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ARTICLE INFO ABSTRACT

Aﬁic{e history: ) Among various compounds used in research and clinic for degenerative bone diseases, low level laser therapy
Received 25 April 2016 (LLLT), comprising low level lasers (LLL) and light emitting diodes (LEDs), has been investigated regarding its ef-
Accepted 4 August 2016

fects on bone metabolism. They have specific wavelengths but in general act as a cellular biomodulator, and as a
therapeutic agent, rebalancing and normalizing their activity. However, they are not standardized yet, since their
parameters of use are relevant for the effects and mechanisms of action. Therefore, the aim of this study was
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Iff]}_’.‘l.mrds' to compare the influence of two spectrums of LLL and LED phototherapy, at the same energy densities (10 and
LLL 50 J/cm?), on human osteoblasts proliferation and differentiation. The involvement of ERK signaling on prolifer-
LED ation was also investigated by evaluating its activation during proliferation under different phototherapies by
Phototherapy western blotting and CFSE-based osteoblast proliferation was measured in a presence or absence of the ERK-spe-

Human osteoblasts cific inhibitor. Osteogenic differentiation was evaluated through in vitro mineralization and gene expression of
ERK type I collagen (COL1A1) and osteonectin (SPARC) by Real Time- PCR. Increases in viable cells and proliferation
were obtained after irradiation, regardless of LLLT type. However, only red at 10 J/cm? and infrared at both doses,
but not LED, induced ERK1/2 activation. In the presence of ERK inhibitor, the LLL-induced proliferation was
prevented. In addition, while COL1A1 gene expression was upregulated by red laser, SPARC does so by infrared
stimulation. However, LED, at both doses, increased both COL1A1 and SPARC expression. All LLLT increased min-
eralization, dependent on the dose and time. Thus, LLL and LED differently modulated the metabolism of human
osteoblasts, increasing proliferation by mechanism dependent or not of ERK signaling activation and osteogenic
differentiation markers.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Low level laser therapy (LLLT) is a treatment based on red and infra-
red lasers or light-emitting diodes (LEDs) that promotes changes at
cellular levels through photobiomodulation. The therapeutic use of
low-level laser (LLL) has become widespread in biology, dentistry and
medicine. Several benefits have been accompanied by its use such as
pain relief, stimulation of mitochondrial activity [1], recovery from
nerve injury [2,3], angiogenesis [4], modulation of inflammation [5], va-
sodilation [6], and tissue healing [7]. Mechanisms involved in LLL-based
tissue healing are dependent on the increased cell turnover, recruit-
ment, proliferation and differentiation. Target cells include mesenchy-
mal cells [8], keratinocytes, fibroblasts [9], endothelial cells [10], and
osteoblast [11]. Considering the variety of laser, time of exposure, cell
types and application protocols, it is still difficult to standardize positive
clinical LLL based-protocols. Moreover, the fact that the mechanisms by
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which they play an effective role in several biological processes have not
been fully understood.

In this context, several cellular and molecular mechanisms have
been proposed to the LLL-induced biological responses. Data from our
laboratory has determined that two different LLL, red and infrared
lasers, both at a potency of 20 mW and energy density of 1.9 J/cm? or
3.8 J/cm? increases mouse preosteoblast MC3T3-E1 proliferation,
alkaline phosphatase (ALP) and metalloproteinase (MMP)-2 activity at
early time point but not of MMP-9 (unpublished results). Also, it is
extensively described that the stimulatory effect of LLL in bone cells is
dependent on intracellular signaling protein activation [12]. A recent
study demonstrated that LLLT at 70 mW power and energy density of
3 J/cm? stimulated primary human alveolar bone-derived osteoblast
differentiation when cultured on titanium discs [13].

However, there still no data about the influence of light exposition
on human primary osteoblast at late periods under osteogenic stimulus.
Neither the impact of LLL-induced mitogen-activated protein kinase
(MAPK)/ extracellular signal-regulated kinases (ERK) activation on cel-
lular proliferation and gene transcription codifying extracellular matrix
formation markers and mineralization. The aim of this study was to
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evaluate the effects of two doses of red, infrared and LED on prolifera-
tion and differentiation of primary human osteoblast for driving bone
regeneration.

2. Material and Methods
2.1. Human Primary Osteoblast Isolation and Culture

Cells were collected from bone explants during orthopedic surgeries.
The procedure was approved by the local Ethics Committee, Fluminense
Federal University (protocol # 232/08) and the Ethics Committee of the
Bauru Dental School-University of Sao Paulo (protocol # 95/2011). Ex-
plants were treated with 0.25% collagenase for 2 h and then placed in
25 cm? flasks in Dulbecco's Modified Eagle Medium (DMEM) culture
medium supplemented with 10% fetal bovine serum (FBS). Cells were
maintained at 37 °C in an atmosphere containing 5% CO, and 95% air.
After single cells were attached to the plastic flask, non-adherent cells
were removed by changing the medium. When confluent, the cells
were sub-cultured with 0.25% trypsin-EDTA. Cells of passage 9 were
used for the experiments. When appropriated, cells were cultured or
not in osteogenic medium containing 50 pg/mL acid ascorbic and
10 mM R-glicerophosphate in DMEM/ 10% FBS.

2.2. Phototherapy

Low intensity laser irradiations were done by using the Twin Flex
Evolution diode laser (MM Optics-Sao Carlos, SP, Brazil). Red laser at a
wavelength of 660 nm and InGaAIP active medium, infrared at a wave-
length of 780 nm and GaAlAs active medium or light emitting diode
(LED) at a wavelength of 637 4+ 15 nm were applied to cells. They
were set up as continuous mode, potency of 40 mW, power density of
1 W/cm?, energy density of 10 and 50 J/cm?, energy dose of 6 and
31 ], and exposure time of 10 and 50 s, respectively. All parameters
are described in Table 1. Power measurements were checked by using
the Laser Check PowerMeter (Coherent Inc., Santa Clara, CA, USA). The
irradiation with different lasers was performed under the plate [14]. In
96 well plates, the stimulation was performed with static probe mode
since the diameter of each well and the laser spot area is 6.4 mm and
4 mm?, respectively. In 24-well plates (15.4 mm diameter), irradiation
was done with a scanning mode [15]. Single or double application pro-
tocols were performed for cell viability and proliferation where the last
was applied with an interval of 6 h. For differentiation and mineraliza-
tion assays, the irradiation was performed every 6 days. The assays
were performed at least in triplicate.

2.3. Cell Viability

The cell viability was assessed after 1, 2 and 3 days after the last irra-
diation by MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide) and Crystal violet assays. Cells were plated in 96-well plates at
a density of 2 x 10> cells in DMEM/10% FBS. Upon adhesion, 5% FBS-
containing medium was replaced, to highlight the effects of the
phototherapies [15]. As follows, adherent cells were irradiated with sin-
gle or double application of each phototherapy. Control cells were not
treated but received the same experimental conditions.

Table 1
Irradiation parameters.

For MTT assay, the cells were washed with phosphate-buffered
saline (PBS) followed by the addition of solution containing 0.5 mg
MTT per mL of medium. After incubation at 37 °C for 4 h protected
from light, DMSO was added to the cells. The absorbance was read in
the spectrophotometer (Fluostar OPTIMA, BMG Labtech, Offenburg,
Germany) at 562 nm. For crystal violet assay, the cells were washed
and then added 100% methanol for 10 min. After been removed, the so-
lution containing 0.2% crystal violet in 2% ethanol was added to the cells
for 3 min followed by additional wash and incubation with 0.05 mol/L in
50% ethanol solution for 10 min. The plates were read at 540 nm.

24. Western Blotting

Cells were plated in 24-well plates at a density of 4 x 10 cells. Adher-
ent cells were irradiated with different phototherapies (n = 24 for each
condition). After 10 min at 37 °C, the cells were lysed with buffer solu-
tion containing 50 mM Tris-HCI (pH 7.4), 25 mM KCl, 5 mM MgCls,
and 0.2% Nonidet P-40 supplemented with protease inhibitors (Roche
Diagnostics) and phosphatase inhibitor (0.2 M sodium orthovanadate -
Calbiochem). The lysates were pooled, sonicated and centrifuged at
1000 rpm for 10 min at 4 °C. Protein samples (40 ng) were applied to
electrophoresis in Tris-HCI 10% polyacrylamide gel and subsequently
transferred to PVDF membrane. It was immuno-labeled with rabbit
polyclonal anti-phospho-ERK or anti-ERK primary antibodies (Cell
Signaling) followed by secondary anti-rabbit IgG conjugated to HRP
(Horseradish Peroxidase - Cell Signaling) and ECL reagent (enhanced
chemiluminescence) detection (Amersham Biosciences). The relative
densities of the bands were determined by densitometry analysis using
Image ] software (National Institutes of Health, NIH Image). The density
values obtained were corrected by subtraction of the background values.

2.5. Proliferation Assay

Cell proliferation was performed by labeling cells with carboxyfluo-
rescein succinimidyl ester (CFSE) (Molecular Probes) followed by flow
cytometry analysis. Osteoblasts at a density of 3 x 10° (n = 3) were in-
cubated with 10 uM CFSE for 10 min at 4 °C, according to the
manufacturer's protocol. After washing with PBS, the labeled cells were
plated in 24-well plates followed by double application phototherapies.
When appropriate, the cells were pretreated with 20 uM ERK inhibitor
(PD98059) for 30 min at 37 °C. After 3 days of the last irradiation, cells
were trypsinized and acquired in FACsorting (BD Biosciences). Analyzes
were performed using the CellQuest program (CellQuest software, BD).

2.6. Real Time RT-PCR

5 x 102 cells in 96-well plates in different conditions had the mRNA
extracted and transcribed into cDNA using TagMan® Gene Expression
Cells-to-CT™ (Applied Biosystems) kit according to manufacturer's rec-
ommendations after 7, 14, 21 and 28 days of culture. The cDNA samples
were incubated with Tagman® Gene Expression Master Mix and
Tagman® Gene Expression assay (Applied Biosystems) for SPARC
(secreted protein acidic and rich in cysteine-also named osteonectin)
or COL1AT1 (type I collagen) and were read in the Real-Time RT-PCR Sys-
tem ViiATM7 (Applied Biosystems). PCR amplification was performed

Light source Wavelength (nm) Output power (mW)

Power density (W/cm?)

Energy density (J/cm?) Energy dose (J) Exposure time (s) Application mode

Red laser (InGaAIP) 660 40 1
660 40 1

Infrared (GaAlAs) 780 40 1
780 40 1

LED 637 + 15 40 1
1

637 + 15 40

10 6 10 Continuous
50 31 50 Continuous
10 6 10 Continuous
50 31 50 Continuous
10 6 10 Continuous
50 31 50 Continuous
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using the following primer sets: SPARC, 5'-AAACCGAAGAGG-
AGGTGGTG-3 (forward), 5'-GCAAAGAAGTGGCAGGAAGA-3' (reverse);
Col1A1: 5'-CAGGTCTCGGTCATGGTACCT-3’ (forward), 5'-GTCGAGGGC-
CAAGACGAA-3' (reverse); GAPDH: 5'-TGGCAAAGTGGAGATTGTTGC-3’
(forward), 5'-AAGATGGTGATGGGCTTCCCG-3’ (reverse). The GAPDH
expression was used a control.

2.7. Mineralization Assay

The mineralization was assessed by Alizarin Red S Staining (Sigma)
in 12-well plated cells at a density of 4 x 10* and cultivated in osteogen-
ic medium. Red, infrared or LED irradiations were applied every 6 days.
After 14, 21 and 28 days of culture, the supernatants were removed and
cells were washed with PBS followed by fixation with 4% formaldehyde
for 5 min at room temperature (RT). Cells were incubated with 2%
alizarin solution at pH 4.2 for 10 min at RT followed by three consecu-
tive washes with ultrapure water. Then, quantitative analysis was eval-
uated by the colorimetric method [13]. Dried plates were added with
10% acetic acid for 30 min under agitation at RT. The content of each
well was heated at 85 °C for 10 min and then kept on ice for 5 min
followed by centrifugation at 20,000g for 15 min. A volume of 100 pL
was transferred to 96-well plates, when 10% ammonium hydroxide
was added to neutralize the acid. The absorbance was measured at
405 nm.

O Contral

MTT Assay

2.8. Statistical Analysis

The results were statistically analyzed using GraphPad Prism 4 Soft-
ware (La Jolla, CA, USA). Groups were subjected to parametric ANOVA
One-way or Two-way, followed by Tukey's test. The significance was
given when P < 0.05. All samples passed to normality assessed by
Kolmogorov and Smirnov test. Comparisons to control cells, and to
different type of LLLT (when significantly different from control cells)
were adopted.

3. Results

3.1. Red, Infrared and LED Upmodulate Osteoblast Viability
and Proliferation

To evaluate effectiveness of differential LLLT protocols, both single
and double applications of each were used. When assessed by MTT, an
increase in the cellular viability after stimulation with different
phototherapies in specific time points and doses was observed. Cells
singly irradiated with red laser and infrared both at 50 J/cm? and LED
at 10 J/cm? had greater viability compared to control at day 1 (Fig. 1a).
On day 2, the same effect was observed by LED at 10 J/cm?, infrared at
50 J/cm? and red laser at both doses. However, on day 3, none LLLT
increased cell viability. Cells irradiated twice presented increased of vi-
ability after red laser and LED at both doses at day 2 compared to control

MI T Assay

Single application

B Red Laser 10 Vom? B Double application

3 Red Laser 50 Jiom? M -
B |nfraceq 10 Jiem
B |nfrared 50 Jiom 2

’_\

Absorbance (S627m)

days

Crystal Violet
Single application

Absorbance (540nm)

CF SE-based cell proliferaton
E Day 3

. E0 10 Jem?
BN | £D 50 J/em?

Absorbance (862nm)

Crystal Violet
Double aplicaton

Absorbance (580nm)

Fig. 1. LLLT effects on human osteoblast viability and proliferation evaluated by (a,b) MTT, (c,d) crystal violet and (e) CFSE-based assays. The graphs show the irradiation performed in (a,c)
single or (b,d,e) double applications at the energy density of 10 or 50 J/cm?. *P < 0.05, **P < 0.01, and ***P < 0.001 represent significant differences compared to control cells. *P < 0.05,
##p <0.01, and ***P < 0.001 represent significant differences among irradiated cells. Results express the mean =+ SE of (a-d) absorbance values and (e) fluorescence intensities.
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non-irradiated cells, whereas the last (at 10 J/cm?) was significantly
higher than red-irradiates cells (Fig. 1b). On day 3, all LLLT increased vi-
ability compared to control, except LED at 50 J/cm?. In addition, signifi-
cant differences among LLLTs were observed, been LED at 10 J/cm? the
most potent (Fig. 1b).

When assessed by crystal violet, we showed that single application
of infrared at 50 J/cm? and red laser 10 J/cm? increased cell viability
on day 1 and day 2, respectively (Fig. 1c). Also, red laser and LED both
at 10 J/cm? and infrared at 50 J/cm? significantly increased viability
compared to control cells (Fig. 1c). On the 2nd day, double application
of all LLLTs enhanced viability compared to control cells, but no differ-
ences were found among them (Fig. 1d). And on day 3, red laser and
LED at both doses and infrared at 10 J/cm? also increased it. Comparing
doses of LED, a greater effect was observed for the lower (Fig. 1d). In
general and regardless of assay type, a greater effectiveness was obtain-
ed for double applications.

Thus, we next evaluated the CFSE-labeled osteoblast proliferation in
irradiated and non-irradiated cells on day 3. Compared to control, red
laser at 10 J/cm? and LED at 50 J/cm? significantly increased osteoblast
proliferation (Fig. 3e and supplementary Fig. 1).

3.2. Red and Infrared Lasers Enhance Proliferation Through ERK Signaling

Since LLLTs were efficient to increase viability and/or proliferation,
we next evaluated the signaling mechanism by which they act. The re-
sults showed that red at 10 J/cm? and infrared at both doses significantly
increased the phosphorylation of ERK1/2 (p-ERK) compared with
control cells (Fig. 2a and b). No differences were observed among
them. To verify the implication of ERK activation on LLLT-induced
proliferation, we evaluated it in the presence of a specific ERK inhibitor,
PD98059 compound. The results showed that inhibition of ERK
prevented the positive effect of either red or infrared lasers on cell pro-
liferation (Fig. 2c and supplementary Fig. 2).

A

phospho-44

phospho-42

p-44
p-42

CFSE-based cell proliferation
Day 3
Cc

2.0

1.5

Arbitrary values
(relative to control)
5
T

PD98059

3.3. Gene Expression of Type I Collagen and SPARC as Osteogenic Markers

To evaluate the effect of different LLLT on osteogenic differentiation,
we measured expression of Col1A1 and SPARC genes. On day 7, Col1A1
mRNA increased after red laser at 10 J/cm? and LED at both doses com-
pared to the control (Fig. 3a). Within 14 days, LED at 50 J/cm? positively
modulated its expression and the lower dose enhanced on the 21st day.
No differences were observed among the irradiation types and doses
(Fig. 3a).

Regarding SPARC gene, infrared and LED groups, both at 50 J/cm?,
positively stimulated its expression on day 7 (Fig. 3b). LED-based irradi-
ation also increased SPARC mRNA. On the 28th day, its expression was
significantly higher under infrared and LED at 10 J/cm?, compared to
non-irradiated control cells. In addition, comparing these two types,
infrared was significantly more effective than LED in increasing SPARC
expression (Fig. 3b).

3.4. Effect of LLLTs on the Matrix Mineralization

Since all LLLT, at specific type, dose and time, had an impact on bone
matrix formation, we analyzed if they also affect its mineralization, as
follows. Calcium deposition was quantitatively measured through
colorimetric analysis. On the 7th day, we showed that infrared, at
10 J/cm? and LED, at 50 J/cm?, significantly augmented it when com-
pared to control cells. On day 14, red and LED both at 50 J/cm? and infra-
red at 10 J/cm? presented the same effect. On day 21, red laser at both
doses and infrared at 10 J/cm? also increased calcium deposition where-
as only red at the lower dose did it on the 28th day (Fig. 4). No differ-
ences were noticed among different types of LLLTs.

4. Discussion

In the present study, we demonstrated that different LLLTs, at the
same parameters, affect proliferation and differentiation of primary

1 Control
B p-ERK/total ERK = Red Laser 10 J/cm?
Red Laser 50 J/cm?
2 B nfrared 10 J/em?

B2 | nfrared 50 J/om?
B £p 10 J/cm?
B | £p 50 J/om?

Densitometry
(arbitrary values relatives
to control)

o

Fig. 2. ERK activation in osteoblasts treated with phototherapies. (a) Representative figure of control cells and red laser, infrared or LED irradiated at an energy density of 10 or 50 J/cm?.
(b) Densitometric analysis of western blotting. Arbitrary values are relative to obtained for control cells, adopted as 1. (¢) ERK inhibition impaired increased proliferation on day 3 induced
by phototherapies. *P < 0.05 represents significant differences compared to control cells. Results express the mean =+ SE of arbitrary values of three experiments, taking the control cells as 1.
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Fig. 3. LLLT effects on Col1A1 and SPARC gene expression by osteoblasts under osteogenic stimulation. Real time RT-PCR analysis for (a) Col1A1 and (b) SPARC expression were performed
in cells treated or not with different phototherapies for 28 days. GAPDH gene expression was used as control. *P < 0.05 represents significant differences compared to control cells or as
indicated. Results express the mean + SE from 3 independent experiments performed in triplicate.

human osteoblasts. Although several studies have focused on this topic,
the strategies for their application systems are not completely
established because the parameters of use have not been standardized
yet. In addition, few studies employed it on primary human osteoblasts.
Accumulating evidences show that laser at low-level intensity increases
proliferation of osteogenic lineage cells, including mesenchymal stem
cells, preosteoblast and osteoblast [12,16,17]. Thus, LLLTs have promis-
ing effects on osteogenesis through stimulation of bone cells and bone
formation [13,18-21]. But they are very restricted to their parameters,
which high power densities and prolonged time of exposure may inhibit
these biological responses [22]. Study showed that laser therapy with 90
and 150 J/cm? doses do not stimulate the proliferation and differentia-
tion of osteoblasts [15]. Our group previously determined that red and
infrared spectrums at a power potency of 20 mW and punctual applica-
tion were effective in promoting murine osteoblast proliferation, but
the data were restricted to the first 3 days after exposition (data not
published). Here, to exacerbate the impact of LLLTs, we standardized
their parameters as 40 mW of power potency and 10 and 50 J/cm? of
density energies. And even these settings have been applied for
prolonged exposure; they were able to stimulate osteogenesis in
human primary osteoblasts.

This work revealed that all LLLTs, at tested settings, increased human
osteoblast viability and proliferation, whereas only infrared and red
spectrums do so by a mechanism dependent on ERK activation, since
the enhancement of LLLT-induced cells was impaired by the pretreat-
ment with the compound PD98059, a specific ERK inhibitor. These

Deposition of Calcium

© o o o o
b L w1

Absorbance (405nm)

responses were dependent on the density energy and time of
evaluation. The MAP kinases ERK1 and ERK2 are 44- and 42-kDa
serine/threonine kinases respectively, are related to receptor tyrosine
kinases that signals through Ras-Raf-MEK-ERK signal transduction
cascade. During growth factor stimulation, ERK phosphorylation
cascade is involved in processes such as cellular proliferation, differenti-
ation and apoptosis [16]. MEK1/2 catalyzes the phosphorylation of
human ERK1/2 at Tyr204/187 and then Thr202/185. The phosphoryla-
tion of both tyrosine and threonine is required for enzyme activation.
Whereas the Raf kinase and MEK families have narrow substrate speci-
ficity, ERK1/2 catalyze the phosphorylation of hundreds of cytoplasmic
and nuclear substrates including regulatory molecules and transcription
factors [23]. It has been reported that low power laser irradiation (LPLI-
He-Ne laser, 632.8 nm) induces the phosphorylation of tyrosine protein
kinase receptor (TPKR) (such as c-Met, receptor of hepatocyte growth
factor), previously shown to activate the MAPK/ERK pathway, and pro-
mote proliferation of the cells [24]. Once activated, TPKR activates its
downstream signaling elements, like Ras/Raf/MEK/ERK, PI3K/Akt/
elF4E, PI3K/Akt/eNOS and PLC-gamma/PKC pathways. In preosteoblast,
it was shown that low-level Er:YAG laser at dose of 0.7-17.2 ]/cm? en-
hanced ERK phosphorylation in MC3T3-E1 cells within 5 min [12].
Also, the pretreatment with MAPK-ERK 1/2 inhibitor blocked the en-
hanced proliferation. An interesting fact is that LED, at 637 nm, did not
increase proliferation through ERK-signaling. In fact, the effect of LLLT
depends on the parameters applied (wavelength, power density, energy
density, and time of exposure) [25]. Thus, it is perfect possible that red

1 Control

1 Red laser 10 J/cm?
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B D 10 J/em?
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Fig. 4. LLLT effects on calcium deposition by differentiated osteoblast. Cells were irradiated as indicated and mineralization assay was performed by alizarin red staining on days 7, 14, 21
and 28. *P < 0.05, **P < 0.01, and ***P < 0.001 represent significant differences compared to control cells. Results express the mean 4 SE from 3 independent experiments performed in

triplicate.
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Fig. 5. Schemes of the proposed mechanisms triggered by LLLTs during osteogenic differentiation. LLLT, at different experimental designs, increases osteoblast proliferation, extracellular
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This may be involved in the cellular signaling to activate gene transcripts codifying (A) type I collagen and (B) osteonectin (SPARC) in red- and infrared-irradiated cells, respectively.
(C) LED stimulation upregulates both type 1 collagen and SPARC, regardless of ERK-mediated signaling. The mechanisms by which LLLTs augment extracellular matrix mineralization

are still to be determined.



20 FA. Oliveira et al. / Journal of Photochemistry & Photobiology, B: Biology 163 (2016) 14-21

laser at 660 nm but not LED at 637 nm activate differently signaling
transduction in the cell, even when the difference in the wavelength is
very narrow.

Our data not only corroborate these findings but also give a
comparative analysis of infrared, red laser and LED on bone cells. In
this context, our data showed that LED at 10 and 50 J/cm?, revealed by
MTT/crystal violet and CFSE assays, respectively, peaked in stimulating
the proliferation, even in the absence of ERK activation. Although
some contradictory dose-dependency data were found between these
two methodologies, this can be easily explained by the fact that the
first is suitable for measuring cell viability while the second is for cell
proliferation. Thus, to have accurate results regarding proliferation,
CFSE-label cells followed by flow cytometry were conducted, and
showed that LED at 50 J/cm? positively affects osteoblast proliferation.
This is consequence of biomodulatory effects through photochemical
interactions that occur after light interaction with cell and tissues, and
does not involve thermal mechanism [26]. It is possible that in an energy
density of 50 J/cm?, still considered as LLLT, a peak of temperature may
occur, but this was not monitored. Some data, specially cellular viability
evaluated by MTT, suggest that this may be responsible for reduced vi-
ability on cells irradiated with 50 J/cm?. However, by CFSE method,
this was not observed, which is one of the most reliable tests for mea-
suring cellular proliferation.

Besides proliferation, LLLT potentially enhanced the osteogenic dif-
ferentiation, regardless of the spectrum. This was confirmed by the up-
regulated mRNA expression for osteogenic markers such as type 1
collagen (Col1A) and SPARC (osteonectin) genes in irradiated cells.
While type I collagen is produced in the onset of osteogenic differentia-
tion and constitutes the primary protein deposited into the bone matrix,
osteonectin is a cysteine-rich acidic matrix-associated protein, that is
tissue-specific and links the bone mineral and collagen phases, initiating
active mineralization in normal skeletal tissue [27]. It belongs to a class
of proteins involved in cell-extracellular matrix (ECM) interactions dur-
ing tissue repair and differentiation [28]. Its role was evidenced from ob-
servation that elevated expression of SPARC occurs at early time points
after injury and during remodeling of ECM [29]. The principal functions
of SPARC include disrupting cell-ECM interactions, inhibiting cell-cycle
progression, and regulating the expression of a number of growth fac-
tors [30], ECM proteins [31], and matrix metalloproteinases (MMPs)
[32]. In this study, LED-irradiated cells at both doses were more effective
in increasing the expression of these genes, but also red and infrared la-
sers stimulated them, dependent on the dose and time. Among the
LLLTs, only infrared spectrum at lower dose exceeded the effect of LED
application on SPARC expression. These data corroborates the increased
mineralization of the bone matrix induced by different LLLTs. In fact, in
vitro studies using LLLT on osteogenic cells suggest that it has a stimula-
tory effect on mineralization process [33,34]. Our data show that besides
this knowing ERK-based mechanism of activation by low level lasers, it
may act through transcription factor that in turn regulates type I colla-
gen and osteonectin expression. The participation of the MAPK signaling
pathway in the osteogenesis of mesenchymal stem cells (MSCs) is well
related, since transcription factors such as RUNX2 is regulated by
MAPK-dependent phosphorylation [35]. In this context, it was shown
that the receptor tyrosine kinase, named discoidin receptor 2 (DDR2),
that mediates interactions between cells and fibrillar collagens signals
through both ERK1/2 and p38 MAP kinase, which stimulate osteoblast
differentiation and bone formation [36]. Also, the expression levels
of alkaline phosphatase and type I collagen were reduced following
inhibition of ERK1/2 [37]. During differentiation, the secretion of
Col1 acts though o231 integrins, that in turn leads to the phosphoryla-
tion of ERK1/2 in the MAPK signaling pathway and subsequent
translocalization of P-ERK1/2 to the nucleus, where it binds to Runx2
and induces gene expression of osteogenic proteins. Also, mineraliza-
tion induced by beta-glycerosphosphate is induced by phosphorylation
of ERK1/2 [38]. Taken together, data from the literature and ours make
us to hypothesized that red laser promotes proliferation by ERK

activation that in turn activates gene transcripts encoding the type 1
collagen, as in the case of red laser (Fig. 5a) and osteonectin (SPARC)
in cells irradiated with infrared (Fig. 5b). On the other hand, LED irradi-
ation increases both Col1A and SPARC expression regardless of ERK ac-
tivation (Fig. 5¢). A possible explanation for it is that LED, but not red
and infrared laser, act dephosphorylating ERK1/2, impairing its activa-
tion. In fact, the regulatory dephosphorylation of ERK1/2 is mediated
by protein-tyrosine specific phosphatases, protein-serine/threonine
phosphatases, and dual specificity phosphatases and the combination
of kinases and phosphatases make the overall process reversible, and
thus invalidating ERK activation.

In turn, even though different mechanisms, LLLTs promotes bone
matrix mineralization by dose and time-dependent manner. To better
explore this hypothetical mechanism, future studies will be conduct
using overexpression genes and pharmacological inhibitors. In summa-
1y, LLLTs, at these conditions, modulate the metabolism of human oste-
oblasts increasing their proliferation and differentiation. Although we
speculated the differential role of ERK in inducing type I collagen and
osteonectin expression for each spectrum, the mechanisms by which
LLLTs increase in vitro mineralization remains to be determined.
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