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HlLl, 77k WECMRIE, Transwell Bl B ANMTER ; CCK-8TLTPRAN AU B AN gE ; WifE SR R A st /v (RT-
PCR ) Al 2 AR i 3 AU AR DG R A 2238 5 PR LT YL A I B Ak AR B i fb 45 19 . B BUEaZ 1k (CaSR) #dt
FFEPUE, SR Ca? X A B TR 5 s oAb s . 5R AT BEE . 2. 4. 6 mmol- LAY Ca® E3 -]
[A]45 (8, 16, 24 h) #REERH B AL UE A RS AIEAYIERS, 10 mmol-L'AYCa>#E8 hist B B i iEF% . 2~10 mmol-L*!
Ca* BEARHE AR B AN A4 58 . B M 5516, 8. 10 mmol-L'¥Ca* i R W ILIE B I B . CaSRIEHIE(LCa2r
RO E TSRS B ER . &8 UREC A AT AE AT, mlECa> A FF A4
s34, 4. 6 mmol L Ca> e i Hu[RIE 75 5 A B LIS S iR 404k, Ca?*-CaSRII 2 SAHN (015 515 .
KB BT AREAM; T, RSk BEAME
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[Abstract]  Objective This study aimed to investigate the effect of calcium ion (Ca®) on the migration and osteogenic
differentiation of human osteoblasts and explore the proper concentration and correlation mechanism. Methods A series of
Ca* solutions with different concentrations was prepared. Osteoblast migration was assessed by Transwell assay, and proli-
feration was studied via the CCK-8 colorimetric assay. The mRNA expression of osteogenic genes was examined via reverse
transcription-polymerase chain reaction (RT-PCR), and the mineralized nodule was examined by alizarin red-S method. After
calcium sensitive receptor (CaSR) antagonism, Ca?-induced migration and osteogenic differentiation were analyzed. Results
In the migration experiment, 2, 4, and 6 mmol-L™' Ca*" could promoted osteoblast migration at three timepoints (8, 16, and
24 h), whereas 10 mmol-L™' Ca* considerably inhibited migration at 8 h. The Ca®* concentration range of 2—10 mmol-L"! could
promote proliferation, osteogenic differentiation, and mineralization of human osteoblasts. Moreover, mineralization was
predominantly induced by 8 and 10 mmol-L™" Ca*. CaSR antagonism could reduce Ca*-induced migration and osteogenic
differentiation of human osteoblasts. Conclusion Low Ca®" concentration favored osteoblast migration, whereas high Ca*"
concentration favored osteogenic differentiation. The Ca®* concentrations of 4 and 6 mmol-L"! could substantially induce osteo-
blast migration and osteogenic differentiation, and the Ca?*-CaSR pathway participated in signal transduction.

[Key words] calcium ion; human osteoblast; migration; calcium sensitive receptor; bone substitute
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YEFPLRIX AL B A T R A — 48 2

55T (calcium ion, Ca* ) AN EZME
TEFE T, AT LAE AR 2 3 B DRURN i 55 DR 1)
Mesk, PERIANMAYIThaE, S B LW B B
gy, R HETRE A RAME . R RN EE
BRI, TERPHDISE S, KA 4E R — 4P
FOASTR 23 (A 55 245 50T, 4 mmol- L Ca® [al#Enf LA
755 N E R ) 75 5T T AR E 1) 43 fE B . Barradas
GRS RN, BERR 85 RO K A AR RES T8 T
JoT T 240 B v R B A A bR R R S I, (R R —
P2 BB A bR i PR R R A9 R AR AT BH S 55 T2 K
A1, FRHIFER, WAL IR S TR K
A, BEEFER P Ca A SRR EIL

DIMERIIFSE 22 G5 BB R LB 4R (osteo-
blast, OB) M52, BEHOZEM SA SR,
HEEZ, FrLL, AR B ERTTA R EE Ca2 okt
AU 20 (human osteoblast, hOB ) iFF%. 147 |
BB, BT Ca 5 i 40 AR 5C T RE A A9
YERIOLSL, A & 85 E 2 AR B DL AR Al R
A —E B F e S

1 #RITE

L1 F2

hOB., A KE I (ScienCell A, FEE ) ,
AME (Sigmasw], 3EE ) , NPS2143 ( ABcam’y
A), PefE) , CCK-8ilfl & (dtatZEiEnmsP A
WA , 519 ( BiFETAY TERARAR)
DEICRE e A SV, ( polymerase chain reaction,
PCR) i&ifl& (Roche/A], Hit:) o
1.2 FEAU

FHE R AR OHL (Hitachi ], HA) |, B
PCRFAEIA(L ( Applied Biosystems/Aw], FE[HE ) ,
LightCycler4807& 7itPCR{X ( Roche’AH], Hil) ,
DOGHEIE WM (ZeissAH], TEE)
1.3 ik
1.3.1 SEsrel DU KB FRIERT IR BUhOBZ Jy % it
41 (GM) , LUSAFCa (2, 4, 6. 8, 10mmolL")
A KRG SR HEM A TTE A 28 OV BRZL (2C, 4C,
6C. 8C, 10C) , LIFARCa (2, 4, 6, 8,
10 mmol-L") HAEKEEFRFELEE SR ThOBAH hy 5L 5 2
a[2C . 4C . 6C . 8C . 10C ], PUIA
FERUEAZA ( calcium sensitive receptor, CaSR ) #5471
FINPS2143 1y H5 S ARG TR AYhOBLH Ry 250 2Hb2C )
4C , . 6C . . 8C . 10C  ]-
1.3.2 Transwell 4ifiEF2 500 )24 LAR N ITAANF]

ZH AN ) REFEHL600 pL, Corning Transwell/NZE B
Ao hOBFEE AR L2 min, FRERMFT AN
MR, 4 CHT1 000 r-minB5.0>5 min, JEEEYH M )E
RRZETI=10Y, FIHES), H200 nLANMER T I
2N (PTFEMEE, 8um) o F37 °C. 5%CO,HiF#AiN
SrAIREFRS . 16, 24 h, BUB/NE, 10%H 1 H
SE1S5 min, AR E N AT, DAPI
WY A5 min, PBSIRPE, HHE T, 2OLEIE D
Wi (40015 ) WEL, IPP 6.0%Kk 1%k, L1040
B, BN ER, BT AL

133 HEFHRYIIE  HFhOBLAIX 1044 e 421 196
fLk, 24 hIWBEJS SR s aR Ak, B4 AH W 5 5 4
FEl. 4, 7. 10d, FEAHRIEIAE] S, AL A
IMACCK-8% W10 pL, KEEFRIAE3T CHEFRAEN
PEEFE3 hip (o, T450 nmAbI 6% % (optical
density, OD) fH, ®ALEAHELEIK.

1.3.4 EE i B A EEE N (reverse transcription-
polymerase chain reaction, RT-PCR ) il KhOBLA
1} 104> e E R FofLAR, 24 hilREJG 77 R 73

BN SR IER R4 7. 10 d, FEAHRIAS AL, 48
BUERNA, Nano Drop 20008 i3 43 66 BE TG
RNA M BEFNAE i 18 Takara RRO47ANE iR 7
SV THE, EicDNAS 5% . FNano Drop
200056 2 5% 5 DN AR K 4, FHAE PR 2
fig ( diethylpyrocarbonate, DEPC ) /K#ificDNA L
30 ng'mL AT SIWFH S o B T i
i ( glyceraldehyde phosphate dehydrogenase,

GAPDH ) Fi#5I#%%]. 5-GGTTGTCTCCTGCG-
ACTTCA-3*, TiEs|#¥4]: 5-TGGTCCAGGGT-
TTCTTACTCC-3’; BlM:wiELES (alkaline phospha-
tase, ALP) E51¥)741: 5°-AACATCAGGGAC-
ATTGACGTG-3’, NiEs|#F4): 5-GTATCTCG-
GTTTGAAGCTCT 3’; 1 BIIJFEEF (collagen type
I, cOLI ) LiEsI¥¥4: 5°-AGACATCCCAC-
CAATCACCTG-3’, TNiEs|#F4]: 5°-CGTCATC-
GCACAACACCTT-3"; H45% (osteocalcin, OC)

SIS . 5°-CAGGCGCTACCTGTATCAAT-
G-3’, FlsI¥FEs: 5-GATGTGGTCAGCCAA-
CTCGT-3’., M5 |WA i 15, I FHDEPC/KIF
RS . Wik . #$cDNAHIDEPC/K
MiFE 230 ng'mL!, RSO E FEPCRIAG &I
BeE. e BIRAIRIE , 0 AR i i FL ARk e
LightCycler480 Software Setup ( Roche %' [% ) Hilk
AT, FEPCRIGIAAAFIEATY 3, FHailles f ih
o WA -AACT= (XFHEZH HFRFERI CTE -
A NS EEECTE ) - (FRRAE S CTIE-FRF A S
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ZIEFCTIE ) , RQ=2ACHRILPIMX IR, & 1.4 Zit#ofr
K3 K HISPSS 16.0GE AT XTSI K 1 04T

1.3.5 PERZTILEEYA BhOBLLIIX10V ) em? 22550l BN 2 220047, 5 25 A 55 i ik
A T96fLM, 24 hIWBEJS 57 R RE IR 5L, A FIRGIR 4, P<0.05HT A2ZERAGIT#E .
R85 4210 d, 85555, 1 mL PBSIHVE3IR,

95% B [E %E 15 min, PBSIHFYE3WK, A1t iEpH 2 H#R

4.5 RLT YL, Yt 10 minfm 7 B H PE 24T,

LB TAETE, THROEF AR T, oz Tt 2.1 TranswelliffliT 505

IR Gl N Uk =S VL B N 1= b hOBIIE A1 0 L& 1

10C,,

H—. ZAT: 8hy =, WUfF: 16h; HEA. ANT1: 24h,
B 1 hOBRUIERSIEIL PG MEIE BB * 400

Fig 1 The observation on the migration of hOB  fluorescence inverted microscope x 400
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TEREFE8. 16, 24 hitf, 2. 4. 6 mmol-L'f¥jCa?*
HBREA AL HFhOBRYERS ; Mi7E8 hiff, 8 mmol-L!
(1 Ca> XThOBIERS e HEVE T4 F B, 10 mmol-L'!
(I Ca2 B 4 AN ThOBRYITES ;. #16. 24 hitt,
8 mmol-L"510 mmol-L"' A Ca*> ¥thOBHiE % JCH i
S, CaSREZEFEPLAIEPLG, HiFR8. 16, 24 h

i, 2. 4. 6 mmol-L' Ca? /53 hOBIT A% H 1 &k

Wb, MGM () 21 hOBIYIT A K H %A 32 8 W] i

s (L, &) .

2.2 CCK-84H e S5
CCK-8AH I FE LB 45 R L2 .

x 1 AEZWHAPhOBIIER
Tab 1 The migration of hOB in different experimental groups

ZH 5 GM 2C 4C 6C 8C 10C
8h (-) 19+1 30+2% 44+4% 64+3% 39+4% 10+2%
8h (+) 1742 16+1% 2042 4143 35+4 38+2
16h (-) 45+3 157+11% 177+8%* 143+14% 50+5 3343
16h (+) 46+3 48+3* 565 57+7¢ 4782 4442%
24h (-) 116+9 201%17* 200+15% 253+ 1% 122+7 135+13
24h (+) 102+7 137+16" 162+7* 186+15" 197+14* 204+9°
e (-) FoRIMa, (+) FORIEAb. RABHEEI 200, “HXTGMAL, P<0.05; "M T5i84la, P<0.05.
* 2 AEZKAHhOBHIIEE
Tab 2 The proliferation of hOB in different experimental groups
Rl GM 2C 4C 6C 8C 10C
1d(-) 0.146+0.01 0.147+0.013 0.145+0.007 0.156+0.014 0.150+0.017 0.1470.009
1d(+) 0.1440.009 0.128+0.015 0.127+0.022 0.124+0.025 0.133+0.014 0.131+0.016
4d(-) 0.201+0.011 0.2110.035 0.237+0.032 0.245+0.031 0.316+0.049% 0.314+0.022*
4d(+) 0.1910.017 0.209:0.020 0.190+0.015 0.182:0.021* 0.247+0.017 0.253+0.026"
7d(-) 0.422+0.024 0.571£0.053* 0.725+0.085* 0.734+0.041% 0.692:£0.073* 0.636=0.102*
7d(+) 0.4120.021 0.416+0.015" 0.496+0.044* 0.464+0.057* 0.447+0.051% 0.5050.036
10d (-) 0.429+0.022 0.445+0.039 0.450+0.028 0.404+0.014 0.342:£0.049% 0.3080.045*
10d (+) 0.420+0.016 0.428+0.023 0.453+0.042 0.415+0.032 0.452+0.037* 0.432+0.034*
e (-) Fonsiseta,  (+) TRl RARMET 20T, *HXFOMEAL, P<0.05; "Xt F5i54la, P<0.05,

M2 UL, HiFR1 dit, AR SEEEZH HhOBIHY
SO 2255 4 dit, 8C . 10C _ A hOBHHE
S T4 (P<0.05) , 2C . 4C .
6C ., 41MhOBIEHH 5 GME 25 5 B4 T35 X
7dit, 2C . 4C . 6C _ . 8C _ . 10C _ 4l
hOBIFEWI . #5 TGMAL (P<0.05) ; 10 diFf, 8C .
10C | L+ hOBHIEFH ] AKX T GM4L (P<0.05) ,
2C . 4C . 6C _ 4l"hOBHYIFH 5 GMEL T
BESR.

CaSRISHUAINPS2143 540/, 1 dibf, &525
HhOBRYMISH G 2255 7 dif, 2C . 4C .
6C ., . 8C AlhhOBX; s W B FI Ml ( P<
0.05) ; 10 dif, 8C , . 10C 41 hOBFYHEFH I
BHT8C . 10C 4.

2.3 RT-PCRAGIN A /0 EFRAEFENCOL T . ALPAI

OCHy# I

Ca>REHI¥hOB [-HICOL [ . ALP. OCHEHI

Fik, COLT . ALP. OCH:IE A1 A W IR
S R S () A B P . ZE CaSRAZ RIS HL R IR
COL 1 . ALP., OCHEH KL B B 52 230 i

(E2~4) .
3.5¢ L4d)
légg+g
3.0 |
_ =10d(—)
2.5 =10d(+)
s 2.0F
‘2 =
Lsp
1.0
0.5 I
|
0 GM 2C 4C 6C 8C 10C
21 51

K2 AFSEEed] P COL T JE ik

Fig 2 The gene expression of COL | in different experimental groups
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. aa e VR R T RFE R R, ZC('LL 4C -

ol 4t 6C ., 8C . 10C  AHPAY B LN I

- 7d(+) ACaSRHEHTHIF, 4C . 6C . . 8C . . 10C

. S iod) L e 1 A T B>, L — B {4
w6 T (LS o

i 16f

o

0

GM 2C 4C 6C 8C 10C
4151

B3 RIFISY A ALPEIR i 2 5
Fig 3 The gene expression of ALP in different experimental groups
2.4 PERLG L RE
HFR10 A, SRIPERAY A, IR,
7E2C. 4C. 6C. 8C. 10CHEAMAOBHZS 45 Hi2L
e, BRI LR RS T OURG I AhOBRY S
Rosih, GMALLH LWL, 2C | 4C .
6C . 8C . 10C _ Zin] W] LT Gem fh a4 e

b AKIKCHGM L 2C L 4C L 6C L 8C . 10C 4l T KIKAGM . 2C . 4C . 6C

GM 2C 4C 6C 8C 10C
4151

B 4 KRS OCHE N ik

Fig 4 The gene expression of OC in different experimental groups

(s 8C L, 10C | 4l

s w kg TE R G BIERMEE * 100

Fig 5 Alizarin red staining of mineralized nodules inverted microscope x 100

3 g

hOBJETE Wi 412U £ ZThRE AN, 7625
B, hOBRIHZET RS Ea-Hifhn Xk, & i
HRFENH. COLT . OC, BWENAS, itH
fbo BHt, hOBMYIERS . HAFH . 4rfb Xt i Fn 245
HREEREENEM. SRV Z 0B R R
Y N0 ER S i 7 S =<3 3t = L
PR PRI RN S IR 10 5k, sk A A i
FERINRES, B AU R E o R rh 2 5 R R
BT AL, SN SIS, AN A

JECa> XhOBHIFEMT, X BB A B A —
OE RS =

EEBIK Y, MWE R Ca> XThOB TR M
AEAE B S v B 55 B AR . 2. 4. 6 mmol-L!
fICa2 7E3/NIFIA] A (8, 16, 24 h) #AEMSH] B
PEFHhOBRYITHZ, 8 mmol-L-! fCa2*{E8 hif iR BENS
EHEhOBRYERS , o WX 41 M A 2w AN BH 2, 1
10 mmol-L'f#JCa? 7£8 hif B BN HhOBIYERS, i
ARG e B i Ca?t ( <8 mmol-L') GE{EHFhOB/IIT
. 1E24 hivf, AR[FEVEEE A Ca> XThOBRYISH A
WEZm, VLB Ca> ZERT IS R Y 85 R 4 M i 3 fin 5
IETE A R, MRS e . #4 d
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iF, 8. 10 mmol- L' Ca> FF iR #EhOBRYIESE ; 7 d
i, 2~10 mmol- L) Ca> ARHEW] B AL HFhOB YIS FH ;
10 diff, 8. 10 mmol- L2 H*hOBH % I A T
e, HAhCa> 4 hOBRY AR 5 X FE 4] JCHH g 2%
o OB, PERLLGESLE IR, ELARhOBRY
ZEAXBAF, B HMCa IR, oL gen b4
T, VAEHTE MR BEVEEIN, Ca> AN kAl A R PEDT
L, T Ca 2 U [ I 2L e 4 iy . (A
i, BCEMERRERNCOL T . ALP, OCHIFEILTE
WLEEHA A A R FE B ) 2Rk, Ui Ca? e Wi RE 1
ShOB AL 581k, HBEE VB RYIE I Ca> 75
hOBHYW FLAFE A &

Lim 5558 1o 42 % 20OF AN [ i 9 a2 fin 87
FERME- —AEALBRAUKE S |, WELOBRYAE )
178, RIME T Ca> BgKAE L4 pe ] B A2 OB
HIZEERE . EHl 504k, SunFEHB AT ARET Y] F15]
AL AOBIEFH ML 5 Ca AN N IR A O, S5
Ca> M IR A HFOBRYIGE , FFELM) Ca 4H i PN i
{E#EOBRY 31k . Yasukawa 5 FEMFY = S04
HERIK ('mineral trioxide aggregate, MTA ) X/
MC3T3-E1 4l S0t A B, MTAREE SMC3T3-
El &£ ARunthd 654 K72 ( Runt-related trans-
cription factor 2, Runx2) . COL I , iX#£OB/fbin
TN B = B 5 MTAR 5| L ) Ca2 e FEXE N,
Ca*-CaSR{i ‘T FHUIMHL .

CaSRJEHI1 0782 FEMR4H LAY L K A HEE 51 7
RSB, WEN-Im{E S, WSS, &
TRt AR . TIRES L. NS, B TGE
PRI R Z R P G R R AR 2 AR s, S5 H
MG BAT s B R R, A T B R 24
W, BRI AR RRIRE . Ca? R
RIPRWRIE . RIS, SEAAHEAE,
PRI AR AR R RE 14 pFSROSIRAT, O [R A
[B]CaSRIIN 45 G I AFEE R AR, 51 AW E
S5 F . CaSRIIAMNX bR BEAFTEZIR51-Ca? 45
i, BRIEGEEREE Hh Ca AN ARt , /M X FE
TRZEG AL 5 Ca> G545 o 5 | B 15 RS DX ) AR 0722 T
BOE, RS NS SR 00, BRI ERE, TR
fLJOBA CaSRIW m ik, H.CaSRF 5l f% 13
XTOBHIEAL . B IE B S0 s T2 .

Tharmalingam 25UV & B4 i1 7 Ca? ¥k 5 19 T 51 g
G CaSR, 1Y 40 ML AME 58 5 8 g2 5 8
PABEB I BERR AL, ET AL R AR I E RS R BII
Fik, A RBIAIHY INBERSE A1 M5 240 i AP I i &
FERGRE, - PAMnTF%, X S50 I e 45
R—3, TEARMIRH, CaSREYFEHTIH B HEM T Ca®t

7P IThOBILAZ . % 5 ME o, (HERESE FH
RIS

LR EPRIR, AOTEASRERN], Ca¥ B FhOBIY
. WS Rk, HCa*-CaSR5 | FIfF il
FZ 5 T Ca i #HYhOBILH . 145 5 iE 1k, H
X R AN SR ME— IR R AR T 5 5% =l
o ARHRPE Ca> A T AR AIIERS , Wk Ca®
AT NBCE AN, 4. 6 mmol- L Ca> BEAL
W) S i AR AT A2 5 i 04k, Ca?™-CaSR
T B S S NG 1L T o

(25 3T #k)
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