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ABSTRACT
Aim: This study was designed to evaluate the effect of low level laser therapy (LLLT) on 

odontoblast-like cells derived from human bone marrow mesenchymal stem cells (h-BMMSCs).

Material and Methods: 40 flasks of odontoblast-like cells were obtained from 10 samples 
of h-BMMSCs and divided into 2 groups; control group (A) and diode laser (GaAlAs) irradiated 
group (B). Each group was further subdivided into 2 subgroups, where subgroups A1, B1 and A2, 
B2 were examined after 3 and 14 days after odontoblastic differentiation respectively. Each group 
was examined by inverted phase contrast light microscope to examine cell count and viability 
as well as alizarin red stained (ARS) mineralized matrix. Real time- polymerase chain reaction 
(RT-PCR) was performed for each subgroup to detect, the amount of gene expression of dentin 
matrix protein 1 (DMP1) and alkaline phosphatase (ALP). The data of cell count and RT-PCR were 
statistically analyzed. 

Results: Regarding time of examination, cell count and viability statistical results showed 
a non-significant increase in 3 days control and irradiated subgroups (A1 and B1) compared to 
their corresponding control and irradiated 14 days subgroups (A2 and B2). DMP1 gene expression 
statistical results were significantly increased in 14 days control and irradiated subgroups (A2 and 
B2) than 3 days subgroups (A1 and B1). ALP gene expression results in the control subgroup at 14 
days (A2) were significantly decreased than at 3 days in control (A1) subgroups and significantly 
increased in irradiated at 14 days (B2) than at 3 days (B1) subgroups. ARS results showed more 
calcific deposits in 14 days control and irradiated subgroups (A2 and B2). Regarding to irradiation, 
there was non-significant increase in cell count and viability results in irradiated subgroups at 3 and 
14 days (B1 and B2) in comparison to their controls (A1 and A2). DMP1 and ALP gene expression 
results were increased significantly in irradiated subgroups (B2 and B1) than their controls (A2 and 
A1) respectively. ARS sections showed increased calcific deposits in irradiated subgroups (B2 and 
B1) in comparison to their controls (A2 and A1). 

 Conclusion: LLLT enhanced DMP1 and ALP  gene expression, cell proliferation and matrix 
mineralization in odontoblast-like cells derived from h-BMMSCs. 
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INTRODUCTION 

Low level laser therapy (LLLT) plays important 
role in biostimulatory effect on tissues and cells such 
as pulpal analgesia, activation of neutrophils and 
macrophages which aids in the immune response 
and repair of the dentine-pulp complex. This occurs 
through odontoblasts proliferation, differentiation, 
and mineralization enhancing dentinogenesis either 
in vivo (Bjordal et al., 2006) or in vitro (Oliveira et 
al., 2011). The deposition of dentin may reduce the 
dentin permeability to prevent or even eliminate the 
dentin sensitivity (Ferreira et al., 2006; Oliveira et 
al., 2010; Oliveira et al., 2011 and Pereira et al., 
2012). 

The rationale for the use of odontoblast-like 
cell lineages was developed since in vivo studies 
proved the difficulty of understanding the molecular 
mechanisms of odontoblast differentiation because 
of the close proximity of cells in varying stages of 
differentiation (Ruch et al., 1995; Lesot et al., 2001). 
It was stated that under physiological conditions, 
these cells synthesize dentin matrix protein and 
proteins associated to alkaline phosphatase (ALP) 
activity which are involved in dentin synthesis 
(Oliveira et al., 2008). Previous studies reported 
that odontoblast like-cells could be obtained from 
mesenchymal stem cells either from dental pulp or 
other non-dental tissues such as bone marrow (Hui 
et al., 2005; Abbas et al., 2013; Lei et al., 2013).

However, still remains unclear the action of 
low level laser therapy on odontoblast-like cells 
(Oliveira et al., 2011). This study was designed to 
determine the effect of single dose of LLLT with 
newly suggested parameters on odontoblast-like 
cell derived from h-BMMSCs.

Materials and Methods

Ten h-BMMSCs samples of age above 18 
years were collected from the clinical pathology 
laboratories leftover after obtaining patient consent 
and acceptance from Research Ethics Committee-

Faculty of Dentistry-Ain Shams University. 
BMMSCs were isolated and purified using Ficoll 
density gradient separation technique (Freshney 
et al., 2007). BMMSCs cell count and viability 
were done by hemacytometer after being stained 
by trypan blue and examined by inverted phase 
contrast light microscope (data were not shown) 
(De Ugarte et al., 2003). This procedure is essential 
for checking cell viability.

Cells were cultured in a maintenance medium 
1ml solution in each flask consisting of Minimum 
Essential Medium (MEM), containing 10% Fetal 
Calf Serum (FCS), 1% antibiotics (Gentamycin) 
and 1% L-glutamine. Media containing cells was 
changed after 2 hours. When cells reached to 80-
90% confluency in flasks, cells were splitted into 
2 flasks. Cells were subcultured once every 3 days 
using trypsin/EDTA solution in order to free the 
cells attached to the surface. They were maintained 
at 37°C in a humidified 5% CO2 incubator until 
obtaining 40 flasks of BMMSCs (Gronthos et al., 
2000 and Lin et al., 2011). 

In this study odontoblastic differentiation from 
BMMSCs was done following the same protocol 
of odontoblastic differentiation from dental pulp 
stem cells as Magne et al., 2004. On day 6 from 
the beginning of culturing; MEM was switched 
to α-MEM and 3 mM inorganic phosphate (Pi) 
were added to the culture medium obtained from 
previously isolated BMMSCs. Pi was added as a 
mixture of NaH2PO4 and Na2HPO4 (pH 7.3). Cells 
were treated with 100ng/ml BMP-4 and 10ng/ml 
TGF-β1 from the 6th to the 21st day and media was 
replaced every 3 days. 

BMMSCs were then tested for differentiation 
into odontoblast-like cells at day 21 by RT-PCR 
test to detect gene expression of DMP-1 and ALP 
and Dentin Sialophosphoprotein (DSPP) (Simon et 
al., 2009; Joshi et al., 2010) after taking an aspirate 
from each flask. 
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After confirmation of odontoblastic 
differentiation, the 40 samples were divided into two 
main groups (20 flasks each): control group A left 
non irradiated and irradiated group B. Odontoblast-
like cells of group B were irradiated by single dose 
of Low Level Laser with the following parameters: 
Diode laser (GaAlAs), 940nm Wave length with 0.9 
W (Power), continuous wave, non-contact mode for 
15 seconds and 13.5 j (Energy delivered). Then both 
groups A and B were subdivided into 2 subgroups 
(10 flasks each): A1, A2 and B1, B2 respectively. 
Where, subgroups A1, B1 and subgroups A2, B2 
were examined 3 and 14 days respectively after 
odontoblastic differentiation. 

Each subgroup was examined by Inverted Phase 
Contrast Light Microscope to detect cell count, 
viability after being stained with trypan blue within 
hemocytometer (De Ugarte et al., 2003). RT-PCR 
was performed for each subgroup to detect the 
amount of gene expression of DMP-1 and ALP 
(Simon et al., 2009; Joshi et al., 2010; Abbas et 
al., 2013). 

The primers sequences of DSPP (DSPP F: 5’ 
CAACCATAG AGAAAGCAAACGCG3’, DSPP R: 
5’ TTTCTGTTGCCACTGCTGGGAC 3’), DMP1 
(DMP1-F: 5’ GCATCAGGTGGCCAAAGTAT 3’,  
DMP1-R: 5’ GAAATCCCATGCAACGTTCT 3’), 
ALP  (ALP F: 5’ CACTGCGGA CCATTCCCAC-
GTCTT 3’, ALP R: 5’ GCGCCTGGTAGTTGTT-
GTGAG CATA 3’) and GAPDH (Glyceraldehyde-
3-phosphate dehydrogenase) (GAPDH F:	
5’ ATCTTCCAGGAGCGAGATCC 3’, GAPDH R: 
5’ ACCACTGACACGTTGGCAGT 3’) were de-
signed according to the following references (Mat-
sui et al., 2008; Simon et al., 2009; Joshi et al., 
2010; Alleman et al., 2013). Where GAPDH is a 
reference gene which ensures proper reactions of the 
RT-PCR test (Alleman et al., 2013). 

Matrix mineralization was then examined by 
Inverted Phase Contrast Light Microscope after 
being stained by alizarin red stain (ARS) for further 

confirmation of matrix mineralization, where 
calcific deposits were stained red (Semeghini et al., 
2012). 

The data of cell count and RT-PCR were 
statistically analyzed using Kolmogorov-Smirnov, 
Shapiro-Wilk tests, Independent sample-t test and 
Pair-wise t-test. Statistical analysis was performed 
with IBM® SPSS® Statistics Version 20 for 
Windows. 

Results:

Confirmation of odontoblastic differentiation 
from BMMSCs was revealed by obtaining DMP1, 
DSPP and ALP positive results as these genes 
were expressed with high amounts (equivalent to 
19544, 66736 and 402127 respectively) at day 21 
from the beginning of cell culturing. Where DSPP 
gene expression indicates complete odontoblastic 
differentiation. GAPDH positive results was 
obtained equivalent to 378178.4 indicating the 
validity of RT-PCR test. 

Cell count and viability statistical results of the 
present study showed that the control subgroup 
A1 (3 days) was significantly higher than control 
subgroup A2 (14 days) with statistical significance. 
However, irradiated subgroup B1 (3 days) showed 
statistical non-significant higher cell count than 
irradiated subgroup B2 (14 days). Both irradiated 
subgroups (B1 and B2) showed non-significant 
increase in cell count measurements compared to 
their control subgroups (A1 and A2) respectively, 
with the highest mean in 3 days after LLLT  subgroup 
(B1) (Table 1 and Fig.1).

In the present study, DMP1 gene expression 
statistical results in control subgroups showed a 
statistically significant increased expression at 
14 days (A2) compared to 3 days (A1) subgroups 
after odontoblastic differentiation. In LLLT group, 
DMP1 was expressed with statistically significant 
increase at 14 days (B2) than 3 days (B1) subgroups 
after odontoblastic differentiation. The LLLT 
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irradiated group showed significant increase in 
DMP1 expression in comparison to their control 
groups with the highest mean in 14 days after LLLT 
subgroup (B2) (Table 2 and Fig.2).

In the present study, ALP gene expression 
statistical results in control subgroups showed a 
statistically significant increased expression at 3 
days (A1) compared to 14 days (A2) subgroups 

after odontoblastic differentiation. In LLLT group, 
ALP was expressed with statistically significant 
increase at 14 days (B2) than 3 days (B1) subgroups 
after odontoblastic differentiation. The LLLT 
irradiated group showed significant increase in 
ALP expression in comparison to their control 
groups with the highest mean in 14 days after LLLT 
subgroup (B2) (Table 3 and Fig.3).

Table (1): The mean, standard deviation (SD) values of Cell Count and viability in subgroups A1, A2, B1 
and B2.

Variables

Control (A) Laser (B)

P-value

subgroup Mean ± SD subgroup Mean ± SD

3Days A1 434000.00 ± 11401.75a B1 446000.00 ± 58137.76a 0.6ns

14Days A2 358000.00 ± 55856.96b B2 420000.00 ± 54313.90a 0.1ns

P-value 0.03* 0.5ns

Mean with different letters in the same column indicate statistically significance difference *; significant (p<0.05) 
ns; non-significant (p>0.05)

Table (2): The mean, standard deviation (SD) values of DMP1 in subgroups A1, A2, B1 and B2.

Variables

Control (A) Laser (B)

P-value

Subgroup Mean ± SD Subgroup Mean ± SD

3 Days A1 66696.50 ± 1040.57b B1 70416.66 ± 995.00b 0.01*

14 Days A2 85319.23 ± 1005.00c B2 127160.36 ± 9995.00c 0.002*

P-value 0.001* 0.001*

Mean with different letters in the same column indicate statistically significance difference *; significant (p<0.05) 
ns; non-significant (p>0.05)
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Mineralized matrix formation by ARS results 
showed few meshwork-like calcific deposits at 3 
days after odontoblastic differentiation in subgroup 
A1 (Fig. 4a). Large globules of calcific deposits were 
detected 14 days after odontoblastic differentiation 
in subgroup A2 (Fig. 4b).  LLLT group showed 
meshwork-like calcific deposits, apparently heavier 
in amount and stain as well as some globules at 3 
days after odontoblastic differentiation in subgroup 
B1 (Fig. 4c). Large, deeply stained calcific area 
of fused globules was detected 14 days after 
odontoblastic differentiation in subgroup B2 (Fig. 
4d).

Table (3): The mean, standard deviation (SD) values of ALP in subgroups A1, A2, B1 and B2.

Variables
Control (A) Laser (B)

P-value
Subgroup Mean ± SD Subgroup Mean ± SD

3 Days A1 215945.00 ± 10995.00b A1 1321376.80 ± 100025.00b 0.001*

14Days A2 151728.83 ± 10010.00c A2 1373073.50 ± 100003.50b 0.001*

P-value 0.03* 0.04*

Mean with different letters in the same column indicate statistically significance difference *; significant (p<0.05) 
ns; non-significant (p>0.05)

Fig. (1): Bar chart representing means of groups of Cell Count 
(A1,B1) 3 days and (A2,B2) 14 days.

Fig. (3): Bar chart representing means of groups of ALP gene 
expression (A1,B1) 3 days and (A2,B2) 14 days.

Fig. (2): Bar chart representing means of groups of DMP1 gene 
expression (A1,B1) 3 days and (A2,B2) 14 days.
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Discussion

Dental stem cells of BMMSCs origin were 
recently presented by researchers (Li et al., 2007; 
Lei et al., 2013; Ishizaka et al., 2012; Ravindran 
and George, 2015). In the present study, 
odontoblast-like cells derived from BMMSCs were 
introduced. BMMSCs were reported to be better 
source of odontoblast-like cells than dental pulp 
mesenchymal stem cells (DPSCs), as the latter 
express phenotypic changes during their expansion 
in number which limits their use (Patel et al., 2009). 

In the present study, the protocol used to induce 
odontoblast-like cells from BMMSCs was based on 
the work of Magne et al., 2004 who used rat DPSCs 
cell line to introduce odontoblast-like cells. This 
protocol was proposed based on the similarities 
in gene expressions between human DPSCs and 
human BMMSCs suggesting that induction of 
odontoblast-like cells is similar in both cells (Shi et 
al., 2001). Ponnaiyan and Jegadeesan, 2014 also 
postulated that BMMSCs shares a similar pattern of 

protein expression with DPSCs in vitro. 

In previous studies, odontoblast-like cells were 
induced from BMMSCs after being co-cultured with 
oral epithelial cells derived from rat embryos (Li et 
al., 2007), or under the morphogenetic influence of 
dentine matrix (Lei et al., 2013). So to the best of 
our knowledge, this is the first time to the induce 
odontoblast-like cells from h-BMMSCs using 
Magne et al., 2004 protocol who differentiated 
odontoblast-like cells from rat pulpal mesenchymal 
stem cells.

Verification of odontoblastic differentiation from 
BMMSCs upon using the newly developed protocol 
in the present study was obtained by DMP1, 
ALP and DSPP gene expression positive results. 
The positive verification results of the present 
study coincided with Magne et al., 2004 and 
Abbas et al., 2013, who defined DSPP as a more 
specific gene indicating complete odontoblastic 
differentiation. However, it was reported that low 
levels of DSPP have been detected in the bones by 
RT-PCR (Qin et al., 2004; Nanci, 2008; Bleicher, 

Fig. (4) Inverted Phase Contrast Light 
Micrograph showing few 
meshwork-like calcific deposits 
in sub group A1 (a), large 
globules of calcific deposits in 
subgroup A2 (b). Meshwork-
like calcific deposits, apparently 
heavier in amount and stain 
as well as some globules were 
detected in subgroup B1 (c) and 
large, deeply stained calcific area 
of fused globules in subgroup B2 
(d). (ARS, original magnification 
X100).
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2014). But Goldberg, 2014 clarified that high level 
of DSPP expression is specific to odontoblastic 
differentiation. This interpretation confirms DSPP 
gene expression results of this study.

In the current study, cell count and viability 
results regarding time, were increased after 3 days 
of odontoblastic differentiation subgroups (A1, B1) 
than after 14 days of odontoblastic differentiation 
subgroups (A2, B2) in both control and irradiated 
subgroups. This increase was statistically significant 
in control subgroup (A1) but statistically insignificant 
in irradiated subgroup (B1). This indicates that cell 
count and viability of the present study was more at 
early differentiation than at latter stages. Our results 
coincides with those of Semeghini et al., 2012 and 
Pereira et al.; 2012. The decrease in cell count at 
day 14 (A2) might be correlated to the reduction 
of cell growth after odontoblastic differentiation 
(Nakasone et al., 2006). 

Regarding to LLLT, there was non-significant 
increase in cell count and viability results at 3 days 
(B1) than its control (A1) which coincides with the 
results of Oliveira et al., 2008 and Oliveira et al., 
2011 upon using a lower energy dose. However, 
the results of the present study were not coincident 
with the studies of Yasuda et al., 2009; Oliveira et 
al., 2011 and De Almieda et al., 2015, where cell 
count and viability was significantly decreased at 
early differentiation after LLL irradiation when the 
odontoblast-like cells were irradiated with higher 
exposure time and energy dose. This indicated that 
the parameters used in this study were safe regarding 
odontoblastic cytotoxicity.

Statistical results of DMP1 gene expression 
results of the present study regarding time of 
examination were increased after 14 days of 
odontoblastic differentiation which coincides with 
the studies of Lacerda-Pinheiro et al., 2012; 
Semeghini et al., 2012 and Han et al., 2014. 
The previous investigators suggest that DMP1 
expression occurs at later stages of dentinogenesis. 

It was also reported that DMP1 plays a role 
in biomineralization, regulation of phosphate 
homeostasis and cell differentiation and is present 
extracellularly around the mineralizing globules 
(Orsini et al., 2012; Tjäderhane and Haapasalo, 
2012; Goldberg, 2014) which explains the increased 
expression of DMP1 at 14 days after odontoblastic 
differentiation in the present study. 

Regarding to LLLT, DMP1 gene expression 
statistical results showed a statistically significant 
increase after irradiation at 3 and 14 days after 
differentiation (B1 and B2) compared to their 
control subgroups (A1 and A2). These results 
coincide with those of Pereira et al., 2012 and 
Turrioni et al., 2014 and support the postulation 
of LLLT biostimulatory role on odontoblast-like 
cells enhancing dentinogenesis (Bjordal et al., 
2006; Oliveira et al., 2011). On the other hand, our 
results didn’t coincide with the decrease of DMP1 
gene expression in the study of Pereira et al.; 2012 
and De Almieda et al., 2015. Their findings could 
be attributed to that increasing energy density or 
using inadequate parameters were insufficient to 
biostimulate odontoblast-like cells. Furthermore, 
it was concluded by several studies (Huang et 
al., 2009; Turrioni et al., 2014; Emelyanov and 
Kiryanova, 2015) that when excessive energy 
was applied, biostimulation was replaced by 
bioinhibition.

Statistical results of ALP gene expression results 
of the present study were decreased at day 14 from 
odontoblastic differentiation in control subgroups 
which is parallel to the results of Yokose et al., 2000; 
Magne et al., 2004; Matsui et al., 2008 and Han et 
al., 2014. These results could be explained based on 
the study of Nakasone et al., 2006 who reported that 
the increase in ALP activity at early odontoblastic 
differentiation is attributed to its property to be one 
of the markers of odontoblastic differentiation and 
that ALP expression is decreased at later stages when 
mineralization become advanced. Our result was 
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not coincided with Semeghini et al., 2012 where 
ALP gene expression was increased by increasing 
duration after odontoblastic differentiation. The 
investigators correlated the late increase in ALP 
expression to the increase in extracellular matrix 
mineralization globules at latter stages. 

In the present study, ALP gene expression was 
statistically increased after LLLT at 3 and 14 days 
subgroups (B1 and B2) than their controls (A1 and 
A2). It was also found that ALP at 14 days (B2) 
subgroup was statistically higher than 3 days after 
irradiation (B1). The previous results coincide 
with the studies of Matsui et al., 2008; Oliveira 
et al., 2010; Pereira et al.; 2012 and Turrioni et 
al., 2014 upon using different parameters. The 
authors attributed increased ALP gene expression 
to the effect of LLLT on cell modulation responses 
by acting on the mitochondria increasing the levels 
of ATP, ALP and intracellular calcium (Karu et al., 
2004; Oliveira et al., 2010; Lima et al., 2014).

Meanwhile, the increase in ALP expression 
in irradiated group of the present study was not 
coinciding with the results of Coombe et al., 2001; 
Khadra et al., 2005; Oliveira et al., 2008; De 
Almieda et al., 2015 who reported that LLLT did 
not influence ALP activity in cultured odontoblast-
like cells. This difference in ALP results could be 
explained based on studies reporting that absence 
of ALP activity or its decrease is based on the use 
of LLLT parameters which could be below the 
minimal dose necessary to initiate biostimulation 
(Tuby et al., 2007; Oliveira et al., 2008; Huang et 
al., 2009; Emelyanov and Kiryanova, 2015).

Mineralized matrix formation stained by 
Alizarin Red was more advanced at 14 days after 
odontoblastic differentiation than at 3 days in both 
control and LLLT subgroups which coincides with 
the results of Mohamed et al., 2010 and Semeghini 
et al., 2012. This result was also found to confirm 
the increase of DMP1 level found in this study at 
latter stages of differentiation since DMP1 plays a 

vital role in biomineralization (Orsini et al., 2012; 
Tjäderhane and Haapasalo, 2012). Meanwhile, 
matrix mineralization results of control subgroups 
confirm the decreased ALP gene expression 
detected in this study at 14 days after odontoblastic 
differentiation (A2), as it was reported that ALP 
level decreases when mineralization becomes 
advanced at latter stages of differentiation (Yokose 
et al., 2000; Magne et al., 2004; Matsui et al., 2008 
and Han et al., 2014). 

Mineralized matrix formation results of the 
present study were increased after irradiation. 
This was in accordance with Yasuda et al., 2009, 
Pereira et al.; 2012. The mineralized matrix results 
of both irradiated subgroups (B1 and B2) confirm 
increased levels of DMP1 and ALP of irradiated 
subgroups (B1 and B2) in the present study. Where 
the increased DMP1 and ALP gene expression 
could be correlated firstly to the increase of 
extracellular matrix mineralization globules at latter 
stages of differentiation and secondly to the LLLT 
biostimulatory effect on mineralization (Bjordal et 
al., 2006; Oliveira et al., 2011; Semeghini et al., 
2012; Pereira et al.; 2012; Turrioni et al., 2014). 

In the current study, the increased degree of matrix 
mineralizion after laser irradiation in subgroups (B1 
and B2) in the present were not coincident with 
the results of Yasuda et al., 2009. The previous 
authors reported that after laser irradiation, the 
degree of matrix mineralization was decreased at 
latter stages of odontoblastic differentiation which 
is attributed to the use of insufficient dose to initiate 
biostimulation and thus biomineralization (Huang 
et al., 2009; Emelyanov and Kiryanova, 2015). 

CONCLUSIONS

·	 In the present study, for the first time to our 
knowledge, odontoblast-like cells were derived 
from BMMSCs using the proposed protocol. 

·	 Whether subjected to LLLT or not, odontoblast-
like cell count was higher at early stages 
(3 days) of differentiation than at latter 
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differentiation stages (14 days). However, 
DMP1 gene expression results and mineralized 
matrix formation increased at latter stages of 
differentiation. 

·	 In control subgroups ALP gene expression 
was higher at the beginning of odontoblastic 
differentiation than at latter stages. However, in 
LLLT subgroups,  it increased at latter stages of 
odontoblastic differentiation.

·	 LLLT enhanced DMP1 and ALP gene expression, 
cell proliferation and Matrix Mineralization.
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