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ABSTRACT: The expression of BMP-2 and SMAD1 and their roles in osteoblast
differentiation were investigated in rat osteoblasts exposed to fluoride for 24 and 72
hr.   The gene and protein expression levels of BMP-2 and SMAD1 were quantified
using QRT-PCR and immunohistochemistry, respectively. The results showed that
after 24 and 72 hr of exposure to fluoride at 0.01 and 0.1 mM osteoblast proliferation
was enhanced while with exposure to fluoride at 2.5 mM it was inhibited. The
expression of BMP-2 and SMAD1 in the 0.5 and 1.0 mM fluoride groups showed a
tendency to increase at 24 hr and to reduce at 72hr. In the group with exposure to 2.5
mM NaF, the formation of osteoblasts and the gene expression were significantly
inhibited and the protein levels of BMP-2 and SMAD1 decreased (p< 0.01). Therefore,
low (0.01 and 0.1 mM) and intermediate (0.5 and 1 mM) concentrations of fluoride
initially stimulated the expression of BMP-2 and SMAD1 for a short time (24 hr) but
inhibited them after a longer period (72 hr). In contrast, with a high concentration (2.5
mM) of fluoride their expression was reduced at both 24 and 72 hr.
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INTRODUCTION

Osteoblasts are located in the deeper layers of the periosteum and the bone
marrow and arise from osteoprogenitors. They play a major role in bone
formation1-3 and differentiate under the influence of growth factors.4
Transforming growth factor beta (TGF-β) is a protein that controls cellular
proliferation and differentiation in most cells.5 As the largest part of the TGF-β
superfamily, bone morphogenetic proteins (BMPs) are known to be essential
regulators in orthotopic bone formation and determinants of bone mineral
content.6 Bone morphogenetic protein 2 (BMP-2), like other BMPs, is considered
to be a powerful bone morphogen for inducing osteoblastic differentiation.7-9 Its
expression may trigger the elaboration of osteogenic transcriptional regulatory
programs. The signals of BMPs are mediated by SMAD proteins, which are
homologs of the Drosophila protein “mothers against decapentaplegic” (MAD)
and the Caenorhabditis elegans protein SMA. In response to BMP ligands,
mothers against decapentaplegic homolog 1 (SMAD1), as a receptor regulated
SMAD (R-SMAD) protein, can be phosphorylated and activated by the BMP
receptor kinase to act as a transcription factor for cell growth, apoptosis,
morphogenesis, development, and immune responses.6,8 In particular, for the
signal transduction pathways of BMP-2, only R-SMAD 1 and 5 can be ligand-
dependently phosphorylated. 10 
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For many years, fluoride advocates believed that fluoride was beneficial for
bone due to its ability, under certain circumstances, to increase bone mass.11

Attempts to use fluoride as an experimental treatment for osteoporosis, however,
resulted in more fractures.12 Meanwhile, it became increasing appreciated that
fluoride was a highly toxic substance because of the tens of millions of people
throughout China and India who suffered from skeletal fluorosis, a serious
crippling bone disease resulting from drinking water with high levels of fluoride.13

More recently, studies of human populations have reported increased fracture rates
in communities with 4 mg/L fluoride in the water, and animal studies have
consistently found reductions in bone strength from exposure to fluoride.14

Consistent with the clinical trials, numerous animal and in vitro studies have
reported that bone strength declines with increased fluoride exposure.15 Although
many osteogenic molecules reside in bone and have the potential to mediate
fracture repair, BMP-2 activity, acting on bone formation, is required for the
initiation of fracture healing.16 Prospective studies showed that fluoride at low
concentrations, such as those that occur following fluoride modification of dental
implants, could influence the expression of cell growth factors and affect
osteoblastic proliferation and differentiation.3,17-20 A report also confirmed that
excessive fluoride in vivo stimulated the activation of rat osteoblasts and increased
their proliferation and that the protein expression of BMP-2 and BMP-4 correlated
with the expression of SMAD4.21 However, no studies have been made on
whether fluoride has negative effects on the expression of BMP-2 and SMAD1 in
vitro. 

Our study focused on the expression of BMP-2 and its downstream signal
transducers in order to understand better the effect of fluoride in rat osteoblast cell
culture and to provide basic data for further elucidating the molecular mechanisms
of skeletal damage induced by fluoride toxicity.

MATERIALS AND METHODS

Cell culture: The study design was approved by the Institutional Animal Care
and Use Committee of China. One-day-old neonatal Wistar rats were provided by
the Experimental Animal Center of Shanxi Medical University of China. Primary
osteoblasts were isolated from the skull of newborn Wistar rats and cultured with
DMEM medium supplemented with 10% fetal calf serum (FCS), 100 IU mL–1

penicillin, and 100g mL–1streptomycin at 37ºC in air with 5% CO2. Meanwhile,
the morphosis of osteoblasts was observed under a phase-contrast microscope.
Alkaline phosphatase (ALP) and calcification nodule staining were used to
identify the cells. When the osteoblast cells were grown to 90% confluence in T25
cell culture flasks, the cells were passaged to new culture flasks for the
experiments. 

Detection of cell proliferation: Cells were seeded (2 M cells per well) into 6-well
plates and allowed to attach for 24 hr. They were then treated with DMEM
containing 2.5, 1.0, 0.5, 0.1, 0.01, and 0 mM sodium fluoride (NaF). At the end of
24 and 72 hr, 20 µL MTT (5 mg/mL, Sigma, US) per well was added to the
medium. Four hours later, the cell culture was terminated to observe the impact of
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fluoride on osteoblast proliferation with the MTT colormetric method in each
group at 570 nm.

According to the data analysis, the groups with significant changes were chosen
to do the following experiment.

Total RNA extraction and QRT-PCR: Total RNA was extracted from cells at 24
and 72 hr using TRIzol reagent (Invitrogen, US). Based on the available rat
sequences in Genbank for BMP-2, SMAD1, and β-actin, primers for quantitative
real-time polymerase chain reaction (QRT-PCR) were designed using Primer 5.0
software (Table1). The three pairs of primers were tested for their specificity by
the conventional reverse transcription polymerase chain reaction (RT-PCR) before
being used in the QRT-PCR studies. Melting curve analysis carried out following
QRT-PCR.

The RT-PCR assays were performed in a 10 µL reaction mixture on the
Mx3000P™ QRT-PCR system (Stratagene, USA). The mixture contained 2 µL
5×Prime Script™ Buffer, 0.5 µL PrimeScript™ RT Enzyme Mix I, 0.5 µL 50 µM
Oligo dT Primer, 0.5 µL 100 µM Random 6 Mers, 0.5 µL Total RNA and 6 µL
RNase Free dH2O. QRT-PCR was performed in a total reaction volume of 25 µL
with SYBR Premix Ex Taq™ (TaKaRa, Japan) per well. The system was
composed of 12.5µL 2×SYBR Premix Ex Taq™, 0.5 µL PCR Forward Primer,
0.5µL PCR Reverse Primer, 0.5µL 50×ROX Reference Dye II, 2 µL cDNA, and 9
µL RNase Free dH2O. The relative quantification of mRNA abundance for BMP-2
and SMAD1 was performed using the comparative ∆∆CT method expression with
the house-keeping gene β-actin as a calibrator. The reaction conditions were as
follows: an initial reverse transcription step of 10 sec at 95ºC and 40 cycles at 95ºC
(denaturation) for 5 sec, 59/60ºC (annealing, 59ºC for BMP-2 and 60ºC for
SMAD1) for 20 sec, and 72ºC (extension) for 6 sec. Finally, the melting curve
analysis was performed at 95ºC for 1 min, at 55ºC for 30 sec, and at 95ºC for 3 sec
as in the protocol for the three reaction steps. The amplified products were
analyzed by agarose gel electrophoresis.

Immunohistochemistry: The procedures were processed according to the
protocol recommended for the BMP-2/SMAD1 immunohistochemistry kit (Strept
Avidin-Biotin Complex kit, Wuhan BosterBiotechnology, Co., Ltd.). After being

Table 1.  Primer sequences , corresponding PCR product sizes, and pos it ions 

Gene Primers (5’→3’) Primer 
location 

Product 
( bp) 

Genbank 
Access ion No 

β-ac tin 
AGCCATGTACGTAGCCATCC 

ACCCTCATAGATGGGCACAG 
471-585 115 NM_031144.2 

BMP-2 
TGAACACAGCTGGTCTCAGG 

TGACGCTTTTCTCGTTTGTG 
814-903 90 NM_017178.1 

Smad1 
ATGAGCTCAACAACCGTGTG 

TCCGGTTAACATTGGAGAGC 
1173-1301 129 NM_013130.2 
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detached from the culture flask by trypsin solution, the cells were re-suspended in
culture medium and transferred to culture dishes with the cover slips in DMEM
including NaF for 24 and 72 hr. Once cultured and grown to semi-confluence, the
cells were rinsed with PBS at room temperature and fixed in 4%
paraformaldehyde in PBS for 30 min. This was then followed by three washes
with PBS for 3 min. The cells were then put in a mixture of 30% H2O2 and pure
methanol (at a ratio of 1:50) for 10 min and drops of goat serum albumin were then
added as the confining liquid at 37ºC for 10 min.

The cells were incubated separately with the Rabbit Anti-BMP-2/Anti-SMAD1
polyclonal antibody (1:100, Uscn Sciences Co. Ltd., Wuhan, China) for 2.5 hr at
37ºC and washed 3 times for 2 min in PBS. Next, biotin-labeled anti-rabbit
secondary antibody (Uscn Sciences Co. Ltd., Wuhan, China) were introduced for
25 min at 37ºC. After washing in PBS, cells were incubated with strept avidin-
biotin complex for 25 min at 37ºC. At the end of the incubation time, the cells
were visualized with DAB (diaminobenzidine) and counterstained with
haematoxylin. After infusion in xylene, the sections were mounted on glass slides
under cover slips for microscopic examination.

Statistical Analysis: The data area expressed as mean±SD. T-tests, performed by
SPSS13.0 software (SPSS, Inc., Chicago, IL, USA) were used to analyze the
BMP-2 and SMAD1 protein expression levels in the rat osteoblasts by
administering different concentrations of NaF. Differences with p<0.05 were
considered statistically significant.

RESULTS

Isolation and identification of osteoblasts: Osteoblasts was successfully isolated
from the rats and identified with alkaline phosphatase (ALP) staining and alizarin
red staining of calcified nodules. Before the cell attachment process, osteoblast
cells showed spheric formation. After the spheric formation process, the cells
spread much more and 80% cells became spindle shaped and attached to the
surface. At 4–5 days, osteoblasts grew to a single cell layer and covered the whole
bottom during cytomixis. The result of the ALP test and calcification nodule
staining were positive, which was triggered by ALP in the cytoplasm and calcium
deposits, respectively. 

Effect of fluoride on osteoblast proliferation: The cell proliferative ability of the
fluoride treated groups was less than that of the control group, and the cell
proliferation rates decreased with the increasing doses of NaF (Table2). A
significant inhibition in osteoblast proliferation was observed after exposure to 2.5
mM NaF at 24 and 72 hr, and after exposure to 1.0 mM NaF at 72 hr (p<0.01). At
72 hr, the group exposed to 0.5 mM NaF also showed a measurable reduction
(p<0.05). However, there is no significant changes in the two low dose groups
(0.01 and 0.1m M NaF).

After a series of comparisons, the three experimental groups (2.5, 1.0, and 0.5
mM NaF) and the control group were chosen to determine BMP-2 and SMAD1
expression. 
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Effect of fluoride on BMP-2 and SMAD1 gene expression: After treatment with
fluoride for 24 hr, the level of BMP-2 and SMAD1 mRNA increased in the 1.0
mM NaF group, compared with the control group, but after 72 hr treatment the
expression of both proteins in this group declined markedly (Figures 1 and 2). The
levels of BMP-2 and SMAD1 mRNA in the high fluoride concentration group of
2.5 mM decreased dramatically at both 24 and 72 hr, while no significant change
occurred in the 0.5 mM fluoride group (Figures 1 and 2). 

Table 2.  The effects of different concentrations of sodium f luoride (NaF) on osteoblast proliferative ability 
at 24 and 72 hours  us ing the MTT (3-(4,5-dimethy lthiazol-2-yl)-2,5-diphenyltetrazolium bromide)  

colormetric method at 570 nm  (Values are mean±SD, N=6) 

NaF (mM) Osteoblast proliferative ability (colormetric value at 570 nm) 

 

      24 hours                     72 hours 

0 0.278±0.050 0.601±0.050 

0.01 0.282±0.016 0.620±0.010 

0.1 0.286±0.039 0.625±0.017 

0.5 0.269±0.037 0.507±0.052* 

1.0 0.239±0.026* 0.178±0.050† 

2.5 0.203±0.011† 0.061±0.007† 

       Compared to the control group: *p<0.05; †p< 0.01. 

                              
                           24 hours                               72 hours

Control group

0.5 mM NaF
1.0 mM NaF
2.5 mM NaF

Relative 
expression 
of BMP-2

2.0

1.5

1.0

0.5

0.0

Figure 1A. Qu

 †

 †
*

*

Figure 1. Quantitative real time PCR analysis of the effect of 24 and 72 hr treatment with
increasing doses of NaF on osteoblast BMP-2 mRNA expression in vitro. The relative mRNA
abundance was calculated using the ∆∆CT method. The expression levels of BMP-2 mRNA
were normalized relative to that of β-actin mRNA. Compared to the control group: *p<0.05;
†p<0.01. 
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Effect of fluoride on BMP-2 and SMAD1 protein levels: Tables 3 and 4 show the
expression levels of BMP-2 and SMDA1 protein induced by NaF at 24 and 72 hr.
After treatment with fluoride for 24 hr, the protein expression of BMP-2 and
SMAD1 in the 0.5 and 1.0 mM groups showed a tendency to increase but both
protein levels decreased significantly in the 2.5 mM group (p<0.01). After 72 hr,
there was a downward trend in the protein expressions of BMP-2 and SMAD1 in
all the treatment groups, compared to the control group, with the decreases in the
1.0 and 2.5 mM concentration groups being significant (p<0.01).

Control group

0.5 mM NaF

1.0 mM NaF
2.5 mM NaF

           
             24 hours                             72 hours

Relative 
expression 
of SMAD1

2.0

1.5

1.0

0.5

0.0

Figure 2. Quantitative real time PCR analysis of the effect of 24 and 72 hr of treatment with
increasing doses of NaF on osteoblast SMAD1 mRNA expression in vitro. The relative mRNA
abundance was calculated using the ∆∆CT method. The expression levels of SMAD1 mRNA
were normalized relative to that of β-actin mRNA. Compared to the control group: †p<0.01.

 †

 †

  †  †

Table 3. The ef fects of different concentrations of sodium f luoride (NaF) on inducing the expression of 
BMP-2 protein at 24 and 72 hours.  (Values  are mean±SD, N=6) 

NaF (mM)                 Express ion of  BMP-2 protein 

 
                24 hours               72 hours  

0 0.307±0.010 0.517±0.007 

0.5 0.315±0.011 0.508±0.013 

1.0 0.320±0.011  0.272±0.018†  

2.5 0.261±0.008† 0.208±0.010† 

      Compared to the control group: †p< 0.01. 
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DISCUSSION

Fluoride is not considered to be an essential nutrient for mammals and humans,
and, despite some claims to the contrary, not necessary for the development of
healthy teeth and bones.17,22-25 Excessive exposure to high concentrations of
fluoride can cause skeletal fluorosis with effects on bone cells including
osteoblasts. Previous findings suggest that there are two dose-related aspects to the
effect of fluoride on undifferentiated osteoblast proliferation: a low concentration
of fluoride stimulates osteoblast proliferation and differentiation while a high
concentration of fluoride has the opposite effect.3,23,26-31 In our study, after 24 and
72 hr of treatment, the number of osteoblasts increased in the lower dosage groups
(0.01 and 0.1 mM of fluoride) but decreased in the highest dose group (2.5 mM).
The variation in the effects of fluoride on osteoblast proliferation may reflect dose-
effect relationships and the differences in cell differentiation with time.3,32

BMPs are the strongest inducers and stimulators for enhancing the
differentiation of osteoprogenitors into mature osteoblasts. To study the effects of
fluoride on the biological functions of BMPs, some investigators implanted a
model containing BMP and sodium fluoride into the abdominal skin of rats.33

Their results revealed that fibroblast cells treated with both BMP and fluoride
transformed into osteoblast cells more frequently than did fibroblasts treated only
by BMP. This finding indicates that fluoride has a direct effect on the biological
function of BMP. 

The SMAD proteins are located in the canonical signaling pathway of TGF-β
and the main signal transduction pathways of BMPs.6,34 Research has shown that
R-SMADs, including SMAD1, as the downstream molecules of BMP receptors,
play critical roles in the signal transduction pathways of BMPs, which could
mediate several different subsequent biological effects. It is well-known that
BMP-2, a widely studied member of the BMP family, plays a key role in
osteoblast differentiation.8,35 After BMP-2 dimeric ligands bind to receptors, the

Table 4. The ef fects of different concentrations of sodium f luoride (NaF) on inducing the expression of 
SMDA1 protein at  24 and 72 hours.  (Values are mean±SD, N=6) 

NaF (mM)                 Express ion of  SMDA1 protein 

 
                24 hours               72 hours  

0 
0.514±0.011 0.632±0.005 

0.5 0.521±0.010 0.623±0.006 

1.0 
0.529±0.022  0.568±0.007†  

2.5 
0.365±0.061† 0.329±0.005† 

       Compared to the control group: †p< 0.01. 
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intracellular transducers, SMAD1 and SMAD5, are phosphorylated, which results
in the inhibition of the differentiation of myoblasts and the induction of osteoblast
differentiation.10 In addition, some researchers contend that sustained BMP
signaling in osteoblasts of mice can increase the expression level of
phosphorylated SMAD1 which stimulates bone formation by promoting osteoblast
differentiation.8 During the period of osteogenesis, the BMP/SMAD signaling
pathway can be altered and the activities of p-SMAD1/5 would be required for
osteoblast-like Saos-2 cells viability and differentiation induced by fluoride.36

In the present study, the results showed not only that fluoride in low and
intermediate doses could induce an increase in the gene expression and protein
levels of BMP-2 in osteoblast lineage cells in the short term (24 hr), but also that
longer term (72 hr) fluoride treatment could inhibit the expression of BMP-2,
which is consistent with the results of measuring the effect of fluoride on
osteoblast proliferative ability. Thus, fluoride could inhibit osteoblast proliferation
by controlling BMP-2 activity or delaying BMP-2 bioinformation. In addition, the
variation of the gene expression and protein levels of SMAD1 consistently
matched the changes in BMP-2 activity at the same fluoride concentrations and
treatment times. This may occur through effects on phosphorylation in the signal
transduction pathways of BMP-2.

Some earlier research produced similar findings, with fluoride inhibiting the
expression of SMAD1 in the inner enamel epithelia of human teeth germs cultured
in vitro. 37

CONCLUSIONS

Our overall findings revealed that fluoride could alter the expression of BMP-2
and SMAD1 in rat osteoblast culture. In the short term, after 24 hr, a low
concentration (0.01–0.1 mM) of fluoride may stimulate the expression of BMP-2
and SMAD1 and strengthen osteoblast proliferative ability. However, with
increases in the fluoride concentration (2.5 mM) and reaction time (72 hr),
significant reductions occurred in the gene expression and protein levels of both
BMP-2 and SMAD1, the downstream signal of BMP-2. 

ACKNOWLEDGMENTS

We thank Ruiyan Niu and Tanseli Nesil for reviewing the manuscript. 

REFERENCES
1 Ritsilä V, Alhopuro S, Rintala A. Bone formation with free periosteum: an experimental

study. Scand J Plast Recons 1972;6:51-6.
2 Caetano-Lopes J, Canhao H, Fonseca JE. Osteoblasts and bone formation. Acta

Reumatológica Portuguesa 2007;32:103-10.
3 Yan XY, Yan XT, Morrison A, Han TL, Chen QL, Li J, et al. Fluoride induces apoptosis and

alters collagen I expression in rat osteoblasts. Toxicol Lett 2011;200:133-8.
4 Agata H, Asahina I, Yamazaki Y, Uchida M, Shinohara Y, Honda MJ, et al. Effective bone

engineering with periosteum-derived cells. J Dent Res 2007;86:79-83.
5 Moustakas A, Pardali K, Gaal A, Heldin C. Mechanisms of TGF-β signaling in regulation of

cell growth and differentiation. Immunol Lett 2002;82:85-91.
6 Hruska KA, Mathew S, Saab G. Bone morphogenetic proteins in vascular calcification. Circ

Res 2005;97:105-14.



Research report
Fluoride 49(1)13-22
January-March 2016

Effects of fluoride on the expression of BMP-2 and SMAD1
in rat osteoblasts in vitro

Zhao, Huo, Liu, Xie, Wang, Li, Wang

2121
7 Shimizu T, Tanaka T, Iso T, Doi H, Sato Ha, Kawai-Kowase K, et al. Notch signaling Induces
osteogenic differentiation and mineralization of vascular smooth muscle cells role of Msx2
gene induction via Notch-RBP-Jk signaling. Arteriosclerosis, Thrombosis, and Vascular
Biology 2009; 29:1104-11.

8 Zhang FJ, Qiu T, Wu XW, Wan C, Shi WB, Wang Y, et al. Sustained BMP signaling in
osteoblasts stimulates bone formation by promoting angiogenesis and osteoblast
differentiation. J Bone Miner Res 2009; 24:1224-33.

9 Chen GQ, Deng CX, Li YP.TGF-β and BMP signaling in osteoblast differentiation and bone
formation. International Journal of Biological Sciences 2012;8:272-88.

10 Liedert A, Kaspar D, Blakytny R, Claes L, Ignatius A. Signal transduction pathways involved
in mechanotransduction in bone cells. Biochem Bioph Res Co 2006;349:1-5.

11 Søgaard CH, Mosekilde L, Schwartz W, Leidig G, Minne HW, Ziegler R. Effects of fluoride
on rat vertebral body biomechanical competence and bone mass. Bone 1995;16:163-9.

12 Søgaard CH, Mosekilde L, Richards A, Mosekilde L. Marked decrease in trabecular bone
quality after five years of sodium fluoride therapy; Assessed by biomechanical testing of
iliac crest bone biopsies in osteoporotic patients. Bone 1994;15:393-9.

13 Krishnamachari KA. Skeletal fluorosis in humans: a review of recent progress in the
understanding of the disease. Progress in Food & Nutrition Science 1985;10:279-314.

14 Saxena V, Ahmed S. Dissolution of fluoride in groundwater: a water-rock interaction
study.Environ Geol 2001;40:1084-7.

15 Turner CH, Owan I, Brizendine EJ, Zhang W, Wilson ME, Dunipace AJ. High fluoride
intakes cause osteomalacia and diminished bone strength in rats with renal deficiency.
Bone 1996;19:595-601.

16 Tsuji K, Bandyopadhyay A, Harfe BD, Cox K, Kakar S, Gerstenfeld L, et al. BMP2 activity,
although dispensable for bone formation, is required for the initiation of fracture healing. Nat
Genet 2006; 38:1424-9.

17 Everett ET. Fluoride’s effects on the formation of teeth and bones, and the influence of
genetics. J Dent Res 2011;90:552-60.

18 Pei JR, Gao YH, Li BY, Zhou LW, Zhang ZY, Sun DJ. Effect of fluoride on osteoclast
formation at various levels of receptor activator of nuclear factor kappa-b ligand
(RANKL).Fluoride 2012;45:86-93.

19 Kobayashi CAN, Leite ADL, Silva TLD, Santos LDD, Nogueira FCS, Santos KS, et al.
Proteomic analysis of urine in rats chronically exposed to fluoride. J Biochem Mol Toxic
2011;25:8-14.

20 Heller KE, Eklund SA, Burt BA. Dental caries and dental fluorosis at varying water fluoride
concentrations. J Public Health Dent 1997;57:136-43.

21 Zhang W, Xue L, Yn C, Li G. The effect of different dosage of fluoride intake on activation of
osteoblasts and the expression of BMP-2, BMP-4 and Smad-4. Chinese Journal of
Endemiology 2006;25:125-8.

22 Wang JM, Niu RY, Sun ZL, Lv LI, Smith GW, Wang JD. Effects of protein and calcium
supplementation on bone metabolism and thyroid function in protein and calcium deficient
rabbits exposed to fluoride. Fluoride 2008;41:283-91.

23 Han TL, Wang M, Yan XY, Niu RY, Wang JD. Decreased expression of type I collagen and
dentin phosphoprotein in teeth of fluorosed sheep. Fluoride 2010;43:19-24.

24 Bharti VK, Srivastava RS, Anand AK, Kusum K. Buffalo (Bubalus bubalis) epiphyseal
proteins give protection from arsenic and fluoride-induced adverse changes in
acetylcholinesterase activity in rats. J Biochem Mol Toxic 2012;26:10-5.

25 Menon KI, Feldwick MG, Noakes PS, Mead RJ. The mode of toxic action of the pesticide
Gliftor: The metabolism of 1, 3-difluoroacetone to (-)-erythro-fluorocitrate. J Biochem Mol
Toxic 2001;15:47-54.

26 Kaminsky LS, Mahoney MC, Leach J, Melius J, Miller MJ. Fluoride: Benefits and risks of
exposure. Bone 1990;14:263-81.

27 Kopp JB, Robey PG. Sodium fluoride does not increase human bone cell proliferation or
protein synthesis in vitro. Calcified Tissue Int 1990;47:221-9.



Research report
Fluoride 49(1)13-22
January-March 2016

Effects of fluoride on the expression of BMP-2 and SMAD1
in rat osteoblasts in vitro

Zhao, Huo, Liu, Xie, Wang, Li, Wang

2222
28 Chavassieux P, Chenu C, Valentin Opran A, Delmas PD, Boivin G, Chapuy MC, et al. In
vitro exposure to sodium fluoride does not modify activity or proliferation of human
osteoblastic cells in primary cultures. J Bone Miner Res 1993;8:37-44.

29 Yan X, Li W, Zhou B, Wang J, Wang J. Effect of supplemented protein and Ca nutrition on
fluoride-induced disturbance of rib COL1A1 gene expression in rabbits. Fluoride
2007;40:140-8.

30 Gazzano E, Bergandi L, Riganti C, Aldieri E, Doublier S, Costamagna C, et al. Fluoride
effects: the two faces of Janus. Curr Med Chem 2010;17:2431-41.

31 Lu J, Zheng J, Liu H, Li J, Xu Q, Chen K. Proteomics analysis of liver samples from puffer
fish Takifugu rubripes exposed to excessive fluoride: an insight into molecular response to
fluorosis. J Biochem Mol Toxic 2010;24:21-8.

32 Yan X, Feng C, Chen Q, Li W, Wang H, Lv L, et al. Effects of sodium fluoride treatment in
vitro on cell proliferation, apoptosis and caspase-3 and caspase-9 mRNA expression by
neonatal rat osteoblasts. Arch Toxicol 2009;83:451-8.

33 Xu S, Zheng G, Li M, Shu B. Direct effects of fluoride on activities of bone morphogenetic
protein. Chinese Journal of Preventive Medicine 2000;34:215-17.

34 Kubiczkova L, Sedlarikova L, Hajek R, Sevcikova S. TGF-β–an excellent servant but a bad
master. Journal of Translational Medicine 2012;10:183-207.

35 Yamaguchi A, Komori T, Suda T. Regulation of osteoblast differentiation mediated by bone
morphogenetic proteins, hedgehogs, and Cbfa1. Endocr Rev 2000;21:393-411.

36 Huo L, Liu K, Pei J, Yang Y, Ye Y, Liu Y, et al. Fluoride promotes viability and differentiation
of osteoblast-like saos-2 cells via BMP/Smads signaling pathway. Biol Trace Elem Res
2013;155:142-9.

37 Wang H, Hou TZ, Wang Q. Smad1, 5 expression and modulation in inner enamel epithelia
of human teeth germs cultured in vitro treated by fluoride. Stomatology 2005;25:201-4.

Copyright © 2016 The International Society for Fluoride Research Inc. 
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.


	ABSTRACT: The expression of BMP-2 and SMAD1 and their roles in osteoblast differentiation were investigated in rat osteoblasts exposed to fluoride for 24 and 72 hr. The gene and protein expression levels of BMP-2 and SMAD1 were quantified usi...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


