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Alendronate enhances osteoblastic differentiation with increased
expression of Id-1 and Id-2 in pre-osteoblast cell line, MC3T3-El
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Objective: Alendronate, a widely used bisphosphonates, acts to inhibit bone resorption by interfering with the activity of osteoclasts. Recently,
it has been reported that alendronate also may increase bone proliferation and osteoblastic differentiation. However, little is known about
mechanism of the action of alendronate on osteoblast differentiation, especially in transcription level. Inhibitors of DNA binding/
differentiation (Ids) are helix-loop-helix (HLH) transcription factors and play an important role in BMP-induced osteoblast lineage-specific
differentiation. Therefore, this study was aimed to investigate the effect of alendronate on osteoblast differentiation and expression of Id-1
and Id-2.

Methods: MC3T3-El, pre-osteoblast cell line, were treated with alendronate of various concentrations (10'9 M-10" M) and time periods (24,
48 and 72 hours). And then, the effect of alendronate on osteoblast differentiation was examined by alkaline phosphatase (ALP) activity
and RT-PCR for osteoblast differentiation markers such as ALP, type 1 collagen (Col 1), and osteocalcin (OCN). The expressions of Id-1
and Id-2 were measured by RT-PCR.

Results: Alendronate treatment increased not only ALP activity, but also expressions of ALP, Col 1, and OCN. Also, alendronate treatment
up-regulated the mRNA levels of Id-1 and Id-2 genes. This alendronate-induced osteoblastic differentiation is more effective in lower doses
rather than high doses.

Conclusion: This study shows that the expression of transcription factor Id-1 and Id-2 was increased in a dose-dependent manner during
alendronate-induced osteoblast differentiation.
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A B3he tholRt Ayt RolErfel 9 A
Ao} o] ofs] 2EEm, Z3YEet alkaline
phosphatase (ALP), type I collagen (Col 1) & osteo—
calcin (OCN) £9] g3 xd oA} wra =} ?

H|AZASY|O]E (bisphosphonate)= THEA|ZO] A
S guEsl TEAES A4S THaAA ThEst
58 OB obz, HAR] HE AHEE ol
) SR QI nAHAZT 7] ol Eeh
A erdshA o] ARG gl ER,
o|HF, BRARA, BUEY W Foje sy B
9 ABARE AME|DL Q) Alendronates= A4
Ege QLS oo AR AT O ERA, 22
ALY B9} FHE FAA B G AT
Hazh Z7bE oo M ey 21 7)) digt AT
ojujgt Agolct,
BAZY] B3 9 B P4l Voiok TR A5
A= PEZHOZ transforming growth factor—f
(TGF-B)2} bone morphogenetic protein (BMP), Wnt/f3
—catenin, fibroblast growth factor (FGF), Hedgehog,
Notch 5o] 424 et oj2fst AT AGA A= A E
Eolbd =0 Runt-related transcription factor 2
(Runx2), Osterix, Msh homeobox (Msx) X Distalless—
related homeobox (Dlx) S} Zo] ZHAT} gk coF
31 AApelzte] uraa} BAElE of7| A1 ZIch ¥ Inhibi—
tors of DNA binding/differentiation (Ids)S BMP2] &
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1. Alendronate X2|

Alendronate (Sigma, St. Louis, MO, USA)+= H3
=20 o] 1 mM T8N (stock solution)S WHE T}
& AE AEEES JaiiE 2HF5E7E 107 Mol 107

M EEE, ALP BT 2ARE Y5ME HEsErt 10"

179 @] 5Q1. Alendronate0]] O]t ZZMNEF2HE] ZRAE 23}

Mol 107 M BeE, ZZAE B3} 22202 9 1d W
ZAPIAE ZEEE7E107° MoA 107° M HEE iAo
st

2. MIZZHHSF

MC3T3-E1 H|22E 24—well plateofA] 2 ><1047H9/] LES
7F H =8 BF3 & 10% fetal bovine serum (FBS,
GIBCO BRL, Grand Island, NY, USA)%} 1% (v/v) pen—
icillin—streptomycin (PS) (GIBCO BRL)7} X3te]
Dulbecco’'s Modified Eagle Medium (DMEM; WelGene,
Daejon, Korea) HjA|o|A] 24A|7F Zot vljokslsitt 244]
% gels AAsn AREe Foldl Ee
alendronate”’} A7} 8% DMEM Hj#|oj|A], tjZFEE
alendronate’} A7}E]R] &2 vl x| oA 24, 48, T2A|7+
Fek il Fol vler A B FY

alendronateZ} A7Fe A4S wjA 2 ofd welksigict,
3. MTT 2M

aief & A" ARl 5 mg/mL FES] MTT (3-
(4,5—dimethylthiazol—2—-yl)—2,5—diphenyl tetrazolium
bromide; Sigma, USA)£H 100 uLAS Z+z2ro] wello]
A7ksto] 1A7F 5 37°C viF7ol|A] wiFstaict, HepM
A7o] A=A A& A|AsEAL 100 uL DMSO (Dime—
thyl sulfoxide, Sigma, USA)E A7}slo] AAS {3)4]

o 23% 2oHL 96-well plate® A A ELISA £4
7] (Spectra MAX 250, Molecular Devices Co., USA)Z
540 nm P02 FHES ZAsatt of Agic AE
LS t2dtol tiet WEg s AREslal, 242t A
o2 33] HhE AJYskQin)

4, Alkaline phosphatase (ALP) EME EM

Alendronateol| 2J3] ZA|ZE E3l5IG=A] A
Qlste] ALP BAEE SA5HITE. MC3T3-EL Ao
107 Moj|A] 107 M9 alendronateS 2|3t & 24, 48,
T2AI7t FF viekeRglet, A E viekAITtel HixE AA
313 PBSE A|F & & 0.1%2] Triton-XS Z+2F 100 pL
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A g a3 R S A-golbye Foke] Al2E &
AlF}, gl AR T4E 20 pLA-S 96—well plate®
$7]131, pNPP (p—nitrophenyl phosphate) 221 60 uLA
< 92 o, 1ARE B8 37T HjFTIolA vRekstSict.
b o g BAEE 218 2918 thE, ELISA 241704
105 o IO FHEE w4 s o) g
ALP SA%e tj2atol gt MEgs Ao, 22
o) A 33w Akt

5. RNA 22| ¥ RT-PCR

107° MoJA] 107° M %=9] alendronate™ 2]}l 48
AlZF Fet ok & 2ZA3E A EX]QIAFQ1 ALP, Col 1
2 OCNI mEA|Ze] Al EAQIA}Ql Cathepsin K
(CTSK) mRNA &S ZAFSHGITH

A RNAE Trizol Reagent (Invitrogen, Carlsbad,

Table 1. Primers sequences used for PCR amplification

CA, USA)E AREsto] Al2Ake] A 3of whet Z2|sk3i),
Z&3%t 5 ug AA| RNAE random hexamer (Bioneer,
Korea), M—-MLV Reverse Transcriptase (Promega,
Madison, WI, USA)2} 2.5 mM dNTP mixture (G&P
Life science, Korea)S A7}5}o] 42 Co|A 60&, 95Co]
A 5E F E2 7hetal 4T YZHAA cDNAR /ds)
%t ¢cDNAE Pro—Taq DNA polymerase (G&P Life
science, Korea), 10x PCR buffer (G&P Life science,
Korea), 2.5 mM dNTP mixture®} 10 pM2] specific
primer (Cosmo GENETECH, Seoul, Korea)& A7}l
PCRE A|3Y5}9 o, B-actinS RT-PCRY| %A djz-
O 2 ALEST) (Table 1), PCR AIHEL 2.0% agarose
gelo| 30% &% 7|¥E= ARt &, UV trans-
illuminator® mRNA band& 23}t WMEQ %]k
= Image J X273 (NCB/NIH, Bethesda, MD, USA)
2 ojgaicy

GENE Primer sequence

Alkaline phosphatase (ALP)

Forward 5

Reverse 5!
Type 1 Collagen (Col 1)

Forward 5!

Reverse 5!
Osteocalcin (OCN)

Forward 5!

Reverse 5'-

Cathepsin K (CTSK)

Forward 5'-

Reverse 5'-

Inhibitor of differentiation-1 (Id1)

Forward 5'-

Reverse 5'-

Inhibitor of differentiation-2 (Id2)

Forward 5'-

Reverse 5'-
B-actin

Forward 5'-

Reverse 5'-

TCATGTTCCTGGGAGATTGGGTATG -3'
GCATTAGCTGATAGGCGATGTCC -3'

CAAGGGTGAGACAGGGCAAC -3
CTCGAACTGGAATCCATCGGT -3'

CTGAGTCTGACAAAGCCTTC -3'
GCTGCTGTGACATCCATACTTGC -3'

GGGCCAGGATGAAAGTTGTA -3'
CCGAGCCAAGAGAGCATATC - 3'

CTGCTCTACGACATGAACGGCTG -3'
CGGATTCCGAGTTCAGCTCCAAC - 3

GGGCCAGGATGAAAGTTGTA -3'
CCGAGCCAAGAGAGCATATC - 3'

GACTACCTCATGAAGATC -3'
GATCCACATCTGCTGGAA - 3
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Fig. 1. Effects of alendronate (Aln) on osteoblastic cell viability and differentiation. Alendronate were treated with various
concentrations (10’9 M-107 M) for various duration (24, 48, and 72 hours) in MC3T3-E1 cells. (A) Cell viability was determined by
MTT assay. (B) For evaluation of osteoblast differentiation, ALP activity was measured at 405 nm. The experiment was repeated
three times and each performed with triple samples. "P<0.05, "P<0.01 (vs control).
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Alendronate #2]of] o= B3} £x]91A} & Ids 34 A}
o] WFEoFe. Wit + B2W A} (means+SD) & FA|SHAT}
A2 MicrosoftAl9] Zwe ALLE]
two—sample ¢—test®2 AZsIgG o, EAHY Qo4
2 PFro] 0.05 wiko.2 Fh9ict,

excel
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1. AlendronateZ} M= MZ=F1} ALPEMEEO]| O/X|=

k=anl;

MC3T3-E1 AJZo] thefst % (10° M-10" M)2|
alendronate7} A7} w4 24, 48, 7T2A17F Bt Y
OF &, AE AEEES SAsIh 107 M oAk 1%
Lo M= A2 ETE TA A8 o 11 9] alend-
ronate FE9} A|7F Ao WE A|E AL YERIA] &
ofch (Fig. 14), MIE BA=7} vehga] @k 10° M
alendronate A9t 10 M-10"" MoJJA] ALP SR =S
2439t ALP A4 %= alendronate A8 & RE &
woll A ol Hls) f3iAl Z71stith £3] 10° M
FEANAE 48AHA = HE skl Hlsf Hot {9
3 VM HYon, g sroME A7 At wE
ALP SAJ&9] ztol= §igltt (Fig. 1B).

2. Alendronate SE2 X2|A|ZH| 2 SMIE £35}

23 XL L Hlw

10° M 5=olA] ALP E4o] HTAE Ho|HA o2
F= 2ol vjg) =} folah S7st7el 107° MO 5
TE 71202 1008 %2 10° M %%7H4] alendronate
2 sl 48A17Hs0 wjoF & ALP, Col 1, OCN,
CTSK®] mRNA ¥d-2 ZAFs}9Ith Alendronate A2 &
seof IAgle] 2EANE A FA IS HHE 2t
of v FoJetA S7lekm, TEAlEe] FA| QIR WE
o 9ol51A 7rAsATh ALP 107" M alendro—
nate FEXE 23] Z7161%0m, Col 19] HHL 107
MEE H2HH 07 F7kshs P B3l ¥hH, OCNe| %
o tfzgo] Hlsto] 10 ° MEE F71EE AaS Kot
FEo mE W] Zoli= Ho|x] ¥t} CTSK HE2
ozt H]3f| alendronate A& & F-oJotA Trashict
(70.01) (Fig. 2A).

Alendronate 2] & HjGFAZbo]| wh2 ZAE £33} &
9 fRe] WS 248 fieted, 107 MO alen—
dronateE MC3T3-E1 A|3tof A&slaL, 72A17F &<t Hl
3Tt Alendronate #2|= HjFAIZ ] A Glo] ALP,
Col 1, OCNE] & thz=tof| Hlste] {-2JatA S7HAIF
out 78 AR = Azt whet e HE e B
T} ALPO| RHE-2 24A)7bof| H 1A E HQl T 48A]7F
SHE HAAH R sk S Bk Col 18HE

I

Wik Azl W} A& H o Ztstol 12A17be A
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Fig. 2. Effect of alendronate (Aln) of different concentrations and times on osteogenic gene marker expression. (A) MC3T3-El cells
were treated with increasing concentrations (10°, 107 and 10® M) for 48 hours. (B) MC3T3-El cells were treated with different time
periods (24, 48, and 72 hours) at 10® M. ALP, Col 1, OCN, and CTSK mRNA levels were detected by RT-PCR with [-actin as
loading control. Data shown are representative of three independent experiments. The relative density of each gene was quantitated
and statistically analyzed by ImageJ version 1.35d (NIH Image). *P<0.01, "P<0.005 (vs control).

£ B3l oH, OCN Egh T2A77HA] A& 0 &2 o] & ISl AERIgk Aol 1d fAARe] U 3 STt
7Fstg oy, o1 IES Col 19] B|F] AjAog ufo- A713L Q2 HoErh offet dite & A7 A&
wolth (/X0.01) (Fig. 2B). H3l= A 07 alendronateo] 93 ZZAERS] B3
T Eet 1d AR BATRE AlAkSkL Ql,
3. Alendronate0]| 2|8t SAM|=Z £5} o1™ =9 Id—12} HAZAZYO|ET} ZTA|20 243} E3lo) 2F83}1
Id—2 mRNA & + 71-e deiM= EekA] o A4 271R] BRE
ol 2ot Ao FEE ‘E} Shbs H|AEAE
Alendronate A2 % Id—13} Id—-2 mRNA 93 w% Y|o|E7} b-FGFE Ao 2R ZTA|E9 T34k
iztol Hlsf folabA S7tetd oY, HEA s FE S m|Ath= Aotk & 2 ﬂur% AR g
APAES 2T} (0.05) (Fig. 3A), Z22u}, [d-1 mRNA £ §E=A9] sl}el BMP-29] WS ZXsk= Aol
e O] %9+ alendronate A - 24A|7to]| F7}s}o], Id-1, 1d-2 ¥ 1d-3+= o]t BMP2] &} &gl %70
4841710l o] o] 2 Tt At Zate]| whet sk o] 714 folaHA| 7 faatel P o)™ o
ZA8FS Hol HhH. Id-2 mRNA W32 alendronate ] A B AILoA Su|2e wH 29] dhtl= alendronate
T 24Xkl LA E HQl 5 wljof AlZte] F7tetol| whet A2 2 1d AR o] Frksithe Aol o]t
AR o8 7hash] /\]1}6]-01]’ TONZrO = T 2Sto] H] A7} alendronate”} BMP-2 3L w2 sto] 2%
3 frofek Zpol7h WAE| T} (X0.05) (Fig. 3B). A|az o] Eotol] ARg8kaL Q52 AJAKSEAL glof oo thgh
F7HAQ A7 Had Aow AlmE
3 ¥y 13y alendronate A& 2 1d—137} 1d—29] mRNA

Fo] B Z7h5p|t ShgloL T Gpe thad

H 9= alendronate’} ZIA|ERY] EIlE & bt o]gst Bk ofAkel zjo|of ujst AEkst o]0
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Fig. 3. Expression of Id-1 and Id-2 genes during alendronate (Aln)-induced osteoblast differentiation. MC3T3-E1 cells were treated
with increasing concentrations (10, 107 and 10°® M) for 48 hours (A) and different time periods (24, 48, and 72 hours) at 10° M
(B). Total RNA was prepared and analyzed for the expression of the Id-1 and Id-2 mRNA by RT-PCR as described. Data shown are
representative of four independent experiments. The relative density of each gene was quantitated and statistically analyzed by Image]

version 1.35d (NIH Image). *P<0.05, +P<0.01, p<0.005 (vs control).
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ronate7]- Z} B3R 01xLe] whe Ao HA-Hs wxr}
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