Journal of

Lasers

in Medical Sciences

J Lasers Med Sci 2020 Spring;11(2):138-143

Original Article

http://journals.sbmu.ac.ir/jims @ 10.34172/jlms.2020.24

Examination of the Effect of the Combined Use of

Nd: YAG Laser Irradiation and Mechanical Force

CrossMark
Clckfor updtes

Loading on Bone Metabolism Using Cultured
Human Osteoblasts

Yuji Tsuka', Ryo Kunimatsu', Hidemi Guniji', Takaharu Abe', Cynthia Concepcién Medina', Kengo Nakajima’,
Aya Kimura', Tomoka Hiraki?, Ayaka Nakatani2, Kotaro Tanimoto'

'Department of Orthodontics, Division of Oral Health and Development, Hiroshima University Hospital, Hiroshima, Japan
*Department of Orthodontics, Applied Life Sciences, Hiroshima University Institute of Biomedical & Health Sciences,

Hiroshima, Japan

*Correspondence to

Ryo Kunimatsu, Department
of Orthodontics, Division of
Oral Health and Development,
Hiroshima University Hospital,
1-2-3 Kasumi, Minami-ku,
Hiroshima 734-8553, Japan.
Tel: +81-82-257-5686;

Fax: +81-82-257-5687;

Email:
ryoukunimatu@hiroshima-u.ac.jp

Published online March 15,
2020

Introduction

Abstract

Introduction: In recent years, laser irradiation in the near-infrared ray (NIR) area has been reported
to promote bone healing. There are also reports that laser irradiation accelerates orthodontic
tooth movement. In this study, we investigated the effect of NIR laser irradiation and mechanical
stimulation on osteoblasts.

Methods: We seeded osteoblast-like cells and laser irradiation was performed 24 hours after cell
seeding. In addition, a control group not receiving anything, a group receiving only Nd: YAG
(neodymium-doped yttrium aluminum garnet) laser irradiation, a group receiving only centrifugal
loading, and a group receiving both Nd: YAG laser irradiation and centrifugal force loading
were set, and after 24 hours and after 48 hours, cells were collected and quantitative real-time
polymerase chain reaction (PCR) was performed.

Results: 24 hours after laser irradiation, the gene expression of alkaline phosphatase (ALP), the
receptor activator of NF-kB ligand (RANKL) and osteoprotegerin (OPG) was significantly higher in
the 2.0 W group than in the control group. In addition, the RANKL/OPG ratio was higher in the
2.0 W group than in the control group. Also, in the group using laser irradiation and centrifugal
loading in combination, 24 hours after laser irradiation, ALP and OPG showed significantly higher
values than those in the centrifugal load only group. Furthermore, the RANKL/OPG ratio also
showed high values.

Conclusion: These results suggest that osteoblast-like cells activate genes related to bone
metabolism by combining mechanical stimulation and laser irradiation. This helps to elucidate the
influence of laser irradiation during tooth movement.

Keywords: Nd: YAG laser; Bone metabolism; Osteoblast; Mechanical force.

used for periodontal therapy,'? sensory hypersensitivity

Laser therapy is developing in the medical field. In
clinical practice in the field of dentistry, lasers have
wide applications. Currently, lasers used in the dental
field are surface absorption type (CO, laser and erbium-
doped yttrium aluminium garnet [YAG] laser) and
tissue penetrating type lasers (He: Ne laser, neodymium-
doped yttrium aluminum garnet [Nd: YAG] laser,
and diode laser). In cases where tissue incision and
hemostasis are required, it is advantageous to use surface
absorbing lasers at high power. In contrast, using tissue
penetrating lasers at low power allows treatment using
cell activation. In recent years, laser therapy in the near-
infrared region (NIR) has attracted attention. These are

treatment,>* and treatment of temporomandibular
disorders.> On another study using a rat fracture model,
there were reports that Nd: YAG laser and diode laser
irradiation promoted bone healing®” and that diode laser
irradiation promoted bone grafting in rats and in vitro
experiments.®® Also, another study reports that Nd: YAG
laser irradiation promoted osteoblast differentiation,'
red laser irradiation caused fibroblast proliferation," and
diode laser irradiation caused osteoblast proliferation.'
In the field of orthodontic dentistry, pain relief'>'* during
tooth movement by laser irradiation and the acceleration
of tooth movement have been reported.””'” However,
it is currently the case that there are many things the
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mechanisms of which are not known yet. In previous
experiments, the irradiation effect of the Nd: YAG laser
during orthodontic tooth movement was investigated
using rats and it was proved that there was a change in
bone metabolism and tooth movement.*® In addition, in a
previous study from the authors, a wound healing test was
performed by irradiating osteoblast-like cells with a diode
laser and confirmed that the cells proliferated.'?

There are many researches using the Nd: YAG laser
in in vitro experiments, but there is no cell experiment
model considering tooth movement. There are several
reports that are used as cell experimental models of tooth
movement by applying a mechanical stimulus to cells.
Therefore, it was decided to investigate the effect of the
irradiation of the Nd: YAG laser on the condition that
the osteoblast-like cells were loaded with mechanical
stimulation by centrifugal force.

Methods

Cell Culture

Cells of the human-derived osteoblast-like cells line
Saos-2 (Riken, Tukuba, Japan ) were cultured in 100-
mm (Corning, NY, USA) tissue culture dishes with the
Dulbeccos Modified Eagle Medium (DMEM; Sigma, St.
Louis, MO) supplemented with 10% fetal bovine serum
(FBS; Bioserum, Melbourne, Victoria, Australia) and
50 mg/mL kanamycin (Meiji Pharmaceutical, Tokyo,
Japan). Incubation was done at 37°C under a humidified
atmosphere of 95% air and 5% CO2. The exchange of the
culture medium was done every 3 days. The passage was
carried out when the confluence reached 80%.

Preliminary Experiment for Determining Conditions

5.0 x 10* cells were seeded in a 24-well plate and the Nd:
YAG laser was irradiated under the conditions of 0.6 W,
2.0 W, 4.0 W, and 6.0 W after 24 hours. The cells were
collected using PBS (Mitsubishi Chemical Mediation,
Tokyo, Japan) containing 0.2% trypsin (Nakarai Tesque,
Kyoto, Japan) and 0.1% EDTA (Wako, Tokyo, Japan) 24
hours after Nd: YAG laser irradiation, with the number of
viable cells counted using a 0.4 w/ v% trypan blue solution
(Wako). As a result, it was found that the cells died when
the output was 4.0 W or more. Therefore, it was decided
to experiment with control, 0.6 W, and 2.0 W conditions
(Figure 1).

Laser Irradiation

For this study, the Nd: YAG laser (Inpulse, Incisive,
Richmond, Ca, USA) with a wavelength of 1064 nm was
used. The guide light was a diode laser with a wavelength
of 630 to 680 nm. A 0.32-mm optical fiber was used as the
tip of the Nd: YAG laser. The handpiece was set using a
stand so that the distance from the tip to the bottom of the
culture dish was 2.4 cm. Laser irradiation was performed
for 15 seconds under each condition. Energy density
was 5.17 J/cm? (0.6 W), 17.23 J/cm? (2.0 W), 34.47 J/cm?
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Figure 1. Number of Cells After Nd:YAG Laser Irradiation for 24 Hours.
cont: Control group not irradiated with the Nd: YAG laser.

0.6 W, 2.0 W, 4.0 W, 6.0 W: Experimental groups irradiated with the Nd:
YAG laser at each output. *P < 0.05 vs. control, n=3.

Human-derived osteoblast-like cells were irradiated with the Nd: YAG
laser and the number of viable cells was determined 24 hours later.

When the cells were irradiated with the Nd: YAG laser at an output of 4.0
W or higher, a decrease in the number of viable cells was observed.

(4.0 W), and 51.7 J/cm? (6.0 W) in total. Also, the non-
irradiated cultured cells were used as the control. The
specifications of laser irradiation are shown in Table 1.

Quantitative Real-Time PCR Analysis
2.0 x 10° cells were seeded in a 24-well plate and the
Nd: YAG laser irradiated each condition after 24 hours.
24 hours after laser irradiation, the cells were collected
using PBS containing 0.2% trypsin and 0.1% EDTA,
homogenized using a syringe and a 20 G needle (both
Terumo, Tokyo, Japan), and the RNeasy Mini Kit (RNeasy
Mini Spin Colum, QIAGEN, Venlo, Netherlands) RNA
was extracted by the column method used (Figure 2).
The total RNA was quantified by reading the absorbance
at a wavelength of 260 nm by a spectrophotometer
(BioSpecnano, Shimadzu, Kyoto, Japan). The cDNA was
synthesized from 1 mg total RNA using a qPCR reverse
transcription kit (ReverTra Ace-a, Toyobo, Osaka,
Japan) and a random primer (Toyobo). The cDNA was
obtained from total RNA using a Simpli Amp Thermal
Cycler (Applied Biosystems, Foster City, CA, USA).
Gene expression was monitored using the SYBR Green
Real-time PCR Master Mix (Toyobo, Osaka, Japan)
and a Light Cycler 480 II system (Roche Diagnostics,
Basel, Switzerland) with the prepared cDNA as the

Table 1. The Specifications of the Nd: YAG Laser Used in This Study

Wavelength (nm) 1064
Operating mode Pulsed
Frequency (Hz) 20-30
Pulse duration (ps) 100

Duty cycle 0.001
Power 30-200 m)/100 ps

Average power (W)

0.6-6.0
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Figure 2. The Time Course of This Experiment.

template. Table 2 shows the PCR primer sequences for
alkaline phosphatase (ALP), Receptor activator of NF-
kB ligand (RANKL) and osteoprotegerin (OPG) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
The reaction conditions were as follows: 45 cycles of
denaturation at 95°C for 15 seconds, annealing at 55°C for
30 seconds, and extension at 72°C for 10 seconds. Gene
expression values were normalized to the control values.
The fold-increase in gene expression in human-derived
osteoblast-like cells cultured alone was also monitored,
and the mRNA level was normalized to that of GAPDH.

Mechanical Stress

Centrifugal force was applied for 20 minutes at 489 rpm
using RPM LCO 6-SP (Tommy Seiko, Tokyo, Japan),
following the method described by Redlich et al.’* After
centrifugal force loading, the laser was irradiated, cell
recovery was performed after 24 and 48 hours, and the RT-
PCR experiment was performed using the same method.
For the cells subjected to both centrifugal loading and
laser irradiation, a laser irradiation setting of 2.0 W, which
was the most effective, was selected.

Statistical Analysis

The mean of the three experiments was calculated and was
considered to represent the values of each experimental
parameter. The data from the three independent
experiments are presented as the mean and standard
deviation. One-way analysis of variance was used for
group comparisons. The differences between the control
group and each experimental group were analyzed by
the Dunnett test. P values of < 0.05 were considered
statistically significant.

Table 2. PCR Primer Sequences

Gene Sequence

Forward 5-TGGTATCGTGGAAGGACTCA-3’
GAPDH

Reverse 5'-GCCATCACGCCACAGTT-3'

Forward 5-TACAAGGTGGGCGGTGA-3'
ALP

Reverse 5'-ACAGCAGACTGCGCCTGGTAGTT-3'

Forward 5-ATATCGTTGGATCACAGCAC-3'
RANKL

Reverse 5-CAAGAGGACAGACTCACTTTATG-3'

Forward 5-CTGCTGAAGTTATGGAAACAT-3'
OPG

Reverse 5'-AGGTTAGCATGTCCAATGTG-3'

Results

Compared with the control group, the expression
of the RANKL, OPG, and ALP genes 24 hours after
irradiation was not significantly different in the 0.6 W
laser irradiation group but significantly higher in the 2.0
W laser irradiation group. Furthermore, the RANKL/
OPG ratio did not change significantly in the 0.6 W laser
irradiation group compared to the control group but was
higher in the 2.0 W laser irradiation group compared with
the control group (Figure 3).

Compared with the control group, there was no
significant difference in RANKL, OPG, and ALP gene
expression 48 hours after the start of the experiment in
the 0.6 W and 2.0 W laser irradiation groups. In addition,
there was no difference in the RANKL/OPG ratio between
the 0.6 W and 2.0 W laser irradiation groups compared to
the control group (Figure 4).

The gene expressions of OPG, RANKL and ALP were
significantly higher in the Nd: YAG laser irradiation group
and the centrifugal force load group than in the control
group 24 hours after the experiment. In addition, the gene
expression of RANKL and ALP was significantly higher in
the laser centrifugal load group than the centrifugal load
group, and OPG gene expression was significantly lower.

The RANKL/OPG ratio was higher in all experimental
groups compared to the control group. In particular, the
laser irradiation/centrifugal loading group exhibited the
highest ratio (Figure 5).

The expression of the ALP gene 48 hours after the
experiment was significantly higher in the Nd: YAG
laser irradiation and the centrifugal load group than in

RANKL OPG
5 4
24 o
5 ) 3
23 5
= oy g2 * %k
22 = = o
(=] —_— -
T e Crry g1 | ] \§ Cod
0 m . @ = 0 & e
cont 06w 20w cont 0.6 w 20w
ALP RANKL/OPG ratio
3 2 -
j*)
82 - % % 15 1 %
3] =
£ FoC 1 =
) ROy %
31
= o 0.5 - %
0 B 0 &

cont 20w cont 0.6 w 20w

Figure 3. RANKL, OPG, and ALP Gene Expression Levels 24 Hours After
Nd:YAG Laser Irradiation.

cont: Control group not irradiated with the Nd: YAG laser.

0.6 W, 2.0 W: Experiment groups irradiated with the Nd: YAG laser at each
output. **P < 0.01, * P < 0.05 vs. control; n=3.

The graphs show the fold-increase in the expression of the RANKL, OPC,
and ALP genes 24 hours after Nd: YAG laser irradiation.

The expression of the RANKL, OPG, and ALP genes and the RANKL/OPG
ratio 24 hours after irradiation were higher in the 2.0 W laser irradiation
group than in the control group.
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Figure 4. RANKL, OPG, and ALP Gene Expression Levels 48 Hours After
Nd:YAG Laser Irradiation.

cont: Control group not irradiated with the Nd: YAG laser.

0.6 W, 2.0 W: Experiment groups irradiated with an Nd: YAG laser at each
output. **P < 0.01, *P < 0.05 vs. control; n=3.

The graphs show the fold-increase in the expression of the RANKL, OPG,
and ALP genes 48 hours after irradiation with an Nd: YAG laser. 48 hours
after the start of the experiment, there was no significant difference in gene
expression between the control and experimental groups.
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Figure 5. RANKL, OPG, and ALP Gene Expression Levels 24 Hours After
Nd:YAG Laser Irradiation and Centrifugal Force.

Cont: Control group not treated with Nd: YAG laser irradiation and
centrifugal force loading.

L: Experiment group irradiated with an Nd: YAG laser at an output of 2.0
W. CF: Experimental group subjected to centrifugal force as a mechanical
stress. L+CF: Experimental group in which centrifugal force was applied
as a mechanical stress and Nd: YAG laser irradiation was performed at an
output of 2.0 W.

**P < 0.01, *P < 0.05 vs. control; n=3. ##P < 0.01 vs. CF; n=3.

The graphs show the fold-increase in the expression of the RANKL, OPG,
and ALP genes 24 hours after Nd: YAG laser irradiation and centrifugal
force loading.

The RANKL/OPG ratio was higher in the laser irradiation/centrifugal force
loading group compared to the other groups.

the control group. There were no significant differences
compared to the other groups (Figure 6).
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Figure 6. RANKL, OPG, and ALP Gene Expression Levels 24 Hours After
Nd:YAG Laser Irradiation and Centrifugal Force.

Cont: Control group not treated with Nd: YAG laser irradiation and
centrifugal force loading.

L: Experiment group treated with Nd: YAG laser irradiation at an output
of 2.0 W. CF: Experimental group treated with centrifugal force as a
mechanical stress. L+CF: Experimental group in which centrifugal force
was applied as a mechanical stress and Nd: YAG laser irradiation was
performed at an output of 2.0 W.

*P < 0.05 vs. control; n=3.

The graphs show the fold-increase in the expression of the RANKL, OPG,
and ALP genes 48 hours after treatment with Nd: YAG laser irradiation and
centrifugal force loading.

The RANKL/OPG ratio, 48 hours after the experiment was initiated, tended
to be higher in the experimental groups than in the control group, but
there was no significant difference in RANKL and OPG expression.

Discussion

In the setting of this study, preliminary experiments were
performed by irradiating the cells with an Nd: YAG laser.
Compared to the control group, there was no significant
difference in the 0.6 W and 2.0 W groups, but the number
of human-derived osteoblast-like cells was significantly
reduced in both the 4.0 W and 6.0 W groups. According
to the Arndt-Schulzs law, weak stimuli promote the
reaction both biologically and physiologically, and the
strong stimulus suppresses this reaction and is said to be
harmful®*?' The results of the preliminary experiment
indicated that a harmful reaction to irradiation occurred
in the cells in the 4.0 and 6.0 W groups. Our previous
experiments  demonstrated that human-derived
osteoblast-like cells irradiated with an Nd: YAG laser
were induced to proliferate.?? In the present study, no
proliferation oflive cells was observed, potentially because
the cells were not damaged by scratches and therefore
the response may be different. When combined with
the defense responses of the living body, the laser effect
may be more likely. In another study, cell proliferation
was confirmed by NIR laser irradiation of osteoblast-like
cells (MC3T3-E1)."”? However, the cells did not proliferate
in the present study. This could be related to the use of
a different cell type and differences in experimental
methods for confirming cell growth. Another potential
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factor is the laser; although the output was similar, the use
of a different type of laser could have affected the results.

Several reports on the effects of Nd: YAG laser
irradiation on cells have been published. It was reported
that an increase in intracellular Ca®* in osteoblast-like
cells was observed in the Nd: YAG laser-irradiated group
via the activation of the TRPCI ion channel compared
to the control, reported by Chellini et al.' Ninomiya
et al reported that bone formation was promoted by
irradiating the damaged rat femur with the Nd: YAG laser
compared to the control group.® Thus, laser irradiation
is thought to have a beneficial effect on bone formation.
It has been reported that low-power laser irradiation in
a rat tooth movement model resulted in increased OPG
expression compared to the control group.” Oliveira et
al reported that ALP activity increased in cells irradiated
with a laser at the wavelengths of 660 nm and 780 nm.*

In the present study, the expression of the OPG and
ALP genes was significantly higher in the 2.0 W group
24 hours after Nd: YAG laser irradiation. In the previous
reports, it was confirmed that laser irradiation had a
positive effect on bone formation. It was also reported
that RANKL expression in a rat tooth movement model
increased compared to the control group following low-
power laser irradiation.?® The results of the present study
were similar, with RANKL gene expression significantly
higher in the 2.0 W group 24 hours after Nd: YAG laser
irradiation. Our experiments also demonstrated that the
RANKL/OPG ratio was higher than that of the control
group 24 hours after laser irradiation. This appears to
be related to having a negative effect on bone formation.
However, the sequence of reactions between tooth
movement and laser irradiation is complex and cannot
be explained at a single point. Tanaka et al*® reported
that enhanced bone resorption was associated with an
increase in the RANKL/OPG ratio. In addition, Oliveira
et al* reported increased ALP activity in cells irradiated
with a laser at the wavelengths of 660 nm and 780 nm.
Similar results were obtained in the present study,
suggesting that both the bone metabolism and resorption
systems may be activated. Usumez et al* reported that
Nd: YAG laser irradiation in a rat gingival wound model
resulted in increased expression of the TGF-$, PDGEF, and
bFGF genes compared to the control group. Likewise,
in the present study, the activation of the cells by laser
irradiation may have affected gene expression.

Naito et al reported that centrifugal loading significantly
increased ALP gene expression on rat bone marrow-
derived osteoblasts.”® Also, Okamoto et al*® reported that
RANKL gene expression increased due to centrifugal
loading on MC3T3-E1 cells, and Naruse et al* reported
the increased expression of the OPG gene by centrifugal
loading on cultured periodontal ligament cells. Similarly,
in this study, the gene expression of OPG, RANKL and
ALP was significantly higher in the load group than in
the control group. Furthermore, when Nd: YAG laser

irradiation was used in combination, the gene expression
of ALP and RANKL was higher in the laser load group
after 24 hours than in the load group. In addition, the
gene expression of OPG showed significantly lower
values in the laser load group than in the load group after
24 hours, resulting in a high RANKL/OPG ratio.

These results suggest that combining mechanical
stimulation with Nd: YAG laser irradiation may increase
ALP gene expression and the RANKL/OPG ratio in
human osteoblast-like cells. Furthermore, under the
present research conditions, the effect of Nd: YAG
laser irradiation on osteoblast-like cells did not last for
48 hours, suggesting that the effect of laser irradiation
decreases with time.

It was found that Nd: YAG Laser irradiation acted on
osteoblast-like cells and activated the genes related to
the bone metabolism system. Through further research,
it is expected that it will have a positive impact on bone
metabolism during tooth movement in orthodontic
treatment.

Conclusion

These results suggest that osteoblast-like cells activate
the genes related to bone metabolism by combining
mechanical stimulation and laser irradiation. This helps
to elucidate the influence of laser irradiation during tooth
movement. The mechanics of laser irradiation and tooth
movement are very complex. In addition, these reactions
occur simultaneously, increasing complexity. Further
detailed research is needed.
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