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Comparison of the effects of different bone allografts with and 

without growth factors on proliferation, osteogenic differentiation 

and mineralization of MG-63 osteoblast-like cells 

Abstract: 
 

Background and aim: Predictable regeneration of alveolar bone defects has always been an 

important therapeutic challenge in implant dentistry. Allografts including FDBA and DFDBA 

are some substitutes being widely used and reported as having osteoinductive activities with 

some degrees of controversy. The aim of this study is to determine the effect of growth 

factors on osteoinductive activities of different bone materials. 

 

Materials and Methods: MG-63 cells were exposed to 60 mg amounts of four different 

commercially available freeze-dried bone allografts with or without 5 ng/mL of two growth 

factors (singular or in combination). After 24 and 72 hours of incubation, the effect of water- 

soluble allograft released materials and soluble growth factors on cell viability and 

proliferation was assessed using methyl thiazol tetrazolium (MTT) assay. Cell differentiation 

and mineralization was respectively assessed by real-time quantitative reverse transcription 

PCR (qRT-PCR) and alizarin red staining after 72 hours of exposure. 

 

Results: The effect of different GFs on cell/allograft containing plates was affected by the 

allograft type. Early proliferative and late osseoinductive effects of GFs were more consistent 

in TGF-β rather than PDGF. PDGF only showed limited osseoinductivity in terms of 

accelerating BSP and OC genes. 

Conclusion: based on the results of this study, TGF-β can have additional osseoinductive 

effect on allografts/cells combination and its application may be beneficial in in vitro and 

clinical regenerative studies. 
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Introduction: 

 

Alveolar bone loss is a common consequence of periodontal disease progression which can 

finally lead to tooth mobility and then, an inevitable tooth loss. Additionally, it can 

complicate further implant therapy due to some residual bone defects (1). Since the 

prevalence of generalized periodontitis has been reported as high as 5-15%, the predictable 

and complete regeneration of alveolar defects has been an important therapeutic challenge in 

implant dentistry (2). Using various procedures like guided tissue regeneration (GTR), guided 

bone regeneration (GBR), and using enamel-matrix proteins are some examples to overcome 

this challenge (3). In 1923, bone grafts were first used by Hedegus for the regeneration of 

defects caused by periodontal lesions (4), and later in 1965 by O'Leary and Nabers (5). 

Among all four types of bone graft materials, allografts seem to overcome some 

complications related to using autografts, like patient's more pain and discomfort (6), more 

cost and the limitation of intraoral donor sites (7). Demineralized Freeze-Dried Bone 

Allograft (DFDBA) has been successfully used in the treatment of periodontal, peri-implant, 

and furcation defects for three decades (8). The exposure of osteoinductive factors like   bone 
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morphogenic protein (BMP) by in vitro HCL acid demineralization in DFDBA, has improved 

its osteoinductive potential via accelerating osteoblastic/chonroblastic differentiation from 

precursor cells (9-11). It has been said that the osteoinductivity of these graft materials can 

largely vary depending on the manufacturers' preparation protocol, donor's properties, and the 

particle size; therefore, it appears that many of current commercial product may have  a 

limited osteoinductive activity, if not totally lack it (12-15). 

In our previous in vitro study (16) on the osteoinductivity of different DFDBAs (Osseo+, 

Alloss, Cenobone), we concluded that all three were osteoinductive and had the ability to 

promote osteogenic differentiation of SaOs-2 cells. On the other hand, it has also been shown 

that the quantity of BMPs in almost all different commercial DFDBAs is less than which can 

be really osteoinductive and so it is necessary to add complementary BMP to them (17). 

Platelet-derived growth factor-BB (PDGF-BB), a potent chemotactic and mitotic factor on 

mesenchymal cells, can evidently promote healing. Also, it has shown a potent stimulatory 

effect on extracellular matrix (ECM) synthesis (18). The effect of rhPDGF-BB on granulation 

tissue development in diabetic ulcers has also been well confirmed (19).  Transforming 

growth factor-β (TGF-β) stimulates chemotaxis and survival of osteoblasts (20), ectopic bone 

formation, and when delivered by Matrigel matrix and implanted in class II and III furcation 

defects of mandibular molars, induced periodontal tissue regeneration in a primate model 

(21). So, it is likely that we can benefit from these two growth factors (PDGF-BB and TGF- 

β) to enhance bone regeneration in defect sites selected for further implant placement. 

Considering the lack of enough knowledge and consistency about the real benefits of adding 

growth factors (GFs) to current bone allografts, we designed this experimental in vitro study 

primarily aimed at evaluating osseoinductivity of two commercial FDBAs (CenoNoneTM, 

NonDeminTM) and two DFDBAs (CenoBoneTM and OsteoDeminTM) with or without growth 

factors (PDGF-BB and TGF-β) via assessing cell viability/proliferation (quantitative MTT 

assay), cell differentiation (osteogenic gene expression via quantitative real-time PCR) and 

cell mineralization (qualitative Alizarin red staining) in human osteoblast cell line (MG-63). 

Materials and Methods: 
 

-Cell culture and treatment 

MG-63 (osteosarcoma) human osteoblast-like cells were provide from Pasture Institute of 

Iran (NCBI code: C555) and cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, 

Gibco, UK) supplemented with 1% antibiotic (penicillin and streptomycin), and 10% fetal 

bovine serum (37°C, 5% CO2 and 95% humidity). Cells at logarithmic growth phase, with the 

density of 35,000 cells per well of 6-well culture plates (SPL, Korea). After 24 hours of 

incubation, precisely weighed 60 mg amounts of four sterile bone allograft groups (Table 1) 

were directly added to 2 mL culture medium/well (3 wells for each sample; n=3). The Cells 

treated with culture medium only (without allografts or growth factors) was considered as the 

positive control for cell viability and proliferation (no cytotoxicity) and negative control for 

osteoblastic differentiation and mineralization. Then, 5 ng/mL of recombinant human TGF- 

β1 growth factor (PEPROTECH, England) and recombinant human PDGF-BB growth  factor 
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(PEPROTECH, England) were added (singular and or combined) to control cells and 

allograft treated cells. 

-Cell viability and proliferation quantitative analysis using MTT assay 

In order to evaluate and compare the effects of understudied bone allografts and growth 

factors (in singular or in combination with each other) on cell viability/proliferation the MTT 

(Methyl Thiazol Tetrazolium) assay was performed. At 24 and 72 hours post-treatment, the 

medium in each well was removed and replaced with the medium containing 10% MTT dye 

(5 mg/mL stock solution) (Sigma-Aldrich, Germany). After three hours  of  incubation at 

37°C, the MTT medium was completely removed and replaced with the same volume of 

dimethyl sulfoxide solvent to dissolve purple Formazan crystals; 100μL of the colored 

solution from each group was added to each well of a 96-well plate (six repetitions) and the 

optical density (OD) was read at 570 and 620nm wavelength by the Elisa Reader (Anthos 

2020, Salzburg, Austria). 

 

 

- Cell differentiation quantitative analysis using Real-time PCR 

In order to evaluate and compare the effects of understudy bone allografts and growth factors 

(in singular or in combination with each other) on cell differentiation, the expression of three 

osteoblast differentiation marker genes (Alkaline phosphatase, ALP - Bone Sialo  Protein, 

BSP – Osteocalcin, OC) genes, were analyzed using quantitative real-time reverse- 

transcription polymerase chain reaction (RT-PCR). At 72 hours post-treatment, the total RNA 

was extracted from treated and non-treated (control) cells using RNeasy Mini Plus Kit 

(Qiagen, USA). Then, complementary DNAs (cDNas), were synthesized using a Quanti Tect 

Reverse Transcription kit (Qiagen, USA), according to the manufacturer’s instructions. 

Amplification of specific products was performed with 20 µL reaction mixtures contained 0.5 

µl of forward and reverse primers (250 nM final concentration, 60°C annealing temperature ) 

(Bioneer, South Korea( )Table 2), 2 µL of cDNA, 10 µL of Syber® Green PCR Master Mix 

(Qiagen, Hilden, Germany), and 7 µL of DNase-free water using Real-Time PCR detection 

system (Roche, Germany). Three repetitions were made for each group per each test (mean± 

SD). After normalizing the mean Ct values, the changes in expression of ALP, OC and BSP 

genes were evaluated in comparison with the expression of internal control gene (Ribosomal 

protein L13a, RPL) using Delta Delta Ct formula. 

-Cell mineralization qualitative analysis using Alizarin-red staining 

In order to evaluate and compare the effects of understudy bone allografts and growth factors 

(in singular or in combination with each other) on cell mineralization, the calcified nodule 

production were analyzed with Alizarin Red staining. At 72 hours post-treatment, the MG-63 

treated and non-treated (control) cells were washed with phosphate buffered saline (PBS) 

solution and then fixed with ice-cold 70% ethanol (1 hour incubation at room temperature). 

After several rinsing with deionized water, 2% Alizarin Red solution (Sigma-Aldrich, 

Germany) was added (30 minutes incubation at room temperature). After several rinsing with 
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deionized water, the cells were evaluated under an inverted light microscope (10X 

magnification) for detection of orange-red calcified nodules. 

-Statistical analysis 

The results were analyzed with GraphPad Prism (V.6.01 - USA) using one-way ANOVA 

and Tukey’s post hoc test. Pairwise comparisons were made using t-test and the relevant 

graph was plotted. Stars (*) on the columns indicate statistically significant difference with 

the control group (P value<0.05). 

 

Results: 
 

- Effect of bone allografts/growth factors on cell viability and proliferation 

 
The percentage of viability and proliferation of non-treated control cells (exposure to culture 

medium only, without bone allografts or growth factors) is considered 100%. 

As seen in figure 1-A, 24 hours after treatment, the combination of TGF-ß and PDGF-BB growth 

factors has significantly higher effect on viability and proliferation (33% increase vs control) 

than each growth factor in singular (the same effect, 15% significant difference vs control). The 

Combination of CenoBone™ PDFDBA (partially demineralized) and PDGF-BB has increased 

cell viability compared to control group (12%), TGF-ß only treated and allograft only treated 

group (22%). In contrast, the combination of TGF-ß and PDGF-BB growth factors with this 

allograft significantly reduced cell viability (38% reduction compared to control). 

A significant increase (36%) in cell viability and proliferation is seen in OsteoDemin™DFDBA 

(fully demineralized) only treated cells and also in combination with TGF- ß treated cells was 

seen. In contrast, the combination of this allograft with PDGF-BB and with both TGF-ß/PDGF, 

significantly reduced cell viability (18% reduction compared to control). 

No significant difference in cell viability and proliferation was seen in four state of CenoBone™ 

FDBA (mineralized) treated cells (allograft only, allograft in combination of FGF-ß, allograft in 

combination of PDGF-BB, allograft in combination of both TGF-ß and PDGF-BB), compared to 

non-treated control group, 24 hours after treatment. 

According to the results, NonDemin™ FDBA (mineralized) allograft only (38%),  in 

combination with TGF-ß only (46%), in combination with PDGF-BB only (64%) and in 

combination with both TGF-ß and PDGF-BB (30%) increases the viability and proliferation, 24 

hours after treatment. In this allograft group, the positive effect of allograft/PDGF-BB growth 

factor was significantly higher. 

As seen in figure 1-B, 72 hours after treatment, the growth factors (in singular or in combination) 

slightly (7-10%) reduced cell viability (non-cytotoxic) of non-allograft treated cells. This 

reduction in cell viability and proliferation was seen in CenoBone™ PDFDBA only treated and 

CenoBone™ PDFDBA in combination with TGF-ß treated cells (30%). Viability and 

proliferation reduction was slighter in PDGF-BB only and PDGF-BB in combination with TGF- 

ß treated cells (20%). Also 14% significant increase in cell viability was seen after 72 hours 

treatment with both growth factors, in compare to 24 hours post-treatment (time-dependent 

increase). 
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No significant difference in cell viability and proliferation was seen in four state of 

OsteoDemin™ DFDBA treated cells (allograft only, allograft in combination of FGF-ß, allograft 

in combination of PDGF-BB, allograft in combination of both TGF-ß and PDGF-BB), compared 

to non-treated control group, 72 hours after treatment. Also, 15% significant increase in cell 

viability was seen in 72-hours treated cells with PDGF-BB (in singular and in combination with 

TGF-ß), in compare to 24 hours post-treatment (time-dependent increase). 

Significant decrease in cell viability (52% reduction compared to non-treated control, cytotoxic) 

observed in CenoBone™ FDBA treated cells. This reduction was slighter (40%) in allograft 

treated cells in presence of growth factors. Also, time-dependent reduction (72-hours vs 24- 

hours) was seen in these groups. 

According to the results, NonDemin™ FDBA allograft only (11%, non-cytotoxic) and in 

combination with both growth factors (40%, cytotoxic), reduced cell viability. The viability and 

proliferation in TGf-ß only and PDGF-BB only treated cells was similar to controls. 

 
- Effect of bone allografts/growth factors on expression of osteogenic marker genes 

 

Figure 3-A shows the effect of understudy bone allografts and growth factors (in singular or 

in combination, 72 hours exposure) on the expression of ALP gene (early marker of 

osteoblast differentiation) in comparison with its expression in the negative (culture medium, 

without differentiation potential) control groups. The expression of ALP gene, as the early 

marker of osteoblastic differentiation, increases at the beginning of differentiation and is 

gradually down regulated by completion of differentiation (time-dependent decrease in gene 

expression). When pre-osteoblasts transform to fully differentiated osteoblasts (at the 

beginning of matrix mineralization), expression of BSP (as mid-late marker) and OC (as late 

marker of osteoblastic differentiation, late stage of maturation) increases. 

As seen in Figure 3-A, if the expression rate in control group is considered to be 1, the 

significant highest expression of ALP occurred in presence of Cenobone™ FDBA treated 

cells: 23 times the control group in allograft only treated, 16 times in allograft/RGF-ß, 22 

times in allograft/PDGF-BB and 17 times in allograft in combination with both TGF-ß and 

PDGF-BB. In CenoBone™PDFDBA only and in combination with PDGF-BB treated cells, 3 

times increase in ALP expression was seen, compared to control. This increase was higher in 

allograft treatment in combination with TGF-ß only or TGF-ß/PDGF-BB (~3.5 time’s vs 

control). Also, same expression pattern of expression but with lower rate was seen in 

OsteoDemin™DFDBA treated groups. 

Figure 3-B shows the effect of allografts/growth factors on BSP gene expression (mid-late 

marker of osteoblastic differentiation) compared to its expression in the negative control 

group. The highest level of expression (6-7 times the control group) was seen in 

NonDemin™PDFDBA, OsteoDemin™DFDBA and NonDemin™FDBA treated groups 

especially in combination with TGF-ß growth factor (in singular or in combination with 

PDGF-BB). No significant differences in expression of BSP was seen among CenoBone™ 

FDBA treated groups (~2 times the control group). 
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Figure 3-C shows the effect of allografts/growth factors on expression of OC gene (late 

marker of osteoblastic differentiation) compared to its expression in the negative control 

group. The highest level of expression (3 times the control group) was seen in 

NonDemin™FDBA treated groups especially in combination with TGF-ß growth factor (in 

singular or in combination with PDGF-BB). Two times increase in expression of OC was 

seen in CenoBone™FDBA only treated cells and also in allograft in combination with both 

growth factors. Increase in OC expression (1.5 times) Cenobone™DFDBA treated cells in 

combination with TGF-ß or TGF-ß/PDGF-BB. No significant differences was seen in 

CenoBone™ PDFDBA treated groups. No significant differences in expression of OC was 

seen in CenoBone™ PDFDBA treated groups compared to control. 

- Effect of bone allografts/growth factors on mineralization of MG-63 cells 

 

Figure 3 shows the qualitative (microscopic. 10X magnification) results of Alizarin Red staining 

of cells exposed to 60 mg of understudy bone allografts with or without growth factors (in 

singular or in combination), compared to control group (non-treated/undifferentiated cells) 72 

hours after treatment. Red calcified nodules (indicative of completion of differentiation and 

calcification) was seen in all treated groups (in contrast to non-treated control). The highest 

frequency was seen in presence of NonDemin™ FDBA group (allograft only and in combination 

with growth factors). Nodules are not very clear in other groups; arrows in Figure 3 point to the 

nodules. 

 

Discussion: 
 

Regarding the current use of many commercially available allografts in dental market and their 

recent application with recombinant growth factors especially in advanced periodontal 

regenerative therapies, this experimental in vitro study was aimed at determining whether the 

studied allografts show osteoinductive activities or not; and also, how this could be influenced by 

adding different growth factors. Since none of the studied allografts (without GFs) significantly 

reduced cell proliferation in 24 hours comparing to the control group, it can be concluded that 

they may have not early osteoinductive activity. In contrast, at 72 hours, two  experimental 

groups harboring Cenobone FDBA and Cenobone DFDBA showed a significant reduction in cell 

viability; probably suggesting of inducing late osteoblastic differentiation by these two allograft 

groups; because proliferation and differentiation are two dynamic and reversed-direction phases 

in human osteoblast-like cell cycle (22, 23). This finding is exactly consistent with the results of 

AlP and BSP gene expression at the same time point, in which these two groups of allografts, 

even without any GF, had a significantly higher AlP gene expression compared to the control 

group (P value<0.05). In our previous in vitro study in 2012 (16), we found the same results for 

Cenobone DFDBA which showed a concurrent reduction of cell proliferation and an increase in 

osseodifferentiaton of SaOS-2 cells at 48 hours. 

The primary aim of this study was to clarify the osteoinductive effects of two important GFs, 

PDGF and TGF-β, either individual or together, on MG-63 cells cultured in plates containing 

four different allografts. As it was previously reported, different trials of GFs on MG- 

63/allografts  culture  plates  lead  to  somehow  diverse  results  in  terms  of  cell  viability   and 
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osseodifferentiaton compared to their control group; but in general, the pattern of additional 

osteoinductive effects of GFs, especially in terms of gene expression, was more similar within 

demineralized (including PDFDBA and DFDBA) or non-demineralized (including Cenobone 

and NonDemin FDBAs) experimental allograft groups compared to their control plates 

containing only allografts. So, it can be concluded that the osteoinductive potential of GFs may 

be to some degree influenced by the used allograft type. In a recent study by the same authors in 

2014 (under publication), we encountered a relevant conclusion; the type of allograft is to be 

more influential factor than concentration or particle size on the osteoinductive property in MG- 

63 cell line. 

According to different studies, FDBAs and DFDBAs vary in terms of their particle size and 

particle heterogeneity, their mineralized composition, BMP content, and the manufacturing 

protocol which all can influence their osteoconductive as well as osteoinductive features (24- 

28). Although FDBA may have the same BMP content in its organic matrix, it does not have 

osteoinductive capability same as DFDBA (29). Evidence suggests that maximum 

osteoinduction is observed when there is 2% residual calcium remaining in DFDBA, and it is 

believed that this small percentage of calcium acts as a nidus for hydroxyapatite crystal 

formation (30). FDBA may provide a better scaffold than DFDBA for space maintenance and 

may also be more osteoconductive (31). Moreover, in that relevant study by the same authors 

in 2014, assessing the in vitro effects of mineralized and demineralized bone allografts on 

viability, proliferation and differentiation of MG-63 cells, the superior efficacy of the 

mineralized group was attributed to their close calcium/phosphate to that in normal bone 

(1.67), which was earlier introduced by Greenspan (2012) as a determinant of allograft 

osteogenic activity (32). So, perhaps these inherent differences between two allograft groups 

may be the reason of those intergroup different findings. Thus, due to the important 

osteoconductive and osteoinductive role of allografts, it will be a logic measure to select 

between more similar allografts when assessing the specific and meticulous additional 

osteoinductive effects of GFs or other signaling molecules in future studies. So, in order to 

avoid confusion and reach a relevant conclusion, we did report and analyze our results in 4 

groups according to the allograft type. 

In the present study, the effect of TGF-β or PDGF alone on MG-63 cell cultures was reported as 

a significant acceleration of cell viability/proliferation in the first 24 hours of exposure. Also, 

when they were combined together (TGF-β/PDGF), they showed a double positive effect on 

MTT results, suggestive of a real synergism. As time passed, typically they caused a decrease in 

cell viability rate, demonstrating the initiation of osteoblastic differentiation as early as 72 hours 

post-exposure. TGF-β has proved to have the ability of inducing osteoblastic differentiation and 

also playing a crucial role in BMP-mediated osteogenesis in various in vitro (33) and clinical 

studies (34). Also, PDGF-BB is believed to have a strong mitogenic effect on osteoprogenitor 

cells in concentrations as low as 10-20 mg/ml (35). 

The interesting point is the different response of MG-63 cells to GFs in terms of viability or 

gene expression when they are mixed with allografts; it means that they do not necessarily show 

the expected typical behavior of late (72 h) GF-mediated osteoblastic differentiation in all 

allograft groups, perhaps suggesting the combined interaction of GFs and allografts on cells. For 

example, TGF- β could not accelerate early (24h) proliferation of cells in plates having PDFDBA 
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Cenobone and FDBA Cenobone. Similarly, this GF could not decrease late (72h) proliferation in 

DFDBA OsteoDemin and FDBA NonDemin culture plates. Even more interesting, TGF-β 

increased the 72h MTT rate in FDBA Cenobone cultures compared to allograft-lacking controls. 

In an in vitro study by Mott (2002), it was concluded that PDGF/ TGF-β –enriched DFDBA 

could result in significant proliferation and osteoblastic activity of murine pre-osteoblasts in 7 

days compared to the control group (36). Also, the favorable and beneficial effect of either 

PDGF-BB or TGF-β in combination with different bone substitutes has been proved in various 

regenerative clinical studies (34, 37, 38). This controversy between our results and those of other 

studies can be attributed to the particular conditions of this study in terms of cell types, duration 

of the experiment, concentration of GFs, or different bone substitute materials and so on, which 

requires further scrutiny and more studies. 

Going deep into the results of adding TGF-β to cell-allograft cultures, we can easily observe a 

significant early (24h) proliferative effect on OsteoDemin DFDBA and NonDemin FDBA and 

also, a late (72h) osteoinductive effect on Cenobone PDFDBA and Cenobone FDBA. The 

question of whether the inter-manufacturers’ differences such as special cutting and sizing 

process of particles can easily determine the pattern of how different allografts would affect cell 

proliferation under the influence of TGF-β, is to be answered (39). 

As it is generally expected, adding GFs to cell-allograft cultures will should in an increase in 

osseodifferentiaton genes expression; it is well proved by our findings except for applying GFs 

only on MG-63/Cenobone FDBA cultures where 72h AlP and OC gene expression showed a 

significant reduction compared to control cultures without GF. Again, it raises a question about 

the potential influence of the allograft type on MG63-GFs interaction which has to be further 

dealt with in a well-designed trial in future. In the other hand, the most relevant, conducive and 

desirable osteoinductive benefits of adding both GFs were observed in the PDFDBA (Cenobone) 

group compared to all other allografts which could be attributed to the partial demineralization 

procedure executed while manufacturing and can be the title of further studies. This was 

consistent with the results gained in early (24h) and late (72h) MTT rates which showed a 

greater cell proliferation in both time points which may be a good evidence of 

osseodifferentiaton. 

Another noteworthy finding of the present study was the pattern of increasing AlP, OC, BSP 

gene expression which was generally more consistent in specially two demineralized allografts; 

inversely, the AlP gene was not expressed in cells cultured in FDBA (NonDemin) with or 

without GFs. Even, its expression was significantly decreased in FDBA (Cenobone) group under 

the influence of PDGF, TGF-β, or PDGF/TGF-β compared to their control plates lacking GF. 

Furthermore as it was previously noted, OC gene expression was also decreased in FDBA 

(Cenobone) group cultured with either PDGF or TGF-β. The reason why these two GFs caused a 

reduction in AlP and OC gene expression in addition to the absence of significant increase in 

BSP gene expression on only FDBA (Cenobone) group, is yet unknown. 

Another notable finding about gene expression profile of pre-osteoblastic MG-63 cells under the 

influence of GFs, was observed in only NonDemin FDBA plates where the AlP gene was not 

expressed in 72 hours of the experiment despite triplication. Comparing this with results from 

qualitative Alizarin-red staining test may seem somehow controversial; because cells in 

NonDemin FDBA plates exhibited the most frequent calcified nodule formation and the highest 

expression of OC and BSP among all allograft groups. As it is highly clear, AlP is an early 
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marker of osteoblastic differentiation which its highest expression coincides with  the 

deceleration of cell proliferation, indicating the initiation of calcified nodule formation ultimately 

resulting in peripheral mineralization. Perhaps this mismatch can be explicated by an inherent 

biologic property of MG-63 cells, namely their inconsistent mineralization profile (40). 

Moreover, other reports showed that MG-63 cells have low ALP enzyme activity and did not 

mineralize (41, 42). 

Another interesting finding relates to the interaction of two types of GFs (PDGF and TGF-β) 

on osseodifferentiaton of MG63 cells in only the FDBA (Cenobone) group: applying either of 

the two GFs conduced to a significant reduction in 72h OC gene expression; while, 

simultaneous application of them had reversely resulted in a significant increase. As this 

finding was not encountered in any other experimental group, it can be attributed to a specific 

unknown interaction of TGFβ-PDGF with MG63 cell in expressing OC gene. Unfortunately 

there are not relevant studies about the manner of osseodifferentiaton gene expression in MG- 

63 cell under the influence of GFs; but interestingly there is an old study by Hung and 

colleagues (1997) which unveils a cross-talk of PDGF-BB and TGF-β in exerting their 

mitogenic effect on this cell line. In this study, it was shown that TGF-β1 inhibits PDGF 

mitogenicity in MG-63 cells by selectively suppressing two out of three PDGF receptor 

signaling pathways (43). So, the presence of such an unknown and complex interaction in the 

expression of AlP, BSP, and OC genes by MG-63 cells could be probable as well. 

By comparing osteoinductive effects of either two GFs, PDGF or TGF-β, it can be well 

concluded that in general TGF-β has more noticeable effects in increasing AlP, OC, and BSP 

gene expression in on almost all allograft groups. Meanwhile, the osteoinductive effect of PDGF 

alone was observed only in 72h BSP and OC gene expression of cells in only PDFDBA 

(Cenobone) and FDBA Cenobone group, respectively. Even, PDGF could not enhance the 

expression of BSP and OC genes as mid-late and late osteoblastic markers. Unlike our results, 

Mezawa and colleagues (2009) reported BSP mRNA increase by PDGF-BB (5 ng/mL) in SaOs- 

2 cells at 12 hours (44). Maybe this can be due to the concentration used in this study (5 ng/mL), 

the type of target cells (MG63) with their definite stopped position in cell cycle position; as the 

responsiveness to PDGF of human bone cells varies with the stages of differentiation cycle . 

Perhaps far more different results will be gained when using different concentrations. In this 

study, we recruited MG63 cells which are human osteosarcoma-derived osteoblast-like cells. 

Using other human pre-osteoblastic cells like U2OS, CAL72, TE85 may help unmasking the 

precise real effects of these two GFs and their putative potent osteoinductivity. 

Considering the detailed results, we can observe that in this study, the GF-mediated up/down 

regulation of three genes involved in osseodifferentiaton does not follow the same pattern even 

within a given allograft group influenced by an individual GF. For example, while TGF-β caused 

a significant 72h up regulation of AlP and BSP genes, it was not able to increase OC gene 

expression in PDFDBA Cenobone group. There are many such examples which require more 

studies in future to answer. 

 

Acknowledgments 
 

We would like to thank “Tissue Regeneration Corporation” Company (http://www.trcir.com/) 

for financial support of this project. 

http://www.trcir.com/


10 

 

 

Conflict of Interests 
 

The authors report no conflicts of interest related to this study. 

 

 

References: 
 

1) Snyder MB. Treatment of a large post extraction buccal wall defect with mineralized 

allograft, β-TCP, and rhPDGF-BB: a growth factor-mediated bone regenerative 

approach. Int J Periodontics Restorative Dent. 2012 Dec; 32(6):705-11 

 

2) Position Paper. Epidemiology of periodontal disease Periodontal 2005; 76:1406-19 

 

3) Gurinsky BS, James MP, Mellonig JT. Clinical evaluation of demineralized freeze- 

dried bone allograft and enamel matrix derivative versus enamel matrix derivative 

alone for the treatment of periodontal osseous defects in humans’ .J periodontal 2004; 

75:1309-18 

 

4) Hegedus Z. The rebuilding of the alveolar process by bone transplantation. Dent 

Cosmo 1923; 65:736-14 

 

5) Nabers CL, O’Leary TJ. Autogenous bone transplant in the treatment of osseous 

defects. J Periodontal 1965; 36:5-14 

 

 

6) Boyan B, Rankly DM, McMillan J, Sunwoo M, Roche K, Schwartz Z. 

Osteoinductive Ability of Human Allograft Formulation. J Periodontol 2006; 

77:1555-63 

 

7) Cristiane Ibanhes Polo, Julio Leonardo Oliveira Lima, Leonardo De Lucca. Effect of 

Recombinant Human Bone Morphogenic Protein 2 Associated With a Variety of 

Bone Substitute on Vertical Guided Bone Regeneration in Rabbit Calvarium. J 

Periodontol 2013; 84:360-370 

 

8) Zvi Schwartz, Ann Somers, James T. Mellonig. Addition of Human Recombinant 

Bone Morphogenic Protein 2 to Inactive Commercial Human Demineralized Freeze- 

dried Bone Allograft Makes an Effective Composite bone Inductive Implant Material. 

J Periodontal1998; 69:1337-1345 

 

9) Robert W. Harold, David H. Pashley, Michael F. Cuenin. The Effects of Varying 

Degrees of Allograft Decalcification on Cultured Porcine Osteoclast Cells. J 

Periodontal2002; 73:213-219 

 

10) Sonoda M, Harwood FL, Amiel ME. The Effects of Hyaluronan on Tissue Healing 

After Meniscus Injury And Repair in a Rabbit Model. Am J Sports Med 2000; 28:90- 

97 

11) Rummelhart JM, Mellonig JT, Gray JL, Towle HJ. A comparison of Freeze-Dried 

Bone Allograft and Demineralized Freeze-dried Bone Allograft in Human Periodontal 

Osseous Defect. J Periodontal 1989; 60:655-63 



11 

 

 

12) Shigeyama YD, Errico JT, Stone R, Somerman MJ. Commercially-prepared Allograft 

Material Has Biological Activity in vitro. J Periodontol 1995; 66:478-87 

 

13) Pinholt EM, Haanaes HR, Roervik M, Donath K, Bang G. Alveolar Ridge 

Augmentation by Osteoinductive Materials in Goats. Scand J Dent Res 1992; 

100:361-65 

 

14) Becker W, Lynch SE, Lekholm U, Becker B, Caffesse R, Donath K, Sanchez R. A 

comparison of ePTFE Membranes Alone or in Combination with Platelet Drived 

Growth Factor and Insulin like Growth Factor-1 or Demineralized Freeze-Dried Bone 

in Promoting Bone Formation around Immediate Extraction Socket Implants. J 

Periodontol 1992; 63:929-40 

 

15) Becker W, Schenk R, Higuchi K, Lekholm U, Becker B. Variation in Bone 

Regeneration Adjacent to Implants Augmented With Barrier Membranes Alone or 

with Demineralized Freeze –Dried Bone or Autologous Grafts: A Study in Dugs. Int J 

Oral Maxillofac Implants 1995; 10:143-54 

 

16) Shahram Vaziri, Surena Vahabi, Maryam Torshabi, Somayeh Hematzadeh. In vitro 

assay for osteoinductive activity of different demineralized freeze-dried bone 

allografts. J Periodontal Implants Sci 2012; 42:224-230 

 

 
17) Becker W, Urist M, Tucker LM, Becker B, Ochsenbein C. Human Demineralized 

Freeze-Dried Bone: Inadequate Induced Bone Formation in Athymic Mice. J 

Periodontal 1995; 66:822-28 

 

18) Kaigler D, Cirelli JA, Giannobile WV. Growth Factor Delivery for Oral and 

Periodontal Tissue Engineering. Expert Opinion on Drug Delivery 2006; 647-662. 

 

19) Ivan B. Darby, Kevin H. Morris. A Systematic Review of the Use of Growth Factors 

in Human Periodontal Regeneration. J Periodontal 2013; 84:465-476 

 

 
20) Heng NH et al. Effects of Enamel Matrix Derivative and Transforming Growth 

Factor-b1 on Connective Tissue Growth Factor in Human Periodontal Ligament 

Fibroblasts. J Periodontol 2015; 86:569-577. 

 

21) Intini G, Andreana S, Buhite R.J, Bobek L.A. A Comparative Analysis of Bone 

Formation Induced by Human Demineralized Freeze-Dried Bone and Enamel Matrix 

Derivatives in Rat Calvaria Critical Size Bone Defects. J Periodontol 2008; 79:1217- 

1224. 

 

 
22) Lian JB, Stein GS. The developmental stages of osteoblast growth and differentiation 

exhibit selective responses of genes to growth factors (TGFbeta1) and hormones (vitamin D 

and glucocorticoids). J Oral Implantol 1993:19:95-105 



12 

 

 

 

23) Rodan SB, Imai Y, Thiede MA, Wesolowski G, Thompson D, Bar- Shavit Z. 

Characterization of a human osteosarcoma cell line (SaOS-2) with osteoblastic properties. 

Cancer Res 1987:47:4961-4966. 

 

24) Urist MR, Strates BS. Bone morphogenetic protein. J Dent Res 1971; 50:1392-1406. 

 
25) Shigeyama Y, D’Errico JA, Stone R, Somerman MJ. Commercially-prepared allograft 

material has biological activity in vitro. J Periodontol 1995; 66:478-487. 

 
26) Schwartz Z, Mellonig JT, Carnes DL Jr., et al. Ability of commercial demineralized 

freeze-dried bone allograft to induce new bone formation. J Periodontol 1996; 67: 918-926. 

 
27) Becker W, Becker BE, Caffesse R. A comparison of demineralized freeze-dried bone and 

autologous bone to induce bone formation in human extraction sockets. J Periodontol 1994; 

65:1128-1133 (erratum 1995; 66:309). 

 
28) Schwartz Z, Somers A, Mellonig JT, et al. Ability of commercial demineralized freeze- 

dried bone allograft to induce new bone formation is dependent on donor age but not gender. 

J Periodontol 1998; 69: 470-478. 

 
29) Wood R, Mealey BR. Histologic Comparison of Healing After Tooth Extraction with 

Ridge Preservation Using Mineralized Versus Demineralized Freeze-Dried Bone Allograft. J 

Periodontol 2012; 83:329-336. 

 

30) Zhang M, Powers RM Jr, Wolfinbarger L Jr. Effect(s) of the demineralization process on 

the osteoinductivity of demineralized bone matrix. J Periodontol 1997; 68: 1085-1092. 

 

 
31) Piattelli A, Scarano A, Corigliano M, Piattelli M. Comparison of bone regeneration with 

the use of mineralized and demineralized freeze-dried bone allografts: A histological and 

histochemical study in man. Biomaterials 1996; 17:1127-1131. 

 
32) Greenspan D. Physical and chemical properties of commercially available mineralized 

bone allograft. Zimmer dental Inc. 2012:1-8. 

 
33) Maeda S, Hayashi M, Komiya S, Imamura T, Miyazono K. Endogenous TGF-b signaling 

suppresses maturation of osteoblastic mesenchymal cells. The EMBO Journal (2004) 23, 

552–563. 

 
34) Selvig K.A, Sorensen R.G, Wozneg J.M, Wikesjo UM. Bone Repair Following 

Recombinant Human Bone Morphogenic Protein-2 Stimulated Periodontal Regeneration. J 

Periodontol 2002; 73:1020-1029. 



13 

 

 

35) Christopher L Strayhorn, J Stephen Garrett, Richard L.Dunn. Growth Factors Regulate 

Expression of Osteoblast-Associated Genes. J Periodontol 1999; 70:1345-1354. 

 
36) David A. Mott, Jason Mailhot, Michael F. Cuenin. Enhancement of Osteoblast 

Proliferation in Vitro by Selective Enrichment of Demineralized Freeze-Dried Bone Allograft 

with Specific Growth Factors. J Oral Implantology 2002; 28(1):57-66, 

 
37) Ivan B. Darby, Kevin H. Morris. A Systematic Review of the Use of Growth Factors in 

Human Periodontal Regeneration. J Periodontal 2013; 84:465-476. 

 
38) Papadopoulos C.E, Dereka X.E, Vavouraki E.N, Vrotsos I.A. In Vitro Evaluation of the 

Mitogenic Effect of Platelet-derived Growth Factor –BB on Human Periodontal Ligament 

Cells Cultured with Various Bone Allograft s. J Periodontol 2003;74:451-457. 

39) Z Schwartz, J.T. Mellonig, D.L. Carnes .Ability of Commercial Demineralized Freeze- 

Dried Bone Allograft to Induce New Bone Formation. J Periodontol 1996; 67:918-926 

 
40) E.M. Czekanska, M.J. Stoddart, R.G. Richards, J.S. Hayes. In Search of an Osteoblast 

Cell Model for In Vitro Research. Europ Cells Mater 2012; 4:1-17. 

 
41) Saldana L, Bensiamar F, Bore A, Vilaboa N. In search of representative models of 

human bone-forming cells for cytocompatibility studies. Acta Biomater 2011; 7: 4210- 4221. 

 
42) Pierschbacher MD, Dedhar S, Ruoslahti E, Argraves S, Suzuki S. An adhesion variant of 

the MG- 63 osteosarcoma cell line displays an osteoblast-like phenotype. Ciba Found Symp 

1988; 136: 131-141. 

 
43) Hung L.M, Tsai C.H, Chen J.K. TGF-B Selectively Suppresses PDGF Receptor 

Signaling Pathways In MG-63 Human Osteosarcoma Cell. Life Sciences. 1997; 61: 685-693. 

 
44) Mezawa M et al. Regulation of human bone sialoprotein gene transcription by platelet- 

derived growth factor-BB. Gene. 2009; 435: 80–87. 


