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Abstract

Mechanism of zoledronic acid on osteoblastic differentiation of mesenchy-
mal stem cells (MSCs) has not fully understood. With the knowledge of some drugs 
mechanism that alter methylation pattern of some genes, the present research sets out 
to evaluate  osterix (OSX) promoter methylation pattern during zoledronic acid-induced 
osteoblastic differentiation of MSCs.

 In this experimental study, MSCs were isolated from human 
-

differentiating to osteoblast. After cDNA synthesis, OSX expression was evaluated by RT-
PCR and quantitative Real-Time PCR. After  multiplicity of infection (MOI) treatment, gene 

The mRNA expression of OSX was increased in osteoblast differentiated cells 

expression of OSX didn’t change in undifferentiated MSCs. MSP revealed that, on day 

treated by zoledronic acid were totally unmethylated. OSX promoter remained unmethyl-
ated, afterwards.

MSP revealed that OSX had a dynamic pattern in methylation, while MSCs 

hypomethylated independently from zoledronic acid treatment during osteoblastic differ-
entiation. This knowledge is important to understand drug mechanisms and can be useful 
for developing new therapies to combat against bone diseases.
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Introduction

-

in patients with cancers, as well as for treating os-
-

tor of bone resorption. It inhibits osteoclast pro-
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human fetal osteoblasts cells with pamidronate and 
-

-

-
-

dronic acid is still poorly understood. Therefore, study 
-

The process of cell differentiation is fundamental to 
organ development, maintenance, repair, and regen-

-
tribute to the development of several tissues includ-
ing cartilage and bone. The differentiation of these 
multipotential cells into discrete lineages, such as 
chondroblasts; adipoblasts; and osteoblasts, is under 
strict molecular control. Several factors are involved 
in the osteoblast differentiation pathway. Osterix is a 

in osteoblasts that has important role in osteoblast dif-

-

is located towards the carboxy-terminus of the protein 
-

main, the homology between the Sp proteins is much 

Sp proteins contain central activation domains that 
are often glutamine-rich or serine/threonine-rich (11). 
Some genes of Sp proteins contain a TATA box in 
their promoters that is involved in binding the tran-

-

(Runt-related transcription factor 2) is regarded as 
the master transcription factor for osteoblast differ-
entiation since osteoblast differentiation is arrested 

-
pression of a number of important osteoblast genes, 

such as osteocalcin, osteonectin, osteopontin, bone 
-

-
tion are essential to control the heritable cellular 
memory of gene expression during differentia-
tion. Recent studies on embryonic and adult stem 
cells differentiation have highlighted a general and 
critical role for dynamic epigenetic regulation (19- 
22). Our research indicates that receptor tyrosine 

-

Several drugs alter epigenetic pattern. Valproate 
induces widespread epigenetic reprogramming 

-
-

pression of the growth of human tumor cell lines 

Altogether, the mechanism of bisphosphonate, 

osteoblast differentiation. 

Materials and Methods

Human mesenchymal stem cells preparation

In this experimental study, bone marrow derived 
-

nology Inc. (Tehran, Iran) and maintained accord-

-
tential for adipogenic, chondrogenic, and osteo-

-

days. Osteogenic differentiation medium was pre-
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osteoblastic differentiated cells were harvested on 0, 
7th th and 21st days of differentiation with  trypsin-

-

MSCs treatment with zoledronic acid

-
idene-1,1-bisphosphonic acid, disodium salt) was 

-

hours, and incubated after a medium change in osteo-
-

-
ment as negative control. 

Alizarin red staining

-
-

ic acid treatment. Then, cells were cultured in osteo-

with gentle agitation. Cells were examined by an in-
vert microscope.

DNA extraction and SBS treatment

 undifferenti-

on 7th th and 21st days of deifferentiation using 
-

with a spectrophotometer and calculated by ratio 

in a 1% agarose gel stained with ethidium bromide 

treatment to modify unmethylated cytosine to uracil. 

freshly prepared just before their use. Initial dena-

-

-

µl of elution buffer. Then, desulfonation was achieved 

-

2

Methylation of genomic DNA with SssI methylase

blood was methylated in vitro using Sss1 methy-

-
ture was prepared in a total volume of 20 µl con-

-
ase-free water. The methylation mixture was incu-

-
-

RNA isolation, cDNA synthesis and RT-PCR 
analysis

Total RNA was extracted using the RNeasy plus 
-
-

blast differentiated cells on 7th th and 21st days of 

determined by gel electrophoresis prior to reverse 
transcription.
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-

2

-

-

-
blast differentiated cells in 7th th and 21st days of 

-
-
-

CGGCCATCACGCCACAGTTT. These reactions 
-

2
, and 

-

agarose gel and stained by ethidium bromide.

Quantitative Real Time-PCR analysis

-
-

-

-

-
-

gene of interest
-Ct ), which was 

as relative gene expression (2 ).

-
ers capable of distinguishing between methylated and 

-
-
-

-
verse: AAAACTAATCTAAACAAAACAACAAC. 

-

2

2

-

-

-

electrophoresis

illumination. 

Results

Zoledronic acid induced high extracellular 
matrix mineralization

-

-
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red staining, which indicates calcium deposition, 

ARS (Fig 1).

Fig 1: Alizarin Red Staining. A. Zoledronic acid treated 
MSCs on day 21 and they are positive for Alizarin Red 
Staining because it causes the calcium deposits turns to red 
granules. B. Undifferentiated MSCs are negative for Aliza-
rin Red Staining.

Qualitative and quantitative analysis of zole-
dronic acid effect on OSX expression

-
-

-

-

-

osteoblastic differentiation.

Fig 2: RT-PCR result for OSX(A)  and GAPDH(B)  expres-
sion. RT-PCR for OSX and GAPDH with 161 bp and 130 
bp amplicon size, respectively. (0): cDNA of undifferentiated 
MSC. (7, 14, 21); cDNA of osteoblastic differentiated cells 
on days 7, 14, and 21, respectively. (L); 100 bp ladder.

A

B

A

B
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-
ylation of OSX

To examine the methylation status of the promoter 

-

differentiated to osteoblasts. On day 0, undiffer-

-
dronic acid became totally unmethylated. Analysis 

12

10

8

6

4

2

0

0                               7                     14                       21

*

*

Fig 3: Real Time-PCR for relative gene expression of OSX during osteoblastic differentiation of MSCs with zoledronic acid (grey 
bars) and without zoledronic acid (black bars), * p<0.05 (comparison of OSX expression with and without zoledronic acid).

Fig 4: MSP results with M and U primers for OSX. A. MSP with M primers for OSX with 128bp amplicon size. (0); Undifferenti-
ated MSC. (7, 14, 21); osteoblastic differentiated cells on days7, 14, and 21, respectively. (L); 100bp ladder. (P); Positive control 
as Methylated and SBS treated DNA. (U); SBS Untreated DNA. (Neg); No DNA. B. MSP with U primers for OSX with 130bp 
amplicon size. (0); Undifferentiated MSC. (7, 14, 21); osteoblastic differentiated cells on days 7, 14, and 21, respectively. (L); 
100 bp ladder. (P); Positive control as SBS treated DNA. (U); SBS Untreated DNA. (Neg); No DNA.

A B
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Discussion

Osteoporosis is one of the most common health 
problems in postmenopausal women with great 

-
-

potent class of antiresorptive agents used in the 
treatment of osteoporosis and other bone disorders 

calcium, so target bone mineral, where they ap-
-

ing osteoclasts and inhibit their function, promote 
apoptosis, and reduce bone resorption and bone 

-

-
phate are not produced, which results in the inhi-

proteins inhibit osteoclast activity and induce os-

The majority of in vitro

acid have focused on their action on osteoclastic 

been paid to their effects on osteoblastic lineage 
cells. Recent in vitro studies have clearly demon-
strated that osteoblastic lineage cells are targets of 

-
ulate important cellular function of osteoblasts, 
including proliferation; differentiation; synthesis 
of extracellular matrix proteins; and formation of 

previous studies on osteoblastic differentiation with-

-
-

ferentiation of mesenchymal stem cells treated with 

differentiation. This hypomethylation correlates with 

-
served in osteoblastic differentiated cells; where-

-

(bone morphogenetic protein 2) began in days 7 
-

differentiation, compared to the control cells, the 

-

This upregulation may be related to other genetic 

-
-

dronic acid does not induce osteoblastic differenti-

osteoblastic differentiation in a manner independ-

focuses on the importance of epigenetic regulation 

promoter is independently hypomethylated during 

Conclusion

-
ing osteoblastic differentiation of mesenchymal 

new therapies and treatments to combat disease in-

transcriptional downstream regulations needs to be 
further developed.

Acknowledgements

-

grateful to all who helped in conducting the pre-
-

est in this article. 

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 97

Osteoblastic Differentiation of MSCs by Zoledronic Acid

References

1. Green JR. Chemical and biological prerequisites for novel bi-

2. Maricic M. The role of zoledronic acid in the management of 

Coxon FP, Helfrich MH, Van't Hof R, Sebti S, Ralston SH, 
Hamilton A, et al. Protein geranylgeranylation is required for 

-

Benford HL, McGowan NW, Helfrich MH, Nuttall ME, Rogers MJ. 

5. Nancollas GH, Tang R, Phipps RJ, Henneman Z, Gulde S, Wu 
W, et al. Novel insights into actions of bisphosphonates on 

Ponader S, Brandt H, Vairaktaris E, von Wilmowsky C, Nkenke E, 
Schlegel KA, et al. In vitro response of hFOB cells to pamidronate 

7. Reinholz GG, Getz B, Pederson L, Sanders ES, Subramaniam 
M, Ingle JN, et al. Bisphosphonates directly regulate cell prolif-
eration, differentiation, and gene expression in human osteo-

8. Pan B, To LB, Farrugia AN, Findlay DM, Green J, Gronthos 
S, et al. The nitrogen-containing bisphosphonate, zoledronic 
acid, increases mineralisation of human bone-derived cells in 

9. Ebert R, Zeck S, Krug R, Meissner-Weigl J, Schneider D, 
Seefried L, et al. Pulse treatment with zoledronic acid causes 
sustained commitment of bone marrow derived mesenchymal 

Nakashima K, Zhou X, Kunkel G, Zhang Z, Deng JM, Behring-
-

tor osterix is required for osteoblast differentiation and bone 

11. Göllner H, Dani C, Phillips B, Philipsen S, Suske G. Impaired 

12.
mammalian Sp/XKLF transcription factors. Nucleic Acids Res. 

Black AR, Black JD, Azizkhan-Clifford J. Sp1 and krüppel-like 
factor family of transcription factors in cell growth regulation 

Kolell KJ, Crawford DL. Evolution of Sp transcription factors. 

15. Komori T, Yagi H, Nomura S, Yamaguchi A, Sasaki K, Deguchi 

K, et al. Targeted disruption of Cbfa1 results in a complete 

lack of bone formation owing to maturational arrest of osteo-

Otto F, Thornell AP, Crompton T, Denzel A, Gilmour KC, 

Rosewell IR, et al. Cbfa1, a candidate gene for cleidocranial 

dysplasia syndrome, is essential for osteoblast differentiation 

17. Harada H, Tagashira S, Fujiwara M, Ogawa S, Katsumata T, 

Yamaguchi A, et al. Cbfa1 isoforms exert functional differenc-

18. Zhang C. Transcriptional regulation of bone formation by the 

19. Farthing CR, Ficz G, Ng RK, Chan CF, Andrews S, Dean W, 

et al. Global mapping of DNA methylation in mouse promot-

ers reveals epigenetic reprogramming of pluripotency genes. 

Bernstein BE, Mikkelsen TS, Xie X, Kamal M, Huebert DJ, Cuff 
J, et al. A bivalent chromatin structure marks key developmen-

21. Xi R, Xie T. Stem cell self-renewal controlled by chromatin re-

22. Eun SH, Gan Q, Chen X. Epigenetic regulation of germ cell dif-

M, Farshdousti Hagh M, Pujol P. ROR2 promoter methylation 
change in osteoblastic differentiation of mesenchymal stem 
cells. CELL JOURNAL

(Yakhteh)

Milutinovic S, D'Alessio AC, Detich N, Szyf M. Valproate induces 
widespread epigenetic reprogramming which involves demeth-

25. Fan H, Zhao ZJ, Cheng YC, Shan YF, Lu ZH, Zhang JQ, et al. 
Gene induction and apoptosis in human hepatocellular carci-
noma cells SMMC-7721 exposed to 5-aza-2'-deoxycytidine. 

Khazamipour N, Noruzinia M, Fatehmanesh P, Keyhanee M, Pu-
jol P. MTHFR promoter hypermethylation in testicular biopsies of 

-

27. -

28. Gardiner-Garden M, Frommer M. CpG islands in vertebrate 

29. Looker AC, Johnston CC Jr, Wahner HW, Dunn WL, Calvo 
MS, Harris TB, et al. Prevalence of low femoral bone density 
in older U.S. women from NHANES III. J Bone Miner Res. 

Siris ES, Miller PD, Barrett-Connor E, Faulkner KG, Wehren 

undiagnosed low bone mineral density in postmenopausal 
-

Liberman UA, Weiss SR, Bröll J, Minne HW, Quan H, Bell NH, 
et al. Effect of oral alendronate on bone mineral density and the 
incidence of fractures in postmenopausal osteoporosis. The 
Alendronate Phase III Osteoporosis Treatment Study Group. 

Saag KG, Emkey R, Schnitzer TJ, Brown JP, Hawkins F, Goe-
maere S, et al. Alendronate for the prevention and treatment 
of glucocorticoid-induced osteoporosis. Glucocorticoid-In-
duced Osteoporosis Intervention Study Group. N Engl J Med. 

Rogers MJ, Gordon S, Benford HL, Coxon FP, Luckman SP, 
Monkkonen J, et al. Cellular and molecular mechanisms of ac-

Boissier S, Ferreras M, Peyruchaud O, Magnetto S, Ebetino FH, 
Colombel M, et al. Bisphosphonates inhibit breast and prostate 
carcinoma cell invasion, an early event in the formation of bone 

Klein BY, Ben-Bassat H, Breuer E, Solomon V, Golomb G. 
Structurally different bisphosphonates exert opposing effects 
on alkaline phosphatase and mineralization in marrow osteo-

Giuliani N, Pedrazzoni M, Negri G, Passeri G, Impicciatore 
M, Girasole G. Bisphosphonates stimulate formation of os-
teoblast precursors and mineralized nodules in murine and 
human bone marrow cultures in vitro and promote early os-

Mukherjee A, Rotwein P. Akt promotes BMP2-mediated osteo-

Liu F, Akiyama Y, Tai S, Maruyama K, Kawaguchi Y, Muramat-

genes, and transcription factors involved in the osteogenic dif-

ferentiation of human bone marrow mesenchymal stem cells. J 

www.SID.ir

