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Irradiation with red or near infrared light promotes tissue repair, while treatment with blue light is known to be
antimicrobial. Consequently, it is thought that infected wounds could benefit more from combined blue and red/
infrared light therapy; but there is a concern that blue light may slow healing. We investigated the effect of blue
470 nm light on wound healing, in terms of wound closure, total protein and collagen synthesis, growth factor
and cytokines expression, in an in vitro scratch wound model. Human dermal fibroblasts were cultured for
48 h until confluent. Then a linear scratch wound was created and irradiated with 3, 5, 10 or 55 J/cm?. Control

Keywords:

thjl:/light plates were not irradiated. Following 24 h of incubation, cells were fixed and stained for migration and fluores-
Fibroblasts cence analyses and the supernatant collected for quantification of total protein, hydroxyproline, bFGF, IL-6 and IL-
Phototherapy 10. The results showed that wound closure was similar for groups treated with 3, 5 and 10 J/cm?, with a slight
Scratch improvement with the 5 J/cm? dose, and slower closure with 55 J/cm? p < 0.001). Total protein concentration in-

Wound healing creased after irradiation with 3, 5 and 10 J/cm?, reaching statistical significance at 5 J/cm? compared to control

(p<0.0001). However, hydroxyproline levels did not differ between groups. Similarly, bFGF and IL-10 concentra-
tions did not differ between groups, but IL-6 concentration decreased progressively as fluence increased
(p < 0.0001). Fluorescence analysis showed viable cells regardless of irradiation fluence. We conclude that irra-
diation with blue light at low fluence does not impair in vitro wound healing. The significant decrease in IL-6 sug-

gests that 470 nm light is anti-inflammatory.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

It is now well documented that treatment with red or infrared light
with less than 200 mW/cm? irradiance and with wavelength in the
range of 600 nm to 1000 nm promotes the repair process of skin in ex-
perimental animal and human wounds [1-4], ligament [5,6], tendon [7,
8], bone [5,9], and cartilage [10,11]. The evidence indicates that red and
near infrared light advance tissue repair by enhancing fibroblast migra-
tion and proliferation, collagen synthesis [8,12], and by modulating the
timing and release of growth factors and cytokines, including basic fi-
broblast growth factor (bFGF), interleukin 6 (IL-6) and IL-10 [13]. Simi-
larly, accumulating evidence indicates that light between 400 to 480 nm
wavelengths, commonly referred to as blue light, is antimicrobial and
has been shown to suppress Staphylococcus aureus—including
methicillin-resistant S. aureus [14-21], Propionibacterium acnes [22,23],

Abbreviations: bFGF, basic fibroblast growth factor; IL-6, interleukin 6; IL-10,
interleukin 10; NO, nitric oxide; PBS, phosphate-buffered saline; DMEM, Dulbecco's mod-
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homodimer-1; FITC, fluorescein isothiocyanate; TRITC, tetramethylrhodamine isothiocya-
nate; HCl, hydrochloric acid.

* Corresponding author at: San Diego State University, 5500 Campanile Drive. San
Diego, CA 92182, USA.
E-mail address: enwemeka@mail.sdsu.edu (C.S. Enwemeka).
! Present Address: San Diego State University, San Diego, California. USA.

http://dx.doi.org/10.1016/j.jphotobiol.2016.04.007
1011-1344/© 2016 Elsevier B.V. All rights reserved.

Pseudomonas aeruginosa [14], Salmonella enterica serovars
Typhimurium and Heidelberg [24] and other bacteria [23,25-27].

Also, blue light has been shown to improve tissue perfusion by re-
lease of nitric oxide (NO) from nitrosyl complexes with hemoglobin in
a skin flap model in rats [28]. Since NO formation leads to vasodilatation
and subsequent increase in microcirculatory blood flow, the use of blue
light might be of great importance for wound healing of diabetic and ve-
nous ulcers [29]. Moreover, blue light has been shown to enhance an-
giogenesis [30] and to be anti-inflammatory [22,31].

These findings suggest that the combination of red/near infrared
light and blue light could promote healing and suppress wound infec-
tion simultaneously; since red or near infrared light will, as expected,
engender faster tissue healing concurrently as infection is kept away
with blue light treatment. However, although blue light is well-known
to suppress bacterial growth, its potential effect on wound healing re-
mains unknown. The fact that it is antimicrobial suggests that it may
suppress tissue repair.

Thus, the purpose of this study was to determine the effect of blue
470 nm light on wound healing, by measuring (1) the rate of wound clo-
sure, (2) collagen synthesis, (3) total protein synthesis, (4) growth fac-
tor release and (5) cytokines expression, in an in vitro scratch model of
wound repair. Wounded or scratched, fibroblast monolayers respond to
the disruption of cell-cell contacts by secreting more growth factors at
the wound margins and promote healing by a combination of prolifera-
tion and migration [32-34]. Thus, the scratch assay presents a simple
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experimental model of healing in which the cell sheet serves as a surro-
gate tissue, enabling precise observation of the effect of an experimental
intervention [13,32]. The model has been used successfully to reproduce
a wound environment in vitro and has proven to be a valuable inexpen-
sive tool for gaining initial insight into the effect of experimental treat-
ments on wound healing [35-39]. In this model, the surrogate wound is
produced in a monolayer of experimentally cultured fibroblasts, the
major cell type in the dermis [38], which promote contractile re-
approximation of the wound edges and are vital in synthesizing colla-
gen and other components of the extracellular matrix [40-43].

2. Material and Methods
2.1. Cell Culture

Human dermal fibroblasts isolated from adult skin (Cat. No. C-013-
5C) were obtained from Life Technologies Corporation (Carlsbad, CA).
Cells were grown in 75 cm? cell culture flasks in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin, in a controlled
humidified cell culture incubator (37 °C, 5%C0,/95% air). The medium
was changed every two days. When cells became confluent, the me-
dium was removed, the cell layer was washed with phosphate-
buffered saline (PBS) and trypsinized with 0.25% trypsin in buffered
ethylenediaminetetraacetic acid (EDTA). Cells were counted in auto-
mated cell counter [Cellometer® Auto T4 (Nexcelom Bioscience, Law-
rence, MA)] [44]. Prior to the tests, experimental cultures were
prepared by seeding cell suspensions at concentrations of
3 x 10% cells/well (1 mL/well) in 24-well microplates and incubated
for 48 h in a controlled humidified cell culture incubator to obtain con-
fluent cell growth.

2.2. Scratch Assay

After 48 h of incubation, microplates were observed under an
inverted microscope [Olympus® IX51 (Olympus America Inc., Melville,
NY)] to confirm the presence of cell growth monolayer. Consistently lin-
ear wounds were made using a sterile 5.0 mL pipette tip across the cen-
ter of each well, creating a cell-free area [35,38,39]. Any cellular debris
created from the scratching was removed by gently washing each well
twice with DMEM and then 1.0 mL of fresh DMEM (containing 2.5%
FBS) was added to each well [45]. The presence of the in vitro wound
was confirmed under an inverted microscope before plates were irradi-
ated with blue light.

2.3. Light Source and Cell Irradiation

A light-emitting diode (LED) device, the Dynatron Solaris® 708
(Dynatronics Corp., Salt Lake City, UT) fitted with a 470 nm light
probe, was used to irradiate the wounded fibroblasts. The applicator,
which has a cluster of 32 LEDs, emits blue light with a spectral width
of 455-485 nm, and a rating of 150 mW average power and 30 mW/
cm? irradiance. The light applicator was clamped at a distance of
1-2 mm perpendicularly above each open plate. The device automati-
cally timed the duration of treatment needed per dose [15,16,18-21,
24,44]. As detailed in a previous report, no measurable increase in tem-
perature is generated by the device within the range of fluences used
[16]. The fluences used to irradiate the cells were 3, 5, 10 and 55 J/cm?
based on our previous study [44].

Irradiated groups and non-irradiated controls were subjected to the
same environmental conditions in terms of humidity, temperature and
time within or outside the incubator, and light-dark cycle. Plated fibro-
blasts were incubated for 24 h and assayed as summarized in Fig. 1.

Human Dermal Fibroblasts
Cultured in DMEMwith 10% FBS, 100 U/mL penicillin,and 100 pg/mL streptomycin

(24-well plates)

[ 3x10¢ cells/well ]

48 hours incubation (37°C, 5%CO0,)

[ Scratch(in vitrowound) ]

Treatment: 3, 5, 10, or 55 J/cm? and Control groups

|
24 hours incubatlion (37°C,5%CO0,)

Adherentcells at the bottom of plate

1
Cell culture supernatants

Data Analysis

*Also evaluated at Oh-time point

Fig. 1. Experimental design.
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Fig. 2. Effects of blue light irradiation on wound closure in the in vitro scratch model: (a) Representative photomicrographs of wounded fibroblasts and cell migration at 0 and 24 h after
irradiation. The dashed lines indicate the wound edges. Magnification 40 x. (b) Quantitative data of the migration rate from 0 to 24 h, expressed in terms of percentage wound closure and
presented as mean + SEM (n = 6).

2.4. Cell Migration/Wound Closure Analysis inverted microscope (Olympus® IX51 [Olympus America Inc., Melville,
NY]) equipped with a digital camera (Olympus® DP70). Cell migration

To assess cell migration (wound closure/repopulation), images were rate (wound closure rate) was determined by comparing the difference
acquired immediately after wounding (0 hour-time point), and also between wound width at the zero and the 24 hour time points, using
after irradiation and 24 h of incubation (24 hour-time point), using an Image] software (National Institutes of Health, Bethesda, MD, USA).

Fig. 3. Representative photomicrographs of wounded fibroblasts stained with crystal violet 24 h after irradiation: (a) Control, non-irradiated cells, (b) 3 J/cm?, (c) 5 J/cm?, (d) 10]/cm? and
(e) 55 J/cm? of 470 nm blue light. Magnification 40 x.
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Fig. 4. Representative fluorescent photomicrographs of wounded fibroblasts 24 h after irradiation: (a) Control, non-irradiated cells, (b) 3 J/cm?, (c) 5]J/cm?, (d) 10 J/cm? and (e) 55 J/cm? of
470 nm blue light. Live cells were stained with calcein AM (green fluorescence) and captured using a FITC filter and dead cells were stained with Ethidium homodimer-1 (red fluorescence)
and captured using a TRITC filter. Magnification 40 x. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Migration rate was expressed as percentage of wound closure using the
following equation: [(Aty — Aty4) / Atg] x 100, where Aty is the scratch
area at 0 h, and Aty is the correspondent scratch area at 24 h [43,46].

Following image acquisition, the supernatants were collected and
stored for further assays as detailed below. Then, the surrogate wound
(i.e., the adherent fibroblast monolayer) was stained for supplementary
data analysis—visualization of migrating/migrated cells. Each well was
washed twice with PBS, and cells in each well fixed with 500 pL 4% form-
aldehyde before incubation at room temperature (RT) for 1 h. Then,
300 pL 0.1% crystal violet was added and plates incubated at RT for
20 min [38]. Wells were then rinsed twice with distilled water and
allowed to dry completely before the stained fibroblasts were imaged
using an inverted microscope equipped with a digital camera.

2.5. Fluorescence Analysis for Cell Viability/Migration

To further investigate fibroblast migration and viability, wounded fi-
broblast monolayers were stained with a combination of fluorescent
dyes (Ethidium homodimer-1 [EthD-1] and calcein AM) which stain
live cells in green and dead cells in red, respectively. Cells were washed
once with 500 L culture-grade PBS. Then 100 pL of fresh PBS plus 100 puL
of working solution (4 uM EthD-1; 2 uM calcein AM) was added to each
well before incubating the microplates at RT, in the dark for 30-45 min.
Plates were then analyzed using an inverted fluorescence microscope
(Olympus® [X51) equipped with a digital camera and filters fluorescein
isothiocyanate (FITC) with excitation/emission of 480/505-535 nm and
tetramethylrhodamine isothiocyanate (TRITC) with excitation/emission
of 535/565-610 nm, to permit visualization of live (green) and dead
(red) cells, respectively [44]. Two images per replicate were acquired
and the results are shown as representative fluorescence
photomicrographs.

2.6. Total Protein Assay

A protein assay kit (Quick Start™ Bradford protein assay, Bio-Rad
Laboratories, Inc., Hercules, CA) was used to determine protein content
in aliquots of cell culture supernatants colorimetrically. The standard
curve was determined using bovine gamma globulin at concentrations
of 0.125, 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mg/mL. Samples were diluted
(1:10) in deionized water and a volume of 4.0 pL of each diluted sample
and each standard was added to a 96-well microplate, followed by the
addition of 200 L dye reagent [47]. Microplates were then placed in a
microplate shaker (Orbit™ P4, Labnet International, Woodbridge, NJ)
for 5 min at 20 rpm and the absorbance measured at 595 nm at RT
using a multi-detection microplate reader (Synergy™ HT, BioTek Instru-
ments, Inc., Winooski, VT). Absorbance values were plotted against the
concentrations of the standards, and the protein concentration in un-
known cell supernatants was determined from the standard curve.
Tests were done in triplicate and repeated twice (n = 6).

2.7. Hydroxyproline Assay

Hydroxyproline analysis was performed in line with the procedure
detailed in previous protocols [39,48,49]. Briefly, 100 L of cell culture
supernatants stored at — 20 °C were transferred to a 2.0 mL polypropyl-
ene tube. Then, 100 pL of 12 M hydrochloric acid (HCI) was added and
samples were hydrolyzed at 120 °C for 3 h. A volume of 20 L of the hy-
drolyzed samples was transferred to each well of a 96-well microplate,
incubated at 60 °C for 1 h to remove any excess of HCl. Standard solu-
tions of hydroxyproline were prepared at concentrations of 0.2, 0.4,
0.6, 0.8 and 1 pg/mL and added to the plates. Then, a volume of
100 pL/well Chloramine T was added to the samples, standards, blank
and plates were incubated at RT for 20 min. A volume of 100 pL/well
Ehrlich reagent was added and plates incubated at 60 °C for 20 min. Mi-
croplates were homogenized for 10 min at 20 rpm in a microplate
shaker and the absorbance measured at 550 nm at RT using a multi-
detection microplate reader. Absorbance values were plotted against
the concentrations of the standards, and the presence of hydroxyproline
in unknown cell supernatants was determined from the standard curve.
The amount of hydroxyproline present in the supernatants is an esti-
mate of the collagen content in the scratch wounds, since hydroxypro-
line is an essential amino acid for collagen synthesis, its content is
typically used as a biochemical indicator of the amount of collagen pres-
entin a sample [50,51]. Tests were done in triplicate and repeated twice
(n=6).

2.8. Quantification of bFGF, IL-6 and IL-10 Using ELISA

Cell culture supernatants collected and stored at — 20 °C were used
for these analyses. The concentration of bFGF, IL-6 and IL-10 was
assessed with solid phase sandwich ELISA kits (Novex™, Life Technolo-
gies Corporation, Carlsbad, CA). Briefly, wells coated with monoclonal
antibodies specific for human bFGF, IL-6 or IL-10 were used. The growth
factor and cytokines were detected by streptavidin-peroxidase-labeled
monoclonal antibody to each target after anti-human biotinylated anti-
bodies were placed in each well and incubated. The wells were washed
to remove unbound enzyme-labeled antibodies, then a substrate solu-
tion was added, incubated and the reaction was stopped by adding a
stop solution. The production of growth factor and cytokines by the
wounded fibroblasts was detected as a color change which was read
with a multi-detection microplate reader at a wavelength of 450 nm.
The intensity of the colored product is directly proportional to the con-
centration of each growth factor and cytokine present in the samples.
Absorbance values were plotted against the concentrations of standards
and growth factor and cytokines concentrations in unknown cell super-
natants were determined [52-54]. The standard solutions concentra-
tions were 15.6, 31.2, 62.5, 125, 250, 500 and 1000 pg/mL for bFGF
and 7.8, 15.6, 31.2, 62.5, 125, 250 and 500 pg/mL for IL-6 and IL-10.
Growth factor and cytokines levels were expressed in picograms per
milliliter (pg/mL). The kits present sensitivities (minimum detectable
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doses) of <15.6 pg/mL (bFGF), <2 pg/mL (IL-6) and <1 pg/mL (IL-10).
Tests were done in triplicate and repeated twice (n = 6).

2.9. Statistical Analysis

Quantitative data (cell migration rate, protein, hydroxyproline,
bFGF, IL-6 and IL-10) were expressed as mean 4+ SEM and analyzed
using One-way analysis of variance (ANOVA) followed by Bonferroni's
post-hoc test (GraphPad Prism 5.01 software, GraphPad Software Inc.,
USA). The level of statistical difference was set at p < 0.05.

3. Results
3.1. Cell Migration and Wound Closure Rate

Monolayers of wounded fibroblasts had clearly demarcated wound
margins right after the central scratch was inflicted (Fig. 2a, top panels,
0 h). As shown in Fig. 2a (bottom panels, 24 h), evidence of cell migra-
tion across the central scratch can be seen 24 h post-scratching and
treatments. Whereas there was no statistical difference in the scratch
gap (wound size) of the fibroblasts monolayers irradiated with 3, 5, or
10J/cm? and controls, the cells irradiated with 55 J/cm? had significantly
larger scratch gap when compared to any of the other groups (p < 0.001;
Fig. 2b), indicating slower wound closure (Fig. 2a, bottom panel and
Fig. 2b).

3.2. Cell migration: Crystal Violet Staining

After capturing the 24 hour time point photomicrographs, mono-
layers of wounded fibroblasts were fixed and stained with crystal violet
to enhance the visibility of cell migration as shown in Fig. 3. Similar to
the migration results observed with bright field microscopy, irradiation
with 5 J/cm? showed more intense cell migration while cells irradiated
with 55 J/cm? had larger scratch gap (i.e., exhibited a large cell-free
area) compared to the other groups (Fig. 3). These results indicate
that the higher fluence (55 J/cm?) of blue light decelerates cell migra-
tion in the scratch model, slowing wound closure by fibroblasts in vitro.

3.3. Fluorescence Study of Cell Migration and Viability

Irradiated fibroblasts remained viable at each fluence tested, with
each culture showing large amounts of viable cells (green fluorescence)
and a few non-viable cells (red fluorescence) (Fig. 4). Consistent with
the results obtained from bright field microscopy and crystal violet
staining, the outcomes from the fluorescence study show that irradia-
tion with 5 J/cm? resulted in faster migration and repopulation of the
scratch wound by fibroblasts while the 55 J/cm? dose slowed repopula-
tion of the scratch gap.

3.4. Total Protein Synthesis

Blue light irradiation moderately advanced protein synthesis at the
3,10 and 55 J/cm? doses relative to the control group. Irradiation with
the 5 J/cm? fluence resulted in a statistically significant increase in
total protein synthesis compared to the control group (p < 0.0001;
Fig. 5).

3.5. Synthesis of Hydroxyproline

Regardless of energy fluence, there was no statistically significant
difference in hydroxyproline synthesis between irradiated cells and
controls (p > 0.05; Fig. 6). This finding may reflect the fact that collagen
synthesis does not commence soon after wounding [55,56], even in an
in vitro model of wound repair.
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Fig. 5. Effects of blue light on the total protein concentration produced by wounded
fibroblasts. Results are presented as mean 4 SEM (n = 6).

3.6. Synthesis of bFGF, IL-6 and IL-10

There were no statistically significant differences in the synthesis of
bFGF and IL-10 between irradiated cells and controls (p > 0.05; Fig. 7a &
¢). In contrast, following irradiation, there was a statistically significant
dose-dependent decrease in IL-6 concentration compared to non-
irradiated controls (p < 0.0001; Fig. 7b).

4. Discussion

The use of red and near infrared light for wound healing continues to
gain popularity and increasing acceptance as accumulating evidence
continues to buttress earlier reports that phototherapy speeds wound
healing in experimental and clinical settings [3,4,57,58]. Mounting evi-
dence indicates that blue light is antimicrobial [14-26]. This has trig-
gered the notion that simultaneous irradiation of wounds with a
combination of red/near infrared light and blue light could yield the
dual benefit of faster wound repair and wound disinfection, particularly
in infected recalcitrant wounds. The attractiveness of this view is further
heightened by reports which indicate that blue light improves tissue
perfusion, increases microcirculatory blood flow, enhances angiogene-
sis and has anti-inflammatory properties [22,28-31]. However, the po-
tential effect of blue light on wound healing remains unknown.

Our findings indicate that irradiation with 470 nm blue light at low
fluences of 3, 5 and 10 J/cm? does not adversely affect healing in an
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Fig. 6. Effects of blue light on the hydroxyproline levels produced by wounded fibroblasts.
Results are presented as mean + SEM (n = 6).
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in vitro scratch model of wound healing. Whereas our results show that
fluences as high as 55 J/cm? may slow the rate of wound closure, lower
fluences, such as 5 J/cm? promote cell migration and faster fibroblast re-
population of the scratch wound. Furthermore, fluences in the range of
3 to 10]/cm? significantly diminished IL-6 concentration. The results ob-
tained in our study resonate with previous in vitro [59] and in vivo |30,
57] investigations on the beneficial effects of blue light in the wound
healing process.

Fibroblast migration, proliferation and repopulation of wounds are
critical to the successful healing of wounds [38]. Using bright field mi-
croscopy, crystal violet staining and fluorescence microscopy, we
showed that irradiation doses in the range of 3-10 J/cm? do not impair
cell migration and wound closure. Indeed, if anything, irradiation at 5 J/
cm? and to some extent, 10 J/cm?, appeared to accelerate wound clo-
sure. Such improvement was not observed with 55 J/cm?, which had
clear scratch gap that had barely been repopulated with fibroblasts.
These findings are consistent with a previous study [59], which indi-
cated that irradiation with 18 J/cm? of 405 4+ 10 nm had no inhibitory
effect on fibroblast function. Similarly, Mamalis et al. [60], have shown
that blue light (415 + 15 nm) irradiation at 30, 45 or 80 J/cm? decreased
the migration speed of human fibroblasts when compared to untreated
controls. Our fluorescence microscopy study confirm our previous re-
port which indicate that control and irradiated fibroblasts remain
equally viable, regardless of the irradiation fluence tested [44].

The exposure of wounded fibroblasts to 5 J/cm? blue light signifi-
cantly increased protein synthesis compared to non-irradiated controls.
Moderate but statistically insignificant increases were observed at other
fluences, particularly at 10 J/cm?. This finding is significant given the im-
portance of proteins in wound healing and tissue repair, and clinically
important if phototherapy was to be administered in the later stages
of healing when protein synthesis is highly required [34]. Protein defi-
ciency is well known to impair capillary formation, fibroblast prolifera-
tion, proteoglycan synthesis, collagen synthesis, and wound
remodeling. Moreover, it can affect the immune system, resulting in a
decrease in leukocyte phagocytosis and an increased susceptibility to
infection [61]. Conversely, increased protein synthesis is well acknowl-
edged to stem such untoward effects, and herein lies the significance of
our finding.

Regardless of dose, the hydroxyproline assay did not reveal any
statistically significant difference in synthesis of hydroxyproline be-
tween irradiated and non-irradiated fibroblasts. Since this assay is
used to estimate collagen synthesis, our finding implies that blue
light irradiation did not influence collagen synthesis within 24 h of
inducing the scratch wounds in vitro. In in vivo wound healing, colla-
gen synthesis typically occurs after the initial 3-5 days of injury (i.e.,
after the inflammation phase of healing) depending of the type of tis-
sue involved [8,55]. It is possible that a similar sequence of healing
applies to the in vitro scratch wound healing model. In a similar
study, Ayuk et al. [56], assessed the collagen content in a diabetic

wounded cell model 48 and 72 hour post-irradiation at 660 nm
with 5 J/cm? and observed a significant increase in collagen produc-
tion at 72 h compared with 48 h for all experimental groups (irradi-
ated and non-irradiated diabetic wounded fibroblasts, and non-
irradiated normal fibroblasts).

Our results indicate that blue light did not affect bFGF expression,
neither did it alter the expression of IL-10 relative to controls. However,
irradiation significantly decreased IL-6 concentration at each fluence
tested. In general, a decrease in the concentration of IL-6, particularly
during the inflammatory phase of repair, is considered a positive de-
velopment since high concentration of IL-6 over a period has the
potential to prolong inflammation. This in turn can engender chronic
inflammation or inadequate resolution of inflammation, thus creat-
ing the type of vicious cycle that perpetuates poor wound healing
[40,62]. The dose related decrease in IL-6 concentration following
irradiation indicates that blue light has the capacity to stem
prolonged inflammation. IL-6 is a pleiotropic pro-inflammatory
cytokine expressed and released by a variety of cells including
monocytes, macrophages, lymphocytes, and fibroblasts [62,63].
This aspect of our results is consistent with previous reports.
Shnitkind et al. [31], have shown similar decreases in inflammatory
cytokines IL-1a and ICAM-1 after application of 420 nm light on
keratinocytes. Similarly, Kawada et al. [22], reported significant
improvement of inflammation in individuals with inflammatory
acne following treatment with blue 407-420 nm light.

The results in this study indicate that blue light decreased the level of
pro-inflammatory cytokine IL-6 and has the potential to improve
wound healing alongside the antimicrobial effects previously reported
by our group and others. These findings could possibly expand the ap-
plication of blue light in wound healing and other inflammatory skin
conditions.

5. Conclusion

Our findings suggest that: 1) Irradiation with 470 nm blue light at
fluences in the range of 3 to 10 J/cm? does not adversely affect healing
in an in vitro wound model. 2) At 5 J/cm? fluence, 470 nm blue light pro-
motes protein synthesis. (3) Regardless of the fluence tested, irradiation
with 470 nm light decreases IL-6 concentration in the in vitro wound
model, indicating that it has the potential to stem prolonged
inflammation.
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