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Abstract

Singlet oxygen (*O2) is an electronically excited state of triplet oxygen which is less stable than
molecular oxygen in the electronic ground state and produced by photochemical, thermal, chemical,
or enzymatic activation of Oz. Although the role of singlet oxygen in biology and medicine was
intensively studied with photosensitisers, using of these compounds is limited due to toxicity and lack
of selectivity. We generated singlet oxygen in the skin fibroblasts and melanoma cell lines by 1267
nm laser irradiation. It did not induce production of superoxide anion, hydrogen peroxide or activation
of lipid peroxidation in these cells confirming high selectivity of 1267 nm laser to singlet oxygen.
102 did not change mitochondrial membrane potential (A%m) in skin fibroblasts but induced
fluctuation in A¥Ym and complete mitochondrial depolarisation due to opening permeability transition
pore in B16 melanoma cells. 1267 nm irradiation did not change the percentage of fibroblasts with
necrosis but significantly increased the number of B16 melanoma cells with apoptosis. Thus, singlet
oxygen can induce apoptosis in cancer B16 melanoma cells by opening of mitochondrial permeability

transition pore (PTP) but not in control fibroblasts.

Abbreviations: 1Oz, singlet oxygen; A¥m, Mitochondrial membrane potential; PTP, mitochondrial
Permeability Transition Pore; ROS, reactive oxygen species; SOSG, Singlet Oxygen Sensor Green;
DHE, dihydroethidium; DCFH-DA, 2'7'-dichlorodihydrofluorescein  diacetate; MCB,
monochlorobimane; TMRM, Tetramethylrhodamine; GSH, glutathione; NucView 488, NucView™

488 Caspase-3 Substrate.

1. INTRODUCTION

Biological tissues require oxygen for normal functioning of energy metabolism. High biological
and chemical activity of oxygen is caused by high redox potential that enables it to accept electrons
easily from reduced substrates. Different forms of reactive oxygen species (ROS; radical and non-

radical) have even higher activity, produced in cells in enzymatic and non-enzymatic way and are



53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

used in redox signalling and many cellular processes: cell proliferation, survival, migration,
differentiation, programmed cell death, organogenesis, though ROS overproduction may lead to
oxidative stress [1-3].

Various reactive forms of oxygen play role in physiological process and redox biology but longer
living hydrogen peroxide and singlet oxygen could be more involved in signalling processes [4-7].
102 is an electronically excited state of triplet oxygen which is less stable than molecular oxygen in
the electronic ground state. Singlet oxygen is produced by photochemical, thermal, chemical, or
enzymatic activation of Oz and used as an effector of gene expression and regulator of mitochondrial
bioenergetics [8-10].

10 interacts with various compounds and produces endoperoxides that may lead to forming of
radicals and other forms of ROS, aldehydes etc. Considering high biological activity and the ability
to initiate oxidative stress-induced cell death, induction of singlet oxygen in photodynamic therapy
was intensively studied for development of strategy of cell death induction in tumours [11,12].

A wide range of photosensitizers had been used for 02 production in biological tissues [13].
However, the application of of the photosensitizers is limited by their toxicity and non-selectivity for
singlet oxygen. During the last decade, it was shown that *O2 can be produced without any chemical
compounds by specific wavelengths excitation [14,15]. Oxygen has the highest adsorption coefficient
at 1262-1268 nm and considering this lasers with ~1270 nm are now intensively used for generation
of singlet oxygen in different tissues [12,16-18]. However, 1265 nm laser-induced singlet oxygen led
to free radicals production, mitochondrial dysfunction and cell death in cancer and cell cultures
[12,18]. In contrast singlet oxygen had no toxic effect in primary astrocytes and neurons and it
activated mitochondrial bioenergetics [10]. Considering this, we suggested that singlet oxygen may
have different effect on the viability of cells from different tissues. Here, we studied the effect of
1267 nm laser-induced singlet oxygen on ROS production, oxidative stress, and cell viability of
cancer B16 melanoma cells compared to control fibroblasts. We have found that 1267 nm irradiation

produced singlet oxygen but not superoxide anion or hydrogen peroxide and did not induce oxidative
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stress in both B16 melanoma cells and fibroblasts. The cells exposure to 1267 nm laser induced
opening of the mitochondrial permeability transition pore and apoptosis in B16 melanoma cells but
not in fibroblasts suggesting higher vulnerability of the melanoma cells to singlet oxygen compared

to control fibroblasts.

2. Methods
Cell culture

Control human skin fibroblasts [19] and melanoma cell line B16 were used as a research object.
B16 cells were cultured in the DMEM (Gibco, Paisley, UK), 10% FBS (Biological Industries,
Kibbutz Beit-Haemek, Israel), penicillin (100 U/ml), streptomycin (100 pg/ml) (Gibco, New York,
USA). DMEM (Biological Industries, Kibbutz Beit-Haemek, Israel), 10% FBS (Biological
Industries, Kibbutz Beit-Haemek, Israel) with 1% GlutaMAX (Gibco, New York, USA) were applied
for cultivation of skin fibroblasts. Cell cultures were maintained at 37 °C in a humidified atmosphere

of 5% CO2 and 95% air. The confluence of cells during the studies was 40-50%.

Laser specification

Laser diodes LD-1267-PM-500 and LD-1122-PM-500 (Innolume GmbH, Dortmund, Germany)
were used as sources of laser radiation at wavelengths 1267 and 1122 nm. Laser diode driver SF8150-
ZIF14 (Maiman Electronics LLC, Saint-Petersburg, Russia) and Maiman Benchsoft software were
applied to power and control laser diodes.

Laser radiation from the source to the study object was carried out using a specially manufactured
quartz fiber-optic cable. The cable provided radiation transmission with minimal signal attenuation
in the spectral range of 400-2000 nm and numeric aperture NA=0.22+0.02. Collimator F280FC-C
(Thorlabs Inc., Moélndal, Sweden) was installed to form a parallel beam of laser radiation after a fiber-

optic cable that enabled the stability of the experimental studies. Collimator eliminated dependence
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of laser radiation dose from the distance "end of the fiber-optic cable - the object of the study" with a

divergent light beam. The diameter of the laser radiation beam at the collimator output was 3.4 mm.

Live cell imaging
Fluorescence measurements were obtained using confocal microscope LSM 900 with Airyscan 2
(Carl Zeiss Microscopy GmbH, Jena, Germany). Illumination intensity was kept to a minimum (0.1-

0.2% of laser output) to avoid phototoxicity.

Singlet oxygen production
Mitochondrial singlet oxygen production was measured using 10 uM Singlet Oxygen Sensor
Green (SOSG, Invitrogen, Oregon, USA) (excitation 488 nm laser with emission 525 nm) without

application of photosensitiser.

ROS production

Superoxide production was measured by using 5 uM dihydroethidium (DHE, Invitrogen Oregon,
USA) (excitation 405 nm with emission at 460 nm).

To detect intracellular ROS (mostly hydrogen peroxide), 2',7'-dichlorodihydrofluorescein
diacetate (DCFH-DA, Cayman Chemical Co., Michigan, USA) (excitation/emission maxima ~492-
495/517-527 nm) was used at 20 uM.

MitoTracker Red CM-H2Xros (Invitrogen, Oregon, USA) (excitation 530 nm laser with emission
above 580nm ) in concentration 1 uM was used for analysis of ROS production in mitochondria.

No preincubation (“loading”) was used for these fluorescence probes to avoid the intracellular

accumulation of oxidized probe.
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Lipid peroxidation and GSH level

The rate of lipid peroxidation was measured using 10 uM LiperFluo (Dojindo Molecular
Technologies Inc., Kumamoto, Japan) (excitation/emission maxima ~500/590 nm).

To measure the intracellular glutathione, the glutathione-sensitive fluorescent probe
monochlorobimane (MCB, Invitrogen, Oregon, USA) (excitation/emission maxima ~380/461 nm)
was used. Cells were pre-treated with a laser 1267 nm or 1122 nm followed by 20 min incubation.

After that cells were loaded with 50 uM MCB for 30 min at 37 °C.

Measurement of the mitochondrial membrane potential (A¥m)

Cells were incubated with 25 nM Tetramethylrhodamine (TMRM, Invitrogen, Oregon, USA)
(excitation 530 nm laser, emission above 574 nm) for 30 min at 37°C. Measurements of A¥m were
performed in a single focal plane during the fixed time period. The protonophore FCCP (Sigma-
Aldrich, Missouri, USA) (1 uM) was added at the end of each experiment.

Cyclosporine A was used as an inhibitor of mitochondrial permeability transition (PTP). Cells
were pre-incubated with 1 uM cyclosporine A in a Hanks balanced salt solution (HBSS) for 20 min

at 37°C.

Cell death

The measurement of necrotic cells death was carried out using Hoechst 33342 and Propidium
lodide. Cells were incubated with 5uM Hoechst 33342 (Invitrogen, Oregon, USA)
(excitation/emission maxima ~350/481 nm) and 20 uM Propidium iodide (Invitrogen, Oregon, USA)
(excitation/emission maxima ~535/617 nm) for 30 min at 37°C.

NucView™ 488 Caspase-3 Substrate (NucView 488, Biotium, California, USA) (excitation laser
488 nm with emission above 515 nm) in combination with Hoechst 33342 was applied for detection
of caspase-3/7 activation and visualization of morphological changes in the nucleus during apoptosis.

Cells were incubated with 5 uM NucView 488 and 5 uM Hoechst 33342 for 30 min at the room
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temperature. For all experiments we kept the same experimental setting to avoid misinterpretation of
results.

Cell death was measured 24 hours after treatment of cells with lasers.

Data analysis and statistics

Data and statistical analyses were performed using OriginPro (OriginLab Corp., Northampton,
USA) software. Data are presented as means expressed + standard error of the mean (SEM).
Differences were considered to be significantly different if p < 0.05 by ANOVA with the Tukey post

hoc test.

RESULTS
Singlet oxygen production by 1267 nm laser illumination in fibroblasts and B16 cells

We used SOSG as fluorescent indicator for singlet oxygen to study the effect of 1267 nm laser
irradiation on generation of this reactive form of oxygen in skin fibroblasts and melanoma cell lines
B16. We found that both cell types have a similar basal level of singlet oxygen generation (Figure
1A-D). However, illumination of these cells with 1267 nm laser (200 J/cm?) induced fast and
profound increase in the rate of singlet oxygen production in both B16 line and fibroblasts (N=3,
n=16 cells of B16 upon 1267 nm, n=20 cells of B16 upon 1122 nm and n=11 cells of fibroblasts upon
1267 nm; n=8 cells of fibroblasts upon 1122 nm; Figure 1A-D). It should be noted that control laser
line 1122 nm did not change the rate of singlet oxygen production in B16 cells and fibroblasts (Figure
1A-D). Considering the effect of singlet oxygen on specific organelles, we have tested the distribution
of the SOSG fluorescence in the cells before and after treatment with 1267 nm laser. Lateral and
transversal profiles of SOSG in B16 melanoma cells show uneven distribution of the fluorescence
before and after treatment with 1267nm laser (Figure 1 Ei-iii; Fi-iii). Although potentially specific
probes for detection of various organelles could be used, the distribution of the SOSG fluorescence

is not efficient enough to make conclusion about any specific localisation of singlet oxygen inside
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185  Fig. 1. Singlet oxygen production by 1267 nm laser illumination

186  Representative normalized traces of the effect of 200 J/cm? dose induced by 1122 nm and 1267 nm
187 illumination on the SOSG fluorescence in the melanoma cell line B16 (A) and in the skin fibroblasts
188  (C). The rates of singlet oxygen production for 1122 nm and 1267 nm illumination in the B16
189  melanoma (B) and in the skin fibroblasts (D). Ei-iii, Fi-iii Profiles of the SOSG fluorescence in B16
190  melanoma cells before and after 200 J/cm? dose induced by 1267 nm laser *p < 0.05.
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1267 nm laser has no effect on production of other forms of ROS in B16 cells
Previously, it was shown that 1267 nm laser irradiation is capable of triggering prolonged cellular
oxidative stress by the impulse perturbation of redox homeostasis in cancer cells which is induced by

production of various forms of ROS [12].
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Fig. 2. 1267 nm laser has no effect on production of other forms of ROS

Average traces of the DHE fluorescence in the melanoma cell line B16 (A), in the skin fibroblasts
(E) and the extracellular of DHE fluorescence for each group (C, G) upon 1267 nm illumination. The
rates of superoxide production in the melanoma cell line B16 (B), in the skin fibroblasts (F) and the
extracellular of DHE fluorescence for each group (D, H) before and after 1267 nm illumination.
Average traces of the DCFH-DA fluorescence in the melanoma cell line B16 (1) and in the skin
fibroblasts (K) upon 1267 nm illumination. The rates of superoxide production in the melanoma cell
line B16 (J), in the skin fibroblasts (L) before and after 1267 nm illumination. Average traces of the
MitoTracker Red CM-H2Xros fluorescence in the melanoma cell line B16 (M) and in the skin
fibroblasts (O) upon 1267 nm illumination. The rates of superoxide production in the melanoma cell

line B16 (N), in the skin fibroblasts (P) before and after 1267 nm illumination. *p < 0.05.
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Considering this we have tested if 1267 nm laser irradiation can directly or indirectly (through
activation of enzymatic ROS production) induce other forms of ROS. Although DHE can be oxidised
by various ROS, it is mainly sensitive to superoxide anion [20,21]. Illumination of B16 melanoma
cells (N=3 experiments, n=38 cells; Figure 2A-D) or skin fibroblasts (N=3 experiments, n=24 cells;
Figure 2E-H) with 1267 nm laser (200 J/cm?) did not change the rate of DHE oxidation in both cell
types that strongly suggests that 1267 nm laser has no effect on superoxide production in both cell
types. DCFH-DA, as well as other fluorescent indicators for ROS, can detect a number of ROS but it
is shown to be more selective for hydrogen peroxide [22]. Laser 1267 nm (200 J/cm?) had no effect
on the rate of DCFH-DA oxidation or even decrease it in both skin fibroblasts and B16 melanoma
cells (N=3 experiments for each type of cells, n=23 cells for fibroblasts, n=49 B16 cells; Figure 2I-

L). Thus, 1267 nm laser has no effect on the hydrogen peroxide production in cells.

1267 nm laser has no effect on mitochondrial ROS production in fibroblasts and B16 cells
1267 nm laser-induced singlet oxygen activates mitochondrial metabolism [10]. Mitochondrial
ROS production is dependent on the number of parameters including metabolic state [23].
Considering this, 1267 nm laser can potentially induce changes in mitochondrial ROS production.
However, 1267 nm laser or control laser 1122 nm (200 J/cm?) did not change the rate of ROS
production in B16 cells or skin fibroblasts, measured by MitoTracker Red CM-H2Xros (N=3, n=38
cells of B16, n=66 cells of fibroblasts; Figure 2M-P). Thus, 1267 nm laser at the dose 200 J/cm?
selectively produces only singlet oxygen that does not change enzymatic ROS production in

fibroblasts and melanoma cells.

1267 nm-induced singlet oxygen has no effect on lipid peroxidation and GSH level in fibroblasts
and B16 cells
Changes in the redox balance caused by ROS overproduction or changes in antioxidant

biosynthesis lead to oxidative stress and damage of biomolecules. Although 1267 nm laser had no

10
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effect on the production of superoxide and hydrogen peroxide in our experiments, overproduction of
singlet oxygen also shown to be able to induce oxidative stress [24]. Lipid peroxidation is involved
in signalling process [25], however, products of lipid peroxidation are widely accepted to be a
hallmark of oxidative stress [26]. Production of singlet oxygen by 1267 nm illumination (200 J/cm?)
had no effect on the rate of lipid peroxidation or even decreased it in fibroblasts (N=3, n=18 cells;

Figure 3A-B) or B16 melanoma cells (N=3, n=29 cells; Figure 3C-D).

w66 1267nm c . 21000 b T £1
=) £ 750 = A_ E
< mw S . <C 18000 1 =)
S0 ) s ; - <
.. 6000 b < 500 ¢ 5 1 g
3 : - 3 ©015000{ el =5
! = ‘
£  d S 250 ¥ 5 /"Y"’ 2
$ 4000 W t - é" 212000/ ” =
— ) ¥ S [
= 2 0 -~ 2
2000~ 4 0002 6 s f01z1a1s — ° before after
02 4ﬁ?“es n:‘(i)n121416 before after timé. raln
E F 1267 nm 1122 nm control
40000
2 |
< 30000
o B [
20000
=

10000

%1267nm 1122nm control
Fig. 3. 1267 nm-induced singlet oxygen has no effect on lipid peroxidation and GSH level
Average traces of the LiperFluo fluorescence in the skin fibroblasts (A) and in the melanoma cell line
B16 (C) upon 1267 nm illumination. The rates of lipid peroxidation in the skin fibroblasts (B) in the
melanoma cell line B16 (D) before and after 1267 nm illumination.

GSH level in the melanoma cell line B16 (E) upon 1267 nm illumination, 1122 nm illumination and
control cells. Representative confocal images of MCB from the melanoma cell line B16 (F) upon

1267 nm illumination, 1122 nm illumination and control cells.

The level of major endogenous antioxidant GSH is sensitive to redox changes and immediately
reflects oxidative stress. Measurements of GSH level with MCB in B16 melanoma cells treated with
1267 nm laser show that singlet oxygen at this dose of illumination (200 J/cm?) had no effect on the

level of this antioxidant in this type of cells (N=3, B16: n=436 cells upon 1267 nm, n=426 cells upon

11
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1122 nm and n=418 control cells; Figure 3E-F). Thus, 1267 nm-induced singlet oxygen does not

induce oxidative stress in cells.

Laser-induced O production induces PTP opening in B16 cells but not in control fibroblasts
AW¥m is maintained by function of electron transport chain of mitochondria with a number of
rescuing mechanisms (such a reverse mode of FO-F1-ATPase) due to high importance of AWm for
mitochondria and cell life[27]. In agreement with previously published [10], 1267 nm illumination
(200 J/ecm?) of skin fibroblasts induced mild (~10-15%) mitochondrial hyperpolarisation (Figure 4A),
while control laser 1122 nm had no effect on AYm (Figure 4B). [llumination of B16 cells with control
1122 nm laser also had no effect on mitochondrial membrane potential (Figure 4C). However, singlet
oxygen induced by 200 J/cm? 1267nm in B16 melanoma cells induced fast and transient changes in
TMRM fluorescence (Figure 4D). Importantly, the shapes of AYm changes were different — from fast
and complete loss of membrane potential (Figure 4E, F) to the oscillations in TMRM signal (Figure
4G) (Figure 4H). Application of protonophore FCCP (1 uM) in the end of experiments clearly
indicated complete loss of AYm in majority of mitochondria (Figure 4A-D). Pre-incubation (20 min)
of the B16 melanoma cells with inhibitor of PTP — 1 uM cyclosporine A not only prevented singlet
oxygen- induced loss A¥Ym of any shapes but also led to increase in TMRM fluorescence (Figure 41)
similar to observed in neurons and astrocytes [10] and in fibroblasts. Thus, 1267 nm laser-induced

singlet oxygen induces specific PTP opening for B16 melanoma cells but not for other type of cells.

12
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Fig. 4. Influence of laser-induced 'O production on mitochondrial membrane potential

Representative traces of changes in mitochondrial membrane potential of the skin fibroblasts upon
1267 nm illumination (A), upon 1122 nm illumination (B) and the melanoma cell line B16 upon 1122
nm illumination (C), upon 1267 nm illumination (D) measured as intensity of TMRM fluorescence.
Representative traces and confocal images of the different shapes of mitochondrial membrane
potential changes: the fast and complete loss of TMRM fluorescence (E, F), the oscillations in
mitochondrial membrane potential (G) and combinations of these changes (H). Representative traces
of changes in mitochondrial membrane potential of the melanoma cell line B16 upon 1267 nm
illumination after pre-incubation with inhibitor of mitochondrial permeability transition pore

cyclosporine A (1).
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1267 nm laser-induced singlet oxygen induces apoptosis but not necrosis in B16 melanoma
PTP opening is involved in the mechanism of necrosis and apoptosis [28]. Treatment of fibroblasts
or B16 cells with 1267 nm (200 J/cm?) or with singlet oxygen-free 1122 nm (200 J/cm?) did not
change the percentage of Propidium iodide — labelled cells in all studied groups (Figure 5A-D) that
strongly suggests that singlet oxygen in this concentration has no effect on the necrosis in both
fibroblasts and B16 melanoma cells (fibroblasts: 0% of cells (necrotic cells — 0, total number of cells
—472) upon 1267 nm and <1% of control cells (necrotic cells — 1, total number of cells — 453); B16:
<1% of cells (necrotic cells — 8, total number of cells — 1209) upon 1267 nm, ~1% of cells (necrotic
cells — 12, total number of cells — 953) upon 1122 nm and <1% of control cells (necrotic cells — 3,
total number of cells — 1221); Figure 5B, D). However, in 1267 nm laser-treated B16 cells Hoechst
labelled nuclei of the cells changed the shape to typical for apoptosis the morphological fragmentation
of nuclei (fibroblasts: <1% of cells (apoptotic cells — 4, total number of cells — 472) upon 1267 nm
and ~1% of control cells (apoptotic cells — 5, total number of cells — 453); B16: 7.6% of cells
(apoptotic cells — 92, total number of cells — 1209) upon 1267 nm, 2.8% of cells (apoptotic cells — 27,
total number of cells — 953) upon 1122 nm and ~2% of control cells (apoptotic cells — 27, total
number of cells — 1221); Figure 5E) that suggests activation of apoptosis in these cells by singlet
oxygen and PTP opening. To prove it we used NucView 488 — which become fluorescent after
activation of caspase 3 [29]. Control laser 1122 nm did not induce changes in a number of NucView
488-labelled nucleus in B16 melanoma cells (5% of cells (apoptotic cells — 691, total number of cells
— 13885); Figure 5F,G) while 1267 nm laser irradiation activates apoptosis in most of the B16
melanoma cells (47% of cells (apoptotic cells — 5448, total number of cells — 11764); Figure 5F,G),
but not in fibroblasts (<1% of cells (apoptotic cells — 3, total number of cells — 954); Figure 5H,1).
Although two different methods shown different percentage of the melanoma cells with apoptosis
(7.6% and 47%) that can be explained by methodological problems or by difference between actual
apoptosis and caspase 3 activation these data clearly indicating that 1267 nm laser-induced apoptosis

but not necrosis selectively in B16 melanoma cells but not in control fibroblasts.
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Fig. 5. 1267 nm laser-induced singlet oxygen induces apoptosis but not necrosis in B16
melanoma and not in fibroblasts

Representative confocal images of fibroblasts upon 1267 nm illumination and control fibroblasts by
using Propidium lodide and Hoechst 33342 (A). Results of statistical processing of fibroblasts cell
death (N=4 (472 cells) for 1267 nm, N=4 (453 cells) for control cells) (B). Representative confocal
images of the melanoma cell line B16 upon 1267 nm illumination, upon 1122 nm illumination and
control cells by using Propidium lodide and Hoechst 33342 (C). Results of statistical processing of
cell death (N=2 (1209 cells) for 1267 nm, N=3 (953 cells) for 1122 nm, N=3 (1221 cells) for control
cells) (D). Representative confocal images of apoptosis fragmentation of DNA in B16 cells (E).

Representative images of the melanoma cell line B16 upon 1267 nm illumination, upon 1122 nm
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illumination and control cells by using NucView 488 and Hoechst 33342 (F). Results of statistical
processing of cell death (N=11 (11764 cells) for 1267 nm, N=12 (13885 cells) for 1122 nm, N=10
(15170 cells) for control cells) (G). Representative confocal images of fibroblasts upon 1267 nm
illumination and control fibroblasts by using NucView 488 and Hoechst 33342 (H). Results of
statistical processing of cell death (N=4 (945 cells) for 1267 nm, N=3 (885 cells) for control cells)

(I). *p <0.001

DISCUSSION

Here we show that 1267 nm laser specifically induces generation of singlet oxygen in solution and
inside of the fibroblasts and melanoma cells. Although SOSG has a number of disadvantages
including slow permeability of this indicator through biological membranes [30], in our experiments,
SOSG fluorescence was high enough to detect significant changes in both types of cells (Figure 1).
Importantly, other indicators for ROS, which are partially more specific for hydrogen peroxide or
superoxide anion show no effect of 1267 nm laser on the production of these, and possibly other types
of ROS. Mitochondria are sensitive to any changes in the metabolism or oxygen level that change
ROS production [23], however, 1267 nm laser did not change the rate of ROS production in
mitochondrial matrix in our experiments. This all helps us to conclude that at 200 J/cm?, 1267 nm
laser only generates singlet oxygen in fibroblasts and melanoma cells.

It is also important to note here that the conducted computer simulation demonstrated the absence
of significant heating of the cell culture media for the selected radiation power [31].

Singlet oxygen production did not change the level of major markers of oxidative stress — GSH
and lipid peroxidation [26] that suggests absence of the global oxidation in fibroblasts and melanoma
cells. More specifically, 1267 nm laser and singlet oxygen should not induce ferroptosis because of
absence of effect on lipid peroxidation. Although, activation of ferroptosis by singlet oxygen was

recently shown for hepatoma Hepa 1-6 [32], in our experiments 1267 nm laser did not induce lipid
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peroxidation and disruption of plasma membrane in experiments with Pl that may be due to the
different doses of singlet oxygen rather than cell specificity.

Although singlet oxygen did not produce oxidative damage, laser 1267 nm induced apoptotic cell
death in melanoma cells but not in fibroblasts. Previously, higher cytotoxicity of PDT-induced singlet
oxygen to melanoma cells comparing to fibroblasts was demonstrated without explanation of this
specificity [33]. Specificity of singlet oxygen production and triggering apoptosis in cancer cell line
without significant oxidative damage suggests fine mechanism of the cell death trigger in melanoma
cells. The mechanism of different sensitivity of mitochondrial permeability transition of fibroblasts
and B16 melanoma cells to singlet oxygen could be explained by number of factors. The absence of
effect of singlet oxygen on PTP in fibroblasts is in agreement with previously shown results that
singlet oxygen did not induce any sudden and transient loss of mitochondrial membrane potential in
primary neurons and astrocytes [10] and that it inactivated calcium and oxidation-induced
mitochondrial permeability transition pore in rat liver mitochondria [34]. However, in isolated
mitochondria, PTP can be activated by oxidation of thiols by various ROS in mitochondrial domains
containing hematoporphyrin-near, pore-regulating histidines [35]. In live cells, it can be achieved by
illumination of the mitochondrial indicators with high laser [36]. However, in our experiments this
effect can be excluded because both cell types were illuminated by lasers (including LSM laser) in
similar conditions, but it induced PTP opening only in cancer cell line. It suggests specific
vulnerability of melanoma cells to oxidation of thiols in the mechanisms of PTP opening, that triggers
apoptotic cascade and leads to cell death.

However, we singlet oxygen can have more complex effect in the time of induction of apoptosis.
Thus, extracellular singlet oxygen production also shown to be able to induce tumor cell-specific
apoptosis-inducing ROS signaling [37]. Such specific vulnerability of melanoma cancer cell line to

singlet oxygen comparing to control fibroblasts may be used as potential treatment in some cancers.
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