca™ spike) was
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occasionally observed. However, Ca*

Tyrode solution.

spike was not observed after adding -1 1M
thapsigargin. This implies that the generation of ca” spike 1s mediated by the release of
Ca® from endoplasmic reticulum(ER). (3) As the Ca® concentration in the superfusing
solution was raised, the frequency of OmM Na'-induced Ca®' spike increased, suggesting
that Ca®-induced Ca® release(CICR) mechanism exists. (4) After [Ca®'}; was decreased with
the superfusion of Ca”-free solution containing thapsigargin, the recovery of [Ca®} with
reperfusion of 2.5mM Ca® solution transiently exceeded the control level, suggesting that the
depletion of Ca® in ER induces Ca® influx from extracellular medium via store-operated
Ca® influx(SOCI) mechanism. (5) [Ca®]; was not affected by the superfusion of 25mM K'

These results suggest that intracellular Ca® activity in osteoblast is regulated by
transmembrane Ca’" flux via Na'-Ca’> exchange, Ca® release from the internal store (ER)
via Ca®'-induced Ca®' release, and store- operated Ca’ influx across the cell membrane.
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2. fluorescent dye F¢!
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Fig. 1. Change of [Ca®] by [Ca™
[Ca”Je was lowered to 25 mM., 1.0 mM and 0 mM. All the solutions contained 1 UM thapsigargin.
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mM Na' Tyrode £ #FA| ZolAEe) [Ca¥);
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Fig. 2. Change of [Ca™} by [Natle ’

Na' was replaced with NMG to make 70mM Na' and OmM Na' solution.
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Fig. 3. Generation of Ca® spike with decreasing of [Na'le

[Ca™}; increased as [Na'le was lowered, and Ca® spikes were occasionally observed on top of step increase.
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Ca”'~free solution was made by adding 1mM EGTA.
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Fig. 4. Dependency of the Ca® spike generation on [Ca®le

Na'-free solution was superfused with different [Ca”)e as indicated. Resting level and frequency of Ca”'

. . R .
spike increased as [Ca ] was raised.
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Fig. 5. Generation of Ca®" spike in extraceliular Ca®'~free condition
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Fig. 6. Ca”™ spike Block by thapsigargin .
Na'-free solution was superfused after superfusion of 140mM Na' solution with 1M thapsigargin.
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Fig. 7. Change of [Ca%), by the Ca?" depletion in ER
Ca® solution(25 mM) was superfused after superfusion of OmM Ca® solution with 1uM thapsigargin
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Fig. 8. Change of [Ca”] by [K'ke
High K' solution(25mM) was superfused as indicated.
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oA Na'-Ca” m@olF 7)ol EAstn Y&
¢ £ o}(Krieger 1980 : Krieger, 1992 :
Krieger, 1996).
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52 7R A 22 A9 UMR-106 85
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AT Astel dx = AoltHKrieger, 1992).
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O IDZ, o F 32+ 7&4, A8 FAM
Yo Y Az2HE AT g Q)
HBerridge, 1993 : Taylor 2 Traynor, 1995).
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o] A¥:Ed 9 UgAAYo=ZREH InsPs7t
ZA8= Ca¥ #2)(InsPs-mediated Ca> release)
7} EAH 3 koM JAHE 25 FEol
o] 2o] At} FTHParekh R Penner, 1997).
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Fese] ded, AR FEelde oY e
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712l AAAE 59 v FEA AEdAE VOCs
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Hgu AAE A7Y 98 Ca¥ FU7PE F
A AEW C Agze F% el o8 Ca”
frydol 2AFE SOC 7 &L 7HsAel ¢
ZHol FES 2AthBerridge, 1995:
Clapham, 1995 : Fasolato, 1994 : Penners, 1993).

Ca®'o] AAD AN F&A9 WHEZHA =
Ze ATW Ca¥ AZnE nBNE F goH,
olgf AF:e} Ca& e = A v &
B Ague] AEWHe AE ¥l Ca'ol EAlEe
Aol of$ weA dojdtin  Fch(Putney,
1977). =% Casteels 2 Droogmans(1981)= E7]
AZue] HIZAH X £A43tE norepinephrine®]
W28 Ca® A#Inorepinephrine-sensitive Ca’'
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239 W AFnE nZAZ 2AF7E dET

By
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AAN71E= vigeld 84 MNZE(activating signal)7}
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olA74A] WA A Y%hoTZ Putney (1986)7F
7148 ‘capacitative’ Ca® influxghe fol®th
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‘store-operated’ Ca’ influx #He
£38HA HAh SOCIE #dshe



InsP; A4S AF3l=  lysophosphatidic
(LPA)E M E HA3AY, & InsPrE
FYAZIAY Ca” pumpE 2 A|F}H= thapsigargin
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ZRE Ca” Y0 2718 AY ARES 28 B
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%, 1993 : Petersen 2 Berridge, 1994). SOCs:
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Ae dAslE 25 59F 22U Beridge,
1995).
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olel& AT A@/Ae] UAR ol A 7]
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cytoplasmic headE &3 SOCsol| 2% dEct
Aol (Irvine, 1990 : Ben‘idge, 1990, 1995).
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Na*-Ca?* Exchange

Ca?*-ATPase (thapsigargin-sensitive) ---

Fig. 9. Mechanism of Ca® regulation in ostecblast-like cell

While Na'-Ca” exchange and SOCI function at the OLC'’s plasma membrane, CICR functions at the ER

membrane.
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- ; an unknown Ca” signal transfered from ER to SOCs.
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