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Abstract
Magnesium enriched microenvironment might create a favorable milieu conducive 

to dentin repair and/or regeneration. In previous work, magnesium oxide (MgO) has 
been considered for its potential ability to enhance cell attachment, proliferation rate 
and expression of dentin matrix proteins. However, to date the role of MgO and the 
involved regulatory mechanisms of the BMP/Smad pathway in mediating odontoblastic 
differentiation remain undefined. This study was designed to determine and compare 
the stimulatory effect of different concentrations of MgO on expression of bone 
morphogenic protein (BMP-2) and SMADs 1/5/9 in signal transduction pathway of 
normal human dental pulp cells (HDPCs). HDPCs were cultured with 0.5 mM, 1 mM, 2 
mM, 4 mM, 8 mM concentrations of supplemental MgO, 0 mM as the negative control 
group, lignin sulfonic acid sodium salt and xanthan gum as the vehicle control groups. 
Statistical analysis using Multi-Way Analysis of Variance (MANOVA) with Wilks’ lambda 
test. Results showed that 0.5 mM MgO elicited the highest stimulatory effect on 
expression of BMP-2 and SMADs 1/5/9 compared to other concentrations of MgO and 
the negative and vehicle control groups at all time points (P<0.001). Supplemental MgO 
concentrations higher than 0.5 mM had an inhibitory effect on HDPCs with lower 
expression of BMP-2 and SMADs 1/5/9 compared to the control groups (P<0.001). 
Conclusively, this is the first study to reveal that MgO at an optimal concentration (0.5 
mM) might promote the differentiation of HDPCs in to odontoblast-like cells through 
the activation of BMP/SMAD signaling pathway. This study may provide a new insight 
that MgO might be considered for new therapeutic opportunities in regenerative 
endodontics.
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Introduction
Dental caries remains the threat to the dental pulp [1], resulting from the penetration 

of oral bacteria into the enamel and dentin. In the presence of carious lesions, pulpal 
exposure by cavity preparation, and following restorative procedures, a wound healing 
process occurs. Surviving odontoblasts and odontoblast-like cells differentiate from 
progenitor stem cells in the dental pulp in a highly coordinated interplay of different 
growth factors and cytokines to form reparative dentin required to block further noxious 
stimuli [2-5]. Both pulp repair and regeneration processes are orchestrated by these key 
regulatory factors. Bone morphogenic proteins (BMPs) are the most widely studied 
growth factors involved in differentiation of osteoblasts and odontoblasts. 
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BMP-2 and its intracellular transducers such as SMAD1 and 
SMAD 5 serve as regulators of tooth development [6]. BMP2 
activates intracellular signaling by binding to heterooligomeric 
serine/threonine kinase receptor complexes composed of type 
I and type II BMP receptors presented on the cell surface [7]. 
After ligand binding autophosphorylated BMP type II receptors 
phosphorylate type I receptors, which in turn activates canonical 
signaling via phosphorylation of SMADs 1/5/9. It was reported 
that BMP-2 induced the phosphorylation and nuclear 
translocation of SMADs 1/5 mediating odontoblastic 
differentiation in dental pulp cells (DPCs) [8]. Taken together, 
BMP/SMAD signaling pathway might play an important role 
during reparative dentin formation. 

Previous studies showed that MgO upregulated 
attachment, proliferation rate, alkaline phosphatase (ALP) 
activity, and expression of dentin sialoprotein (DSP), dentin 
matrix protein (DMP-1), dentin sialophosphoprotein (DSPP) 
and type I collagen (COL-I) in HDPCs in vitro [9,10]. However, 
the precise molecular mechanisms of MgO responsible for 
odontoblast differentiation are not fully investigated. In the 
present study, the main objective was to evaluate the 
stimulatory effect of different concentrations of MgO on 
expression of BMP-2 and SMADs 1/5/9 and determine the 
associated signaling pathways of HDPCs in vitro. This is the 
first report to show a MgO-stimulated effect in HDPCs that 
may lead to the upregulation of BMP-2/SMAD signaling 
in vitro. 

Materials and Methods
Preparation of supplemented MgO suspension

An aqueous MgO suspension was prepared using MgO 
powder milled size ranging from 44 to 297 micron (Mag 
Chem 10, Martin Marietta Magnesia Specialties, Baltimore, 
MD, USA) based on the combined weight of water, lignin 
sulfonic acid sodium salt (anti-hydration agent) and xanthan 
gum (suspension aid), providing a highly stable concentrated 
suspension (according to the patent developed by Richard 
Van De Walle 1989) [11]. Five stock solutions were prepared 
at concentrations of 5 mM, 10 mM, 20 mM, 40 mM and 80 
mM respectively.

Lignosulfonic acid sodium salt and xanthan gum solvent 
preparation

Lignosulfonic acid sodium salt and xanthan gum (Sigma 
Aldrich, MA, USA) were dissolved in deionized water and 
subsequently filtered under sterile condition in the biological 
hood, kept in a labeled container and stored at room 
temperature, utilized as vehicle controls to be compared to 
the negative control.

HDPCs primary culture
Human dental pulp explants were obtained from 

extraction of impacted third molars through the oral surgery 
department at Boston University School of Dental Medicine. 
Healthy patients with an age range of 15-25 years were 
screened to rule out any metabolic or systemic disease, acute 

infections, or any steroid drugs that were taken in the last six 
months preceding the surgery. Exclusion criteria included 
caries, restorations, trauma, non-vital teeth or teeth associated 
with pathologic conditions. This study was approved under 
Boston University IRB approval H-33173. HDPCs were isolated 
following a previously published protocol with modifications 
[9,10,12]. First, sagittal indentation was made using a high-
speed handpiece and fissure bur with a coolant without 
exposing the pulp. Sectioning was carried out using a #7 
Chandler bi-bevel bone chisel (Hu-Friedy, Chicago, IL, USA) to 
expose the pulp. The pulp tissue was divided into small pieces 
and were placed in 12.5 cm2 culture flasks (Thermo Fisher 
Scientific, Cambridge, MA, USA). Culture medium consisted of 
10% fetal bovine serum (FBS) (R&D  Systems, Minneapolis 
MN, USA), 1X Penicillin antibiotic (100 U/mL), and 1X 
Streptomycin (100 ug /mL) (Gibco, MA, USA), Amphotericin B 
anti-fungal (0.25 ug/ml) in Eagle’s Basal Medium (BME) 
(Gibco, MA, USA). The cultureflasks were maintained in an 
incubator at 37°C C with 5% CO₂ and saturated humidity and 
cultured up to the second passage. Growth media was 
replaced every 72 hours. 

When nearly confluent, cells were trypsinized with 0.05% 
Trypsin (Gibco, MA, USA). Cells were counted using a 
hemocytometer and used in the experiments. Characterization 
of dentinogenic phenotype of the cells was confirmed by 
expression of dentinogenic markers induced by vit D3 
stimulation as previously reported [9,10]. HDPCs were then 
transferred to 24 well plates (Thermo Fisher Scientific, MA, 
USA) and grown in the culture medium supplemented with 
0mM (control), 0.5 mM, 1 mM, 2 mM, 4 mM and 8 mM 
supplemental MgO concentrations respectively. For cellular 
differentiation studies, growth media were replaced with pre-
inductive dentinogenic media with 10 nM Vitamin D3 (172g/
mol) (Sigma Aldrich, MA, USA) for two additional days before 
the predetermined time intervals of 4, 7, and 11days. 
Dentinogenic media was composed of the following: 10% 
charcoal stripped fetal bovine serum (FBS) (Life Technologies, 
MA, USA), 100 IU/ml Penicillin (Gibco, Waltham, MA, USA), 
100 μg/m streptomycin (Gibco, MA, USA), 10-8M Menadione 
(Sigma Aldrich, Burlington, MA, USA), 10 mM 
β-Glycerophosphate (Sigma Aldrich, Burlington, MA, USA), 
0.05 mg/mL L-ascorbic acid (Sigma Aldrich, MA, USA), 2 mM 
L-glutamine (Gibco, Waltham, MA, USA). From measurements 
obtained from proliferation data in previously published 
study [9], the cell numbers for each time interval 7, 10 and 14 
days were used to determine the values of extracellular 
protein level on per million cell base formula.

Assessment of BMP-2 expression in HDPCs
Cell culture supernatant samples at days 7, 10 and 14 

were tested using BMP-2 Xpress BioTM ELISA Kit (Human), to 
evaluate expression levels of secreted BMP-2 protein. In a 96-
well microplate (Thermo Fisher Scientific, MA, USA), five 
replicates were tested for each of MgO concentrations: 0.5 
mM, 1 mM, 2 mM, 4 mM, 8 mM and 0 mM as the negative 
control, and lignin sulfonic acid sodium salt and xanthan gum 
as the vehicle control. Supernatants with various conditions 
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were centrifuged at 1000 xg for 20 minutes to remove cellular 
debris. Microtiter plate was washed twice with wash buffer 
before adding standards, sample, and controls (blank wells). 
The standard solutions were prepared in concentrations of 
7.8 pg/mL, 15.625 pg/mL, 31.25 pg/mL, 62.5 pg/mL, 125 pg/
mL and 250 pg/mL. Sample dilution buffer was aliquoted and 
added into the standard and the control (blank) wells. 
Microtiter plates with 100 μL of the diluted (2x) test samples, 
standards and blanks were incubated at 37°C for 90 minutes. 
The plate contents were then discarded and washed twice 
with wash buffer. 100μL of the biotin conjugated antibody 
was added subsequently in the antibody pre-coated 
microtiter plate. The biotin conjugated antibody solution was 
added at the bottom of each well. The plate was then sealed 
with a cover and incubated for 60 minutes at 37°C. After the 
plate was washed for three washes, 100 μL horseradish 
peroxidase streptavidin (HRP-Streptavidin) was added and 
incubated for 30 minutes. Unbound conjugate was washed 
away five times with wash buffer. 90 μL TMB substrate was 
then added into each well followed by incubation in dark for 
10-20 minutes. Finally, the HRP enzymatic reaction was 
terminated by adding 50 μL stop solution. The intensity of 
color (O.D) versus the respective BMP-2 concentration in the 
sample or the standard was identified with microplate reader 
(TECAN, Infinite 1000 Pro) at a wavelength of 450 nm. BMP-2 
concentration was calculated by a standard curve and 
normalized to BMP-2 expression measured per million of 
cells.

Assessment of SMADs 1/5/9 signaling protein expression 
in HDPCs

Qualitative determination of target protein concentration 
of SMADS 1/5/9 in cultured cells was achieved by using a 
colorimetric cell-based indirect ELISA Kit format CytoGlow™ 
(Assay Biotechnology, USA). A monoclonal antibody specific 
for human glyceraldehyde -3- phosphate-dehdrogenase 
(GAPDH) was included to serve as an internal positive control 
in normalizing the target absorbance values. HDPCs were 
seeded at a density of 20,000 cells per well in 200 μL of 
culture medium in a 96-well plate (Thermo Fisher Scientific, 
MA, USA). Five replicas were tested for each of various 
concentrations of supplemental MgO: 0.5 mM, 1 mM, 2 mM, 
4 mM, 8 mM, 0 mM as negative control, lignin sulfonic acid 
sodium salt and xanthan gum as vehicle controls respectively. 
SMADs 1/5/9 protein expression levels were measured at 16 
hr, 7, 10 and 14 days. The culture plates were incubated at 
37°C and 5% CO2. Cell culture medium was removed and 
rinsed with 200 μL of 1x TBS twice. Cells were then fixed in 
100 μL of 4% formaldehyde for 20 min at room temperature 
and washed three times with 200 μL 1x wash buffer for 5 min 
each time. 100 μL of quenching buffer was added for 20 min 
at room temperature and washed with 1x wash buffer for 5 
min. Then, 200 μL of blocking buffer was added for 1 hr at 
room temperature. After washing with 200 μL 1x wash buffer, 
50 μL of 1x primary antibody (Anti-SMADs 1/5/9) was added. 
Anti-GAPDH antibody was added to the positive control 
wells. After incubation for 16 hrs at 4ºC, plates were washed 

three times with 200 μL 1x wash buffer for 5 min. Then, 50 μL 
of secondary antibody (HRP- conjugated Anti-rabbit IgG) 
was added to the wells containing the Anti-SMADs 1/5/9 and 
to the negative control wells. The secondary antibody (HRP-
conjugated Anti-Mouse IgG) was added to the positive 
control wells (Anti-GAPDH antibody) for 1.5 hr at room 
temperature. After washing with 200 μL of 1x wash buffer, 
50μL of ready to use substrate was added to each well for 30 
min at room temperature in dark, then 50 μL of stop solution 
was added. The ELISA plates were read using the microplate 
reader at 450 nm for HRP activity. After measuring absorbance 
at 450 nm, plates were washed twice with 200 μL of 1x wash 
buffer, and then twice with 200 μL of 1x TBS. Plates were 
tapped on paper towels to remove excess liquid, then, were 
left to air dry at room temperature. Then, crystal violet 
staining method was used to determine optical cell density 
number. 50 μL of crystal violet solution was added for 30 min 
at room temperature, followed by rinsing with 100 μL of 
distilled water for four to five times till the wells became 
transparent drying for 30 minutes, and adding 100 μL of SDS 
for 1 hr. Absorbance was read with the microplate reader 
(TECAN, Infinite 1000 Pro) at 595 nm. The results were 
analyzed by normalizing the absorbance values to cell 
numbers. OD values at 450 nm obtained for the SMADs 1/5/9 
target proteins were normalized with the OD values at 450 
nm obtained for GAPDH. For crystal violet staining 
normalization, the measured OD values at 450 nm were 
normalized with the OD values at 595 nm by dividing OD 450/ 
OD 595.

Statistical Analysis
The means and standard deviations (SD) data of the levels 

of BMP-2 expression at 7, 10, and 14 days, and SMADs 1/5/9 
expression levels at 16 hours, 3, 7, 10 and 14 days, were 
calculated and are presented in Tables (1-4). The data were 
normalized on a per million cells basis at the same time 
points. Statistical analysis was performed using software JMP 
Pro 13 (ver. 13.1.0). Multi-Way Analysis of Variance (Multi-
Way ANOVA) with Wilks’ lambda test was used for statistical 
analysis between the groups. Differences at  P≤0.05 were 
considered statistically significant.

Results
Effect of MgO on BMP-2 expression of HDPCs 

In the 0.5 mM supplemental MgO concentration groups 
of all time intervals a significant increase in BMP-2 expression 
were observed compared with the higher supplemental 
MgO concentration groups and all control groups (P<0.001). 
The supplemental MgO concentration groups higher than 
0.5 mM showed  significant lower BMP-2 expression 
comparable to the negative control and vehicle  control 
groups (P<0.001). (Figure 1) (Table 1). Wilks’ Lambda 
interaction P-value for supplemental MgO concentrations 
showed a statistically significant value at this time point 
(P<0.001) (Table 2). 
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Figure 1. Histogram showing bone morphogenic protein (BMP-2) 
expression of HDPCs in Media with Supplemental MgO concentrations: 

0.5 mM, 1 mM, 2 mM, 4 mM, 8 mM as study groups, 0 mM as control group, 
lignin sulfonic acid sodium salt and xanthan gum as vehicle control groups 

for time periods of 7, 10 and 14 days. BMP-2 expression in supernatants was 
normalized per million cells at each time interval. The data is presented as 
means of five replicates with error bars indicating the standard deviation. 
Groups labeled with different letters differ statistically as compared to the 

control groups and other study groups (P<0.001).

Table 1. P-values of BMP-2 expression within groups for Multi Way- 
ANOVA (MANOVA) of supplemental MgO concentrations: 0.5 mM, 

1 mM, 2 mM, 4 mM, 8 mM and 0 mM as the control group, lignin sulfonic 
acid sodium salt and xanthan gum as the vehicle control groups for time 

periods of 7, 10 and 14 days (P<0.001)

Test Value Exact F NumDF DenDF Prob>F

F Test 8.4013945 201.6335 1 24 <.001*

Table 2. Wilk’s Lambda for the interaction P-values for BMP-2 expression of 
supplemental MgO concentrations: 0.5 mM, 1 mM, 2 mM, 4 mM, 8 mM and 

0 mM as the control group, lignin sulfonic acid sodium salt and xanthan 
gum as the vehicle control groups at different time intervals (P<0.001)

Test Value Approx. F NumDF DenDF Prob>F

Wilks’ Lambda 0.2336558 3.5117 14 46 0.001*

Effect of MgO on SMADs 1/5/9 expression of HDPCs
A significant increase in SMADs 1/5/9 expressions was 

observed at all time intervals 16 hrs, 7 days, 10 days and 14 
days in the 0.5 mM supplemental MgO concentration group 
in comparison with higher supplemental MgO concentration 
groups and all control groups (P<0.001) (Figure 2) (Table 3). 
Wilks’ Lambda interaction P-value for supplemental MgO 
concentrations demonstrated a statistically significant value 
(P<0.001) (Table 4). The 1 mM, 2 mM, supplemental MgO 
concentration groups showed significantly lower levels of 
SMADs 1/5/9 expressions at day 10 and day 14 compared to 
all control groups (P<0.001). The 4 mM and 8 mM supplemental 
MgO concentration groups showed significantly lower levels 
of SMADs 1/5/9 expressions at all time intervals of 16 hrs, 7 
days, 10 days and 14 days compared to all control groups 
(P<0.001). Wilks’ Lambda interaction P-value for supplemental 
MgO concentrations pointed out a statistically significant 
value (P<0.001) (Table 4).

Figure 2. Histogram showing SMADs1/5/9 expression of HDPCs in media 
with supplemental MgO concentrations: 0.5 mM, 1 mM, 2 mM, 4 mM, 8 mM 
as study groups, 0 mM as control group, lignin sulfonic acid sodium salt and 

xanthan gum as vehicle control groups for time periods of 7, 10 and 14 
days. SMADs 1/5/9 expression in supernatants was normalized per million 
cells at each time interval. The data is presented as means of five replicates 

with error bars indicating the standard deviation. Groups labeled with 
different letters differ statistically as compared to the control group and 

other study groups (P<0.001).

Table 3. P-values of SMADs 1/5/9 expression within groups for Multi 
Way-ANOVA (MANOVA) of supplemental MgO concentrations: 0.5 mM, 1 

mM, 2 mM, 4 mM, 8 mM and 0 mM as the control group, lignin sulfonic acid 
sodium salt and xanthan gum as the vehicle control groups for time periods 

of 7,10, and 14 days (P<0.001)

Test Value Exact F NumDF DenDF Prob>F

F Test 3.1215562 46.8233 1 15 <.001*

Table 4. Wilk’s Lambda for the interaction P-values for SMADs 1/5/9 
expression of supplemental MgO concentrations: 0.5 mM, 1 mM, 2 mM, 4 
mM, 8 mM and 0 mM as the control group, lignin sulfonic acid sodium salt 
and xanthan gum as the vehicle control groups at different time intervals 

(P<0.001)

Test Value Approx. F NumDF DenDF Prob>F

Wilks’ Lambda 0.0001242 33.8648 24 38.305 <.001*

Discussion
In the present study the effect of supplemental MgO at 

various concentrations on expression of BMP2/SMAD 
involved in signaling pathways and mediating odontoblastic 
differentiation was assessed. BMPs are known to have diverse 
biological functions during embryonic development [13,14] 
and osteogenesis [15,16] acting through complex signaling 
networks [17]. Through two transmembrane receptors, type I 
and type II, with serine-threonine kinase activity expressed in 
dental pulp, BMP signals are transferred to the nucleus by 
SMAD proteins. BMP signaling regulates epithelial-
mesenchymal interactions during tooth development and has 
been implicated in early mineralization stages [18]. BMP-2 is 
expressed in mesenchymal cells [19] and promotes their 
pluripotent commitment to the osteoblast lineage by 
regulating transcription factors such as Runx2/SMAD cascade 
[20,21]. BMP-2 induces ameloblast and odontoblast precursor 
cell differentiation in vitro [22]. Conclusively, the data 
demonstrated that dentin-derived BMP-2 is required to 
induce the differentiation of dental pulp cells into 
odontoblasts. In the present study, BMP-2 expression at day 
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7 presented a significant increase in the 0.5 mM MgO 
concentration group at all time intervals. These results are in 
accordance with Ke et al. [23] whom similarly reported higher 
BMP-2 expression on tricalcium phosphate/MgO (TCP-MgO) 
scaffolds containing 1wt% MgO, showing enhanced early 
osteoblastic differentiation. Similarly, Huang et al. [24] whom 
developed a biomimetic scaffold by incorporating CaCO3/
MgO into a carboxymethyl chitosan (CMC) matrix reported 
that the 1% (W/V) CaCO3/MgO/CMC combined scaffolds 
seeded with human adipose-derived mesenchymal stem cells 
(hADSC) exhibited significant osteogenic differentiation 
potential and mineralization ability compared with CMC and 
tissue culture plate (TCP) groups. In a study by Xing et al. [25] 
BMP2 showed nearly 6.4-fold increased expression in pre-
osteoblastic (MC3T3-E1) cells on silk fibroin, polycaprolactone 
(SF/PCL)-blend scaffolds containing MgO. The obtained Mg-
functionalized scaffolds displayed satisfactory osteogenic 
capability dueto the controlled release of MgO [26-28]. It is 
believed that BMP-2 binded to their respective (BMP-2R) 
receptors which might have activated the transcription of the 
BMP-2 signaling pathway. The specific pathway that is 
activated upon ligand-receptor interaction is thus likely 
dependent upon Mg2+ enriched extra cellular 
microenvironment, and crosstalk with other pathways. The 
results of the present study showed that HDPCs with 
odontoblastic properties are useful to shed light on the 
molecular mechanisms and signaling pathways of BMP-2. 

SMADs are the signaling effectors and the only TGF‐β 
receptor substrates with a demonstrated ability to propagate 
signals during osteogenesis/dentinogenesis. There are 3 
types of SMADs: receptor regulated (R-SMADs), common 
mediator (Co-SMADs), and inhibitory (I-SMADs) [29]. The 
type I BMP receptors specifically recognize the receptor‐
activated R‐SMADs including SMAD2 and SMAD3, which are 
recognized by TGF‐β and Activin receptors, and SMADs 1/5/9, 
which are recognized by BMP receptors. Only R-SMADs are 
targeted for activation via phosphorylation by the active type 
I receptor kinase. Following the phosphorylation of R-SMADs 
(SMADs 1/5/9) by BMPs, heteromeric complexes are formed 
with Co-SMAD (SMAD 4) and translocate to the nucleus 
where they regulate the transcription of target genes/proteins 
together with other nuclear cofactors. The effects of BMP2/ 
SMAD signaling pathways on skeletal cells have been the 
topic of numerous in vitro studies [30]. Omi et al. [31] showed 
that loss of BMP signaling resulted in reduced crown and root 
dentin formationbut restoring SMAD signaling activity 
rescued dentin formation. Qin et al. [8] examined the 
involvement of the BMP2/SMAD pathway in mediating 
odontoblastic differentiation in DPCs. Addition of BMP-2 up-
regulated phosphorylated (p)-SMADs 1/5 activity. However, 
when phosphorylation and nuclear translocation of SMADs 
1/5 were partially inhibited by noggin, a specific inhibitor of 
BMP signaling, downregulation of alkaline phosphatase (ALP) 
activity, DSPP, DMP-1, nest in expression and less mineralized 
nodules were observed. Washio et al. [32] reported using 
odontoblast-like (KN-3) cells to elucidate SMAD signaling 

pathway activation, treatment of KN-3 cells with BMP-2 
induced activation and expression of intracellular signaling 
molecules, such as SMADs1/5/9 and SMADs 6/7, as well as 
DSP and DMP-1. The above forementioned studies 
highlightedthe role of BMP-SMAD pathway in mediating 
odontoblastic differentiation and dentinogenesis during pulp 
regeneration process. 

In the present study, comparing SMADs 1/5/9 expression 
at different time intervals throughout the present work 
clearly showed the direct enhancing effect of SMADs 
expression with 0.5 mM MgO concentration groups on 
HDPCs. The results demonstrated that at 7 days 0.5 mM MgO 
concentration group showed an increase in the SMADs 1/5/9 
expression. Moreover, at days 10, and 14 the same 
concentration group had a significantly higher increase in 
SMADs1/5/9 expression. The data of the present study is in 
agreement with Kong’s report [33] whom showed that SMADs 
1/5/9 protein levels were markedly elevated in DPSCs cultured 
in Mg

2+
enriched odontogenic medium, showing the same 

trend regarding the concentration range and the time points. 
Moreover, Ding et al. [34], Zhang et al. [35], corroborated that 
Mg2+ ions induced more expression as well as more robust 
phosphorylation of SMADs 1/5/9 protein of C2C12 and 
BMSCs cells in vitro. Considering the present study as the first 
to investigate the role of Mg2+ in inducing SMADs 1/5/9 
expression in normal human heterogenic dental pulp cells 
(HDPCs), the findings from the above and present studies 
authenticate that normal HDPCs, DPSCs and BMSCs cells 
could exhibit similarities in Mg2+ induced SMADs1/5/9 
expression. These studies provided new insight that MgO 
might have induced BMP2/SMAD signaling pathways 
facilitating dentinogenesis. 

Conclusion
The data presented in this study suggested the beneficial 

effect of 0.5 MgO on promoting odontoblastic differentiation, 
through the activation of BMP-2/ SMAD signaling pathway. 
This is the first report to demonstrate the optimal MgO 
concentration needed to significantly enhance dentinogenic 
activities of HDPCs. MgO containing biomaterials could be 
considered to develop pertinent regeneration therapies for 
the dentin-pulp complex.
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