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ABSTRACT
Due to ubiquitous display technology, we are increasingly exposed to screens from television,
computers, and smartphones. The main components of these screens are blue Light Emitting Diodes
(LEDs) combined with lower-energy phosphors. Blue light is a High Energy Visible (HEV) light with a
wavelength ranging between 400 nm and 495 nm that could significantly influence biological systems
and act on our health.
However, blue light seems to have a more nuanced effect. Several publications reported blue light
exposure as being beneficial. For instance, it seems able to improve in-vivo wound healing by affecting
keratin gene expression. On the other hand, authors have also shown that exposure to blue light can
disrupt the circadian rhythm and induce hyper-pigmentation and oxidative stress in the skin.
Interestingly, studies published in 2017 suggested that blue light may also contribute to skin aging
similar to UVA. The latter can penetrate the dermis and largely participate to oxidative stress which in
turn contributes to the photoaging process. Increasing evidence suggests that these opposite effects
of blue light may be dependent on the wavelength and dose applied. To study this ambivalence, we
developed a new device able to deliver various doses at 3 wavelengths of the blue light spectrum: 447
nm, 457 nm, and 462 nm. In this study, we evaluated the effect of blue light on skin cells using wound
healing assay and cellular oxidative stress using in-vitro and ex-vivo CellROX staining. Then, we
decrypted the effect of oxidative stress on genes involved in several skin-aging dependent pathways
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such as matrix remodelling and melanogenesis. First, we showed that irradiation of blue light at 462
nm at various doses has a positive effect on skin pathways. Furthermore, a dose corresponding to an
LED screen exposition rate of 4h a day over one month is able to reduce CellROX staining in skin
explant, suggesting a reduction of Reactive Oxygen Species (ROS) production. Moreover, blue light at
462 nm statistically improved keratinocyte migration in wound healing assays. Oppositely, we
observed that blue light at 447 nm – at an equivalent dose of exposition – increased CellROX staining
in primary keratinocytes. These observations suggest the ability of this wavelength to increase
oxidative stress in keratinocytes. A gene screening analysis of several pathways highlighted that this
oxidative stress mainly occurs at mitochondrial level but also influences matrix remodelling and
melanogenesis. Altogether, our findings indicated that the ambivalence of blue light effects may be
dependent on the wavelength applied. Thus, at 462 nm, blue light seems to have a positive effect on
skin by reducing oxidative stress and can play an important role in wound healing. However, blue light
at 447 nm displays negative effects which seem to include the induction of oxidative stress associated
with mitochondria but also with the modulation of matrix remodelling and melanogenesis.

Keywords: Blue light – High energy visible light – Skin – Photoaging – Cell migration – Oxidative stress
–Wavelength – Matrix remodelling – Melanogenesis
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INTRODUCTION
The production of the first blue LEDs in the early 1990s by the 2014 physics Nobel prize-winners
was a real breakthrough as it enabled to create the much-desired white LED, in combination with
previously conceived red and green LEDs. Nowadays, LEDs are expanding worldwide because their use
challenges global issues such as reducing electricity consumption, which is currently a major concern.
Indeed, the LED part should reach 60 to 65% of the European market by 2020 (1).
However, contrary to red and green ones, blue light, a High-Energy Visible light (HEV) for which
the wavelength ranges from 400 to 495 nm, would have effects on human being heath. Indeed,
previous studies have demonstrated that blue light can either induce positive or negative effects at
different levels. Several publications reported blue light exposure as being beneficial. For instance, it
seems able to improve in-vivo wound healing by affecting keratin gene expression (2). On the other
hand, authors have also shown that exposure to blue light can disrupt the circadian rhythm and induce
hyper-pigmentation and oxidative stress (3,4). Interestingly, studies published in 2017 suggested that
blue light may also contribute to skin aging similar to UVA (5). UVA seem to be able to penetrate the
dermis and can largely participate to oxidative stress which in turn contributes to the photoaging
process. Increasing evidence suggests that these opposite effects of blue light may be dependent on
the wavelength and dose applied. To study this ambivalence, we developed a new Light emitting diode
blue light (LED-BL) photo-procedure to deliver various doses at 3 wavelengths of the blue light
spectrum: 447 nm, 457 nm, and 462 nm.
In this study, we firstly evaluated the effect on skin explants of a Light emitting diode blue light (LEDBL)-462nM. We studied the production of reactive oxygen species (ROS) using ex-vivo CellROX staining
and analysed the modulation of genes regulating the matrix remodelling pathway.
Then, we analysed the effect of LED-BL-447nM on primary skin cells. We also investigated the
production of ROS using ex-vivo CellROX staining and analysed the modulation of genes regulating
irradiation pathways correlated with skin aging such as matrix remodelling and melanogenesis genes.
We highlighted that 447 nm promotes blue light toxic effects. Finally, to better understand the
pathways involved, we investigated LED-BL -447nM on microRNA expression. MicroRNAs are a class of
small functional non-coding RNAs that play important roles in targeted-gene regulation and are
responsible for transient modulation of specific protein expression.
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MATERIALS AND METHODS
Cellular models
Normal Adult Human Primary Epidermal Keratinocytes (NHEK), Normal Adult Human Primary
Epidermal Melanocytes (NHEM) and Normal Adult Human Primary Dermal Fibroblasts (NHDF) were
provided by Lonza. NHEK were cultured in complete medium composed of Epilife medium
(Thermofisher_MEPICF500 kit) supplemented with HKGS (Thermofisher, S0015), 60µM CaCl2, 1%
Penicilline/Streptomycine (Thermofisher, 15140122). NHEM were grown in complete medium M254CF
(Thermofisher_M254CF500)

supplemented

with

HMGS

(Thermofisher,

S-002-5),

1%

Penicilline/Streptomycine (Thermofisher, 15140122), 130µg Endothelin 3 5ET3 (Lonza CC4510). NHDF
were grown in DMEM (Thermofisher, 31966021) supplemented with 10% FCS (Thermofisher,
10500064), 1% Penicilline/Streptomycine (Thermofisher, 15140122). All cells were grown in an
incubator with 5% CO2 at 37°C in a humidified atmosphere.
Human skin explants were obtained from abdominoplasty surgery. Donors gave their informed
consent, and skins were received and immediately processed (see skin data sheet, Appendix I). The
explants came from 2 donors. Firstly, adipose tissues were removed and 10mm biopsy punches (Fisher
scientific) were done. 10 mm biopsy punches were placed into cell culture inserts and loaded into a
multiwell culture plate (Nunc). They were fixed into a solid nourishing fibrinogen matrix. The dermal
part of the skin tissue received medium nutrients from the bottom of the insert through a permeable
membrane. The epidermal surface is in direct contact with the air allowing application of the cream.

Blue light stress procedure
462 or 447 nm Light Emitting Diodes (LEDs) came from Farnell (2627656) and were welded on a
prototype board (Farnell – RE220-HP). Their power flux density (PFD) were measured with a power
meter (Thorlabs PM100D) linked to a slide power sensor (Thorlabs S170C) and connected to a
generator. We applied a dose of 20J/cm² for 3 days, a dose corresponding to an exposition rate of 4h
per day over one month. We validated each LED produce the same power flux density (data not
shown). Thus, we limited potential bias that could have occurred depending on which LED the samples
were exposed to.
Stimulation process: Punch biopsies were exposed to blue light at 20J/cm² each day for 3 days. Primary
skin cells were exposed to the same dose of blue light for 1 day.
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Finally, after stress, each punch biopsies were cut in 2 parts for PCR analysis and for ROS staining.
Lactate dehydrogenase assay (LDH) quality control was used. The measurement of the release of LDH
allowed us to evaluate if tissues are stressed or damaged. There was no increase of LDH release in any
skin biopsies after stress compared to skin at their reception time (data not shown).

Total RNA extraction
For skin biopsies, samples that had been stored in RNAlater were thawed and subsequently snapfrozen in liquid nitrogen for 1min. Total RNA from samples were disrupted into liquid nitrogen before
being homogenized in Trizol reagent (Life technologies: TRIzol Plus RNA purification kit). RNA was
extracted following the manufacturer’s instructions.
For primary skin cells, cells grown in 12-well plates were first lysed with 350 μl qiazol (QIAGEN) for 10
minutes at room temperature. Total RNA, including miRNA, were extracted using the RNEasy Plus Mini
Kit (Qiagen) following the manufacturer's protocol.
For both type of sample, quality controls and quantification of total RNA were performed using Agilent
RNA Nano kit with Analysis Agilent 2100 bioanalyzer. All sample displayed a good quality of total RNA
(data not show).

Real-time quantitative PCR
For target gene quantification, 250ng of total good quality RNA were reverse-transcribed with
Superscript VILO cDNA Synthesis Kit (ThermoFisher) according to the manufacturer’s instructions.
Quantitative PCR was performed with a Platinum Quantitative PCR SuperMix-UDG Kit (Invitrogen)
according to the manufacturer’s instructions using the CFX system (Bio-Rad). PCR primers were
computationally designed and bought from our knowledgeable suppliers. The study was done in
triplicate. The results were normalized against GAPDH or HPRT1 housekeeping gene expressions as an
endogenous control. Results are presented as ratios of gene expression stressed against unstressed
controls (NT) using the 2DD Ct method.
For quantitation of miR, reverse transcription was performed on 15 ng of the previously purified total
RNA using miRCURY LNA Universal RT microRNA PCR kit (Applied Biosystems) following manufacturer’s
instructions. The quantitative PCR in real time was performed using miRCURY LNA SYBR Green PCR kit
(QIAGEN). The study was done in triplicate. RNU1A miRNA quantification was used as an endogenous
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control to normalize sample experiments. Results are presented as ratios of gene expression stressed
against unstressed controls (NT) using the 2DD Ct method.

Statistic analysis:
Data represent the means +/- SEM. Differences between control and treated groups were analyzed
using a t test Student. Each condition group was carried out in triplicate. The significance statistic was
considered at *p<0,05.
Reactive Oxygen Species (ROS) staining
After stress, punch biopsies were placed overnight in CellRox green reagent (Thermofisher, C10444,
Excitation 485 nm / Emission 520 nm) in complete skin culture medium. Tissues were fixed with 10%
Neutral Buffered Formalin (Sigma, HT501128) at RT for 24h. Finally, molds were filled with an Optimum
Cutting Temperature medium (Thermo Fisher, Shandon cryomatrix, 6769006) and the samples
immersed inside with the required orientation, then frozen on a dry-ice/96% EtOH bath. Once the
freezing achieved, samples were kept at -80°C. Thin 10 μm sections were then processed with a
cryostat (Leica CM3050 S) at -25 °C and stuck on slides (Thermo Fisher superfrost plus). They were
dried at RT till ending then stored at -80 °C. After Hoechst 33342 (Thermo Fisher, H3570) nucleus
staining, slides were mounted with Fluoromount-G medium (Thermo Fisher Scientific, 00-4958-02).
Pictures were taken with an epifluorescence microscope (Zeiss, Axio Imager Z1, ApoTome, Zen2 blue
edition software) equipped with an eGFP channel (Excitation 488 nm / Emission 509 nm) and analyzed
on ImageJ software. A macro that was set-up in the lab enabled to create a mask on each cell based
on nuclei detection with Hoechst staining.
After Keratinocytes blue light stress, we stained cells with CellRox green reagent (Thermofisher,
C10444, Excitation 485 nm / Emission 520 nm) in complete skin culture medium. Then, cells were fixed
with 4% paraformaldehyde. After Hoescht 33342 staining, cells were mounted in Flouromount-G
medium (Thermofisher Scientific, 00-4958-02) and imaged with 20x objective under an
epifluorescence microscope (Zeiss Axio Imager Z1, Zen2 blue edition software). CellRox staining was
visualized with eGFP channel filter (Excitation 488nm / Emission 509nm) and Hoechst staining with
DAPI UV filter (Excitation 358 nm/ Emision 461 nm). Images collected were analyzed using ImageJ
macros to assess total fluorescence intensity and nuclei number.
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RESULTS
In order to stimulate cells and skin explants with blue light, we developed a device adapted to 12-well
plates. We used 462 nm and 447 nm blue LEDs. LEDs were isolated from each other and cabled to a
generator. The final dose to apply was determined thanks to a predetermined calibration curve (data
not shown). This curve was made by independently measuring the 462 or 447 nm power flux density
(PFD) of LEDs. We used a dose corresponding to a blue-light exposition for 4h a day over one month.
The same dose was applied in 462 and 447 Blue light exposure assays.

A- Effect of 462 Blue light exposure on skin explant
462 Blue light exposure reduces oxidative stress in skin explants
ROS can be stained with fluorescent dyes such as CellROX. Total fluorescence quantification in figure
1 demonstrates a significant 47% decrease of CellRox staining after 462-Blue light irradiation.

Fig 1: Effects of blue light on oxidative
stress in human skin explants.
Experiments were performed in triplicate.
The average fluorescence intensity per cell
is indicated in mean percentage ± SEM from
6 measurements for each sample of
untreated (black) vs blue light-irradiated
cells (blue). Experiments were performed in
triplicate

462 Blue light exposure decreases the expression of ECM genes
Then, we investigated the effect of 462-blue light irradiation on gene expression in skin explants. We
measured the expression of genes involved in extracellular matrix (ECM). Figure 2 shows that after
blue light exposure, important ECM proteins such as Vitronectin (VTN), Fibronectin (FN1), Fibrillin
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(FBN1) and Decorin (DCN) were significantly downregulated. These results indicate an important role
of 462 nm blue light in the remodelling of the ECM in skin.

Fig2: Gene expression profile after
462 blue light exposure of human
skin explants
Total RNA was extracted from skin
explants and expression of specific
genes was analysed by RT-qPCR.
Expression
of genes were
normalized to HPRT1 (mRNA).
Histograms
indicate
the
percentage +/- SEM of untreated
(black) vs blue light-irradiated
explants (blue). Experiments were
performed in triplicate. Statistics
were made with unpaired, twotailed student t test **p<0.01,
*p<0.05.

B-Effect of 447 Blue light exposure on skin cells
447 Blue light exposure induces oxidative stress in primary keratinocytes
In figure 3, results show a significant increase of CellROX fluorescence intensity after keratinocytes
blue light irradiation at 447nm. CellROX Green Reagent is a fluorescent marker of ROS production.
Therefore, these results indicate that blue light irradiation leads to an increase of ROS production in
keratinocytes. These results suggest blue light exposure could lead to DNA damage and photoaging
through ROS.
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Figure 3: Intracellular ROS production after 447nm blue light exposure in human primary keratinocytes: The in
mean percentage ± SEM from 10 measurements for each sample of untreated (black) vs blue light-irradiated cells
(blue). Experiments were performed in triplicate. *p<0,05.

447 Blue light exposure induces ECM gene in fibroblasts
We investigated the expression of genes involved in extracellular matrix (ECM) remodeling. Figure 4
showed that after 447-blue light exposure, important ECM and hydration proteins such as HSPG2,
ELN, HYAL2, ITGA3 and MMP1 were significantly upregulated and CDH1 was significantly
downregulated.
Figure 4: Gene expression analysis
after 447 blue light exposure of
human primary fibroblasts.
Total RNA was extracted from
primary fibroblasts and expression
of specific genes was analysed by
RT-qPCR. Expression of genes were
normalized to GAPDH. Statistics
were made with unpaired, twotailed student t test *p<0.05.
Histograms
indicate
the
percentage +/- SEM of untreated
(black) in triplicate vs blue lightirradiated cells (blue) in triplicate.

447 Blue light exposure induces expression of genes involved in hyper-pigmentation in melanocytes
Then, we studied the expression of genes involved in melanogenesis extracellular matrix (ECM)
remodeling. Figure 5 showed that after 447-blue light exposure, important genes that regulating
melanogenesis such as MITF, TYRP1, MLANA, MC1R were significantly upregulated.
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Figure 5: Gene expression profile after 447
blue light exposure of human primary
melanocytes.
Total RNA was extracted from primary
melanocytes and expression of specific
genes was analysed by RT-qPCR. Expression
of genes was normalized to GAPDH (mRNA).
Statistics were made with unpaired, twotailed student t test*p<0.05. Histograms
indicate the mean percentage +/- SEM of
untreated (black) in triplicate vs blue lightirradiated cells (blue) in triplicate.

447 Blue light exposure regulates crucial microRNA involved in UV irradiation-dependent process in
fibroblasts, keratinocytes and melanocytes
Finally, the effect of blue light exposure on microRNA expression is poorly studied. Because, authors
suggested that blue light may contribute to skin aging similar to UVA, we studied the expression of
microRNAs that play crucial role in oxidative stress and UV irradiation.

Figure 6: Gene expression profile after 447 blue light
exposure of human primary fibroblasts, keratinocytes
and melanocytes
Total RNA was extracted from each cell type and
expression of specific genes was analysed by RT-qPCR.
Expression of genes was normalized to GAPDH (mRNA).
Statistics were made with unpaired, two-tailed student
t test *p<0.05. Histograms indicated the mean
percentage +/- SEM of untreated (black) in triplicate vs
blue light-irradiated cells (blue) in triplicate.
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Figure 6 showed that after 447-blue light exposure, mir-181a was significantly upregulated in
fibroblasts and melanocytes, whereas mir-155 and mir-31 were repressed in keratinocytes and
melanocytes. Mir-146 family is also repressed in all cells tested.
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DISCUSSION

Light-Emitting Diodes (LED) use is increasing. However, blue light that constitutes LED is a High Energy
Visible (HEV) light with a wavelength ranging between 400 nm and 495 nm that could significantly act
on our health by having either curative or deleterious effects. In our study, we highlighted that the
wavelength may play a major role in this opposite effect. At the same exposure dose, low wavelength
(447nm) induces toxic effect and higher wavelength (462nm) seems to promote positive effects.
In the first part of the study, we evaluated the effect of 462nm-blue light (BL -462) on skin explants.
We showed that 462nm-blue light exposure seems to reduce ROS production. Additionally, gene
expression analysis showed that after exposure to 462-BL, extra-cellular matrix proteins such as
Vitronectin (VTN), Fibronectin (FN1), Fibrillin (FBN1) and Decorin (DCN) were significantly
downregulated in skin explants. These results indicate an important role of 462 nm-blue light on the
remodelling of the ECM in skin and suggest an ability to promote cell detachment and migration
through the reduction of ECM proteins involved in adhesion. This observation also matches with
scratch assay that we previously performed on HaCat cells irradiated or not by 462-blue light. This
study demonstrates an increased wound closure speed after mild blue light exposure (data not shown).
In the second part of the study, we evaluated the effect of 447nm-blue light in the 3 major cellular
types in the skin: primary melanocytes, fibroblasts and keratinocytes
We found that irradiation with 447nm-blue light led to intracellular oxidative stress on primary
keratinocytes by increasing cellRox labelling. These observations are in accordance with previous study
performed in skin and retina cells (4).
Then, our gene expression investigation pointed out that 447nm-blue light was able to induce, in
primary fibroblasts, ELN, MMP1, ITGA3, HSPG2 expression and down-regulate CDH1 gene.
Interestingly, UV-A radiations are able to up-regulate the expression of c-Jun, a component of the AP1 transcription factor complex that induces metalloproteinases (MMPs) such as MMP1 involved in
degradation of extracellular matrix (6). Moreover, UV-A irradiation stimulates adhesion of human
dermal fibroblasts by integrins and induces integrin expression (7). Then, UV-A induces also ELN
expression that led to accumulation of elastic fibers with altered morphology (8,9). Acute UV
irradiation induces HSPG expression (10).
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Taken together, these results reinforced the fact that 447nm-blue ligh may induce abnormal matrix
remodelling similar to UVA irradiation that may contribute to skin aging.
In melanocytes, we observed an induction of major genes that regulate melanogenesis process
including TYRP1, MITF, MLANA and MC1R. These results are in accordance with hyper-pigmentation
associated with blue light exposure. Thus, authors showed that visible light and more precisely blue
light is able to induce melanogenesis (11, 12). Blue light exposure induces the expression and
translocation of MITF and MLANA. MITF stimulates melanin synthesis by up-regulating expression of
melanogenic enzymes such as tyrosinase-related protein-1 (Tyrp1).
MicroRNAs are a class of small functional non-coding RNAs that play major roles by targeting the
regulation of numerous genes. Thus, microRNAs are master regulators of all biological processes.
The toxic effect of blue light is a recent concept. To better understand the mechanism involved, we
finally investigated the modulation of expression of several microRNAs involved in response to UV
irradiation and oxidative stress. Thus, by reducing expression of mir-146 family, we pointed out that
447-blue light exposure may induce DNA hypomethylation (13). Indeed, down regulated expression of
miR-146a may contribute to UV-induced DNA hypomethylation. Hypomethylation seems to be related
to sun exposure and age process (14). Moreover, mir-31 induces keratinocyte proliferation and mir181 seems able to induce senescent mechanism in keratinocytes (15, 16). By inducing mir-181a and
reducing mir-31 expression in melanocytes and by inducing mir-181a or reducing mir-31 in fibroblasts
and keratinocytes respectively, 447-blue light exposure seems to promote cellular senescence (17).
CONCLUSIONS:
We developed two innovative procedures using irradiation of primary skin cells and skin explant to
mimic positive and toxic effect of blue light. These promising procedures permit us to validate the
previous observations on rejuvenation effect of blue light and its oxidative stress induction. Parallelly,
hese procedures allowed us to increase our understanding of blue light toxic effect. These procedures
may be of interest to secure technologies that use blue light (computers, smartphones, televisions)
and develop dedicated cosmetics to protect skin from these toxic effects.
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