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Abstract A positive effect of low-level laser irradiation
(LLLI) on the proliferation of some cell types has been ob-
served, but little is known about its effect on dental pulp stem
cells (DPSCs). The aim of this study was to identify the lowest
energy density able to promote the proliferation of DPSCs and
to maintain cell viability. Human DPSCs were isolated from
two healthy third molars. In the third passage, the cells were
irradiated or not (control) with an InGaAlP diode laser at 0 and
48 h using two different energy densities (0.5 and 1.0 J/cm²).
Cell proliferation and viability and mitochondrial activity
were evaluated at intervals of 24, 48, 72, and 96 h after the
first laser application. Apoptosis- and cell cycle-related events
were analyzed by flow cytometry. The group irradiated with
an energy density of 1.0 J/cm² exhibited an increase of cell
proliferation, with a statistically significant difference
(p<0.05) compared to the control group at 72 and 96 h. No
significant changes in cell viability were observed throughout
the experiment. The distribution of cells in the cell cycle

phases was consistent with proliferating cells in all three
groups. We concluded that LLLI, particularly a dose of
1.0 J/cm², contributed to the growth of DPSCs and mainte-
nance of its viability. This fact indicates this therapy to be an
important future tool for tissue engineering and regenerative
medicine involving stem cells.
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Introduction

Mesenchymal stem cells have the capacity of self-renewal and
of developing into tissues compatible with their origin. These
characteristics are recognized as important functions [1].
These cells have been isolated from oral tissues such as dental
pulp [2–4], dental pulp of deciduous teeth [5, 6], and
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periodontal ligament [2, 7, 8]. Considered to be a relatively
rich source of mesenchymal stem cells, interest in the isolation
and banking of dental pulp stem cells (DPSCs) has increased
substantially in recent years [9]. These cells represent a source
of therapeutic cells that permit a more physiological regener-
ation of the dentin-pulp complex and may also be used for
tissue engineering of a whole Bbiotooth^ [10].

Low-level laser irradiation (LLLI) promotes the
biomodulation and proliferation of a variety of cell types
[11, 12]. Previous studies have shown that LLLI increases
the proliferation rates of bone marrow [13], cardiac tissue
[11], adipose tissue [14], and periodontal ligament cells [15].
However, very little is known about the biological activity of
DPSCs submitted to LLLI.

Alghamdi et al. [16] have shown that the application of
LLLI at an energy density of 0.5 to 4.0 J/cm2 and visible
spectrum of 600 to 700 nm increases the proliferation rate of
various cell lines. According to Karu [17], a higher energy
density can damage photoreceptors, with a consequent reduc-
tion in the biomodulatory effect of the laser. Therefore, the
objective of the present study was to identify the lowest ener-
gy density able to promote the proliferation of DPSCs. We
also hypothesized that LLLI can improve the effectiveness
of DPSC proliferation and maintain cell viability.

Materials and methods

Subjects

The study was approved by the Ethics Committee of the
Federal University of Rio Grande do Norte, Brazil. Human
DPSCs were obtained from two healthy permanent third mo-
lars extracted due to a surgical/orthodontic indication. The
teeth were obtained from patients who presented good system-
ic and oral health. After extraction, the teeth were abraded at
the enamel/cementum junction with a diamond bur (#2134,
KG Sorensen, Brazil), avoiding direct contact of the bur with
the pulp. Next, the crown and the root were separated with
orthodontic pliers in order to expose the pulp to the culture
medium.

Cell culture and irradiation

Crowns and roots were stored in 50-mL Falcon tubes (TPP®,
Switzerland) containing 5 mL α-MEM (Life Technologies,
USA) under hypothermic conditions (4 °C) for up to 2 h, until
the processing of pulp under sterile conditions. Next, the crowns
and the rootswerewashed three times (10min each) in a solution
containing α-MEM supplemented with 10,000 IU/mL penicil-
lin, 10,000 μg/mL streptomycin, 100 mg/mL gentamicin, and
250 μg/mL amphotericin B (all antibiotics were from Life
Technologies) to eliminate possible contamination.

The dental pulp was carefully removed using a Hedstroem
file (Dentsply, Brazil) and then submitted to enzymatic digestion
with 3 mg/mL Collagenase I (Life Technologies) and 4 mg/mL
Dispase (Life Technologies, USA) for 1 h at 37 °C. The cells
were cultured on plates containing α-MEM supplemented with
15 % fetal bovine serum (Life Technologies). The cultures were
maintained at 37 °C in a 5 % CO2 atmosphere, and the culture
mediumwas changed at intervals of 3 days until the cells reached
70–95 % confluence.

In the second passage (P2), the cells were analyzed to con-
firm their stem cell nature, according to the criteria established
by Dominici et al. [18]. Briefly, an aliquot of cells was eval-
uated by flow cytometry using the Human MSC Analysis Kit
(BD Stemflow™, USA), which revealed positive staining for
surface markers of mesenchymal stem cells (CD105 PerCP-
Cy5.5, CD73-APC, CD90-FITC) and negative staining for
markers of hematopoietic stem cells (CD45, CD34, CD11b,
CD19, HLA-DR). Additionally, the multilineage differentia-
tion potential of DPSCs was confirmed by culturing the cells
in osteogenic and adipogenic differentiation media (StemPro®
Differentiation Kits, Invitrogen, USA) for up to 21 days. Light
microscopy analysis showed the deposition of mineralized
matrix stained by von Kossa and lipid vesicles stained by
Oil Red O, what represents, respectively, the differentiation
of osteoblastic and adipose cells.

In the third passage (P3), DPSCs were divided into three
groups according to treatment: (i) control group: no irradia-
tion; (ii) laser 0.5: cells irradiated with an energy density of
0.5 J/cm2; and (iii) laser 1.0: cells irradiated with an energy
density of 1.0 J/cm2. An InGaAlP diode laser (Kondortech,
Brazil) operating at the following parameters was used: power
of 30 mW, wavelength of 660 nm, continuous action mode,
and a tip diameter of 0.01 cm2. The cells were irradiated at 0
and 48 h. The laser probe was fixed perpendicular to each
plate at a distance of 0.5 cm from the cells. The cells were
plated in such a way that there was always one (for 24-well
plates) or three (for 96-well plates) empty wells between seed-
ed wells in order to minimize the unintentional dispersion of
light between wells during laser application.

Analysis of cell proliferation

Cell viability and proliferation were analyzed at 24, 48, 72,
and 96 h after the first laser application in the control (not
irradiated) and irradiated groups by theMTTassay (evaluation
of mitochondrial activity by reduction of MTT) and by the
Trypan blue exclusion method. For the MTT assay, the cells
were cultured in 96-well plates at a density of 5×103 cells/
well. One 96-well plate was used for each time point, with
four wells per group (control, 0.5 and 1.0 J/cm2), and absor-
bance of the samples was monitored in an ELISA reader at
570 nm. For Trypan blue staining, the cells were cultured in
24-well plates at a density of 3×104 cells/well. The number of

2260 Lasers Med Sci (2015) 30:2259–2264



Trypan blue-stained cells in each well was counted in a
Neubauer chamber at each time point. The cell counts were
performed by a blinded and previously calibrated examiner.

Analysis of apoptosis and cell cycle

Apoptosis was evaluated by flow cytometry (Invitrogen,
USA) using the FITC Annexin V/Dead Cell Apoptosis
Kit with FITC annexin and propidium iodine (PI). For
this purpose, the cells were cultured in 6-well plates at a
density of 2×105 cells/well. After 24 and 72 h (corre-
sponding to the first 24 h after each application), the cells
were washed in cold phosphate-buffered saline (PBS) and
resuspended in 200 μL binding buffer (1×). The cells
were stained with 3 μL annexin V-FITC and 1 μL PI
(100 μg/mL) and incubated for 15 min. Next, 400 μL
binding buffer for annexin V (1×) was added, and the
cells were analyzed by flow cytometry.

For cell cycle analysis, an aliquot of the cells was incubated
with 2 % paraformaldehyde, washed in cold PBS, and perme-
abilized with 0.01 % saponin for 15 min. After this procedure,
the cells were incubated with 10 μL RNAse (4 mg/mL) for
40 min at 37 °C. Next, 5 μL PI (25 mg/mL) and 200 μL cold
PBSwere added, and the cells were analyzed by flow cytometry.

Statistical analysis

Differences between groups at each time point studied were
analyzed by the Kruskal-Wallis andMann-Whitney tests, con-
sidering a level of significance of 5 % (p<0.05).

Results

Effect of LLLI on cell proliferation

The number of DPSCs analyzed by the Trypan blue exclusion
method in the different groups is shown in Table 1. An

increase in cell proliferation over time was observed in all
groups. Analysis of the mean number of cells showed a higher
proliferation rate in the irradiated groups when compared to
the control group, with a statistically significant difference
(p<0.05) at 72 h. At 96 h, a significant difference between
groups was only observed for the group irradiated with an
energy density of 1.0 J/cm2. No difference in cell viability
analyzed by the Trypan blue exclusion method was observed
between groups at any of the time points studied.

The pattern of mitochondrial activity of DPSCs ana-
lyzed by the MTT assay is illustrated in Fig. 1. In the
irradiated groups, mitochondrial activity followed the
same trend as observed by the Trypan blue exclusion
method. Irradiation with energy densities of 0.5 and
1.0 J/cm2 resulted in a significantly larger number of cells
when compared to the control group after the second ir-
radiation at an interval of 72 h.

Effect of LLLI on apoptosis

The dot plots obtained by flow cytometry analysis are shown
in Fig. 2. The cells exhibited weak positive staining for
annexin V and PI, both markers of apoptosis. No significant
changes in cell viability were observed throughout the exper-
iment, although there was a slight increase in percent viability
in all groups after the second application of LLLI.

Effect of LLLI on the cell cycle

The distribution of cells in the cell cycle phases is shown in
Fig. 3, which illustrates the percentage of cells in each phase
of the cycle. At 24 h after plating, there was a higher percent-
age of cells in G0/G1 (more than 50 %), but no statistically
significant difference (p>0.05) was observed between groups.
At the last time point examined, approximately 85 % of the
cells were in the S and G2/M phases, with no significant
differences between groups, a finding that was consistent with
proliferating cells in all three groups.

Table 1 Number and percent
viability of human dental pulp
stem cells at different times after
laser irradiation in the groups
studied

Group I (control) Group II (laser 0.5) Group III (laser 1.0) p value

I vs. II I vs. III II vs. III

T24 2.3±0.6 2.5±0.6 2.4±0.6 0.5303 0.8671 0.6753
92 % 92.5 % 96 %

T48 3.0±0.6 3.2±0.6 3.3±0.5 0.2479 0.0548 0.3823
97.5 % 98.4 % 99.2 %

T72 4.2±0.5 5.0±1.1 5.7±1.6 0.0099* 0.0056* 0.1646
95 % 97.5 % 97.4 %

T96 6.1±0.8 6.5±1.0 7.0±1.3 0.2026 0.0146* 0.1835
96.8 % 98.4 % 98 %

Values are reported as the mean±standard deviation (×104 cells/mL) and percent viability

*p<0.05, significant difference (Mann-Whitney test)
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Discussion

The role of stem cells in tissue repair has been extensively
studied due to their self-renewal and differentiation properties
[11]. DPSCs have been shown to maintain their characteristics
after cryopreservation, to differentiate into bone-like tissues
when loaded on scaffolds in animal models, and to regenerate

bone in human grafts [19]. These cells are also able to differ-
entiate into functional odontoblasts and vascular endothelial
cells, suggesting that they can serve as a single source for
dental pulp tissue engineering [9]. However, one requisite
for the use of stem cells in regenerative medicine is their
availability in abundant quantities. Within this context, LLLI
has been shown to induce stem cell activity by increasing cell
migration, proliferation, and viability, activating protein ex-
pression, and inducing the differentiation of progenitor cells
[20].

Some aspects of the laser can influence the desired prolif-
eration results, such as the ideal light spectrum, power level,
energy density, and wavelength [15]. Peplow et al. [21] argue
that comparison between the results of previous studies is
difficult due to the wide range of irradiation parameters, meth-
odologies, and cell types used. Recent studies have shown that
the best results are obtained when the visible light spectrum
(600 to 700 nm) is used [11]. In contrast, the infrared light
spectrum (810 to 830 nm) has been associated with the inhi-
bition of proliferation [22].We chose a wavelength of 660 nm,
which promoted positive stimulatory effects similar to those
reported by Soares et al. [15], Eduardo et al. [23], and Horvát-
Karajz et al. [24].

Fig. 2 Immunostaining of dental pulp stem cells with annexin V/propidium iodide (PI) at intervals of 24 h (a control, b laser 0.5 J/cm2, and c laser 1.0 J/
cm2) and 72 h (d control, e laser 0.5 J/cm2, and f laser 1.0 J/cm2)

Fig. 1 Proliferation of human dental pulp stem cells incubated for
different periods of time evaluated by MTT assay. Values are the mean
percentage±standard deviation (*p<0.05, Mann-Whitney test)
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The effect of LLLI on DPSCs has been investigated by
Eduardo et al. [23], who noted that an energy density of
3.0 J/cm2 associated with a wavelength of 660 nm positively
stimulated cell proliferation. Using a lower energy density
(1.0 J/cm2), Soares et al. [15] observed a biostimulatory effect
of LLLI on periodontal ligament stem cells. The energy den-
sity is an important factor that influences the results of cell
proliferation. According to Karu [17], an increase in energy
density may damage the photoreceptors, with a consequent
reduction in the biomodulatory effect of LLLI. On the basis
of these findings, we used the same parameters as Soares et al.
[15] for the irradiation of DPSCs, including an InGaAlP laser,
power of 30 mW, wavelength of 660 nm, and energy densities
of 0.5 and 1.0 J/cm2, which promoted the biostimulation of
DPSCs.

The number and interval between laser applications
also influence the results of LLLI. Li et al. [25] compared
the proliferation of bone marrow stem cells irradiated at
intervals of 48 h over a period of 13 days and observed a
positive effect on cell proliferation. Similar results have
been reported by Soares et al. [15] who used a power of
30 mW and energy density of 1.0 J/cm2. A lower energy
density of 0.5 J/cm2 showed little influence. In the present
study, the response was more pronounced when the cells
were irradiated with the dose of 1.0 J/cm2 compared to
0.5 J/cm2, thus confirming that, if an insufficient energy
density is applied, no cellular response occurs because the
threshold has not been reached. For the occurrence of
biostimulation, the threshold should be achieved by ap-
plying more energy [26].

Laser therapy exerts a dose-dependent effect on biological
responses and seems to have a cumulative effect at each new
dose applied [26]. This fact was confirmed in the present study
by observation of the increase of cell proliferation rates at the
last two time points (72 and 96 h) after the second irradiation,
what represents a cumulative effect over time at the dose of
1.0 J/cm2.

Hawkins and Abrahamse [27] submitted fibroblasts to
LLLI and observed increased cell viability beyond accelera-
tion of the proliferation process. With respect to viability, sim-
ilar results were found in the present study. Indeed, cell counts

and analysis of apoptosis-related markers (annexin V/PI)
showed that most of the cells remained viable and percent
viability even increased in all groups after the second applica-
tion of LLLI.

The decrease in the percentage of cells in G0/G1 associated
with an increase in the percentage of cells in the S and G2/M
phases indicates the transfer from G1 to S and G2/M and,
consequently, cell proliferation [28]. In the present study, cell
cycle analysis confirmed the results of the other tests, with the
distribution of cells in the cell cycle phases being consistent
with cell proliferation. Although the exact molecular mecha-
nism by which LLLI exerts its effects on cell proliferation is
not completely understood, experimental data showed that
irradiation is followed by increased synthesis of growth fac-
tors, nitric oxide (NO), reactive oxygen species (ROS), ATP,
RNA, and DNA [29].

The results of this study have potential clinical relevance
since the use of LLLI represents a therapeutic opportunity in
dentistry, especially in the field of dental pulp tissue engineer-
ing associated with stem cells. In light of future cell therapy
protocols, laser therapy permits to significantly increase the
initial number of stem cells before differentiation, thus in-
creasing the number of differentiated cells for tissue engineer-
ing and regenerative and healing processes.

In summary, the present study showed that the param-
eters of LLLI (30 mW power, 660 nm wavelength, and
1.0 J/cm2 energy density) promoted cell proliferation.
Laser irradiation did not affect cell viability throughout
the experiment.
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Fig. 3 Distribution of dental pulp stem cells in the cell cycle phases (G0/G1, S, and G2/M) for the three groups over time
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