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Photobiomodulation (PBM) uses light to stimulate cells. The
molecular basis of the effects of PBM is being unveiled, but it is
stated that the cytochrome-c oxidase enzyme in mitochondria, a
photon acceptor of PBM, contributes to an increase in ATP pro-
duction and modulates the reduction and oxidation of electron
carriers NADH and FAD. As it can stimulate cells, PBM is not
used on tumors. Thus, it is interesting to investigate if its effects
correlate to mitochondrial metabolism and if so, how it could
be linked to the optical redox ratio (ORR). To that end, fibrob-
lasts and oral cancer cells were irradiated with a light source of
780 nm and a total dose of 5 J/cm2, and imaged by optical mi-
croscopy. PBM down-regulated the SCC-25 ORR by 10%. Fur-
thermore, PBM led to an increase in ROS and ATP production
in cancer cells after 4 h, while fibroblasts only had a modest ATP
increase 6 h after irradiation. Cell lines did not show distinct cell
cycle profiles, as both had an increase in G2/M cells. This study
indicates that PBM shifts the redox state of oral cancer cells
towards glycolysis and affects normal and tumor cells through
distinct pathways. To our knowledge, this is the first study that
investigated the effects of PBM on mitochondrial metabolism
from the initiation of the cascade to DNA replication. This is
an essential step in the investigation of the mechanism of action
of PBM in an effort to avoid misinterpretations of a variety of
combined protocols.
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Introduction
Photobiomodulation (PBM) has been used for decades for
wound healing, tissue regeneration, analgesia, inflammation
reduction, osteoarthritis, reducing edema on lymph nodes,
and muscle relaxation, among others (1, 2). However, it is
a developing field which results in partial acceptance and
recognition from authorities in biomedical science, profes-
sionals and scholarly journals (3). It encompasses a variety
of reactions caused by non-ionizing and non-thermal light ab-
sorption in tissues and cells, resulting in a physiological re-
sponse according to tissue stimulation. However, its effects
are still unclear, particularly on premalignant and malignant
cells. One of PBM most popular applications, due to its effec-
tiveness, is the prevention and management of oral mucositis
in head and neck squamous cell carcinoma (HNSCC) patients
(4, 5). Still, a recent systematic review, including 13 papers,
demonstrated that the data does not support a definite conclu-
sion of PBM impact on HNSCC cells, despite many studies
on the topic (4). Among the challenges are the wide variety
of study designs, PBM protocols and the limited type of as-

says performed, where cell proliferation and viability are the
primary ones.
Evidence indicates that the PBM cascade of events begins
with cytochrome c oxidase (COX), the fourth protein com-
plex in the mitochondrial electron transport chain and pri-
mary photoreceptor of red and near-infrared light (6–8). The
energy absorbed by COX changes the mitochondrial poten-
tial and leads to up or downregulation of reactive oxygen
species (ROS), adenosine triphosphate (ATP) (9), (3) and cal-
cium (Ca2+) (1). These molecules trigger the activation of
transcription factors (e.g., NF-κβ, Nrf2 and activator protein-
1[AP-1]) (10), changes in protein expression and release of
cytokines and growth factors (11). The exact effects that fol-
lows are hard to predict: it includes altered mitochondrial
activity (12), gene expression (1, 13, 14), promotion of anti-
inflammatory response (3) and cell proliferation (15). ROS,
for example, leads to apoptosis, if found in great amounts,
and may also increase proliferation at lower levels. There-
fore, investigating the modulation of these molecules activity
by PBM and its connection with changes in metabolism and
physiological effects, within the same conditions of illumina-
tion and cell type, is fundamental.
Glucose is the primary fuel of cellular respiration; its
catabolism reduces the electron carriers by transferring elec-
trons to FAD molecules, producing FADH2 and NAD coen-
zymes, providing NADH (16). The NADH and FADH2 are
oxidized, respectively, to NAD+ and FAD at complexes I
and II of the electron transport chain, producing an electri-
cal potential that results in a donation of electrons to molec-
ular oxygen and phosphorylation of adenosine diphosphate
(ADP) by the ATP synthase enzyme (17). Generally, lower
oxygen concentrations shift the glucose catabolism to anaer-
obic glycolysis, which converts glucose to lactate instead of
pyruvate, supplying enough energy for the maintenance of
cellular processes (18). The glycolytic pathway takes place
at the cytosol resulting in ATP generation and oxidation of
phosphoenolpyruvate to pyruvate.
In non-cancer cells, this pathway can either provide enough
energy to cells under hypoxic conditions or supply the cit-
ric acid cycle with pyruvate to produce mitochondrial ATP
by oxidative phosphorylation (OXPHOS) (19). The formed
NADH and FAD of these coenzymes present an intrinsic
fluorescence, which allows the redox ratio (RR) of the cell
to be calculated optically by FAD/ [NADH + FAD] fluo-
rescence intensities (17, 20, 21). The optical redox ratio
(ORR) is proportional to the balance of oxidative phospho-
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Fig. 1. Schematics of the optical redox ratio (ORR) in mitochondria, following light
absorption by cytochrome c oxidase (COX), and its correlation to the ATP genera-
tion pathway. Normal cells produce ATP by oxidative phosphorylation (OXPHOS)
in normoxic conditions. Within the mitochondria, NADH and FADH2 are oxidized,
respectively, to NAD+ and FAD, increasing RR. In hypoxic conditions, cells use the
glycolysis pathway to supply ATP. Glycolysis reduces the electron carriers NAD+

and FAD to NADH and FADH2, respectively, lowering the ORR.

rylation/glycolysis and can be used to monitor living tissues
and cells (Figure 1) (22). Several conditions change cellu-
lar metabolism and alter this balance, such as hypoxia, high
carbon demands, increased proliferation rate, and fatty acid
synthesis (21). The ORR is also used to investigate can-
cer mechanisms since different types of tumors, and cancer
cells favor glycolysis over OXPHOS, even in the presence
of oxygen, a phenomenon called ”Warburg effect” or aero-
bic glycolysis (23). Choosing aerobic glycolysis could bene-
fit cancer cells by supplying ATP faster than oxidative phos-
phorylation (24) and by going through an energetic pathway
that produces lower concentrations of ROS (17). It must be
stated that cancer cells can favor oxidative metabolism over
aerobic glycolysis, for reasons not fully elucidated. Highly
invasive tumor cells, for example, have shown modulation
of the glucose metabolic pathway depending on the site of
metastasis (25–27). Oral cancer is one of them, and its loca-
tion is convenient to make optical measurements and an ORR
analysis. Previous studies have shown that it is possible to
differentiate healthy tissue, hyperplasia, and dysplasia with
this technique in vivo, which shows its potential to monitor
metabolism changes in the tumor (28).
Therefore, in order to increase PBM acceptance, it is funda-
mental to investigate its effects on the metabolism of cancer
cells, since it is a modality clinically used to treat and prevent
side effects, such as mucositis, in cancer patients undergoing
radio and chemotherapy. Despite studies on the activation
of a few pathways and the regulation of important molecules
alone do exist, the overall PBM effect on metabolism or the
existing correlations among them have not been clearly iden-
tified or understood (21). Thus, the aims of this study were
to explore PBM effects on ORR and its correlation with the
cell cycle, ATP levels, and ROS production, and to elucidate
PBM effects related to the activation of biochemical carri-
ers and the overall impact on the metabolism of a healthy
(human dermal fibroblasts neonatal - HDFn) and cancer cell
(squamous carcinoma - SCC25) lineage.

Fig. 2. Fluorescence microscopy of SCC-25 (a-c) and HDFn (d-f) cells. The false
color blue images (a and d) correspond to NADH fluorescence, false color green
(b and e) correspond to FAD fluorescence and the false color red (c and f) are the
calculated optical redox ratio image.

Results.

Optical Redox Ratio Imaging. For imaging, two-photons ex-
citation fluorescence (TPEF) microscopy allowed the acqui-
sition of high resolution images of depth sectioning without
the need for a confocal pinhole, since TPEF is a non-linear
light process limited to the focal plane, which also spares
any damage to surrounding tissue or cells (21, 29). Figure
2 shows the NADH (blue) and FAD (green) fluorescence by
TPEF microscopy and the merged image (red) indicating the
ORR of the SCC-25 cells (Figure 2a-c) and HDFn (Figure
2d-f).
From the results shown in Figure 3a, it is evident
that fibroblasts present a higher ORR than carcinoma
cells. This is rational since normal cells favor oxidative
phosphorylation (↑FAD/(↑FAD+↓NADH)) over glycolysis
(↓FAD/(↓FAD+↑NADH)) and is consistent with previous ob-
servations (17, 21). Regarding PBM, illumination did not
show a significant effect on HFDn ORR value, however, it
decreased the ratio of SCC-25 cells by 10%, indicating in-
creased glucose catabolism. Additionally, cell-to-cell ORR
variability was calculated using a region of interest (ROI)
mask to compute the mean redox ratio of a single cell. It
is noticeable that the variability shown is greater for SCC-25
cells than for healthy HDFn cells. This is consistent with the
fact that some tumor cells, presenting a more metastatic po-
tential, contradict the Warburg effect, (17) which consists in
the preferential metabolism of glucose to lactate, independent
of oxygen presence, by cancer cells (30). Another interesting
observation is that PBM reduced the variability in both cell
lines, despite not causing a difference in the ORR mean of
HDFn cells. This means that the balance of oxidative phos-
phorylation/glycolysis among the population became more
homogeneous after illumination. If we combine this result
with the decrease in the mean of SCC-25 ORR, it is possi-
ble to raise the hypothesis that PBM induces a shift towards
glucose catabolism in cells that previously presented a higher
rate of OXPHOS. For HDFn cells, the decrease in variability
could be related to PBM producing slightly different effects
according to the state of a cell, upregulating OXPHOS in cells
presenting a lower redox state and decreasing glycolysis in

2 | bioRχiv C. M. G. de Faria et al. | Effects of photobiomodulation on the redox state of healthy and cancer cells

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 7, 2020. ; https://doi.org/10.1101/2020.09.07.285908doi: bioRxiv preprint 

https://doi.org/10.1101/2020.09.07.285908
http://creativecommons.org/licenses/by/4.0/


DRAFT

C o n t r o l  H D F n P B M  H D F n C o n t r o l  S C C - 2 5 P B M  S C C - 2 5
0 . 4

0 . 5

0 . 6

0 . 7

0 . 8

0 . 9

1 . 0

*
*

Op
tica

l re
do

x r
ati

o

C o n t r o l  H D F n P B M  H D F n C o n t r o l  S C C 2 5 P B M  S C C 2 5
0 . 0 0

0 . 0 5

0 . 1 0

0 . 1 5

0 . 2 0

0 . 2 5

Re
lat

ive
 Va

ria
bili

ty

c e l l  t o  c e l l  v a r i a b i l i t y

*

*

Fig. 3. (a) Mean optical redox ratio of HDFn and SCC-25 cells, control and PBM
groups. (b) Cell-to-cell relative variability in the redox ratio for SCC-25 and HDFn
cells, control and PBM. ∗p < 0.05

the ones that favored it instead of OXPHOS.

Glycolysis. Glycolysis results after 4 hr of PBM are shown
in Figure 4. It is seen in Figure 4a that fibroblasts present
a lower baseline for glycolysis than the tumor cell line, as
expected due to the Warburg effect observed in cancer cells.
The PBM caused an increase in this parameter in both cell
lines (Fig 4b and 4c), in a similar proportion. As HDFn cells
did not present a difference in ORR after PBM we conclude
that OXPHOS increased as well, and the balance was not al-
tered. The SCC-25 cells showed a decrease in ORR and an
increase in glycolysis, making it possible to infer that OX-
PHOS was not affected, or had a slight decrease.

Metabolic activity assessment by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay. Cell viability was assessed by the MTT
assay 4 h and 24 h after PBM and is shown in Figure 5.
Since this assay is used to measure cell viability based on
cell metabolism, cell counting was performed to confirm

S C C - 2 5  C r t l H D F n  C r t l
4

8

1 2

1 6

2 0

No
rm

aliz
ed

 G
lyc

oly
sis

*

S C C  C t r l S C C  P B M
0 . 8

0 . 9

1 . 0

1 . 1

1 . 2

1 . 3

1 . 4

No
rm

aliz
ed

 G
lyc

oly
sis

*

H D F n  C t r l H D F n  P B M
0 . 7

0 . 8

0 . 9

1 . 0

1 . 1

1 . 2

1 . 3

1 . 4
*

No
rm

aliz
ed

 G
lyc

oly
sis

 

Fig. 4. Glycolysis experiment assay. (a) Baseline of glycolysis for SCC-25 and
HDFn cell line showing that the tumor cell line (SCC-25) has a greater baseline for
glycolysis when compared to HDFn cells. This result was expected and could be
related to the Warburg effect. (b) Glycolysis quantification after PBM for SCC-25
cell line and (c) for HDFn cell line. Results show that PBM did not influence the
glycolysis rate of normal cells but increased the rate of tumor cells. ∗p < 0.05
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Fig. 5. Metabolic activity by MTT assay 4 h and 24 h after PBM. (a) shows the
HDFn cell line viability of control samples and illuminated samples, indicating that
PBM induced cell proliferation in fibroblasts after 24 h. (b) Cell viability assay for
SCC-25 cells. When compared to control, no cell proliferation was observed in
tumor line 24 h after illumination.

the results from MTT and showed a good correlation (see
SI). It is possible to observe a difference in cell viability
4 h after PBM in both cell lines alongside similar cell
counting, which indicates a change in metabolism in both
cells. Mitochondrial activity was increased in fibroblasts
(Fig. 5a) and decreased in SCC-25 cells (Fig. 5b). At 24 h, it
was observed that PBM induced proliferation in fibroblasts,
as both MTT and cell counting increased. However, there
was no significant change in the tumor population.

ROS and ATP Assay. The ROS quantification after PBM was
performed by flow cytometry to investigate if its production
correlated to illumination (Figure 6). Figure 6a shows the ra-
tio of mean intensities between PBM and the control of each
cell line. In fibroblasts, no significant (p > 0.05) changes
were found among the samples. In SCC-25, however, a sta-
tistically significant (p < 0.05) increase of about 30% was
observed after PBM. This suggests that ROS could play an
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Fig. 6. ROS and ATP assay. (a) The ROS production assay indicating that PBM
induced ROS production in the SCC-25 cell line (p < 0.05), but not in fibroblasts.
(b) The ATP production of both cell lines, indicating that SCC-25 (red-dot) cells
increased a peak of 1.25 units 4 h after PBM, as fibroblasts modestly increased
7 % after 6 h (grey-square).

important role in mediating PBM effects in tumor cells but
not in normal fibroblasts. One common consequence of sev-
eral pathways initiated by ROS is increased ATP production.
As seen in Figure 6b, endogenous ATP increased within the
24 h-after PBM period evaluated for SCC-25 and HDFn cells,
even though kinetics differed among the cell lines. The SCC-
25 cells presented a peak of 1.25 units compared to the con-
trol at 4 h after PBM while fibroblasts modestly increased
ATP by 7 % 6 h after PBM. Interestingly, both cells showed
a decrease immediately after its ATP peaks, indicating con-
sumption by energy demanding processes.

Cell cycle assessment. Cell cycle was evaluated by flow cy-
tometry 8 h and 24 h after PBM or sham treatment. The pro-
portion of cells in G2/M after PBM relative to the control is
shown in Figure 7. Cells in G0/G1 and S phase were not sta-
tistically different. It was observed that both fibroblast and
tumor cells increased mitosis in a linear manner and at the
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Fig. 7. Cell cycle assessment by flow cytometry. Illuminated samples of HDFn
(blue-square line) and SCC-25 (red-dot line) linearly increased the mitosis rate up
to 20% after 24 h when compared to controls.

same rate, reaching a 20 % increase in 24 h.

A. Discussion. Photobiomodulation is the use of light,
mainly in the red and near-infrared regions, for a variety
of purposes. It is promising since it is a non-invasive and
an affordable technique already used to reduce inflammatory
conditions (3), in the treatment of arthritis (31) and wound
healing (32), among others, resulting in pain relief and mod-
ulation of expression of genes related to the inflammatory
response (6, 33, 34). The PBM encompasses such a broad
spectrum of illumination protocols, parameters, and uses; its
mechanism of action is not fully understood. This causes
skepticism from the medical community and limits its im-
pact. As stated by Stephen Sonis (35), until we obtain enough
data we cannot answer whether we should avoid PBM in head
and neck cancer tumors or not. So it is fundamental to under-
stand these effects to ensure the safety of this technique and
explore its potential in enhancing cancer treatment.
In this study, we investigated the effects of PBM on the
metabolism of healthy (HDFn) and cancer cells (SCC-25) in
vitro and revealed that their pathways are different. It was
also established that ORR evaluation by TPEF is a technique
that is sensitive enough to significantly detect slight changes
caused by PBM. Thus, it is a powerful tool to investigate
metabolism modulation in both cancer and normal cells. The
PBM illumination protocol was based on previous mucosi-
tis studies (36–38) and the results are summarized in Figure
8. In fibroblasts cells, no changes in the redox state were
observed 4 h after illumination despite increased glycolysis
displayed by a different method. Therefore, both forms of
respiration must have increased at the same rate in these cells,
maintaining the ratio constant. In SCC-25 cells, a lower ORR
shows that PBM modulates a shift in the redox state of the
cells towards glycolysis.
Previous work by Heymann and colleagues reported a PBM-
induced decrease in the redox ratio, measured by the extra-
cellular flux assay, along with increased proliferation in HeLa
cells, using 670 nm and 12 J/cm2 (39). Since the illumination

Fig. 8. Summary of HDFn and SCC-25 modulations caused by PBM indicating
increase, decrease or no change in reactive oxygen species (ROS), redox ratio
(RR), redox ratio variability (∆RR), adenosine triphosphate (ATP), number of cells
in G2/M and proliferation, compared to its respective controls.

protocol and cell type were different, but the effect similar,
it might be a common effect of PBM in tumors. Its conse-
quences in cancer cells need to be investigated since it may
correlate to the Warburg effect and its therapeutic implica-
tions, such as tumor aggressiveness shown by Li et. al. (40).
Additional evidence that arose from the ORR analysis is that
PBM may have different effects and mechanism of action de-
pending on the previous redox state of the cells. This was
shown by decreased variability in ORR values 4 h after il-
lumination, in both cell lines, caused by a decrease in the
highest and an increase in the lowest values of ORR. It sug-
gests that PBM acts differently according to the cells. In this
instance, it may be more effective to the ones that differ from
the mean redox state of the population.
Beyond the differences in ORR, fibroblasts and SCC-25 cells,
these seem to have distinguished pathways that initiate the
cascade of events that characterize PBM. ROS is known to
be an important biomarker that induces apoptosis if found
in high concentrations, and modulates pro-survival and pro-
liferation effects at low concentrations (41). In this study,
ROS concentration increased only in SCC-25 cells, indicat-
ing that PBM acts by a different pathway in fibroblasts. En-
gel and colleagues showed increased catalase in fibroblasts
after PBM scavenged ROS. Therefore, they suggested that
lineage-specific differences maintain homeostatic redox sta-
tus within each cell type (41).
Nevertheless, ATP levels were increased in both cell lines
after PBM. Chen et. al. showed in fibroblasts, that ATP in-
crease after PBM is not altered with the addition of antioxi-
dants. Despite showing an increase in ROS that was not seen
in our study, both results suggest that ATP synthesis after
PBM is not dependent on ROS signaling (42). ATP kinetics
after PBM, however, have not been investigated yet. Such an
investigation is important because end-point measurements
can lead to false conclusions. For example, ATP increase
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in fibroblasts was only seen 8 h after PBM while its peak for
SCC-25 cells was seen at 4 h. At 12 h, ATP levels were lower
when compared to the non-illuminated groups for both cells
lines. This indicates higher ATP demands from processes
induced by PBM, such as protein synthesis and DNA repli-
cation involved in proliferation, or a mechanism of feedback
that tends to suppress the effects caused by light.
In fact, we observed an increase in G2/M fraction for both
cells at 8 and 12 h after PBM. However, it did not result in
increased proliferation in the tumor cell line but did in HDFn
cells. This is an encouraging result that supports the evidence
that PBM does not affect tumor growth (43). Schartinger
et al. reported similar results using 660 nm, an increase in
fibroblasts but a decrease in SCC-25 cells (44). This indi-
cates regarding proliferation, that PBM effects are similar for
multiple wavelengths. Regarding cell cycle, they observed
an increase fraction in cell cycle G1 and S phases, but did
not report the time after PBM in which the measurement was
performed. In contrast, Sperandio et al. observed increased
proliferation in SCC-25 cells for both 660 and 780 nm, at 24
h (780 nm, 6.15 J/cm2) and 48 h (660 and 780 nm, 3.07
J/cm2) after illumination (45). Certainly, further studies
need to be conducted to understand if PBM stimulates pro-
liferation in tumors, and under what conditions, in order to
advance the reliability and security of its applications in can-
cer.
Therefore, it was demonstrated that PBM with 5 J/cm2 at
780 nm alters the metabolism of fibroblasts and HNSCC
cells, but in different pathways and kinetics. Its mechanism
of action needs to be further investigated to improve the un-
derstanding of these differences. For that, studies in more
complex models, 3D cell cultures and in vivo, need to be con-
ducted. So the influence of the extracellular matrix, spatial
fluence distribution, surrounding tissues, immune and vascu-
lar response, among others, can be evaluated. Then, it may
be possible to explore PBM mechanisms to improve cancer
treatments, or avoid applications involving tumors to prevent
negative effects. Additionally, TPEF was depicted as a pow-
erful tool to evaluate redox state after PBM. It is a sensitive
technique that allows the assessment of small redox ratio dif-
ferences and variability among cells. It is also nondestructive,
so the sample can be used after measurements, and it can be
combined with other fluorescent markers.

B. Material and Methods.

Cell Culture. Human dermal fibroblasts neonatal (HDFn) and
squamous carcinoma SCC-25 (American Type Culture Col-
lection - ATCC), Wesel, Germany), were cultivated at 37°C
in humidified 5% CO2 atmosphere in Dulbecco’s modified
Eagle medium (DMEM) and DMEM/Ham’s (Cultilab), re-
spectively. Media were supplemented with 10% (v/v) Fetal
Bovine Serum (Cultilab, Brazil) and to DMEM/Ham’s hy-
drocortisone was added (Sigma-Aldrich, USA) at a concen-
tration of 400 ng/ml.

lllumination protocol. PBM groups were illuminated using
a custom-made LED array device emitting at 780 nm with

an irradiance of 30 mW/cm2 and a total fluence rate of 5
J/cm2. (46) The control groups were sham treated.

Optical Redox Ratio Imaging. Cells were plated on a 35 mm
glass bottom dish (Greiner Bio-One, Germany) at a density
of 5 x 105 cells and let in a heated chamber (37◦C, 5%,
CO2) overnight. Four hours after PBM, cells were washed
twice in PBS and the images were performed on an inverted
fluorescence confocal microscope (Zeiss - LSM780, Zeiss,
Germany) equipped with a Ti:Sapphire tunable laser source
(Chameleon Vision II, Coherent Inc., USA). The laser exci-
tation source was tuned to 755 nm (NADH excitation) or 860
nm (FAD excitation), and images were acquired in the chan-
nel mode of the microscope with 440 - 480 nm (NADH flu-
orescence) or 500 - 550 nm (FAD fluorescence) wavelength
range, respectively. Images (1024 x 1024 pixels; 8-bit depth;
425 µm x 425 µm) were acquired using a 20x objective (NA
= 0.8). For each condition, two plates were prepared and
10 fields were imaged for each one. Two independent ex-
periments were performed, resulting in N=40. To calculate
cell-to-cell ORR variability, a region of interest (ROI) was se-
lected and used to create a mask to compute the mean ORR of
a single cell. The mask was created manually from the FAD
image. Three cells of each field were analyzed, resulting in
the analysis of 120 cells per group. To ensure that the same
dish would yield the same result, two dishes were calculated
twice, using different cells from the field. Then, the ‘vari-
ability’, defined as the relative standard deviation (standard
deviation/mean ORR), was calculated for each dish. There-
fore, the error of this parameter is the standard deviation of its
values for four dishes. All images were acquired using Zen
2010 software (Zeiss, Germany). A control plate was imaged
every in experiment-day in order to normalize some micro-
scope variations. Image analysis was performed using MAT-
LAB (MathWorks, USA) and the redox images were created
by computing pixel-wise ratios of FAD/(NADH + FAD) flu-
orescence. For statistical analysis and bar plot presentation,
the average redox ratios of cell plates were calculated by sep-
arately computing the average FAD and NADH intensities
from the respective images and taking the ratio of these val-
ues.

Glycolysis assay. Glycolysis was assessed with a fluorescent
kit (Abcam ab197244, Abcam, USA) following manufac-
turer protocols. 2x104 cells/well were seeded in 96-well
opaque black walls 24 h prior illumination, in 6 replicates per
group. Then, 1h after PBM, CO2 was removed from the incu-
bator and at 4h after PBM wells were washed twice with Res-
piration Buffer and 15 µl of Glycolysis assay reagent in 100
ul of Buffer was added to each well. Fluorescence (ex/em:
380/615 nm) was measured with a SpectraMax M5 Multi-
Mode Microplate Reader (Molecular Devices, USA) for 2h
in 1.5 min intervals. The means correspond to two indepen-
dent experiments.

Metabolic activity assessment by MTT assay. Metabolic
activity was assessed at 4h and 24h after PBM. Cells
were seeded in triplicate for each condition in 24-wells
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plates at a density of 1x105 per well (500 µl) and illumi-
nated the following day according to the parameters men-
tioned above. After 4h or 24h, medium was replaced by
250 µl of new media with 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (5 µg/ml) and incubated
for 3h, until 1 ml of DMSO was added and absorbance was
measured at 570 nm in a microplate reader (Multiskan™
FC Microplate Photometer – ThermoFisher Scientific, USA).
Each experiment was performed three independent times. To
confirm whether the results from MTT resulted proliferation
and viability, a trypan blue exclusion assay was performed in
quadruplicate, in the same conditions.

ROS Assay. Quantification of ROS after PBM was performed
by flow cytometry assessment using DCFH-DA. For the as-
say, a 1×106 cells per ml suspension was made in phenol and
FBS free medium. Triplicates of 250 µl of the cell suspension
were illuminated in a 24-wells plate with a dose of 5 J/cm2 at
780 nm in a black 24-wells plate with clear bottom. Samples
were immediately incubated with 250 µl of DCFDA solution,
resulting in a concentration of 25 µM, for 30 minutes at room
temperature in the dark and assessed by flow cytometry (BD,
C6 Accuri Plus, USA) at an excitation/emission of 492–495
nm/517–527 nm.

ATP Assay. Cells were seeded in 96-well plates at a 2x104

cells/well density and incubated at 37◦C, 5% CO2 for 24h
prior the ATP assay, performed with the ATP bioluminescent
assay kit (Sigma–Aldrich, USA). Plates were illuminated or
sham-illuminated and at a specific time after that ranged from
1-24h supernatant was removed, wells were washed twice
with PBS and 100 µl of Releasing Reagent were added. The
working solution was prepared as indicated (10% of ATP
Mix Working Solution in ATP Mix Dilution Buffer). Im-
mediately prior to the bioluminescent reading, 100 µl was
added to the wells with a multi-channel pipette to ensure all
wells were incubated simultaneously and only 6 wells were
read at a time. The luminescence was measured with a Spec-
traMax M5 Multi-Mode Microplate Reader (Molecular De-
vices, USA). Experiments were repeated three times with 6
replicates per group (N=18).

Cell cycle assessment. Cell cycle evaluation was performed
by flow cytometry analysis using propidium iodide (PI). PBM
was performed in 24-wells plate as described previously, in
triplicate. Then, at 0h, 8h and 24h after illumination, cells
were collected and fixed in ice-cold 70 % ethanol at -20◦C
for at least 24 h, then washed with PBS and stained with
PI (50 µg PI/ml in PBS, BD Biosciences) containing 0.1
mg/ml RNase (Sigma–Aldrich, USA) for 40 min. Samples
were analyzed in an Accuri C6 flow cytometer (BD Bio-
sciences, USA) in triplicate and cell cycle was determined
using FlowJo software univariate analysis (BD Biosciences,
USA). Two independent experiments were performed, with a
final N=12.

Statistical analysis. The data were plotted using boxplot with
a whisker of 1-99 or represented as means ± standard de-
viation and were analyzed using the commercially available

software Origin 2018 (Origin Lab., USA). One-way anal-
ysis of variance (ANOVA) was used among the categories
“HDFn” and “SCC-25” cells and “Control” and “PBM” for
the ORR measurements. For experiments that we compared
only “PBM” and “Control” independently for the same cell
line, a single ANOVA test was performed. Differences were
considered as statistically significant at p<0.05. Asterisks
placed above bars indicate statistical significance.
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