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Abstract

It has been demonstrated that elevated extracellular calcium can inhibit the formation of
osteoclast-like cells and stimulate osteoblastic proliferation, indicating that extracellular
calcium is very important for the process of bone remodeling. The current study was carried
out to examine the effect of increased extracellular calcium on the cell proliferation, differenti-
ation, chemotactic activity, prostaglandin E, (PGE,) synthesis and mRNA levels of bone
morphogenetic proteins (BMP), well-documented osteoinductive proteins, in normal human
mandible-derived bone cells (HOB-M cells) in vitro.

The results are as follows.

1. An increase in extracellular calcium significantly increased cell proliferation with an
optimal dose at 0.4mM (added CaCl,), as assessed by XTT proliferation assay.

2. While elevated extracellular calcium failed to increase alkaline phosphatase (ALP) activity
or osteocalcin secretion, it significantly increased procollagen type I carboxy-terminal
peptide (PICP) production, a useful measure of type I collagen synthesis.

3. Increased extracellular calcium did not significantly affect the chemotactic activity of
HOB-M cells.

4. Treatment with increased calcium (0.4-1.2mM ; added CaCl,) for 24 hrs significantly

increased the PGE, synthesis into the media.
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5. However, addition of indomethacin (10-°M), an inhibitor of PGE, synthesis, did not block

the increased cell proliferation by calcium.

6. Mild increases (0.1-0.4mM ; added CaCl,) in extracellular calcium markedly increased the

mRNA levels of BMP-2, -4 and -5, after 0.5- and 24-hour incubations as evaluated by reverse

transcription-polymerase chain reaction (RT-PCR).

7. However, a severe increase (1.2mM ; added CaCl,) in extracellular calcium failed to affect
the mRNA levels of BMP, except for an increase in mRNA level of BMP-5 at 24 hr.

These results indicate that extracellular calcium is one of the potent regulatory factors of

BMP, type I collagen as well as PGE, in human osteoblastic cells.

Key words : extracellular calcium, bone morphogenetic proteins (BMP), proliferation, differenti-

ation.
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Fi W 72910, B2 38 35 1310%Iron-supplemented
bovine calf serum (LATFBCS | Lenexa, U.S.
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[LLF DMEM ; Gibco Laboratory (Grand
Island, U. S. A) ] i@Hi4# [Penicillin G (Meiji
Seika Kaisha-Ltd, Tokyo, Japan) 100IU/mé,
Gentamicin (Sigma, St. Luis, U. S. A.) 50ug/
ml, Fungizone (Bristol-Myers Squibb KK.,
Tokyo, Japan) 3 xM/mé] Z4IML7z4 D% H
vy, 100mm Tissue Culture Dish (Iwaki Glass,
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MfastH v > LEE O _EHPHOB-MiHE
DOHIFIIETE I &I T %2 I mitochondrial  de-
hydrogenaselfi £ = 815 & L 7z XTTHI I #4 58
assay'"iZ & D FAXRTz, 3 B 96well-platesic
MAREEL 3 X 10%/well & #68E, EECPUARIMB R
IOEFERC C24ReRREE L 721, RECIUAERNR
fm0.01%BSA & & DMEM (LA T0.01%-BSA
-DMEM) 2 ZHs, & oI 24R5MHIE#E, FE,
FfE70.01%-BSA-DMEMIC &Z#a L 72, #A
#, BEbiIzCaCl, (Kanto Chemical, Tokyo,
Japan) #0.1-1.2mMO&FH THRM, & 51224
FERES#E L, medium%W&5], XTT (Sigma)
BWREEIUz, & 502 4 BN ER, BOLtE
% Microplate-reader (Corona, Tokyo, Japan)
W2 T492nm THIZE L /2.
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MR AL v > LR O EA SHOB-MAH
OIS RIF 4 52 Ep-nitropheny] phos-
phate (L FpNPP ; Sigma) %5 & L /zassay
WX DEIE L, MIREALP assay'?id, A
W7 v A WCHELULEHETHN, $4bb
HOB-M % 48well-plates | i fg #0104/ well % £
i, FROHLARIME RIS C 24IF[E RS &
L7z, 0.01%-BSA-DMEMIZ & #, & 51224
REfRT R, BE, #iE7%0.01%-BSA-DMEM
AR 7o, Rk, HHI12CaCl,%0.1-1.2
mMOEFHTEN, & & I 48R &, PBS
(=) T—[E%#E, PBS(—) %5 [# & welliZ 30041
™0.1%Triton-X (Kanto Chemical) % #NIN%&,
Zwell, £ 14> pipetting UM % "] &1L L
7z. MIFALPEM S & OMildEZZEOFHENCIX
E250ul oD Avassay 2o 7z, MildEAE
¥ Wiechelman 50D HFECHECFHAIL 72, %%
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pNPPZ IR ME S & 2 BRE 25 L1, {MAY
ALPHES e EHE CRE(L L EH L7,

4, Typel collagen&RRICRIZTTHE
MR 2 v > WO FH S HOB-MAIT
DTypel collagen& iz iE 9 %2 iXprocol-
lagen type I collagen c-peptide (PICP) E4
e L L7-PICP-EIA assay kit (Takara,
Kusatsu, Japan) # vy, ALP7Y v ¥ A & [Fkk
DB T8RRI EH R, #~72, o, PICP
OEEIMEEAEY DO L LTEHILZ,
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Bedford, U.S.A.) ObDEHW,
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-M A% 5 X 10%/mé A -7z # Bg-0.01%-BSA
-DMEM#E® % 5 me AL, 4 FefssE L7z,
100% . & / — VIS 1043 fEliR Ul % [E E,
filter b Ta O FE @M D = FHE kB Tl E L
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ROHEI TN AT L7 i@ %20.4% b Vo 7
V— VIR & 0 P L 7o, B TRMERE T 200/53
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6 EE ATV, FHE, SDEKD Tz, 51,
Hfasta vy AREDO FRIC Lo Tl s
15 EENETF OBBMEFEEME I SIT T 7
BEFHND Iz, 0.01% BSA-DMEMIZ 5 \»
TR DAy LWIRE TSI E S Lk
HIW %, 4°CTI2[KfH, 0.01%-BSA-DMEMIZ
TEML, MilEQESY T, Sl EMEL
72 DR TRICEE, [FRICZOIFEERIC K
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DPGE,EH 1 X378 % PGE, EIA kit

(Cayman Chemical, Ann Arbor, U.S. A) %
FWCHEREE (108 £ 03043) TER B L U ERE:
fElrf] (2450 ERIC B WL TEANRT9,

7. BMP-1-TOmMRNADEZFRBIZRIFT T

2

RIER IR N v > 7 NIRE HBSHOB- M
OBMP-1~7TOmRNADELETHIRICE 2 5
B ZRT-PCREEWC L 0, ERERIER (3043)
B & ORIEFEER (24K5) 12 D> TOgose & 17
DHHECHEL, FEEICHT, % Btotal
RNA @ # i 13 Acid-guanidium-thiocyanate-
phenol-chloroformiz™1z £ D {7V RNA % iz
HEEFR TcDNAWKERIL 721%, PCRE1T- 7z,
L 72 BMP-1~7®D PCR primer iZ Ogose
SO IECENER U 72, F o NEAERE L L
THW7zGAPDH ® primer {ZClone Tech#f %l
DbDHEHW, &% Dsequence B L U'PCR-
product sizeldTable 1 I&7~7.

Table.1 PCR primers

Product

Primer Sequence (5" to 3’ orientation) size (bp)

Human BMP-1

(i TCACAGCTGCACTTGTAGCTGCC 286
Human BMP-] (

¥
) TTGAGATTGAGCGCCACGACAGC

)

)
[Tuman BMP-2 (3)  GCTGTACTAGCGACACCCAC 671
Human BMP-2 () TCATAAAACCTGCAACAGCCAACTCG
Human BMP-3 (3)  TCAAATGAGTTCTTTGCCAGGTTATC 330
Human BMP-3 ()~ CGCCAGGAGATACCTCAAGGTAGA
Human BMP-4 (3)  GCTGAAGTCCACATAGAGCGAGTG 346
Human BMP-4 ()~ ACTGGTCCACCACAATGTGACAC
Human BMP-5 () CCGAGATAACTGTATGCGACGAG 305
Human BMP-5 () GGAGACAATCATGTTCACTCCAG
[luman BMP-6 () CTGGGTAATAAGGCACTGGCATG 528
Human BMP-6 () GTCGTAATCGCTCTACCCAGTCC
Human BMP-7 () AGGCCGTCTTCAGTACCCAGG 277

()

Human BMP-7
Human GAPDH
Human GAPDH

TCCGATTCCCTGCCCAAGTG
TGAAGGTCGGAGTCAACGGATTTGGT 983
5)  CATGTGGGCCATGAGGTCCACCAC

by
Q
J
-
J
()
(

8. et

SHEF O BZAME IZone-way analysis of
variance (ANOVA) ¥ X U'Fisher’s protected
least significant difference (Fisher’s PLSD)
WX o TUTo T, %8, fEHRZEN0.05LLFD8
BEEEEHD E LI,

I, #& ES

. THRRIETEICR(T TR
ﬂglﬁﬂwr;5m0112mMamwm%ﬁ
Ny NREO EFIZHOB-MAIEII v T,
MIEBE 2 GEICEME 27 (p<0.001 by
ANOVA), B#RE 0. 4mMTH D, 2> b
0 — )VEEDRI145% O HIFEHETE % 7~ L 7z,

@
o

*xx  p<0.05
: 170 *x p<0.02
§ 160 ] * ok * p<0.005
Zz o~ | (vs. cont.)
O 2 150
o I §
: H 1 *%k
& 140
w Z
3 3 130]
[~ TS
% o 120 ] p < 0.001 by ANOVA
O X
W
f_) 110
[
>
wold ]
90 L !
00 05 10
CaClz added (mM)
Fig. 1 Effects of elevated calcium concentrations on

cell proliferation in normal human mandible-
derived bone cells (HOB-M cells) in vitro
Either CaCl, or MgCl, was added to serum-
free DMEM+0 01% BSA, as indicated on the
x-axis. Stimulation of proliferation is
presented as percentage of the controls
{(mean=SEM, n=6 for each) *p<0.001,
**p<001, and ***p<005; differences from
the controls by Fisher’s PLSD. The dotted
line represents 100% of the control

Note: The control medium contained 1 8mM
CaCl, ; thus, the final concentration of CaCl,
1s the added value (x-axis)+18mM
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2. ALPEHICRIFTHE

Table 2 W29 & 5 ifast o v v o ZRE
O _EFIZHOB-MMAEIZ B W Th 3 i Ml
ALPHEM % LRI ¥ 2% R LTz, 2~
MVEREOBEEZERED oY, Mls v
v ADEFBIER E NEIFEHIREIC BV Ol
S RIZTRIRBIEEAER D ONE VLT &
BRI Nz,

Table.2 Effect of extracellular calcium on ALP
activity in HOB-M cells i vitro.

ALP activity

CaCl, added (mM) («U/mg protein+S. D.)

0 32.2£4.6
0.1 37.3+4.0 NS
0.4 36.1+£3.8 NS
0.8 37.5x£3.7 NS
1.2 39.3£5.1 NS

(NS : not singnificant vs. control)

3. Typel collageng i RIT T &

0.4-1.2mMoOFRESN B v v o LEFE D FF
IZHOB-M #ifgic 8w Ttype I collagend& ik
DIEETHAPICPELE*EECHEMI Y

(Fig. 2, p<0.001 by ANOVA). ZDOfEED»
SHfifast vy LD ERITTHEERKIER E
NEIFMAIZ B W Ttype I collagen& K % &
DD EDNRENT.

4. 1bBEHE (HEREERE) CREITHE
Mipas A v AREEO EHBSHOB-MAITY
OALFEFE R T 2 EETEE, ThbbEXR
D AN LREEH % chamber TE X ATz
%4 (Table 3 : non-treated media), % 7zfE#
W, ThbbBROANY T LBERRT
HOB-M#id % 48R U 7o %2, % OESEWR
% chamber [ ZE IZ ANTZHEE DILFEEM I RIZ
&% »J: (Table3 ; 48h-treated media)
B W, Hifasts v LREO EH
{EFAEMZRBS 2R BAL 5L o7z,

B15 FEKI2E6 A 5

700

***p<0.05 .
**p<0.005
*p<0.001
- 600 1 (vs. control)
c
3
° o *kk
5 0
é‘) H 500 -
=
~ 9
o =
=
S 400 p < 0.001 by ANOVA
a-
300 4+ \ .
0 0.5 1.0
CaClz added (mM)
Fig.2 Effects of elevated calcium on typel col-

lagen synthesis in HOB-M cells. The cells
were exposed to calcium for 48 hrs to exam-
ine the effects of calcium on PICP production,
which represents cellular type | collagen syn-
thesis. The amount of PICP was normalized
against cellular protein. Stimulation of
PICP production is presented as a percentage
of the controls (meant+SEM, n=6). *p<
0.001, **p<001, and ***p<0.05; differences
from the controls by Fisher’s PLSD. The
dotted line represents 100% of the control.

Table. 3 Effect of extracellular calcium on chemotactic
response in HOB-M cells in vitro.

CaCl, added (mM) NUMBER OF CELLS/HIGH POWER FIELDS
non-treated media 48h-treated media
0 145.3+12.8
138.9+16.5 NS
154.2+14.2 NS
144.3£14.7 NS
145.6+13.9 NS

(NS not singnificant vs cont.)

_—_o O O
DN OO = = O
[N en i el )

5. PGE, &R RITTHE

Table 4 [ZRF X 91210438 & 303 1EH 12
B s MIfas A vy LEE O EFIZPGE,D
FEEICHEZRIZFRD SN g o fohs, 24
fER (Fig. 3) B Ti30.4-1.2mM O & T,
PGE,DEA#FECHEMS ¥/ (p<0.001 by
ANOVA). XicHifusth v oo AE ERC
L Y750 PGEEA: B H»Y, Mg TEiE i &
ERREEHSTHWENE I L2 FANLED
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T, PGEEHKHERTH LA > N 28 ¥ 7
TlBWTANVy Y AREY PR, Mo
BV RE TR A 7z 93Fig. 4 18R T & S,
10°M®DA > R XZ YU E D, $XTO
HECHITSE S EHIE R 2 7R U723, Mifast »
V7 LT & B MRS TEE RN R 1 X block S U
wihnoi,

Table. 4 Short-term effect of extracellular calcium on
PGE, production in HOB-M cells w vitro

CaCl, added (mM) PGE, (pg/mé)

10 MIN 30 MIN

0 0 145 3+12.8
0.1 0 138.9216.5 NS
0.4 0 154.2+14 2 NS
08 0 144.3+14 7 NS
1.2 0 145.6%£13.9 NS

(NS : not singnificant vs. cont.)

60
** p<0.005

* p<0.001 *
soof (vs.cont.)

H
)
=3

w
o
S

p < 0.001 by ANOVA

2001

PGE2 SYNTHESIS (pg / mi)
Mean =SD

100° I !
0 0.5 1.0
CaClz added (mM )

Fig. 3 Effect of long-term (24hr) exposure to CaCl,
on PGE, synthesis into the media in HOB-M
cells
Data are shown as mean®+SD

(=]
b
i

i
e
A
o
o
2

g

3

% .
i /;

3 T 7 7

g

L2 2 7z

0 0 01 01 04 04 CaClz added (mM)

(+) indomethacin
(10°M)

Fig 4 Indomethacin, an inhibitor of PGE, synthesis,
did not block the calcium-stimulated cell
proliferation in HOB-M cells. Indicated con-
centrations of CaCl, were added in the pres-
ence or absence of 107> M of indomethacin
Data are shown as mean®=SD P value;
difference between corresponding control
group by Fisher's PLSD.

(QEENC)) [ORENC). )

6. BMP-1-TOmRNADBEFRERICRIEF T
2

HOB-MiifdEbasal conditioniZ BT,
BMP-1, 2, 4, 5OFBNED SNizw5, BMP
=3, 6, TWCDOWTIEZDHBELED SN h->
7z (Table5, 6). %K (0.50F-) 00.1-0.4
mMOHAFIS 7 v > 7 2O FEINE, HOB-M
B BV TBMP-2, 4, 5OmRNA D E =T F 5
EEMSEH, 1.2mMEEBBECE W TR
BMP-2, 4, 50mRNA D@m= FEE &8s &
LR IEFEERD >N ros (Figbh B LU
Table5). 24EFEITERIC BT H 0.5 1EH
L ERRIC0.1-0. 4amM O MIfEst v > o 20 E
5, HOB-M#fE iz B v» TBMP-2, 4, 50
MRNADBGFFRFEZEMI 7255, 1.2mM
2B W TIFEBMP-50 AmRNA D FH 2 8 &
7273, BMP-2, 4OmRNADE L FFHEH % 1
s e33R EED sz o7 (Fig 6 B &
U'Table 6). %72, 0.58 & U4HFR/EH O
28> TBMP-2, 4, 5EA9F O BMP O #E{n T F
WRIZ TR IEED Shie o7 (Tableb B
LU6),
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CaCl2

added
bp 0 0.1 0.4 1.2 (mM)

52 GAPDH
—BMP-2

—BMP-4

B _oves

Human Bone Cells (HOB-M) (0.5 h)

Fig.5 RT-PCR analyses of the effects of short-term (0.5h) exposure to CaCl, on the BMP-2, 4 and 5 mRNA
levels. A photo shows a representative agarose electrophoresis; 25 cycle PCR for BMP-2, 4 and
GAPDH, 30 cycle PCR for BMP-5.
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CaClz
0.4 1.2 (mm)added

Human Bone Cells B-M (2 4h)

Fig. 6 RT-PCR analyses of the effects of long-term (24h) exposure of CaCl, on the BMP-2, 4 and 5 mRNA
levels. A photo shows a representative agarose electrophoresis, 25 cycle PCR for GAPDH, 30 cycle
PCR for BMP-2, 4 and 5
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Table.5 Summary of effect of 0.5h-treatment of CaCl, on
gene expression of BMP-1-7 in HOB-M cells

CaCl, added (M) 0 0.1 0.4 1.2
BMP-1 + + + -
BMP-2 I b o S S e A
BMP-3 - - - -
BMP-4 +4+ 4+ + 4+
BMP-5 + ++  +++ 4
BMP-6 — — - -
BMP-7 — - -

+ ; products were detected by 35 cycles of PCR
+ + ; products were detected by 30 cycles of PCR
+ ++ ; products were detected by 25 cycles of PCR

Table. 8 Summary of effect of 24h-treatment of CaCl, on
gene expression of BMP-1-7 in HOB-M cells

CaCl, added (M) 0 0.1 0.4 1.2
BMP-1 + + - n
BMP-2 +H
BMP-3 — — -
BMP-4 e e S e
BMP-5 ++ o+t A+
BMP-6 —~ — — —
BMP-7 — — - -

+ ; products were detected by 35 cycles of PCR
+ -+ ; products were detected by 30 cycles of PCR
+ -+ + ; products were detected by 25 cycles of PCR

Iv. #& 2
. RIS RIT T e
ﬂ%%ﬁwyvA%F®L%ﬁ ezl

MRS RAE 3 R R TS 1, RS
DOtz < v 2 BEER R E FHaAEEk T H
LMC-3T3ELfif@ = FHwiz b 0L fEiL D &
BHMIE % fv7-Honda ® ODIE DI H D,
WTNDBFICBWT S, Mlasdsr ey AR
LRI & 2 MR ER R D ST
%, ThZhAunwiEH, BCARE B X RN
CaCLLOREEHHNRELR D, Z0LENDA 4 >~
bh o NEE R SRR DS > Tw
ZE[REMELFH 2 S, Hiig LB N EE7E 23,
MC-3T3EIffa = w7z d O T, &RINVEIE
il CaClLiE & »31.2mM (#8 CaClLiR E : 3.0
mM) TH 2 Dicxt L, & MESFMEE Hv A
FE & Honda 5 O #HE”TIF0.4mMEL T D

CaClL#sin (BCaCLEE © 1.9mMELF) iz B8 W»
T b HfaTE = BT 2 R S, BR
BECZOWT, EEb5VITHREENTFET S
AfREEYE 2 o b, MRS Vv T AR E
Faz & 2 RIS R D A = X LB L
T, sV EEICE2EV DT,
%5, bbb, MC-3T3ELE TIXIGF-1 D
up-regulation 3 EBELERTH YD XL,
E P EFMEIC B W T, IGF-II @ up-
regulationSEE TH AN EMEIN TV S,
Sugimoto 5¥EMC-3T3EIMIfE %2 vy, EiE
FE D24FFEIWER OMfEAN v > o ABE LH
S OPGE,DEALABE IS0, 41 Y N A%
VUBETEBW T MilaA s vy LBED
FHIC X B ER AR R iXblock & AL
Polr B L TWwE, AR TIHIEE E M
ZEMHRE (HOB-MME) % B TR R EB & 1T
v, ORI U XEHFHARMIEO &% 5
FTIEFE MEFEME TR Z L ERLT.
& 51, REBRTIZ10-3053 OEREER I B 1
ZEEZDOWTHHN, PGE,DELE EFIF30
SUNOERFETIE I 5 hn & 2o i
L7223, 24EFRTER Ofifast 4 v > o 2RE B
R X2 FFMIMICB T 5PGE,DEL EHD
BRIZDOWTESEIOMFETIEHS LICTER
hole, THIESEBOFELEZONS,

2, ALPEHICRITTHE

s AV MREO EFE I EFMLO
ALPHEHIC RIZ T B % & -5 12 1EMC-3
T3ELHIfE % F \» 72 Sugimoto 59 & 23 H %
23, 1.8mMELT OHE D CaClLiRIMC 81> T
3, BEZEREFIFRO 51T, 3.2mMM ED
CaCLysEHp @ < EmEL T s, K
#%ETix0.1-1.2mM O & TCaCl, 2 ¥R i L,
MRS v v NEE O ERABIER £ B
R ALPIEME W RIE 3 8 % A7z 03, CaCl,fi
WD a >y F—VEEOBEEZRERD 51T,
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Sugimoto 50 L IZIF—H LR TH Y, #Hilg
HMECTIZTIRIZIZEA LR D S \»EF
ZONTH, S36RIEBEEOIIVY T LEE
OEFNRIETTHE IOV TIE, SBOBEEHR
BrBbhs,

3. typel collagen&RICRIFTTHE

MRS v > NRE D B S5O
type [ collagen& i RITTHE L BEL -
WK D 1F, R E IR U728 B> T,
BETH L, KRNV 7 LRED
LAENIEE v M EFME Otype [ collagend
BEBREWCEME YL 2 %2R, ZOFBRE
RS ¥ 2 —EHNTH 5 AlReME 2R L7
BOIOWIFE Th % £ Bbh, BIREOFE L&
zZoit, LarLans, MEsiEsRigys 2
HROET IR H30.4mM T H % DKL, type |
collagen & i PGE, &R IC B W TIiZ1.2mM &
SVEBETHY, ZdDdiscrepancy L T
i, SEIOWTEL SIFHES T 5 2 L idHE
oz, WBEEIEY v 2 4 Ltype I collagen
G PGE, & RIS B 2 I EE DE VI &
D, F#h VT NREGE WO T RIREME H
5 niE, HOB-M#Mifgix 7 u—fbax i Twiz
WHIFID -, WAV RHEREEE L iE
Moo, &2 THIkEEIEtype I collagen
BRI T BEREH NS T LABEEOEVE D
D, Z DB X A A[EEME R ED3% 2 o iz,
O PLEE Bb s,

4., IEBEEHCRIETTHE

MRS 2 v > WO FREEFRE O
FoEHC RIF TR E R BT E I IEMC-3T3
E1fi ke % B v» 72 Sugimoto ' OD & 2 H %
2, 1.2mMELEOEE O CaCl,#wnix, MC-3
TIELa DL EEEE B REICHEME ¥ 2 Lk
ELTWD, KT V> 7 LEE
O EFHM0.1-1.2mMOEH TIEHR & b E M
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Fig.7 A proposed model about the osteogenic effect of calcium on human osteoblasts.
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