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ABSTRACT

Effect of 1,25-dihydroxyvitamin D3 on the differentiation of
MC3T3-E1 osteoblast-like cells

Kim Hyun-Soo

Advisor: Prof. Kim Byung—-Ock, D.D.S., Ph.D.
Department of Dentistry

Grauate School of Chosun University

Increasing in average life expectancy, implant surgery is regarded as a way to
restore masticatory function of edentulous patients. After loss of teeth, bone
resorption and atrophy is commonly occurred over time and therefore alveolar bone
regenerative procedure is necessary for successful implant installation. There are
various bone generative procedures, especially guided bone regeneration(GBR) is the
most commonly used technique. Space maintenance for bone formation, rich cell
sources and growth factors are important things for successful guided bone
regeneration. Growth factors particularly activate cell signaling pathways, so that
bone formation and bone regeneration process are activated. Among various factors,
1,25-dihydroxyvitamin D3 is the one of the factors for calcium and phosphorus
homeostasis in bone metabolism. Especially, 1,25-dihydroxyvitamin D3 could play an
important role in osteoblast cell proliferation and differenciation. Thus we studied
the effects of 1,25-dihydroxyvitamin Ds on proliferation, differentiation and matrix
mineralization of MC3T3-E1 osteoblast-like cells via in vitro sutdy.

MTT assay showed that there was no inhibitory effect of 1,25-dihydroxyvitamin
D3 on cell growth and rate of cell proliferation was higher than positive control gro
up in all concentrations. ALP activity was also measured higher than positive contr
ol group in low concentration(10™?, 10, 10™M of 1,25-dihydroxyvitamin Ds). Resu
lts of RT-PCR with low concentration of 1,25-dihydroxyvitamin Ds(10 M) showed

that gene expression levels of ALP, collagen-I, Osteocalcin, Vitamin D receptor(VD
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R) were increased. Alizarin red S assay on effects of 1,25-dihydroxyvitamin Ds
(10™M) on calcification showed that there were no significant differences in overall
degree of calcification. Comparing with positive control group, formation of bone no
dule was induced in early stage of cell differentiation.

These study suggest that 1,25-dihydroxyvitamin Ds; have positive effects on cell
differentiation and matrix mineralization. Therefore it may function as a stimulating
factor in osteoblastic bone fomation and could be used as a additive in bone

regeneration treatment.
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droxycholecalciferole] MA@ % @482 125-dihydroxycholecalciferol &
H 22 R AAMNEUI A A 2, Q) tiake] @ 2d ol Hod e
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m osteocalcin, osteopontin, collagen type 13 & Eo] gzl AJAe = s>
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1. 23 A=

2 AF AR AFH TS 2E:A¥YF MC3T3-El(mouse calvariaol Al 2] st
ostoblast-like cell line) American Type Culture Collection(ATCC, USA)A T
o] Aged. Aggaz Ae" 125-dihydroxyvitamin Dy(Bonky®)E 457 oF
(Korea)oll Al +-mjale] AF&-aFA T

A Ee e sia Bkl a-Minimum Essential Medium (a-MEM)S- Gibco(BRL,
USA)ZHH U489, Mxre 54 2is 93] dimethylsulfoxide(DMSO)9F Al 3
A ¥l FE 1% trypsin-EDTA, &84 %X Gibco(BRL, USA)ZFH sttt
agal AlE FA A AFEE 3-(4,5-dimethylthiazol-2-y1) 2,5-diphenyltetrazolium
bromide(MTT) A1¢F, 72la1 H4 HE& 9§ PFA(paraformaldehyde), alizarin red
S A%k EF Sigma(Sigma Co, USA)9 A#FE AF&ststt. 18]a ALP 232
ALP kit(Wako, Japan)E& T¢ 3l 2355t

Polymerase chain reaction(PCR)ol A}4% primer Bioneer(Bioneer, Korea)A}= 5-
H, RNA F&2 #3839 Trizol solution(Molecular Research Center, USA), chlorofor
m(JUNSEI, Japan), 2-propanol(Sigma, USA)E A}-43}% 2% Rnasin®plus RNAse in
hibitor ¥ dNTP+ Promega(Madison, USA)ol| A 438 th. ¢cDNA 42 M-MLV
cDNA synsthesis kit(Enzynomics, Korea), DNA laddert Nanohelix(Nanohelix, Kore

Ak AFEE ALES

2. Axa) gat &5t

MC3T3-El1 Al¥+ 10% heat-inactivated fetal bovine serum(FBS), 1% 343 4](100
u/mL penicillin, 100ug/mL streptomycin)& &3k a-minimum essential medium(BR

L, USA) wj#|& 37T, 5% CO: olstolA wjekeln] M W7t 70%A = 235 0.

i
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02% EDTA-0.05% trypsin &2 Ab-&5ke] A v FsliA

A xR Tole 10% FBSS a-MEM A Bl AE, 44 dizTds AduAel 10mM
B-glycerophosphate®} 50ug/mL ascorbic acidE 7} B35 AE 2231 A
TolE EabuA et g7 1,25-dihydroxyvitamin Ds& =¥ 2 8 4ste] AM&519 5L

RE AEE 5% COp 95% F57F A e 32 &3]0l wj st Ao

3. MTT assays &% Ax A" 2 JF4EF B4

b

107 10°% 10° 107, 107 10"M ¥ =9 1,25-dihydroxyvitamin Dy 2ol w2
ZZA XS] =24 AL+ 3-(34-dimethylthiazolyl-2)-2, 5-disphenyl tetrazolium bromi
de(MTT) assay® Z4atGcHY. AE oA 44€ formazand DMSOo @& A
Z1 & oo gt Al FREE AESTHES Bttt WA 96well plate] 1x
10" cells/well®] MC3T3& EF3te] 397 vl 5 70% confluencyd ¥3%E 1
A u AFTos 4 FEEE £H|8k 125-dihydroxyvitamin DsE 3 7}she] H 43S
I gEzTdE AT Ya g 272 Ukl algEdeh Mk 1Y, 39 &
MTT Al¢ke 5 mg/ml %2 20 uLE 7 welld]l H7Fsbslar, 4412 o w) kst
WA E AASIA T 18] DMSO(dimethyl sulfoxide)E 200 ulL® FH7hsled A4
2849 formazan 2742 &dA71 F 15 min A2 & S microplate reader(Bio
tek Instruments, Korea)® 540 nmol 4l &% % (optical density)E ZAsIATE o] 5
Frhe MTT7F Al o) e e veuy 24 welldl SAste AE AEF2
Hlgstel Alxe] SA4EL2 A5 352 Uxde S3=d U3t MESEE e

ATt

i, o

T
il

4. Alkaline phosphatase &4 =3

MC3T3-El AXZE 2 x 10%ells/well 552 12well plated] 253 & AFE7}F 70%
¥3EA 71 FH 24 dExTolE 10% FBS2 a-MEM A3 viR &, $A iz
+ 10mM B-glycerophosphate®} 50ug/mlL ascorbic acidE &3+ 3l E& 28]
AgollE Babul A9k $4 1,25-dihydroxyvitamin Ds& 107 10° 10°% 107, 107

10"Me] v== 84ate] FAagni?. 2 79, 149 F WAL FEae] A

_iV_
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LP kit(Wako, Japan)& ©|&3] ALP &4 AL& A5G 549 43+ blank #
S AL H FddxTe Ao dist WEEE Ve AT

5. Total RNA &3 2 A%

MC3T3-E1M 2 E ¢ dixa Ao s Vrglal o Adea ALP 4%
7} b =g 10BM %9 125-dihydroxyvitamin DsE wjkole] Hgle ¥ 7Y,
149 &t wj%kslar RNAE FE3+9, RT-PCR w48 &3t =RA¥7 23334
o A &%= collagen-type I(Col D3} osteocalcin(OCN), alkaline phosphatase(ALP)
1¥] 31 1,25-dihydroxyvitamin D39 #2+% 7] %-2- elstr] 913k vitamin D receptor
(VDR)&] 32 dg #EA4sdrh 94 wldE Al3ZE DEPC(diethyl pyrocarbonat
e) water® A% 3% ¥ TRIzol reagent (Invitrogen, USA) 1 mLo] Yo} RNAES F3&
gl w23k RNA 9o 200uL2] chloroforme Y3l iceol ] ¥ES-A|Zth7} 12,000
mpmlE YA EEste] S 500uLE 39tk 0.5mL isopropyl alcoholg: 7}8}o]
-20CAA 12A1 72 FAA 7D 2 12,000rpm & 108-7F L4 F2sFAth A5 de o
U 5T 80% o2z AlFetar A AFXAFH Y 18]3 RNase free water 30uLel R

j’i

260mmel Al SHEE F4, 2% RNAES A#Hs H),

>1E

Al Rg] slgtAZ RS Weal 75% ethanol® A= )il pelletp— gl = A HAFA
Z1t}. RNase free water 30uL9] RNAE o]l 60C= 7k = A#stal, -80T

6. A THELAA NS EA(RT-PCR)

RT-PCRS & RT-PCR kit(Invitrogen, USA)E F-mjste] AF&3tl. 9 RNA
T A48E S dxw R AdA 44 #23 total RNA 1uL(1pg RNA)C]
dNTPs(deoxyribonucleoside triposphates) 2uL, DTT(dithiothreitol) 2uL, reaction buff
er 4ul, reverse transcriptase enzyme 1 unit/uL, Rnase inhibitor 0.5uL diethyl pyroca
rbonate(DEPC) 85uL2 ¥ § @37 tha 37T 183F A8tk & RNAS
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AR 8H7] #1852 primer’} annealing SF=% 4Tl A oF 5&E3F WAFE v,
RT buffer, dNTP, RNase inhibitor, DTT(100nM), reverse transcriptase(M-MLV 200
unit/pg)E FH7lste] &3t ? 2T 907 JHAA H-&E AlgstArt. g ES
9BTolA 582 Helst & d4E cDNAE AH PCRS g +3 o3 ARSI
PCR2 total volume 200 10X PCR buffer, 10 mM dNTPs, 10 pmole®] GAPDH,
ALP, Osteocalcin, Collagen I, VDR primers 27 ¥ &30 ¢cDNAS 1 unite]
Taq polymerase(Promega, USA)2 ¥o] PCRS A5t e Z4zte] #-dxto] gt
primer 71449 B wE £HE Fol AYPE JFsglvh. PCR O HFE U
pre-denaturation& 94°Cel A 3min &gt H, WS 94°Coll 4] 30sec, 23-e 53°CY
Al A2sec, T2 72°Col A 30sec dFH AL o] IAHE 35 cycle A HEAH O Z whH

o =ghake-8 72°Col A 1027 skl 2 primerd] Tm ##e 2¥3dle EE primer
o) AW eEE 55T GAdd AnE wgrh 1¥m $%9 PCR AHELS 6x

DNA loading dye®t &3%35}e] 1.2% agarose gel o4 A7]9% dt5 o EtBr= 4944
L UV &9stgct. #4993 bands Image ] program(NIH, USA)E Alg3dle] 73719
band densityE 43 & GAPDH %& 7|To=z wgEdlsto] 282z wAlstATh

Table 1. Primer sequences for RT-PCR.

Primer sequence

Target NCBI gene
Genes Forward Reverse Number
Alkaline , . , ,
5 -AACCCAGACACAAGCATTCC-3 5 -GCCTTTGAGGTTTTTGGTCA-3 NM_007541
phosphatase
Collagen 1 5'-CCTAATGCTGCCTTTTCTGC-3’ 5'-ATGTCCCAGCAGGATTTGAG-3" | NT_007743.2
. . , , , | NM_007541.
Osteocalcin 5 -AAGCAGGAGGGCAATAAGGT-3 5 -TTAGGGCAGCACAGGTCCTA-3 5
Vitamin D , , , , | NM_009504.
5 -GCAGGACAACAAATGGAGGT-3 5 -ACCTGCTTTCCTGGGTAGGT-3
receptor 4
GAPDH 5'-AACTTTGGCATTGTGGAAGGGC | 5-TGGAAGAGTGGGAGTTGCTGTT | NM_039595.
TC-3 GA-3’ 8
- vi -
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7. Alizarin red S 94

i

B3 AEE gols] B 4§ dE alizarin red 94 232 MC3T3-E1 Al¥E 2 x
10"cells/well ¥ %= 12 well platecl] 5% F AE7F 70% 23 A 718 5 24 4
Zaol e 10% FBSe a-MEM A vjA| &, &4tz o+ 10mM B-glycerophosph
ate?} 50ug/mlL ascorbic acidE& $3F ESHIAE A 2lsAvh a8l Ay Tl
ALP B4 %7 713 =99 10*M 559 125-dihydroxyvitamin D3 #] =0l & 43}
of Attt o] =1L 39 witd Hjkel S wirel & § el 3F7F A FH ¢
AL stHTh wlgE AlxE mgde AAT F DPBS Imle 2 534 33 wHk&s)

of W& F 4% paraformaldehyde® Lo Al 2057F A4 Frh. 14 & 1084 23
ol AX FTHTE AL &10% F 5 e We Zdst AeEjol A 2% alizarin

red S(OH 42) 942 108 B GANAY 948 A= oA DPBSE 4ol #
A gaviZe e washd

S

o

8. A A ¢

B AYATNE A4 53 W AES 2A HurREHAR EAEH AR

- vil -
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1. 9+ 23

1. Ax A

"

[o TN = |

1,25-dihydydroxyvitamin D37} MC3T3-E1 Al 3¢ 2o v A= 32 dolr 7]
st MTT assay 2 Algst 27, 1478 = g dixzae AEE 100.00+40.259F H]
wste] AdTolA 10 10° 10" M A8k g2
kot EAGA o7 foAQl zto]lE HolA| gttt 3UA AT AT FF o
279 100£0.031¢] w8 APl A 9~12% Hwel AEE Z7h} vetoen 107
10 10"Me] BmollA] BAH0z §o8tA & 22 Byt (p<0.05)(Fig. 1).
g, AT AT FEAA 125-dihydydroxyvitamin  Dix=  MC3T3-El
osteoblast-like cello] AEZ=Ao] &2 g £ AU, 394 4712 npgo =

AZE S0 sAHA A3 s A UATR

(¢]

oA AEE] ofF v

’

- viil -

Collection @ chosun



Cell viability (%)
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120 | % k3
- | : I I [ ] I ]
80
60
40
20
0

control 10*M 10°M 10°M 1071%M 107"2M 107M.
B 1 days B3 days

Fig. 1. Effect of 1,25-dihydydroxyvitamin Ds; on the proliferation of MC3T3-E1 cel
Is. The cells were cultured in the presence of various concentration of 1,25-dihydyd
roxyvitamin Dz for 1lday and 3days. The cell viability was measured by MTT assa
y. Cells cultured in growth medium alone served as a control. Results were expres
sed as % of control and data were mean = S.D of three independent experiments.

("p<0.05 as compared with control)

_iX_
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2. Alkaline phosphatase &A% 4] A ¥}

TRAFARAES] #3l g dolry] 98 #3} A xS ALP 24 =S #4513
t}. MC3T3-E1 A& 1,25-dihydydroxyvitamin D:2 10 10° 10% 107, 1077
107" M ¥55 242 Hrbste] 79, 149 wgs & ALP 8458 2489t 23 7
2 @ﬂoﬂﬁ Age 107 107 1077 107'M itoﬂ*ﬂ %A txael HlE ALP
B4 % Z7bF vEbgTh 35 2o Fwe 1070 1077 10MM BRelA ALP B4 %
o S7M7F A VAL, olE A dixate] Hlshe Eﬁl]zq 2 fostA Frrek F
A AHP<0.05). B3 1497 Axpel A AEF 107 107 10'M Fx=ol A ¥4 o)
Zare] B3 ALP &4 =7 A 2 oot FrhEe] #REAL(DP<O.05), 53]
10 °M F=o4 ALP @457} 718 A JebdS ald 5= 913l th(Fig. 2).

Collection @ chosun



ALP activity (%)

140

120

100
80
60
4
2

0

104M 10°M 10°M 107°M 102M 10“M.
W7 days W14 days

o

=]

Fig. 2. Effect of 1,25-dihydydroxyvitamin Dz on ALP activity in MC3T3-E1 cells.
Cells were cultured in differentiation media(PC) or in 1071010101010 ™M
of 1,25-dihydydroxyvitamin Ds respectively. The Cell viability was measured by
MTT assay. Cells cultured in growth medium alone served as a negative
control(NC). Results were expressed as % of control and data were mean +S.D of

three independent experiments. (‘p<0.05 as compared with positive control)
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3. 94 A4 fAA 2d FA(RT-PCR)
3-1. Collagen type I mRNA %3

1,25-dihydydroxyvitamin Dsol 2%t Collagen type I mRNA #&d HE=E RT-PCR
S Eslo] SAH5H T 1,25-dihydydroxyvitamin D32] 555 MTT assay ¢ ALP te
st 275 At ow Axe S B 3 At P =4 vebd A3 (1,25-dihyd
ydroxyvitamin DsZ 10 "M Fe)& goz Ra 79 14dn o] B4t 38
TA R ] AU Z(100%) 9] B8] 1,25-dihydydroxyvitamin Ds ] 2]ito| A 1429% 2
o] FIHEAT 3 4L A o= Aol 83%E THA KRG FHAaskath whebA
1,25-dihydydroxyvitamin D3 #1#] 4] Collagen type I mRNA &2 3} Z7|o+
S/ Holtprl AF Al wet o] Folms S AR E 5 A (Fig.
3).

- xXii -
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PC VvitD VitD
7 days 14 days

Col I/GAPDH

180%
160%
140%
1200
100%

80%
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20%

0%
FC 7 days 14 days

Fig. 3. Semi—quantitative RT-PCR analysis of collagen type I (Col-I) mRNA
expression in MC3T3-E1 cells treat with 1,25-dihydydroxyvitamin Ds(10™*M). Cells
were cultured in differentiation media as a positive control. GAPDH was used as
the internal control. The quantification of mRNA expression was measured by
densitometric analysis using Image ] software. The percentage of Col-I mRNA

expression was calculated as a ratio of GAPDH band.

- Xiil -
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3-2. Alkaline phosphatase mRNA %3

Alkaline phosphatase(ALP) mRNA<S Wd AT = #3 7dA ] A 27 (100%)
of Hl3] 1,25-dihydydroxyvitamin D3 A& ol A 124% =2 S718tRa 3} 14 A o

Aol A 148% =% ol ¥ S7bstth wekA ALP mRNAS &L A|lZEs
of 14d7HA] A|&HA o2 Frleke FdE U F A Fig. 4.

= 1

rir

o

- Xiv -

Collection @ chosun



ALP

GADPH

PC VvitD VitD
7 days 14 days

ALP/GAPDH

180%
160%
140%
1200
100%

80%

4%
20%
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FC 7 days 14 days

Fig. 4. Semi—quantitative RT-PCR analysis of alkaline phosphatase(ALP) mRNA
expression in MC3T3-E1 cells treat with 1,25-dihydydroxyvitamin Ds(10™*M). Cells
were cultured in differentiation media as a positive control. GAPDH was used as
the internal control. The quantification of mRNA expression was measured by
densitometric analysis using Image ] software. The percentage of ALP mRNA

expression was calculated as a ratio of GAPDH band.
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3-3. Osteocalcin mRNA 23d

Osteocalcin mRNA®] 2d A= 3} 7440 1,25-dihydydroxyvitamin Ds 2 ¥
oA 1229% % °FgF S WEEth 1 ]
7} 118%= 74 A Aztel u|a] okt 7HaH o]
u}2lA] osteocalcin mRNAE A iz %
T ULATIA] AT mE EE AR W) A gl g9
(Fig. 5).
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140%
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80%
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20%
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Fig. 5. Semi—quantitative RT-PCR analysis of osteocalcin(OCN) mRNA expression
in MC3T3-E1 cells treat with 1,25-dihydydroxyvitamin Ds(10 M) Cells were
cultured in differentiation media as a positive control. GAPDH was used as the
internal control. The quantification of mRNA expression was measured by
densitometric analysis using Image ] software. The percentage of OCN mRNA

expression was calculated as a ratio of GAPDH band.
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3-4. Vitamin D & A (VDR) mRNA¢] 24

Vitamin D &3 mRNAS a2 13} 7dAo A HERT(100%)9 Hs|A
1,25-dihydydroxyvitamin D3 A &ell A 199% = 28] 7}7te] Er)slsd . £3F 1494

o = 1,25-dihydydroxyvitamin D3 2@l 4 VDR mRNA & gko] 127% = Al #F
5 VDR o] F7gtirh &

&ohe e Bt wEbA 23 27190 7d Aol =
7] o] %ol VDRE] @& o] #Aaghe &9ed o SUArHFig. 6).

L

- Xvill -

Collection @ chosun



VDR

GADPH

PC VitDh VitD
7 days 14 days

VDR/GAPDH

250%
200%
150%
100%

0%

0%
FC 7 days 14 days

Fig. 6. Semi—quantitative RT-PCR analysis of 1,25-dihydydroxyvitamin D3 recepto
r(VDR) mRNA expression in MC3T3-E1 cells treat with 1,25-dihydydroxyvitamin

Ds(10"*M). Cells were cultured in differentiation media as a positive control. GAPD
H was used as the internal control. The quantification of mRNA eXpression was m
easured by densitometric analysis using Image ] software. The percentage of ALP

mRNA expression was calculated as a ratio of GAPDH band.
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4. X33t 44 A4 ¥4

1,25-dihydydroxyvitamin Dzl 2]3%+ MC3T3-E1 A¥¢ A3ls 44 dHd HAEE
EAst7] 9lske] alizarin red S @2 Al FAE AHE AAF] B 9
sted Fsk v AL ol &eldrt. Heto® FE AldE 7Y, 144, 21€ Ao &4 dlx
T A= GAol AL wA GFAWE A thET 2 1,25-dihydydroxyvitamin D3 S
10°M F2z A Addas g4 Awr S50l vyt fetgos o
A Uz a Agagte] Aol: AR dkew T o BE AIZFA I wel gl A
=7 SV vh(Fig. 7).

A0v) &9 FE dngdem A BEARE Aeg g diEzaed HlE
1,25-dihydydroxyvitamin DsZ 10 "M Fx= A2ld 23 A
A4de Aol £ o AMSHA vERsTh 74, 149, 21¥ & A 3AE B ot o)

I AL BFolA A3zt Ade ket AVVF Frkekd e, &
Al g okrh kAR ol e Aol F O o] & A7l A

33t d4dol vehte Aol #EHATHTig. 8).

o=

L
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)
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)
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Control (GM) | | w ) L\
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Control (DM)
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Fig. 7. Effect of 1,25-dihydydroxyvitamin Ds on the formation of mineralized nodule
in MC3T3-E1 cells. Cells were observed under macroscopic image. Cell were

cultured for 7,1421 days in the differentiation media (DM) or in 10°M of
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1,25-dihydydroxyvitamin D3(DM & 1,25-Vit Ds). Negative control cells were

cultured in growth media(GM) alone.

7 days 14 days 21 days

»
40X

Fig. 8. Effect of 1,25-dihydydroxyvitamin Ds on the formation of mineralized
nodule in MC3T3-E1 cells. Cells were observed under microscopic image with 40X
magnification. Cell were cultured for 7, 14, 21 days in the differentiation media(DM)
or in 1pM of 1,25-dihydydroxyvitamin D3 (DM & 1,25-Vit Ds)
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1zke] o] AdEd wel AdE AolsE Fholy] fF YEVE Ao I #
Aol Eolxa Qrk opAgk WA AFHEom Qs Axzo] FFEHAY oW
7] =2 o] ole YA A "t
o3 A AAHE Axz& IEsH] AT w450 Hagd 1 5 24 Ads
(guided bone regeneration)& EH A X ZA| 2 WyozA] o] 4x 1 rH?
AzZ9 AL A= =HAH LS 213 Al XE(osteogenic cel)9t FAE oS )

T Alxe] 7™ (scaffold), 18]35 ZAAE A5t AU A (growth factor) &
eat? FrAFY] A% 9 Eingde Ayt YEAE A@e Ax AF md
o] o3ty ¥ Ao ARSI MC3T3-El ZEFAMAEE AF FAZAA Fd0%8
TRATFAEFEA ZEAHTE AL oM =ABES ATl del AREHA dTh

e 2@ #F Foll vehueE AR S, 13, 433t 5 2 EAES
AgE tARA 54 S UEtER A4 S RAEY &3lel AHd AgelA] f&shA A

=9 AAHAF L AA =EANEY T2 23}, AlE 9 7[HY A, F1EskY Al
A dAR FRAGED 9 gxel Z2m 23 Ao AE histone, ribosomal
protein® &2 A|EF7]9 #EE AP & EE WEdET 2la Al ¢ 7 E
of AT A V= F 7R e Alx ¢ A gl vehdrh WA g
717¢e) &= collagen type I ¥} alkaline phosphatase, TGF-B1 %°] =7 e F7)
A3} 7]17+9)+= fibronectin® osteonectin, osteocalcin 5°] KU} %A LA, 1 F

Zo] B3 A biomarker® AFF A2 %= alkaline phosphatase®] &L A X

o] 71 gAGAY x7]o =A Wb 1 o]l HA fHAashA "ok =729
-3} (mineralization) 7]ZFell= bone nodule®] A ¥ 3l osteoclacin®] A WL}

24,25)

e

o] e delo ZRAXE A DA T A FAYL A3 FHE =
deta NXE FEe g AAE Fsld FRAXY A=5E Adsnh Xa7A
BMP-2, PDGF, TGF-8, IGF, glucocorticoids &2 H|

A77 AW gom FFAAs 2Py e FHAQ T} AL A

i
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QP H A= A Foar HE F A <
1,25-dihydydroxyvitamin D37} ZFEA|Eo] oWt J3ks F=x dolH iz T}
1,25-dihydydroxyvitamin Dst HIEFY A, E, Ko 4 =84 wjelle] &35p, Ak
of It AFE Fa FAHE AEEQ 1,25-dihydydroxyvitamin Ds®] &% = A}
1,25—dihydydroxyvitamin Die ZH2HS25H AFEHL Ao]EAE PA0E L7}
At e 2738 8 o webdD & A (vitamin D receptor, VDR)o| ZAgtsle] &
el AAtaAg g dsvE oA 2EEo|=9 FAReH] jdol] 4FY sEREoE
REQ o™ vetuD $&A(VDR)E Zegaper B3, A3 Axad A¥, ¥

R GEAE 5 ol BAAZAA WAHEE FRANNE 58 2RAZANA
wEE MeuD 8A% b0 s ERAEY ERFAIEIA 125-dihbydydr

oxyvitamin D3t collagen, osteocalcin, osteopontin, matrix Gla @ &3} & Eo]
gwdoe] My et Aor By HYDH ™ 1,25-dihydydroxyvitamin D39
L7)4e as] AErd 1,25-dihydydroxyvitamin Di7F ¥ EFRID =84 (Vitamin D
receptor, VDR)o| A@3ste] H3AE FAdsta, 7 5FA7E &l U] DNA%S] B ERID
HE-S- Q@ A (vitamin D responsive elements)E <124 she] ZFF F2AxLe] Ao H-2
FouM e s Fop

HIER] D7} oAl Aol A ZRAXe A3 #&ote 3 % FstE 35
Ao WaAe Haesl welxl vl gk gela B APelAE in vito AHL
gho] FEAM XY ol A% 1,25-dihydydroxyvitamin Ds7} &3t =x2e] &3 I3}
of A7t A=A dolr Al ekt

o] Aoz WA Vit D7F =R AEY S oJud FiFE FEA dolry] 9]

OHN rie

d

w©

3 MTT testE Alddslar, A9 14929t 3Uxbo] S oz vl Al 1,25-dihyd
ydroxyvitamin D3& T3 A 7 AXE S22 Asass e &skoh
3date] Aoz FAdwel HE AP dFolA ofte] AxE S ZIUt
ZEAT g dixae F4A 100+0.031(%) Hl&] EE AdTlA AEE S
vdebten 53 107 107, 10°M9 2ol SAReR fodtA x& FAE B

2

A Hp<0.05). wW#A 1,25-dihydydroxyvitamin D= MC3T3-El ?Z:E'_%/\}
of fJsigt EHE VehliA gen 3Ux ARE At o R AEF
=3 q_b /\]_/\1 S, @.o aL _/,: o]oiq_

OS50z ZEFAAYSY] E3HEE glsty] fste] ALP @4 EE SA4sH &,

1,25-dihydroxyvitamin DsE A 2ste] 79, 144A A3 @2 Ay e FEdl

X
5=t
o
of¥
17

_1>~
2
ol
ol
)
ro
ot
i)
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107 107 10"M F&olA ALP 4= F77F vegen, ol ¥4 o
Hisle] SAlHez folstA S7hd FAHHp<0.05). MC3T3-E1 Al¥7F +
#AZL AA F AR Y= g Utk A A= AlE 23 & 10~16Y Fetel Yo
L=t o] W ALPSF 22 So] wildoe] M AlE 9 7]E ] A< (matrix matu
ration)e] P, F WA dANAME= ¥ F 25~30%9 Fotol osteocalcin 72
gadel Hda sS4 AE 2 7]de F3Hmatrix mineralization)7} ol B
ATl M= 793 149 F Axn BF AHHoE ALP WAL S48 e B
of TEFAMEZ AAA E33EE vHedal d5S #9F F ddv 1w kT
A= ALP A7} @A vebs =4, 200813 Jones 52 15 E9 1,25-dihydydroxy
vitamin Dzl &3l 24,25(0H):Ds, 25,26(0H)2Ds, 25(0OH)Ds-26,23-1actone 2] A
7F g3 AAdEe] 125-dihydydroxyvitamin D39t F Ao 24 HlElTl D7} =&)<

I
Agst= AL Wag 5 vt Bastgda®. g FrAEe RIg s 2714

—

i

7171 Y e AAHTEY 1,25-dihydroxyvitamin DsE Z Q3% $Jx ¢ 717F FoF d4A
SHAl FA1E 4= dojok sl old Ve & ¢ UE T84 QA WA (carrier)ol] o gk

d7E Hrbdow Best Aoz 44dn®

Lt 1,25-dihydroxyvitamin D3E A2 S wfe Fdx &d AolE Lolr iz}
RT-PCR 23S ddAstet. 3 7] sdsts 7€ 43 & 434& dynd, &
A dlzael HlE] 1,25-dihydroxyvitamin DsE& A28t A4 ALP, collagen-I,
VDR, osteocalcin®] mRNA #r&=ko] F71E o] yelytar B3l 37 sds+ 149
Fo= ALP @S F v S7HE s e BAAT collagen-I, VDRS #Ha¥ =
ke Bt 1984W Noryoshi 52 1,25-dihydroxyvitamin Ds7} #3} Z%7] whA <
A MC3T3-Elel Al=a35 F+=d 53] type I collagen®} ALP 35 S7HA17]1H
olwl VDRe] #8381t Aow AztdAvia AFeHet?. F5awe 1L 1,25-dihydr
oxyvitamin D3E A& & 7dAo] VDR FdAFe] wrdoe] & 2oz ZFr)stvls Hol
4], 1,25-dihydydroxyvitamin D37} #-&3to] FRA|¥ oA VDRel wdo] F7)xal
1,25-dihydydroxyvitamin D32} VDRo] = 2 FAsle] & o oy GAAe] A
At S BT e oS F Stk Kurthara 59 Hoare] &fsbwd, &3}
719 collagen-19] Aol &tetA dojuvt AE ¢ 7[HE st 1 o] 5o
ALP7} A2 ] FFEo] 7o) A&E F& Aoz 48A Jded, & A3 A3
A& AETdA 74 ?"L Z719 collagen-1¢] FdA o] F7tettirt 4L Aol #

o)

AE a1, ALP %3 UL AAA A Z7bEa 9 e el 5 g,

et
—_>&4
1

rBL
rlo
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Osteoclacin®] #& #2 125-dihydroxyvitamin Ds& A 23 Aol 7Y, 14Y
T 25 FIkE o] vEy X]UJ FA T 2 Aol U MC3T3-E1 Al¥e] #
F94L uy, £3} F 25~309 717k §elol osteocalcin® 2 @ulAe] WA
| 2ZA 753 7149 #3F(matrix mineralization)7} doldg <& = vl wpepA
A, 14 AIHAHL ofA 2 Alxe] £3} 8 A @Al(matrix maturation) kAl B3k
2 ) osteocalcin®] & EFo] =LA Z=rbE AlAL ol Qly] wji-olElar AzbE oY,

Z8A Ao wAE @Al F7]de] #3}(mineralization)d] ™I TS

o] alizarin red S G4 A2 AP ). AE 9 7o EAs =

A9 g4 9 Fslol| T35 alizarin red Soll 2ld] A=} He
vepbdich Hzd ZEd Q19 2 AZAE e vldEste Frehe A
F3 149 FRE #2367 AZE0. B AgdHE g9 2dde

o3t Y AFFE #REY] A Eow 2197H4] F7)et

= >
Bk 2aHos AAH] Fr143 e ATy Fd dxdol 2
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A5 B2 Wang 59 AT7ZA7e fAeY. webr] F429 SHE AWEA] Z
o] A A et s+ 1,25-dihydydroxyvitamin D3E €7 Folsle] Huf mE A Z4ddoe] &
AEEE vy, B AHdd v 271e =34 AAHE FAAZH F da Hbk
A =HAY T8E Y 7 UE soew ygHA.
B AFE EA AEFFAA 1,25-dihydydroxyvitamin Ds7} EFEA¥ES] S24] 2
3}

g F3b A E g3E Yelfex Lolr gk} 1.25-dihydroxyvitamin Ds
2ol Al ZHE UEtl A &Foen AAF A= S
AR JEFS F= Ao FAHdY gzl AA wx9 1,25-dihydydroxyvitam
in D3& A8+ 44 dxatol vla) ALPS w34l =4 S =A™, mRNA &g
o ZALA I GA] AU ZTo] ¥E)| A collagen type-1, ALP, VDR, osteocalcin &
go] Autx o2 FrlE o] YERY T alizarin red S assayE 384 1,25-dihydydroxy
vitamin Ds# & Al AREAQl =33 Akels 2 Aol7F flNoH B o] A7
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