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Abstract: Photobiomodulation (PBM) is a form of the use of visible red and Near-infrared
(NIR) light at low power, where a laser light photon is absorbed at the electronic level, without
heat production. PBM can be applied in wide range of treatment to help the wound,
inflammation, edema, and pain reduction. However, there is a lack of scientific documentation
regarding its actual effects. Objectives: This study assesses the impact of PBM on the release
of M1-related cytokine in monocyte cells with particular emphasis on interleukin-14 (IL-1p)
and Tumour Necrosis Factor o (TNF-a). Methods: Tamm-Horsfall Protein 1 (THP-1)
macrophages M1 cells have been exposed to the light from the diode laser of 850 nm at
different doses (0, 0.6, 1.2 and 3.6 J/cm?). The release of cytokines was determined by enzyme-
linked immunosorbent assay, after different periods of incubation (0, 12, 24, and 48 hours)
post-irradiation. The proliferation of fibroblast cells suspended in irradiated M1-supernatent
was evaluated for the same periods of incubation. Results: The results showed that PBM
significantly enhanced M1-related cytokine release (p < 0.05). Obviously, IL-18 increased
post-irradiation at 1.2 J/cm? more than other doses for all incubation periods. TNF-a was
decreased significantly after two days of irradiation (p < 0.005) for all doses. A significant
increase in fibroblast proliferation (p < 0.005) was observed concomitant with the boost of
cytokine release. Conclusion: This in vitro study has demonstrated that the PBM of the
850 nm diode laser therapy can enhance M1-related cytokine release, which in turn increases
the proliferation of fibroblast cells. Moreover, PBM at 850 nm plays an anti-inflammatory
role, which manifested by decreasing the level of TNF-o. Therefore, this therapy may be able
to accelerate the wound healing process.
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Introduction

Photobiomodulation (PBM) has seen widespread use for therapeutic purposes. It is a useful
therapeutic technique for dealing with a variety of situations that necessitate healing to be
energised, for pain relief, to alleviate inflammation, and re-establish function [8]. PBM uses light
within the red and infrared region of the electromagnetic spectrum. PBM is a monochromatic or
quasi-monochromatic light with low power level emitted from laser or Light Emitting Diode
(LED) sources, and which is able to modify or modulate biological functions [4, 12].

Low power lasers have been demonstrated to be a secure, effective in different of medical fields
including dentistry and ophthalmology and non-invasive [19]. It appears that PBM can have an
impact at the molecular, cellular, and tissue levels [8]. Several mechanisms of action have been
proposed, with the most accepted theory being that the absorption of red and Near-infrared
Region (NIR) light by certain photoreceptors such as Cytochrome C Oxidase (CCO) is the
essential biological effect of lasers. This photoreceptor (chromophore) is the fourth of five
proteins found in the mitochondria’s respiratory chain and triggers a cascade of reactions take
place in the mitochondria, resulting in biological changes to numerous processes [3].
Absorption of light may result in photo dissociation of the restricted nitric oxide from CCO,
causing an increase in enzyme activity, enhanced electron transport, oxygen consumption,
mitochondrial respiration, or adenosine triphosphate (ATP) synthesis. Thus, through modifying
the mitochondria or redox state of the cell, PBM may stimulate several of the known
intracellular signalling pathways and alterations to cellular functions, involving proliferation,
renovation, and cell survival [2, 21].

At present, the suggested basic action includes eclectic absorption of NIR photons by
constructed water layers (also known as interfacial water) [15] or water clumps [17] at power
levels that are inadequate to trigger any noticeable rise in the heat of the tissue. A slight
elevation in vibrational energy by water clumps formed in or on a certain protein, such as a
heat-gated ion channel, may be enough to disturb the structure of tertiary protein, enabling the
channel to open and intracellular calcium levels to be modulated [28]. When visible or
near-infrared light is absorbed, interfacial water can undergo charge separation, according to
Pollack et al. [28]. This charge separation (corresponding to localized pH variations) may have
an impact on protein structure [7, 10].

Irradiation via PBM has shown considerable promise in terms of stimulating wound healing.
The healing process, after injury, starts with the recruitment of immune cells at the injured site
[25]. Neutrophils, monocytes, and lymphocytes are inflammatory cells that reach the
inflammatory site via prostaglandins and persist there, and are associated with increasing levels
of the major inflammatory cytokines, such as Tumour Necrosis Factor a (TNF-«) and interleukin
(IL-14 and IL-6) during the repair and regeneration process [9, 22]. PBM, as a therapeutic
strategy, is predicted to have the ability to modify the secretion of pro-inflammatory cytokines.
However, the impact of PBM on these occurrences is unclear, particularly in terms of which set
of parameters is most effective in promoting them [1]. Therefore, the aim of the current study is
to verify the influence of PBM on IL-15 and TNF-a in macrophage-likeTHP-1 cells.

Materials and methods

Cell culture

The THP-1 cell line is the human monocytic leukaemia (permanent) cell line, obtained from
the peripheral blood of a one-year-old male with acute monocytic leukaemia. THP-1 were
preserved according to [9], in RPMI-1640 (Roswell Park Memorial Institute medium)
complemented with 10% foetal bovine serum (FBS), 5 ml of L-glutamine and 5 ml
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penicillin/streptomycin. The cells were grown in a humidified incubator at 37 °C with 5% CO>
in a 75 ml culture flask containing 20 ml medium plus cells (more information in [24]).

THP-1 cells differentiation with phorbol-12-myristate-13-acetate

THP-1 cells were plated (at a density of 1x10° cells/ml) in six well tissue culture plates in
complete medium (as stated in the previous section) and treated with phorbol-12-myristate-13-
acetate (PMA) (25 ng/ml, three days; for differentiation into M1-like macrophages).

Fibroblast cells culture

Human skin fibroblast cells (WS1; Adcock, ATCC CRL 1502, Adcock Ingram S.A., Bryanston,
SA) were grown as described by [1]. Cells were continually seeded in 75 cm? culture flasks for
many passages in complete medium containing an additional 17 mmol/l D-glucose until
demanded. The cultures were incubated at 37 °C with 5% CO; and 85% humidity. To evaluate
the influence of laser-induced cytokines, cells were confluent, with each culture flask
containing approximately 3-4x10° cells. The excess medium decanted from each flask, and the
cells were rinsed with phosphate-buffered saline (PBS). Cells were detached by trypsinization,
where 5 ml 0.25% trypsin was added to each flask and left for 30 s. The excess trypsin was
removed, and after 10 min the cells were detached. 0.03% ethylenediaminetetraacetic acid
(EDTA), and 6x10° cells in 3 ml complete culture media were seeded in the flask.
1000 cells were pipetted in 50 ul volumes into a 96 well culture plate. 50 ul of fresh culture
media was then added to each well to give a final volume of 100 pul per well.

The laser irradiation

The laser device used in this study was a diode laser, model APMT25 (850-40)/5342 (Power
Technology Incorporated, Alexander, AR, USA) with a power of 9.5 mW, a power density of
29.6 mW/cm? and a wavelength of 850 nm. The laser operates in continuous wave (CW) mode,
giving light spot with a diameter of 8.7 mm. For counting and testing purposes, trypsinisation
with 0.5% (v/v) trypsin and 0.25% (v/v) EDTA was used to detach adherent cells (M1-like),
and trypsinisation was halted with fresh medium. M1-like macrophage cells with a density of
10,000 cells/200 pl were conveyed to 96 well plate to be exposed to the diode laser for periods
of 20, 40, and 120 seconds for varied doses of 0.6, 1.2, and 3.6 J/cm?, respectively, with leaving
a group unexposed as control. Determination of cytokine levels (IL-14 and TNF-«) by enzyme-
linked immunosorbent assay (ELISA) assay was achieved after 0, 12, 24 and 48 h incubation
post-irradiation (more information in [24]).

Quantitative analysis of cytokine levels

Quantifying of IL-18 and TNF-a Levels was achieved by ELISA using commercial Kits
(eBioscience, San Diego, CA, USA) according to the manufacturer’s instructions. The reading
was carried out using an OPTI Max tuneable microplate reader set to 450 nm and the results
analysed via the Soft Max Pro version 2.4.1 software (Versa Max, Molecular Devices, Sunny
Vale, CA, USA).

Proliferation of fibroblast cells

The proliferation of fibroblast cells was determined microscopically using the Trypan blue
exclusion test. 20 pl cell suspensions were transferred into eppendorfs and mixed with 20 pl of
0.4 M trypan blue solution, and 10 pl of the mixture was taken to be counted in a Neubauer
haemocytometer chamber. The haemocytometer consists of nine 1 mm? squares, each square
representing a volume of 1x10* ml. An inverted microscope was used to count cells in the four
corner squares, and by taking the average the number of cells per 1 mm? can be determined.
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Statistical analysis

All data were initially summarized in the form of mean and SE. Analysis was under taken using
a Tukey’s pairwise comparisons as post hoc tests and two-way ANOVA with Holm-Sidak for
pairwise comparisons and comparisons versus a control group. Statistics were calculated using
Minitab (v. 15.1.0; Minitab Inc., State College, PA, USA) and SigmaPlot (v. 13).
The significance for all tests was set at p < 0.05.

Results

The release of inflammatory cytokines and the proliferation of fibroblasts were both studied as
essential events in the healing process. A range of doses (0.6, 1.2, and 3.6 J/cm?) were used for
the irradiation of the M1-likemacrophages, and all results obtained were measured immediately,
and after 12, 24 and 48 h incubation following irradiation: (i) effect of PBM on M1 macrophage
cytokines, and (ii) IL-15 of PBM-induced M1 macrophage.

The present study was conducted to develop an investigational strategy to ensure that PBM or
low level-near infrared laser radiation was capable of modulating the mediators of healing
process of wounds that have not healed properly. The concentration of IL-15 was measured via
ELISA at 0, 12, 24, and 48 h after the irradiation of the M1-likemacrophage. The data showed
a significant increase (p < 0.005) in IL-1f at 1.2 J/cm? and 3.6 J/cm? doses, while there was a
nonsignificant increase (p > 0.05) at 0.6 J/cm? irradiation for all incubation times following
irradiation compared to the non-incubated cells (0 h). There is a remarkable increase showed in
IL-1p after exposure to all doses compared to the control (0 J/m?), and statistically significant
difference (p < 0.005) between 0.6 J/cm?, 1.2 J/cm? and 3.6 J/cm? for the same incubation time.
This indicates that the effect is dose and time post-irradiation-dependent (Fig. 1). The data are
represented in the form of mean + SE.
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Fig. 1 Concentrations of IL-1/ following exposure to various dosages of PBM
for 0, 12, 24, and 48 h incubation times post-irradiation.
*) p < 0.05 represents significant differences compared to the control (0 J/cm?);

@) p <0.05 refers to the significant differences compared to the non-incubated cells (0 h);
$) and §) p < 0.05 indicate the differences between the doses for the same incubation time;
#) p < 0.05 represents the differences between doses at 24 h from the equivalent incubation

times; (note: each experiment was repeated three times, n = 3).
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TNF-a of PBM-induced M1 macrophage

In Fig. 2, the concentration of TNF-o induced by PBM irradiation compared to the control is
illustrated. The data are represented in the form of mean + SE and the same notation as in Fig. 1
are used. Statistically, a significant increase (p < 0.001) was found at 12 h and the first day for
the 1.2 J/cm? and 3.6 J/cm? doses compared to the control (non-irradiated group) for the same
incubation time and compared to the non-incubated cells (0 h), with a nonsignificant increase
(p > 0.05) for 0.6 J/cm? irradiation compared to the non-incubated cells (0 h) and 48 h
incubation. There is a significant difference (p < 0.05) between 0.6 J/cm? and 1.2 J/cm? and
3.6 J/lcm? after 12, 24 and 48 hour. However, a considerable decrease (p < 0.0001) by 50% after
laser irradiation was observed for the 1.2 J/cm? and 3.6 J/cm? doses 48 h after irradiation.
This indicates that the effect is dose and time post-irradiation-dependent.
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Fig. 2 Concentrations of TNF-« following exposure to various dosages of PBM
for 0, 12, 24, and 48 h incubation times post-irradiation

Proliferation of fibroblast cells

The proliferation of fibroblast cells was determined using the microscope and haemocytometer.
M1supernatant irradiated with the 850 nm diode laser at fluencies of 0.6, 1.2, and 3.6 J/cm?
induced a marked alteration in the count of fibroblast cells, and thus proliferation, as compared
with the non-irradiated group. The data in Fig. 3 (represented in the form mean + SE) indicates
that the proliferation of fibroblast cells was dose and time-dependent. Statistically, a significant
increase (p < 0.05) was observed at all incubation times for each dose compared to control
(non-incubated) cells. There was a significant increase (p = 0.034) in the proliferation at
1.2 Jlem? and 3.6 J/cm? doses after 24, and 48 h post-irradiation, while there was no significant
elevation (p > 0.05) in proliferation at 12 h post-irradiation for all doses compared to the control
(non-irradiated group) (Fig. 3).

Relation analysis

Fig. 4 illustrates the correlations obtained at times of 12 h and 24 h, respectively, between those
biomarkers IL-14 and TNF-a sampled at all doses and the count of fibroblast cells. There was
a clear temporal trend (p < 0.05) that indicated a significant correlation between the levels of
IL-18 and TNF-a cytokines and fibroblast count (R? = 0.9034 and R? = 0.8585), whereas at
48 h there was no correlation between the biomarkers and cell count (data not shown).
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Fig. 3 Proliferation of fibroblast cells grown in the media of M1-like macrophages irradiated
with various doses (0, 0.6, 1.2, and 3.6 J/cm?) at 0, 12, 24, and 48 h post-irradiation.
*) p < 0.05 represents significant differences compared to the control (0 J/cm?)
and non-incubated cells (0 h);
$) p < 0.05 in comparison with that of the 12 h for the same dose;
§) p < 0.05 in comparison between 48 h and 24 h for the same dose;
(note: each experiment was repeated three times, n = 3).
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Fig. 4 Linear regression analyses for the number of fibroblast cells and biomarkers
of M1-like macrophages: a) IL-15 and b) TNF-« using Pearson’s correlation analysis.

Discussion

Medical concern in PBM has risen progressively over the last decade [1]. PBM has been
investigated in various areas of medicine. Wound healing is a biological technique that is widely
used to assess the impact of PBM, and the cytokine measurement is the most significant to
explore the influence of PBM as a wound-healing accelerator [16].

The result of the present study clearly confirms that PBM irradiation significantly promotes the
release of IL-1 and TNF-a.The observation of a boost inlL-15 and TNF-a concentration for
all doses after the first day was more than that at the other incubation periods. These findings
back up prior research, which confirmed the role of therapeutic PBM in enhancing the release
of macrophage cytokines at 24 h post-laser application.
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Vivian et al. [32] reported the effects of PBM in regulating the release of cytokine during
recovery of oral wounds. Increasing the release of IL-1/ was associated with PBM, as compared
to a sham control group [32]. Oton-Leite et al. [27] assessed the level of salivary IL-14 in cancer
patients following irradiation with PBM, in order to treat oral mucositis caused by radiotherapy.
A boost in IL-1/ levels was found at 24 h following the starting of radiotherapy [11, 27].

Moreover, a study on the effects of low-level laser therapy on the release of cytokines of
macrofages in monocytes indicated that a Gallium-Aluminum-Arsenide (GaAlAs) laser
operating in the infrared at a 1 J/cm? dose enhanced TNF-a release 24 h after irradiation [9, 29,
30], which is consistent with our results. The elevation in IL-15 levels induced by PBM after
the first day, which could be associated with increased TNF-e, is required for progression to
the proliferative stage of healing [32]. This is supported by raising the number of fibroblast
cells, incubated with a supernatant of irradiated macrophage suspension, for 12, 24, and 48 h at
1.2 J/cm? and 3.6 J/cm?, respectively.

TNF-a is a critical-phase protein responsible for motivating a chain of other cytokines.
This pro-inflammatory cytokine enhances vascular permeability and inhibits the process of
inflammation via recruiting inflammatory cells to the infection site [26]. Nonetheless, TNF-a
overexpression can result in chronic and slow-healing acute wounds, as well as host-damaging
consequences [13]. Therefore, the remarkable decrease in the level of TNF-a at the second day
for all doses could reduce the incidence of infection [14, 18, 10, 31]. In addition, the stimulated
increase in IL-14 release emphasised the role of PBM at NIR region in accelerating the healing
process. This has been proven by the strong relationship between the two markers, IL-14 and
TNF-a, and the proliferation of fibroblast skin cells [5, 6, 23].

Conclusions

The present study showed PBM with an 850 nm diode laser has a simulative effect on the
secretion of IL-18 and TNF-a in M1 macrophages differentiated from THP-1 cells.
Although there is disparity in the previous studies compared to these results, the majority of
existing evidence supports these results suggest that PBM may speed wound healing by
inducing the production of certain cytokines. PBM can has essential role in wound healing by
increasing the release of cytokines that necessary to stimulate the proliferation of fibroblast
cells, which is important for optimal tissue healing. Moreover, the decrease in the level of
TNF-a cytokine two days post-irradiation is an excellent indicator of the anti-inflammatory
effect of PBM.

As recommendations for further work, additional studies on how to use the effect of PBM to
stimulate another cytokines and growth factors, as mediators of the wound healing process, are
required using the specific properties of this therapy to standardise the method used to apply
this effect clinically.
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