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Abstract

M1 profile macrophages exert a major influence on initial tissue repair process. Few days after the
occurrence of injury, macrophages in the injured region exhibit a M2 profile, attenuate the effects
of the M1 population, and stimulate the reconstruction of the damaged tissue. The different effects
of macrophages in the healing process suggest that these cells could be the target of therapeutic
interventions. Photobiomodulation has been used to accelerate tissue repair, but little is known
regarding its effect on macrophages. In the present study, J774 macrophages were activated to
simulate the M1 profile and irradiated with two different sets of laser parameters (780 nm, 70
mW, 2.6 J/cm?2, 1.5 s and 660 nm, 15 mW, 7.5 J/cm?2, 20 s). IL-6, TNF-a, iNOS and COX-2 gene
and protein expression were analyzed by RT-gPCR and ELISA. Both lasers were able to reduce
TNF-a and iNOS expression, and TNF-a and COX-2 production, although the parameters used
for 780 nm laser provided an additional decrease. 660 nm laser parameters resulted in an up-
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regulation of IL-6 expression and production. These findings imply a distinct, time-dependent
modulation by the two different sets of laser parameters, suggesting that the best modulation may
involve more than one combination of parameters.
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1. Introduction

Macrophages play a crucial role during the healing and remodeling process [1-3]. The
diverse effects of these cells depend on the stimuli generated by the environment and on the
time after injury. In the initial phases of the inflammatory process, macrophages normally
adopt a pro-inflammatory or M1 profile and produce cytokines and inflammatory makers,
such as interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a), cyclooxygenase 2
(COX-2) and inducible nitric oxide synthase (iNOS) [1-3].

Approximately four days after the occurrence of injury, macrophages in the injured region
exhibit a different M2 profile. In this stage, these cells produce anti-inflammatory cytokines
to attenuate the effects of the M1 population as well as enzymes and growth factors that
stimulate the reconstruction of the damaged tissue [1-3]. The importance and complexity of
the effects of different macrophage phenotypes in tissue repair process clearly suggests that
these cells could be the target of therapeutic interventions involving many tissues, including
skeletal muscle [4-8].

Photobiomodulation (also known as low-level laser therapy, LLLT) has been suggested to
be a useful tool for accelerating the skeletal muscle repair process. LLLT has demonstrated
ability to reduce pain, edema, leukocyte influx and myonecrosis as well as to alter the
expression of inflammatory mediators and collagen remodeling [9-19]. However, the few
studies evaluating the effect of LLLT on macrophages have significant methodological
differences, especially with regard to dosimetric parameters and the particular cell activation
state [20-27]. The activation state of macrophages drives phenotype transition and the
orchestration of tissue healing [1-8]. Thus, understanding how photobiomodulation may
influence macrophage function and/or activation is essential to choosing the best therapeutic
parameters and regimen.

Choosing the best parameters in studies involving LLLT is a complex task. It is possible to
vary many different parameters (wavelength, fluence, power density, mode of delivery, time
of application, pulse) so that a large number of possible combinations exist, and
furthermore, it is important to take into account the optical properties of the tissue, and the
biphasic dose-response effect in photobiomodulation [28]. According to a recent review, the
parameters to be tested in any proposed study should be based on previously published
studies and the experience of the research groups in each specific therapeutic application of
LLLT [29].
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The aim of the present study was to evaluate the effect of photobiomodulation using two sets
of parameters (already tested) on the expression of TNF-a, IL-6, iINOS and COX-2 by
inflammatory macrophages (M1 profile) 24 and 72 h after irradiation. J774 mouse cells were
used as a model of macrophages.

2. Methods
2.1. Cell Culture

J774 cells were derived from a BALB/c mouse (an albino, laboratory-bred strain of mouse)
reticulum cell sarcoma [30], but have been widely used as an in vitro model of macrophages
[31] and have been shown to express typical macrophage markers depending on their
activation state [32]. J774 cells were grown in Dulbecco's modified Eagle medium (DMEM,
Vitrocell, Campinas, Brazil) supplemented with 10% fetal bovine serum (FBS, Vitrocell),
1% antibiotic-antimycotic solution (Vitrocell) and 2 mM c-glutamine (Vitrocell) at 37 °C in
a humidified atmosphere with 5% CO». The cells were maintained at subconfluent densities
and passaged every two to three days.

2.2. Spectroscopy of J774 Cells

J774 cells were washed two times with phosphate-buffered saline (PBS), detached using a
cell-scraper, pelleted at 1200 rpm for 2 min at 10 °C and were re-suspended in PBS. The
spectroscopic analysis was performed by placing cells in cuvettes. A spectrometer (Pico200,
Picodrop Ltd., Saffron Walden, United Kingdom) was used to measure the absorbance of
cells.

2.3. Macrophage Activation (M1 Phenotype)

The M1 macrophage profile was achieved by activation in vitro, as described elsewhere [1-
4]. J774 macrophages were incubated with 0.2 ug/mL interferon-y (IFN-y, Sigma, St. Louis,
MO, USA) and 1 pg/mL lipopolysaccharide (LPS; serotype 026:B6 from Escherichia coli)
(Sigma) in DMEM 5% (FBS) for 24 h [24,26,33].

2.4. Laser Irradiation

Twenty-four hours following activation, the cells were washed two times with PBS,
detached using a cell-scraper, counted and divided into tubes to form four experimental
groups:

e Activated = treated with LPS + IFN-y for 24 h, no irradiation

» Activated + 660 nm = treated with LPS + IFN-vy for 24 h and irradiated with 660
nm (InGaAlIP diode) laser

e Activated + 780 nm = treated with LPS + IFN-y for 24 h and irradiated with 780
nm (GaAlAs diode) laser

e Control = no activation, no irradiation.
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J774 cells were pelleted at 1200 rpm for 2 min at 10 °C and irradiated using a Twin-Laser
system (Twin-Laser, MMOptics Ltd., Sdo Carlos, Sdo Paulo, Brazil) with parameters
described in Table 1.

The laser spot was positioned at the bottom of 50 mL Falcon tubes (TPP, Trasadingen,
Schaffhausen, Switzerland) to allow the beam to reach the cell pellet directly without going
through the culture medium [26,34]. Throughout the exposure time, the laser remained fixed
in the bottom of the Falcon tube.

The cells in the activated and control groups were subjected to the same experimental
conditions as irradiated cells, but without irradiation. A laser-check power meter (Coherent,
Santa Clara, CA, USA) was used to verify the output power. The experiments were
performed in an environment with dim lighting to avoid the influence of external light.

Table 1 displays the effective energy (amount of energy that actually reached the cells after

passing through the polypropylene tube), which was calculated based on Silva et al. [35]. In
brief, for determination of effective transmission of radiation by Falcon tube (polypropylene
thickness of 1 mm) the following equation was used:

Li=Io[(1— R)e ™% —R] (

where Iy is the photon flux normally incident on the sample, a is the absorption coefficient
of polypropylene (aggo = 1.96 cm™ and a7go = 1.79 cm™1) and z is the optical path (1 mm).
R was obtained from the Fresnel equation simplified for normal incidence:

_ 2
R— <n1 n9 ) (2)
ni+nq

where nq1 and n, are the refraction indices of air and polypropylene, respectively.

The effective transmission is 75% for the A = 660 nm and 77% for the A = 780 nm.
However, it is noteworthy that Table 1 shows the energy that effectively reached the cells,
that is, the loss already deducted.

Following irradiation, the pellets were re-suspended, plated in Petri dishes (1 x 106 cells/
dish) and incubated for further analysis.

2.5. Gene Expression

After 24 h incubation, homogenization was performed and total ribonucleic acid (RNA) was
extracted using TRIzol reagent following the manufacturer's instructions (Invitrogen,
Carlsbad, CA, USA). All samples were treated with DNase | (Invitrogen) to avoid
deoxyribonucleic acid (DNA) contamination. First-strand complementary DNA (cDNA)
synthesis was carried out using the High Capacity cDNA Reverse Transcription Kit,
following the manufacturer's instructions (Applied Biosystems, Carlsbad, CA, USA). The
relative quantitation of messenger RNA (mRNA) was carried out using an Applied
Biosystems 7500 Real-Time PCR System with SYBRGreen | dye reagent (Applied
Biosystems). Specific primers for TNF-a, IL-6, COX-2, iNOS and p-actin were used (as
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described in Table 2). The data were normalized to the expression of B-actin (endogenous
“housekeeping” gene) and analyzed according to Paffl mathematical model [36]. Melting
curve analysis was performed in each run to confirm the specificity of amplification and
lack of primer dimers.

2.6. Protein Concentration (Enzyme Linked Immunosorbent Assay, ELISA)

One and three days after irradiation, the amounts of IL-6, TNF-a and COX-2 protein in the
macrophage cultures were determined using ELISA kits, following the manufacturer's
instructions (R&D Systems, Minneapolis, MN, USA). IL-6 and TNF-a were measured in
the supernatants of the J774 cell cultures and COX-2 was measured in the supernatant of the
J774 cell lysates.

2.7. Experimental Design

The experimental design is summarized in Fig. 1.

2.8. Statistical Analysis

All experiments were performed in triplicate and analyzed using Kolmogorov-Smirnov
normality test. The homogeneity of variance was tested with the Brow—Forsythe test. As the
Brow-Forsythe test demonstrated different variances among mRNA groups, the T-test for
independent samples was used for the comparisons, not assuming equal variances. As the
Brow—Forsythe test demonstrated no differences in variance among the protein groups, one-
way ANOVA, with the Tukey—Kramer test and Fisher's exact test were used for the
comparisons. The significance level was set to 5% (p < 0.05) and all statistical analyses were
performed with the aid of the OriginPro8® program (Origin Lab Corporation, Northampton,
MA, USA).

3. Results

3.1. Spectroscopy Analysis

In the spectral range from 630 to 780 nm, the absorption of J774 cells was similar (Fig. 2).
Studies report that cytochrome ¢ oxidase (which is localized in the mitochondria) is the main
cell photoacceptor [37,38].

3.2. IL-6 Expression

Twenty-four hours after the removal of LPS + IFN-y (48 h since the onset of activation),
treated cells had a higher mRNA expression of IL-6 in comparison to the control group, but
the difference did not achieve statistical significance. In the same period (24 h after
irradiation, i.e. 48 h since the onset of activation), the mRNA expression of IL-6 (p < 0.05)
was higher in activated + 660 nm irradiated cells in comparison to non-irradiated activated
cells. Nevertheless, the mRNA expression of IL-6 was lower in activated + 780 nm
irradiated cells in comparison to activated cells (the difference did not achieve statistical
significance). IL-6 mRNA expression was lower (p < 0.01) in activated + 780 nm irradiated
cells than activated + 660 nm irradiated cells (as shown in Fig. 3a).
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In the same period (48 h since the onset of activation, i.e. 24 h after irradiation), activated
cells produced more IL-6 protein (p < 0.001) than control cells (there was no detectable
production in this group). Activated + 660 nm irradiated cells produced more IL-6 protein (p
< 0.05) than activated cells. On the other hand, activated + 780 nm irradiated cells produced
significantly less IL-6 (p < 0.001) than activated cells. The amounts of IL-6 (p < 0.001)were
lower in activated + 780 nm irradiated cells in comparison to activated + 660 nm irradiated
cells (as shown in Fig. 4a).

Three days after the removal of LPS + IFN-y (4 days since the onset of activation), the
amounts of IL-6 (p < 0.001), were higher in the supernatants of activated cells in comparison
to control cells. The production of IL-6 was similar between the supernatant of activated +
660 nm irradiated cells in comparison to activated cells as well as similar to the production
found at 24 h. Smaller amounts of IL-6 protein were found in the supernatant of activated +
780 nm irradiated cells in comparison to activated cells, but the difference did not achieve
statistical significance. Moreover, IL-6 production was higher in activated + 660 nm
irradiated cells than in activated + 780 nm irradiated cells, but the difference was not
statistically significant (as shown in Fig. 4a).

3.3. COX-2 Expression

Twenty-four hours after the removal of LPS + IFN-y (48 h since the onset of activation), the
mMRNA expression of COX-2 was lower (p < 0.05) in activated cells in comparison to
control cells. The mRNA expression of COX-2 was higher in activated + 660 nm irradiated
cells in comparison to non-irradiated activated cells, but the difference did not achieve
statistical significance. COX-2 mRNA expression was similar in activated and activated +
780 nm irradiated cells. COX-2 mRNA expression was lower in activated + 780 nm
irradiated cells than activated + 660 nm irradiated cells, but the difference did not achieve
statistical significance (as shown in Fig. 3b).

In the same period (48 h since the onset of activation), activated cells produced more COX-2
(p < 0.001) than control cells. Activated + 660 nm irradiated and activated + 780 nm
irradiated cells produced less COX-2 (p < 0.001 for both comparisons) than activated cells.
Additionally, COX-2 production was similar in activated + 660 nm irradiated cells and
activated + 780 nm irradiated cells (as shown in Fig. 4b).

Three days after the removal of LPS + IFN-y (4 days since the onset of activation), the
amounts of COX-2 were higher in the supernatants of activated cells in comparison to
control cells, but the difference did not achieve statistical significance. The amounts of
COX-2 were undetectable in the supernatant of activated + 660 nm irradiated cells, therefore
in comparison to activated cells, the difference was very significant (p < 0.001). Smaller
amounts of COX-2 (p < 0.05) protein were found in the supernatant of activated + 780 nm
irradiated cells in comparison to activated cells. Activated + 780 nm irradiated cells
produced more COX-2 (p < 0.001) than activated + 660 nm irradiated cells, as there was no
production of COX-2 in this group (as shown in Fig. 4b).
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3.4. TNF-a Expression

Twenty-four hours after the removal of LPS + IFN-vy (48 h since the onset of activation),
treated cells had a higher mRNA expression of TNF-a (p = 0.01) in comparison to the
control group. The mRNA expression of TNF-a was lower in activated + 660 nm irradiated
(p <0.01) and in activated + 780 nm irradiated (p < 0.05) cells than in activated cells. TNF-
a MRNA expression was higher in activated + 780 nm irradiated cells in comparison to
activated + 660 nm irradiated cells, however, this difference was not statistically significant
(as shown in Fig. 3c).

In the same period (48 h since the onset of activation), activated cells produced more TNF-a
than control cells, but the difference did not achieve statistical significance. Activated + 660
nm irradiated cells (p < 0.001) and activated + 780 nm irradiated cells (p < 0.001) produced
less TNF-a than activated cells. The amounts of TNF-a (p < 0.001) protein were lower in
activated + 780 nm irradiated cells in comparison to activated + 660 nm irradiated cells (as
shown in Fig. 4c).

Three days after the removal of LPS + IFN-y (4 days since the onset of activation), the
amounts of TNF-a (p < 0.001) were higher in the supernatants of activated cells in
comparison to control cells. Lower amounts of TNF-a were found in the supernatant of
activated + 660 nm irradiated cells (p < 0.001) and activated + 780 nm irradiated cells (p <
0.001) in comparison to activated cells. Activated + 780 nm irradiated cells produced more
TNF-a (p < 0.001) than activated + 660 nm irradiated cells (as shown in Fig. 4c).

3.5. iINOS expression

Twenty-four hours after the removal of LPS + IFN-y (48 h since the onset of activation),
treated cells had a higher mRNA expression of iNOS (p < 0.001) in comparison to the
control group. The mRNA expression of INOS mRNA was lower in activated + 660 nm
irradiated cells in comparison to activated cells, but the difference did not achieve statistical
significance. The mRNA expression of iNOS (p < 0.01) was lower in activated + 780 nm
irradiated cells in comparison to activated cells. INOS mRNA expression was lower in
activated + 780 nm irradiated cells than activated + 660 nm irradiated cells, but the
difference did not achieve statistical significance (as shown in Fig. 3d).

4. Discussion

The results confirmed the up-regulation of M-1 related product expression in J774 cells in
response to LPS + IFN-vy activation (as shown in Fig. 4), as already described [31,32] and
showed that 660 nm and 780 nm lasers strongly reduced the mRNA expression of TNF-a
and iNOS (as shown in Fig. 3) and down-regulated the production of TNF-a and COX-2
proteins in M1 J774 cells (as shown in Fig. 4). Cells irradiated with 660 nm laser expressed
more IL-6 mMRNA and produced more IL-6 protein than non-irradiated cells (as shown in
Figs. 3 and 4).

Moreover, 24 h after irradiation, activated J774 cells irradiated with 780 nm laser produced
less IL-6 and TNF-aproteins than cells irradiated with 660 nm laser (as shown in Fig. 4).
Seventy-two hours after irradiation, the amount of TNF and COX-2 proteins was very low,
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but greater production was found when the M1 J774 cells were irradiated with 780 nm laser
in comparison to 660 nm (as shown in Fig. 4). In general, both lasers were able to reduce
M1 related markers, although the parameters used for 780 nm laser (2.6 J/cm2, 70 mW)
provided an additional decrease when compared to the activated cells. Also, 660 nm laser
parameters resulted in an up-regulation of IL-6 production (as shown in Fig. 4). These
findings imply a distinct, time-dependent modulation by the two different sets of laser
parameters, suggesting that the best therapeutic approach to the repair of tissue injury may
involve more than one combination of laser parameters, each selected to treat a different
phase of the regeneration process.

During tissue regeneration, M1-related products have time/concentration-dependent actions,
such as stimulating the production of other pro-inflammatory molecules, inducing the
migration of myeloid cells and carrying out functions related to tissue regeneration [1,2,7].

In muscle tissue, for example, TNF-a and IL-6 modulate the migration, proliferation and
differentiation of myoblasts and satellite cells. Prostaglandins (derived from COX-2 enzyme
activity) have modulating action on the proliferation and differentiation of muscle cells as
well as the synthesis and degradation of muscle proteins [7]. Through the activation of the
transcription factor NF-xf (nuclear factor kappa-light-chain-enhancer of activated B cells),
NO (nitric oxide) is produced from iNOS, and IL-1, TNF-a and IL-6 are up-regulated which
can inhibit myoblast differentiation [4,7].

The ability of photobiomodulation to reduce inflammation is generally considered beneficial
in cases of muscle injury [39]. A recent review concluded that phototherapy, although
depending on the ideals dosimetric parameters, is an excellent resource for the treatment of
muscle injuries [40].

In animal models, photobiomodulation has been found to reduce the expression of TNF-a
[17,41,42], IL-1P [15,41,42], IL-6 [41,42], COX-2 [43,44], INOS [45,46] and NF«p [45]. As
macrophages are the key cells in the muscle repair process, the results presented herein
suggest that the in vivo effects of photobiomodulation may be largely dependent on these
cells and could indicate new therapeutic possibilities, not only for muscle injuries [1-8].

The photobiomodulation effects on gene expression and the release of cytokines in some
cells have also recently been reviewed [47]. However, only five studies published up to
2014 evaluated the effect of red light on macrophages or monocytes [21-23,25,33]. Three of
these studies employed laser [22,23,33] and two employed a light emitting diode (LED)
[21,25]. The power output ranged from 2.3 mW to 2.5 W and the fluence ranged from 0.01
to 10,714 J/cm2. The experimental models were also quite different. Only one used LPS to
activate macrophages and found that LLLT (660 nm, 30 mW, 4.5 J/cm?, 252 s) attenuated
the MRNA expression of MIP-2, the generation of intracellular radical oxygen species and
the synthesis of the NF-kB in activated cells [22]. NF-kB is required for the transcription of
many pro-inflammatory molecules, including TNF-a, IL-6, INOS and COX-2.

There are only a few articles that consider the effective transmission of radiation in the
discussion of results from in vitro studies [35,48]. In the present study, we took into
consideration the loss due to the polypropylene wall of the Falcon tube in order to compare
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the dosimetry that actually reached the cells with previous studies that provided sufficient
information to determine the dosimetry used. For example, the output parameters of the 660
nm laser employed in the present investigation, were similar to those used by Bolton et al.
[21]. These authors used noncoherent light A = 660 nm, spot size of 0.125 cm?, power output
of 15 mW, irradiance of 120 mW/cm?, exposure time of 60 s and energy density of 7.2
Jlem? directly at cells from the top of wells, without going through the wall of the culture
plates. But even by irradiating the cells through the top of the plate, there was a loss of 7%
due to the RPMI culture medium with a volume of 1 ml and a well diameter of 1.54 cm
(obtained from the manufacturer). Applying equation 6 from Silva et al. [35], the optical
path was 0.54 cm, which led to a transmission of 93% of the incident power. Therefore, that
effective radiant exposure was 6.70 J/cm?2, comparable to the present study using 5.60 J/cm?
with coherent laser radiation. Is noteworthy that in the present study, the cells were at the
bottom of the Falcon tube, so the beam reached the cell pellet directly without going through
the culture medium.

Bolton et al. [21] found that the supernatant of non-activated monocyte cultures following
LED irradiation promoted fibroblast growth. Indeed, monocyte-derived and macrophage-
derived I1L-6 has been shown to enhance fibroblast growth [49].

All studies addressing the effect of infrared laser on macrophages and monocytes
[17,21,23,24] used laser irradiation, but only two evaluated cytokine expression [24,26].
Gavish et al. [24] irradiated LPS-activated macrophages (from cell line RAW 264.7) with a
780 nm diode laser (2 mW/cm?, 2.2 J/lem?) and found reductions in the mMRNA expression of
MCP-1 (monocyte chemoattractant protein-1), IL-1a, IL-1p and IL-6 as well as reductions
in the secretion of MCP-1 and IL-1p. The authors did not measure all proteins, but
demonstrated the capacity of LLLT to down-regulate the mRNA expression of M1-related
molecules.

Sousa et al. [26] irradiated the cells through the bottom of the microtiter plates, with A = 780
nm, spot size of 0.04 cm?2, power output of 70 mW, irradiance of 1750 mW/cm2, exposure
time of 1.5 s (twice) and energy density of 2.6 J/cm?2. Considering the 22% loss due to the
polystyrene wall [35], the power decreased to 54.6 mW, irradiance to 1365.0 mW/cm2, and
the energy density was 2.02 J/cm?2, which was equal to the effective radiant exposure used in
this study. These authors found significantly less TNF-a production in irradiated mouse
peritoneal macrophages activated by IFN-y (20 pg/mL) and LPS (10 ng/mL) in comparison
to non-irradiated macrophages. The present results confirm and expand on these findings,
demonstrating the capacity of 780-nm laser irradiation to regulate the production of other
M1-related molecules.

When considering the parameters used in this study, 660 nm laser with low power density
and a high energy density, and 780 nm laser with high power and a low energy density,
achieved similar results (with the exception of IL-6 modulation), although an additional
decrease was seen with 780 nm laser, suggesting this wavelength parameters returns the
cells to a non stimulated state. Bolton et al. [20] described that low energy density combined
with high power density, or vice-versa, produced similar results.

J Photochem Photobiol B. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fernandes et al.

Page 10

The increase in IL-6 seen here it is not easily explained at present. Numerous signaling
pathways regulate M1 cytokine production, including p38 MAPK (P38 mitogen-activated
protein kinases), ERK (extracellular signal-regulated kinases), and JNK (c-Jun. N-terminal
kinases), and these kinases induce the activation of transcription factors, NFkB, ATF2
(activating transcription factor 2), AP1 (activator protein 1), and ELK1 (ETS domain-
containing protein), respectively [50]. Conversely, it was shown that there is a parallel but
distinct mechanism regulating IL-6 independently of both p38 MAPK and NF-kB activity
[51]. IL-6 effects on cells vary, according to cell type, conditions, and so forth. IL-6 acts as a
chemoattractant for myoblasts and myeloid cells, increases myoblast proliferation, inhibits
myocyte fusion, and affects satellite cell differentiation [7].

Chen et al. [52] showed that LLLT using 810-nm (0.03 and 30 J/cm?) laser increased the
activation of NF-kB in non-activated mouse embryonic fibroblasts via production of reactive
oxygen species. However, these same authors [53] also showed that 810-nm laser (0.3, 3,
and 30 J/cm?) reduced the level of expression of several inflammatory markers in bone
marrow derived dendritic cells (a macrophage-lineage cell type) that had been pre-activated
with CpG (a toll like receptor 9 agonist).

In another study by Chen et al. [54], the authors concluded that 660 nm laser irradiation
could be used to enhance pro-inflammatory mediators by driving monocytes and
macrophages to an M1 profile. The authors found that, after 24 h, laser irradiation at 660 nm
(0.8 mW/cm?, 1-2 J/cm?, 7.5-15 J) and 808 nm (44.7 mW/cm?, 1-2 J/cm?, 3.8-7.6 J)
enhanced M1-related chemokine CCL-2 (chemokine, C-C matif, ligand 2, also referred to as
MCP-1)mRNA expression by THP-1 cells (human acute monocytic leukemia) treated with
LPS. However, LLLT with 3 J/cm?2 (660 nm, 22.5 J and 808 nm, 11.4 J) suppressed CCL-2
expression. CXCL-10 (C-X-C motif chemokine 10) and TNF-a mRNA expression were
enhanced by LLLT at 660 nm (1 J/cm?2, 7.5 J, 0.8 mW/cm?), but suppressed by LLLT at 808
nm (1 J/lcm?, 3.8 J, 44.7 mW/cm?) in the same period. The analysis of protein expression
(also 24 h after irradiation) revealed that 1 J/cm? of 660 nm LLLT (i.e. 0.93 J/cm?
considering the data provided and using Eq. 1 from Silva et al. [35]) significantly induced
CCL2, CXCL10 and TNF-a production in human monocytes, whereas 2 J/cm? and 3 J/cm?
did not. The results of 808 nm laser on protein expression were not shown. In the present
study, 660 nm laser (with a very similar energy density: 1.15 J/cm?, considering the
effective energy density) also caused an increase in the expression of an M1-profile
cytokine, but it was IL-6 rather than the TNF-a described by Chen et al. [54].

This difference may be explained by the activation of the cells (LPS vs. LPS + IFN-v), the
activation time point (2 h vs. 24 h), differences in species (human vs. mouse), differences in
energy parameters (i.e. power density, total energy, etc.), and alternative pathways of
inflammatory cytokine production [47,50-55]. But, the concept that photomodulation can
drive macrophage phenotype in different ways was also confirmed by these authors.

It should be also stressed that the effects produced by various light sources on cells and
tissues depend on the cell/tissue type and its particular biological state, on the dosimetric
parameters (wavelength, fluence, power density, mode of delivery, time of application,
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pulse), on the tissue/cell optical properties, and is also affected by the biphasic/triphasic dose
response curves that are still the subject of open discussion in the literature [29].

Considering the importance and complexity of different macrophage phenotypes in different
disease states [1-4], along with the sometimes contradictory effects of LLLT on these cells
[20-27,54], as well as the knowledge still to come on the different mechanisms that may
operate during photobiomodulation (epigenetic, pre-transcriptional, posttranscriptional),
there are exciting possibilities for further exploration to understand the effects of LLLT on
macrophages and other cells. Combining different LLLT parameters could be useful in
modulating different phases of the inflammatory process in the treatment of many injuries
and conditions.
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Flowchart showing experimental design.
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Fig. 3.

Effects of photobiomodulation on IL-6 (a), COX-2 (b), TNF-a (c) and iNOS (d) mMRNA
expression. The normalized mMRNA levels for genes (24 h after irradiation procedures) are
presented as the mean + SE. Significances between groups were determined using T test.
Control: no laser, no activation; activated: LPS + IFN-y stimulation; activated + 660 nm:
LPS + IFN-y stimulation + 660 nm laser irradiation; activated + 780 nm: LPS + IFN-y
stimulation + 780 nm laser irradiation. n = 3 independent experiments for each group. Both

lasers were able to reduce TNF-a and iNOS expression, 660 nm laser parameters resulted in

an up-regulation of I1L-6 expression.
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Fig. 4.
Effects of photobiomodulation on IL-6 (a), COX-2 (b) and TNF-a(c) production. Protein

concentration in the samples was quantified 24 h and 72 h after irradiation procedures and is
presented as the mean + SE. Significance between groups was determined using Fisher's
exact test. Control: no laser, no activation; activated: LPS + IFN-vy stimulation; activated +
660 nm: LPS + IFN-y stimulation + 660 nm laser irradiation; activated + 780 nm: LPS +
IFN-y stimulation + 780 nm laser irradiation. n = 3 independent experiments for each group.
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Both lasers were able to reduce TNF-a and COX-2 production, 660 nm laser parameters
resulted in an up-regulation of IL-6 production.
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Photobiomodulation dosimetry parameters.

Table 1

Parameter Red laser Infrared laser
Center wavelength [nm] 660 780
Spectral bandwidth [nm] 10 10

Operating mode

Average radiant power [mW]
Effective radiant power [mW]
Polarization

Aperture diameter [cm]

Irradiance at aperture [mW/cm?]
Beam spot size at target [cm?]
Irradiance at target [mW/cm?]
Exposure duration [s]

Radiant exposure [J/cm?]
Effective radiant exposure [J/cm?]
Radiant energy [J]

Number of points irradiated

Area irradiated [cm?]

Application technique

Number and frequency of treatment sessions

Total radiant energy [J]

Continuous wave
15

11.2
Random
0.23
375
0.04
280

20

7.50
5.60
0.22

1

0.04
Contact
1

0.22

Continuous wave
70

53.9
Random
0.23

1750

0.04
13475

1.5 (twice)
2.62

2.02

0.08

1

0.04
Contact

2

0.16
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Design of primer sequences.

Table 2

Primer  Forward (sense) Reverse (antisense)

TNF-a  5-GCCCACGTTGTAGCCAATGTCAAA-3 5-GTTGTCTTTCAGCTTCAGGCCGTT-3’
IL-6 5-TCCAGTTGCCTTCTTGGGAC-3 5-GTGTAATTAAGCCTCCGACTTG-3’
COX-2 5-TGAGTACCGCAAACGCTTCTC-¥ 5-TGGACGAGGTTTTTCCACCAG-3
iINOS 5-GGCAGCCTGTGAGACCTTTG-3 5-GCATTGGAAGTGAAGCGTTTC-3’
B-actin  5-AGGGTGTGATGGTGGGTATG-3’ 5-TGCCGTGTTCAATGGGGTAC-3’
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