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This study was conducted to understand the cellular proliferative e®ect of Photobiomodulation
Therapy (PBMT) on thawed dental pulp stem cells (DPSCs) stored for 2 years. For this purpose,
cells were exposed to PBMT for short period of time to evaluate the most appropriate PBMT
parameter for stimulating cellular proliferation that can be used for future tissue engineering
therapies. Fully characterized DPSCs were seperated into three groups according to the laser
energy densities (5 J/cm2 or 7 J/cm2) applied and a group was served as control in which cells
did not receive any laser irradiation. The cells in laser-irradiated groups were further divided into
two subgroups according to the period of application (24 h and 0 h) and exposed to Gallium–
Aluminum–Arsenide diode laser irradiation. Cell viability and the proliferation rate of the
cells were analyzed with the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
(MTT) assay, any PBMT related cellular cytotoxicity were determined by performing a lactate
dehydrogenase assay (LDH) and statistical analysis of data were performed. The percentage of
proliferation seemed to increase upon laser therapy in both di®erent doses of irradiation (5 J/cm2

and 7 J/cm2). DPSCs showed signi¯cantly higher proliferation rate upon 7 J/cm2 irradiation in
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both 0 h and 24 h when compared to control groups. However, DPSCs irradiated with 5 J/cm2

dose induced relatively lower proliferation rate when compared to 7 J/cm2 dose of irradiation.
According to the LDH data, PBMT exposure did not show any signi¯cant cytotoxicity at both
energy densities in all di®erent time periods. PBMT at 7 J/cm2 should be an e®ective parameter
to stimulate proliferation of long-term cryopreserved DPSCs in a short term time period.
Photobiomodulation therapy may be an upcoming tool for future tissue enngineering and
regenerative dentistry applications.

Keywords: PBMT; tissue engineering; proliferation; short-term; cytotoxicity.

1. Introduction

Tissue engineering is dependent on three major
necessities that can be used to regenerate tissue in
this pathway.1 Sca®old formation, stem cells and
growth signals are main components of this triad.2

Therefore, factors that provide the growth rate of
dental mesenchymal stem cells (DMSCs) are enor-
mously important for dentistry ¯eld.3 DMSCs ex-
hibit high proliferative ability via their multiple
di®erentiation capacities such as osteoblasts, chon-
drocytes, adipocytes and odontoblasts.4–6 Generally
DMSC can be isolated from adult dental pulp tissue
(DPSCs),7 exfoliated deciduous teeth (SHEDs),8

periodontal ligaments (PDLSCs)9 and apical papilla
of immature teeth (SCAP).10

Nowadays, researchers in tissue engineering ¯eld
have been spending time expressing the main
mechanism of stem cell proliferation and di®erenti-
ation for future clinical use of them in cellular
therapies.11 In this sense, a few studies indicated
that undi®erentiated stem cells of dental pulp
(DPSCs & SHEDs) have great potential to di®er-
entiate into another cell types and usage in the
treatment of necrotic immature permanent
teeth.12,13 These cells are required to be cryopre-
served for cellular therapies. However, thawing
process was reported to decrease cellular e±ciency
remarkably.14 Thus, alternative approaches gain
importance to this extent and one of these are
in vitro biostimulation of cells leading a remarkable
increase in cellular expansion. Low-level laser ther-
apy (LLLT) or using the new terminology
\photobiomodulation therapy (PBMT)" is one of
these therapies and PBMT ¯rst improved by Mar-
ques et al. in 2016 as the fourth component of tissue
engineering.15 PBMT has numerous biostimulative
e®ects on proliferation and di®erentiation of stem
cells, regeneration and wound healing via light
sources such as light emitting diodes (LEDs), lasers
or those that spread light in the visible red to near

infrared (NIR) area.16 Besides the biostimulative
e®ects of PBMT on cellular response and growth,
this therapy also promotes bone tissue formation
and increasing the expression of growth factors and
genes that are related with the di®erentiation of
bone cells stimulating cell proliferation for dentin-
pulp complex.17 However, there is a little knowledge
about the cytotoxicity and the proliferative capac-
ity of PBMT on the cryopreserved DPSCs when
applied short period of time. This study aimed to
assess the possible proliferative and cytotoxic e®ects
of the short term PBMT on long term cryopreserved
DPSCs and also to evaluate the most appropriate
PBMT protocol for stimulating cellular prolifera-
tion that can be used for future tissue engineering
approaches.

2. Materials and Methods

2.1. Cell culture

The present experimental study had been approved
by Ethics Committee of Near East University
(NEU/2015/34-243) and followed the principles of
Declaration of Helsinki. All subjects gave their in-
formed consent for inclusion before they partici-
pated in the study. The experiments were
performed at the laboratories of Near East Univer-
sity, Research Center of Experimental Health
Sciences. The previously characterized DPSCs
(Positive for CD44, CD73, CD90, and CD105;
negative for CD11b, CD14, CD19, CD34, CD45,
CD79a, and HLA-DR via °ow cytometric analyses)
that were cryopreserved by participating a fast
freezing protocol were used in the experiment. In
this fast freezing protocol, cells were trypsinized and
followed by centrifugation (1000 rpm/5min). Cells
were then transferred into freezing medium [90%
FBS, 10% Dimethylsulphoxide (DMSO)] and
transferred to �80�C for 2 years time period.
DPSCs at third passage incubated in �80�C for two
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years were used. Cells were thawed and maintained
in Dulbecco's modi¯ed Eagle's medium F12
(DMEM/F12) (Gibco, Switzerland), supplemented
with 10% fetal bovine serum (FBS) (Gibco,Swit-
zerland), 2mM glutamine, 1% of penicillin and
streptomycin (Gibco, Visp, Switzerland). The cells
were incubated at 37�C, 5% CO2 incubator and
sub-cultured in every second days.

Cells grown at 80% con°uence rate were used in
the experiments. For this purpose, DPSCs were
trypsinized, counted and 2� 104 cells/ml were
transferred to 96-well plates. Cells were maintained
in an incubator at 37�C in a humidi¯ed atmosphere
of 5% CO2 overnight. After overnight incubation,
photobiomodulation therapy was conducted to in-
vestigate cell viability and proliferative capacity in
all 5 di®erent groups. All assays were studied as
triplicates.

2.2. Experimental design

The experimental set up aimed to asses the e®ect of
short term PBMT on cellular growth. For this
purpose, diode laser irradiation was performed in
two di®erent energy densities. The experimental set
up was designed to measure the e®ect of PBMT
therapy at two di®erent time points (0 h and 24 h).
Fully characterized DPSCs were seperated into

three groups according to the laser energy densities
(5 J/cm2 or 7 J/cm2) applied and a group was
served as control in which cells did not receive any
laser irradiation.The cells in laser-irradiated groups
were further divided into two subgroups according
to the period of application (0 h and 24 h). Cells
belonging to 0 h groups were subjected to only sin-
gle dose of laser irradiation; whereas, 24 h groups
were subjected to repetitive laser irradiation in
every 24 h. In this manner, 0 h groups and 24 h
groups were irradiated 1 and 2 times, respectively.
The summary of experimental design is represented
in Fig. 1.

2.3. Laser irradiation

PBMT was applied to four di®erent experimental
groups by using a Gallium–Aluminum–Arsenide
(GaAlAs) diode laser (Medency Primo, Vicenza,
Italy) whereas no laser irradiation was applied to
control (untreated) groups. Two di®erent energy
densities of diode laser irradiation and two di®erent
time intervals (0 h and 24 h) were applied on
DPSCs. The desired irradiation densities were per-
formed by applying average power of 0.1W in
continuous mode for 20 s and 28 s at 980 nmwave-
length, in order to achieve 5 J/cm2 and 7 J/cm2,
respectively. The laser probe was measured to be

Fig. 1. Graphical representation of experimental design for di®erent PBM therapy used study groups.
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0.4 cm2 diameter. PBMT application was con-
ductedat a height of 0.5 cm to each cell seeded well.
Cells were put back into the incubator (37�C) after
each PBMT application.

2.4. MTT assay

The e®ect of PBMT treatment on cells was measued
by conducting a cholorimetric MTT assay (Acros
Organics, New Jersey, USA). In this respect, cells
seeded were incubated for 24 h in 96-well micro-
plates with an initial concentration of 5� 104 cells/
ml in incubator (5% CO2, 37�C). As a detailed and
explanatory expression, following overnight incu-
bation, cells in 0 h group were subjected to single
laser irradiation and incubated for 24 h. For 24 h
group, laser irradition was repeated at the end of
each 24 h and then cells were put into incubator
again. In this manner, the cells in 0 h and 24 h were
subjected to irradiation for 1 and 2-times, respec-
tively. Each cell group was incubated for 24 h after
laser irradiation and the end of this incubation
periods, the rates of cellular proliferation were an-
alyzed by performing an MTT assay in order to
determine the short-term e®ect of PBMT on cellular
proliferation. was added to cells (1�g/ml) and in-
cubated for 4 h. After 4 h incubation, 50�l DMSO
were added to each well. Cholorimatric di®erences
formed between di®erent groups were measured at
� ¼ 570 nm by using UV–Visible spectrophotome-
ter (Thermo Multiskan Spectrum). The percentage
proliferation of cells was determined according to
the following formula:

%proliferation

¼
½ðabsorbance of PBMT appliedcellsÞ

� ðAbsorbance of blankÞ�
½ðabsorbance of controlÞ

� ðabsorbance of blankÞ�
:

2.5. LDH assay

Cytotoxicity mediated by PBMT on DPSCs
was determined by performing an LDH assay
(Cayman). Cytosolic lactate dehydrogenase cata-
lyzes the reaction that converts pyruvate to lactate
in the presence of NADH. Cells damaged by PBMT
were assumed to secrete LDH enzyme into extra-
cellular medium. For this purpose, 5� 104 cells/ml
were transferred to 96 well plates. Laser irradiation
protocols were performed likewisely with the MTT

study. To determine the maximum release, 10%
Triton X 100 were subjected to the cells, without
application of any laser irradiation. DPSCs be-
longing to control group were added spontaneus
release. Cells were then incubated for 4 h at 37�C.
Cell culture plate (96 well) was centrifuged at
1200 rpm and 100ml of cell culture medium aliquots
was collected and transferred into a new 96-well
plate. A 100ml of substrate was added to each well
and incubated for 30min at room temperature.
Plate was read at 490 nm by using spectrophotom-
eter and cytotoxicity of PBMT on DPSCs were
evaluated by the following formula:

%Cytotoxicity

¼
½ðExperimental value A 490Þ

� ðSpontaneous release A 490Þ�
½ðMaximum release A 490lÞ

� ðSpontaneous release A 490Þ�
� 100:

2.6. Statistical analysis

The data were calculated with mean standard
errors. The statistical analysis was performed by
using One-way ANOVA, and Tukey's test for
multiple comparisons between each group by using
GraphPad Prism 5.0 and SPSS. Signi¯cance level
was determined as 5% (P < 0:05).

3. Results

3.1. MTT assay

The proliferative e®ect of short-term PBMT appli-
cation in two di®erent energy densities (5 J/cm2 and
7 J/cm2) and time intervals (0 h and 24 h) was de-
termined by participating MTT assay. Among the
control and laser irradiated groups, 7 J/cm2 energy
densities were reported to have signi¯cant prolifer-
ative e®ect in both periods of time 0 h and 24 h
(P < 0:001) whereas 5 J/cm2 energy density were
found to induce signi¯cant proliferation at 24 h only
(P < 0:05) (Fig. 2). DPSCs belonging to same
groups indicated a stronger proliferative e®ect in
24 h compared to 0 h (P < 0:01) upon irradiation
with 7 J/cm2 energy density, whereas no signi¯cant
di®erences were detected when cells are irradiated
with 5 J/cm2 energy densities in both 0h and 24
groups (Fig. 2). Application of 7 J/cm2 energy density
indicated signi¯cant proliferation compared to
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5 J/cm2 (P < 0:001) at both time intervals. Inter-
group comparisons of DPSCs also indicated that
irradiation with 7 J/cm2 energy density revealed
more signi¯cant proliferative e®ect than 5 J/cm2 at
0 h (P < 0:05) (Fig. 2).

3.2. LDH assay

Level of cellular damage was investigated via par-
ticipating LDH assay. Data obtained indicated that
there is no signi¯cant cellular damage caused by
diode laser irradiation regarding energy densities
(5 J/cm2 and 7 J/cm2) and time periods (0 h and
24 h) when compared to nonirradiated control
group (Table 1).

4. Discussion

Stem cells have self-renewable and multiple di®er-
entiation capabilities. Dental pulp tissue is regarded
as a rich adult mesenchymal stem cell (MSC) source
in dentistry ¯eld. Stem cells originated from dental
pulp exhibit a great interest for tissue regeneration
and stem cell therapies due to their simple har-
vesting and high proliferation properties.7,8,18,19

Besides all advantages of MSCs, controllability of
their viabilities, proliferative capacities, di®erentia-
tion abilities and the loss of their high clonogenicity

during cellular transfer is still acting as a barrier
a®ecting the fate of tissue engineering applica-
tions.20 Long-term cryopreservation and various
types of cryopreservation protocols may also create
di®erent post-thaw problems such as decreased cell
viability and proliferation rate of cells.21 For han-
dling with aforementioned problems, PBMT is
regarded a potential candidate for supporting cel-
lular and molecular inducement by new develop-
ments in biomedical technology. Hence, this study
was conducted to assess the cellular proliferative
and apoptotic e®ects of di®erent PBMT parameters
on long-term cryopreserved DPSCs. PBMT works
out with the stimulation of mitochondrial mole-
cules. For instance, cytochrome C (cyt C) in its
intermediate structures acts as a major photo-
acceptors of PBMT under stress conditions. When
cyt C is stimulated, reactive oxygen species (ROS)
is generated by pumping of more hydrogen protons
into the inner part of mitochondria. In another
words, this process could be explained by the
conversion of absorbed laser energy to metabolic
energy.22,23 Regarding that, PBMT could provide a
growth of DPSCs and maintenance of their viabili-
ty, this therapy might be a therapeutic tool for
tissue engineering and regenerative dentistry.24

Diode laser was the most popular light source used
in PBMT. Several studies reviewed that diode laser

Table 1. Measuring the percentage cytotoxicity of DPSCs
irradiated with two di®erent doses of laser irradiation (5 J/cm2

and 7 J/cm2) for short period of time (24 h, 0 h) via LDH
assay (One-way ANOVA, and Tukey's test for multiple
comparisons).

Group
Percentage Cytotoxicity (%)

� Std Dev

Control (A) 8� 5

24 h (7 J/cm2) (B) 8� 3

0 h (7 J/cm2) (C) 11� 1

24 h (5 J/cm2) (D) 13� 4

0 h (5 J/cm2) (E) 14� 1

Inter Group Comparisons P values

A-B Ns
A-C Ns
A-D Ns
A-E Ns

Intra Group Comparisons P values

B-C Ns
D-E Ns

Fig. 2. Proliferation of dental pulp stem cells incubated with
two di®erent doses of laser irradiation (5 J/cm2 and 7 J/cm2)
for short period of time (0 h, 24 h) evaluated by MTT assay.
Values are the mean percentage viabilities� standard devia-
tion (*p < 0:05, **p < 0:001, ***p < 0:0001 One-way ANOVA,
and Tukey's test for multiple comparisons).
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with di®erent wavelengths; di®erent types of
stem cells, di®erent energy densities ranged between
0.3–9 J/cm2 can increase the cellular viability,
multi-lineage di®erentiation and proliferation of
MSCs.25,26 Proper application of an optimal laser
irradiation and selection of correct parameter for
PBMT in clinical settings are very important issues
due to lack of adequate studies. Our previous re-
search about the therapeutic e®ect of GaAlAs diode
laser suggests that the therapeutic energy densities
of GaAlA diode laser ranged between 2 J/cm2 and
10 J/cm2.27 Review of data in the literature revealed
that Helium–Neon (HeNe) lasers and diode lasers
such as Gallium–Aluminum–Arsenic (GaAlAs),
Arsenic–Gallium (AsGa), and Indium–Gallium–
Aluminum–Phosphide (InGaAlP) (wavelengths of
660 nm, 810 nm, and 980 nm) with energy densities
of 0.1–3 J/cm2 were e®ective in increasing the pro-
liferation of DPSCs under without stress conditions
(such as long-term cryopreservation, oxidative
stress). However, it has been reported that DPSCs
started to exhibit biostimulatory cellular prolifera-
tion response following PBM therapy at 5 J/cm2

under stress conditions.28 Thus, the short-term (0 h
and 24 h) proliferative potential of PBMT on long-
term cryopreserved DPSCs with di®erent low-level
energy densities (5 J/cm2 and 7 J/cm2) of diode
laser was investigated in this study to present more
exact biostimulatory energy densities. First, the
cytotoxic e®ect of PBMT on cells was determined
using LDH assay analysis. LDH is a cytoplasmic
enzyme that is naturally present in human body
tissues and is secreted extracellulary in case of cell
damage or death caused from certain drugs, ische-
mia, excessive heat/cold, dehydration, trauma,
bacterial toxins. Hence, extracellular LDH secretion
acts as an indicator of cell-membrane destruc-
tion.29,30 In this study, no cytotoxicity (extracellu-
lar LDH release) was detected in each experimental
group's culture medium after subjected to PBMT
with both energy densities. Even though no cyto-
toxicity was determined, it could be better to sup-
port this result with a di®erent cytotoxic assay.
Since di®erent cytotoxic concentrations may be
taken by numerous cytotoxic assays. Additionally,
in this study, long-term cryopreserved DPSCs were
preferred instead of using freshly isolated DPSCs
because to the best of our knowledge, there is a clear
indication over the biostimulative e®ect of PBM
therapy on fresh DPSCs. But there was no data
analyzing the e®ect of PBM treatment on DPSCs

that were thawed after long time period (24
months). However, in the future, we could plan
another study to compare the e®ect of PBM ther-
apy with a wide range of laser °uence and/or time of
irradiation on freshly isolated DPSCs and thawed
DPSCs. All of these points could be accepted the
major limitations of this study.

The main MTT assay results of this study dem-
onstrated that DPSCs that irradiated with energy
density of 7 J/cm2 for both of time intervals (0 h and
24 h) showed higher cellular proliferation rate
compared to nonirradiated control group. But the
same manner was not observed on DPSCs irradi-
ated with energy density of 5 J/cm2 for 0 h. Only the
cells irradiated with energy density of 5 J/cm2 for
24 h exhibited higher cell growth than nonirradiated
group. The cellular growth and proliferation abili-
ties of DPSCs used in this study might be a®ected
adversely with uncontrolled rapid freezing protocol.
Another important issue is related with intracellular
ice formations during rapid cooling. In the context
of rapid cooling, water cannot leave the cell as they
were directly put into �80�C. This condition might
lead to formation of supercooling e®ect on cellular
cytoplasm hence building up of intracellular ice
crystals. Following the formation of these ice crys-
tals in con°uent monolayers of DPSCs may damage
the membrane integrity, the cells lose the ability for
proliferation.31 In this study, ine®ective stimulation
of energy density of 5 J/cm2 on long-term cryopre-
served DPSCs for proliferation was observed. Most
probably, e®ective dose threshold of PBMT on long-
term cryopreserved DPSCs could not be reached
and it's not able to create stimuli on cell growth of
DPSCs. Additionally, the inadequate biostimula-
tory e®ect of energy density of 5 J/cm2 on long-term
cryopreserved DPSCs for proliferation at 0 h time
points could be correlated with repeated and a
single dose irradiation protocols because the pro-
longed cumulative e®ects of laser therapies with
repetitive dose irradiations were distinctly shown by
Huang et al.32,33 In this study, the clinical signi¯-
cance second irradiation after 24 h could be clari¯ed
by cumulative–prolonged e®ect of PBM therapy
and using lower power outputs on vital tissues. The
data of MTT and LDH assays suggest that cellular
viabilities of DPSCs could be increased by PBMT
without creating any cytotoxic e®ect on cells.

As a result, according to the ¯ndings of this
study, it may conclude that PBMT at 7 J/cm2

should be an e®ective parameter in case of necrotic
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immature teeth to stimulate proliferation of
DPSCs in a short time period without a®ecting cell
viability and without causing cellular cytotoxicity.
Photobiomodulation therapy may be an upcoming
tool for future tissue enngineering and regenerative
dentistry applications by representing a therapeutic
opportunity. That could describe the reason behind
why PBMT should be applicated with di®erent
parameters and microenvironment protocols that
near clinical conditions.

Clinical Signi¯cance

The repeated application of photobiomodulation
therapy might be an useful tool to ensure a pro-
longed positive biostimulatory e®ect on long-term
cryopreserved DPSCs prior to usage of cells in
regenerative dentistry and tissue engineering ¯eld.
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