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Abstract: Melanoma is a type of aggressive cancer. Recent studies have indicated that blue
light has an inhibition effect on melanoma cells, but the effect of photobiomodulation (PBM)
parameters on the treatment of melanoma remains unknown. Thus, this study was aimed to
investigate B16F10 melanoma cells responses to PBM with varying irradiance and doses, and
further explored the molecular mechanism of PBM. Our results suggested that the responses
of B16F10 melanoma cells to PBM with varying irradiance and dose were different and the
inhibition of blue light on cells under high irradiance was better than low irradiance at a constant
total dose (0.04, 0.07, 0.15, 0.22, 0.30, 0.37, 0.45, 0.56 or 1.12 J/cm2), presumably due to that
high irradiance can produce more ROS, thus disrupting mitochondrial function.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Melanoma is one of the most dangerous cancers in the world [1]. Malignant melanomas usually
produce melanin in large quantities. It was reported that the melanin contents of the human
melanoma cells were 4.2± 0.3 µg/106 cells and 11.3± 0.6 µg/106 cells when the melanoma
cells grew to exponential and stationary phases respectively [2]. Clinical treatment options for
malignant melanoma include radiotherapy, surgery, immunotherapy, chemotherapy and biological
therapy. However, these conventional treatments have not been effective [3]. Melanoma is highly
resistant to chemotherapy drugs and its effectiveness against traditional chemotherapy drugs is
less than 20%. Particularly, because there is no effective treatment for metastatic melanoma, the
patients’ median survival time is only 6 to 9 months and the 5-year survival rate is less than 5%
[4]. Thus, novel treatments are required to treat the malignant melanoma.
Photobiomodulation (PBM), also named as low-level light therapy (LLLT), is one of the

most critical methods for medical cure [5]. At present, the light sources commonly used in
photobiomodulation are laser and Light Emitting Diode (LED). The laser is coherent light and
the LED device emits non-coherent light. Overall, Laser and LED therapy are similarly effective
for superficial tissue. The ability of the laser to penetrate the tissue is stronger than that of LED,
which can reach deeper lesions, but LED devices are cheaper than laser devices and can illuminate
large areas of tissue, even can be made into a wearable device. Both lasers and LEDs achieve
biological regulation through low level of dose [6]. With higher anti-inflammatory effect and
healing simulation, PBM was widely used in clinical applications, such as thyroiditis, psoriasis,
and alleviation of muscle soreness [7]. Jeong et al. [8] observed the blue light could induce
apoptotic cell death by activating the mitochondria-mediated pathway and inhibit the growth
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of melanoma cells. Most of the blue light is used to inhibit cell proliferation and inactivate
important wound pathogenic bacteria [9], while red light is used to promote cell proliferation,
such as enhancing the angiogenic effect of mesenchymal stem cells [10] and could treat hair
loss effectively [11]. Besides, PBM is non-invasive and does not cause much damage to the
body like traditional therapy [12]. Unfortunately, the light parameters for treating melanoma are
still unclear. So, we studied the illumination parameters for treating B16F10 melanoma cells in
this paper and aimed at providing a reference for clinical treatment, and further analyzed the
mechanism of PBM.

The fundament of PBM is the light parameters. The parameters of the light include irradiation
time, irradiance (intensity, power density), wavelength, dose (energy density, fluence), and light
mode (continuous wave, pulsed light). As we all know, if incorrect parameters are applied, then
treatment may not be effective. PBM has a biphasic dose response. It will lead to no significant
effect or the opposite effect when dose (J/cm2) and irradiance (mW/cm2) are either too low or too
high [13]. Dyson et al. [14] treated macrophages with the same dose (J/cm2) but with varying
levels of irradiance(mW/cm2), and observed different results between the two parameters, 400
mW/cm2 promoted cell proliferation better than 800 mW/cm2 at a low dose (2.4 J/cm2), but
at a high dose (7.2 J/cm2), 800 mW/cm2 promoted cell proliferation better than 400 mW/cm2.
Raymond et al. [15] used a fixed dose of 5 J/cm2 and variable irradiance, ranging from 0.7 to
40 mW/cm2, observed that only with 8 mW/cm2 could be adequate for treating pressure ulcers
in the mice. These studies demonstrated the importance of illumination parameters in clinical
applications and there may be no treatment effect if incorrect light parameters are applied.
In our study, we used three different wavelengths of light (418 nm,457 nm, 630 nm) to treat

B16F10 melanoma cells and aimed to study the effects of different wavelengths of light on
B16F10 melanoma cells. Besides, we treated B16F10 melanoma cells by PBM with the same
dose but with different irradiance to study whether the effect of irradiance on cells was different
under the same dose. The results showed that blue light (418 nm and 457 nm) can inhibit
the growth and migration of B16F10 melanoma cells and the inhibited effect of 457 nm was
better than 418 nm. In addition, the effect of high irradiance on cell inhibition was better than
low irradiance at the same doses (0.04, 0.07, 0.14, 0.22, 0.30, 0.37, 0.45, 0.56 or 1.12 J/cm2).
Kleinpenning et al. demonstrated that blue light did not cause photo-ageing or DNA damage, thus
the utilization of blue light (short-term) in treating melanoma is safe [16]. Given that malignant
melanoma is a very harmful cancer, it is imperative to study the light parameters of PBM aimed
at providing a reference for clinical treatment.

2. Materials and methods

2.1. Cell Culture

B16F10 melanoma cells were purchased from Cellcook (Guangzhou, China) and cultured in
RPMI 1640 medium (Gibco, Logan, USA), supplemented with 1% streptomycin and penicillin
(HyClone, Logan, USA) and 10% fetal bovine serum (Gibco, Logan, USA). The cells were
maintained in 5% CO2 in a 37℃, humidified incubator (Qiqian, Shanghai, China), Subculturing
after approximately 2 days.

2.2. LED irradiation and their technical parameters

One day before light treatment, B16F10 melanoma cells were transferred to 96 well culture plates
containing 150 µL of medium/well seeded at a density of 5×103 cells/well after 24 hours. The
irradiation of PBMwas performed by using two blue continuous waves (wavelength: 418 nm, 457
nm) and a red continuous wave (630 nm) in a light humidified incubator (LightEngin technology,
Shanghai, China) (Fig. 1). In this experiment, we used three kinds of light parameters (Table 1).
Irradiance was measured by an optical power meter (Thorlabs, Newtown, USA). Firstly, three
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different wavelengths of light were used to treat B16F10 melanoma cells at different times (0 s,
450 s, 900 s, 1800 s) respectively under the same irradiance conditions (2.48 mW/cm2) (Table 1,
Parameter 1). Then, we treated B16F10 melanoma cells with different irradiance for the same
amount of time (450 s) (Table 1, Parameter 2). Finally, the B16F10 melanoma cells were treated
by the irradiance with 0.31, 0.62 and 0.93 mW/cm2 in the conditions of same dose to further
investigate the effects of low- irradiance treat on B16F10 melanoma cells (Table 1, Parameter 3).

Fig. 1. Light humidified incubator and spectrum of the respective LED light source. (A)
Light humidified incubator. (B) The spectra of blue light (418 nm,457 nm) and red light
(630 nm) used in this study. The LEDs light sources are on top of the incubator and can be
replaced.

Table 1. Experimental conditions

Parameter 1

Wavelength 418 nm 457 nm 630 nm

Irradiance(mW/cm2) 2.48

Time (s) 0 450 900 1800 3600

Parameter 2

Wavelength 457 nm

Time (s) 450

Irradiance(mW/cm2) 0 0.31 0.62 0.93 1.24 1.55 1.86 2.17 2.48 4.96 9.92 19.84

Parameter 3

Wavelength 457 nm

Irradiance(mW/cm2) 0.31

Time (s) 0 120 240 480 720 960 1200 1440 1800 3600

Dose (J/cm2) 0 0.04 0.07 0.15 0.22 0.30 0.37 0.45 0.56 1.12

Irradiance(mW/cm2) 0.62

Time (s) 0 60 120 240 360 480 600 720 900 1800

Dose (J/cm2) 0 0.04 0.07 0.15 0.22 0.30 0.37 0.45 0.56 1.12

Irradiance(mW/cm2) 0.93

Time (s) 0 40 80 160 240 320 400 480 600 1200

Dose (J/cm2) 0 0.04 0.07 0.15 0.22 0.30 0.37 0.45 0.56 1.12

Dose (J/cm2)= Irradiance (mW/cm2) x Time of irradiation (s)/1000. The results shall be quoted in two decimal places.
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2.3. Cell viability and inhibition

B16F10 melanoma cells inhibition rate was tested by CCK-8 assay (Dojindo, Shanghai, China)
as initially mentioned [17]. The CCK8 solution (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium) can be reduced to formazan dye with high water solubility
by dehydrogenase in cells under the action of 1-methoxy-5-methylphenazinium dimethyl sulfate
(1-methoxy PMS). The number of the generated formazan dye was directly proportional to the
number of living cells [18]. In brief, B16F10 melanoma cells were seeded in 96-well plates
(Corning Incorporated, Corning, USA). After 24 h, the 96-well plates were treated with light for
the above conditions. In the detection of cell viability, we used the medium with 10% serum. In
order to further studied the effect of different irradiance on the inhibition of melanoma cells, the
serum-free medium was used to eliminate the effect of serum on B16F10 melanoma cells before
the light treatment. 24 hours after the end of the light treatment, cell viability and inhibition
rate were measured with 10 µL/well CCK-8 solution and 100 µL/well medium, and then were
incubated for 1.5 h in a humidified incubator. Ultimately, the absorbance at 450 nm was measured
by a microplate reader (Thermo Scientific, Waltham, USA). The control group was also placed in
the light incubator, but the light source was turned off. The negative group was medium and
CCK-8 solution without cells. The cell inhibition rate was determined by using the formula:

Cell inhibition rate = [(Ac - As)/(Ac - Ab)]×100%

(As: the light-treated group, Ac: the control group, Ab: the negative group).

2.4. Temperature measurement

The temperature of the cell medium may change during irradiation, the temperature changes of
medium during irradiation at 418 nm, 457 nm and 630 nm (2.48 mW/cm2,60 min) (the maximum
dose in this study) were measured by thermal resistance thermometer (Shimaden, Tokyo, Japan).

2.5. Cell migration

B16F10 melanoma cells were seeded in 12-well plates. Cells were cultured until 90% confluence
and then wounded with a sterile 20 µL pipette tip. Cells were washed with PBS and cultured in
serum-free medium. Subsequently, the cells were treated for 450 s at 2.48 mW/cm2 (418 nm,457
nm and 630 nm). The wounds were photographed at baseline and 24 h later under microscope
bright field (Olympus BX53, Tokyo, Japan). The width of scratches was analyzed by Image J
(NIH, Bethesda, USA).

2.6. Measurement of intracellular ROS

The level of intracellular ROS was measured using the fluorescence probe (DCFH-DA) (Beyotime,
Shanghai, China). The B16F10 melanoma cells were treated by the irradiance with 0.31, 0.62
and 0.93 mW/cm2 in the dose (1.12 J/cm2) and 24 hours later ROS was detected, then incubated
with 20 µM/mL DCFH-DA in serum-free medium at 37°C for 30 min, the cells were washed
with PBS and observed with a fluorescence microscope at an emission wavelength of 500 nm
(Olympus BX53, Tokyo, Japan).

2.7. Measurement mitochondrial membrane potential (mt.∆Ψ)

Mitochondrial membrane potential kit with JC-1 (Jiancheng, Nanjing, China) was used to detect
the mt.∆Ψ. The B16F10 melanoma cells were treated by the irradiance with 0.31, 0.62 and 0.93
mW/cm2 in the dose (1.12 J/cm2) and 24 hours later MMP was detected, then incubated with
JC-1 fluorescent probe at 37°C for 25 min. Cells were washed three times with JC-1(1X) buffer
and observed with a fluorescence microscope at an emission wavelength of 510 nm and 580 nm
(Olympus BX53, Tokyo, Japan).
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2.8. Statistical analysis

All experiments were performed in triplicate. The results were analyzed by using the two-tailed
Student’s t-test or Mann-Whitney test by GraphPad prism (Version 6.02, GraphPad software, San
Diego, USA). P< 0.05 was designated to be significance.

3. Results

3.1. Blue light inhibited the growth of B16F10 melanoma cells

Under parameter 1 of light conditions (418 nm, 457 nm, 630 nm light treatment of cells for 450 s,
900 s, 1800 s, 3600 s at 2.48 mW/cm2), the CCK-8 assay for viability showed that the red light
(630 nm) had no effects on cell activity, but the blue light at 418 nm and 457 nm had a significant
light cytotoxicity on cells and the effect of killing cells increased with increased exposure time.
When blue light (418 nm, 457 nm) was treated for 1800 s, blue light almost killed the cells and
the effect between the results of 1800 s and 3600 s did not indicate any significant differences.
When treated at 418 nm and 457 nm for 900 s, the 457 nm blue light inhibited cell activity was
stronger than 418 nm significantly (p< 0.05) (Fig. 2). Therefore, the blue light (457 nm) was
chosen to treat melanoma cells in order to observe the effect of cells responses to PBM with
varying irradiance and dose in subsequent experiments.

Fig. 2. B16F10 melanoma cells were treated with light at 418 nm and 457 nm of blue, and
630 nm of red. The 630 nm had no effect on cells, 418 nm and 457 nm inhibited cells. At
900 s, 457 nm inhibited cells were better than 418 nm(p< 0.05).

3.2. Blue light inhibited the migration of B16F10 melanoma cells

Figure 3 shows that at irradiance of 2.48 mW/cm2 and an irradiation time of 450 s,418 nm and
457 nm significantly inhibited cell migration compared with the control group (p< 0.05), while
the effect of 630 nm on cells was not statistically different. This result demonstrated that 418 nm
and 457 nm inhibited the migration of B16F10 melanoma cells.

3.3. Temperature changes

Figure 4 shows under the condition of irradiance (2.48 mW/cm2), the temperature of the three
wavelengths (418 nm,457 nm and 630 nm) irradiation medium led to a slight increase, kept at
about 37℃±0.4℃, there was no significant difference in temperature changes produced by the
three wavelengths. This result demonstrated that the effect of LED (418 nm,457 nm and 630 nm)
on melanoma cells proliferation and migration was independent of the temperature change.
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Fig. 3. Cell migration results after irradiation for 450 s at 2.48 mW/cm2 (418 nm, 457 nm,
and 630 nm). (A) Photograph of cell migration, the area between the two yellow lines was
the wound area (B) Statistical analysis of migration ratio,*** p< 0.001

Fig. 4. In vitro cell culture temperature

3.4. The cell inhibition ratio increased with increased irradiance and dose

Under parameter 2 of light conditions, we treated the cells for 450 seconds under different
irradiance conditions with a 457 nm light source. We aimed to study the effect of different
irradiance on cell inhibition ratio under the same irradiation time. When the irradiance was from
0.31 to 1.55 mW/cm2, the cell inhibition ratio increased with increased irradiance. There was
no decrease in the inhibition rate of blue light with the increased of the irradiance and dose,
that indicated the B16F10 melanoma cells did not follow the biphasic dose response (stronger
stimuli will achieve an opposite response). However, when the irradiance was from 1.55 to 4.96
mW/cm2, the cell inhibition ratio was not remarkably increased. The effect of cell inhibition was
highest when the irradiance was 19.84 mW/cm2(Fig. 5).

3.5. Irradiance had an important effect on PBM

To further investigate the effect of low irradiance on B16F10 melanoma cells inhibition, we chose
three low irradiance (0.31, 0.62, 0.93 mW/cm2) to treat cells at constant dose (Table 1, Parameter
3). Under the condition of parameter 3, we treated cells with three low irradiance under different
doses (0, 0.04, 0.07, 0.15, 0.22, 0.30, 0.37, 0.45, 0.56 or 1.12 J/cm2) to further investigate the
effects of low irradiance on cells. We found that under the same dose, high irradiance had better
inhibition rate than low irradiance (Fig. 6,7).
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Fig. 5. Treatment of melanoma cells with various irradiance (0.31-19.84 mW/cm2) for 450
seconds, the inhibition ratio of the control group was 0.

Fig. 6. The inhibition ratio of cells treated with three different irradiance (0.31,0.62,0.93
mW/cm2) at the same doses (0, 0.04, 0.07, 0.15, 0.22, 0.30, 0.37, 0.45, 0.56 or 1.12 J/cm2),
the inhibition ratio of the control group was 0.

3.6. PBM increased ROS production

Many researchers have found that PBM can increase intracellular ROS in vitro [19,20]. However, it
is still unclear about the ROS content produced by different irradiance at the same dose. Therefore,
we detected ROS content produced by three different irradiance (0.31, 0.62, 0.93mW/cm2) at
dose of 1.12 J/cm2. Interestingly, we found that different irradiance produced different levels of
ROS at the same dose and the high irradiance produced more reactive oxygen than low irradiance.
0.31, 0.62, 0.93mW/cm2 gave a robust increase in ROS production (p< 0.05) (Fig. 8).

3.7. PBM resulted in mitochondrial dysfunction

Since mitochondria are the primary place of ROS generation [21], we further studied the effects
of three different irradiance (0.31, 0.62, 0.93 mW/cm2) on mitochondrial function at the dose of
1.12 J/cm2. Interestingly, the results are consistent with ROS production. When the mitochondrial
membrane potential is high, JC-1 mainly exists as aggregates with red-fluorescent. When the
mitochondrial membrane potential is low, JC-1 mainly exists as monomer with green-fluorescent,
so the mitochondrial membrane potential can be measured by the relative ratio of red-green
fluorescence [22]. With the increased of irradiance, the role of PBM in inhibiting mitochondrial
function was more pronounced. The inhibition effects of 0.31, 0.62 and 0.93 mW/cm2 on
mitochondrial function were more and more obvious (p< 0.05) (Fig. 9).
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Fig. 7. The inhibition ratio of cells treated with three different irradiance (0.31,0.62,0.93
mW/cm2) at the same doses (0, 0.04, 0.07, 0.15, 0.22, 0.30, 0.37, 0.45, 0.56 or 1.12 J/cm2),
the inhibition ratio of the control group was 0. * p< 0.05, ** p< 0.01, *** p< 0.001

Fig. 8. Effect of 457 nm irradiation on the production of ROS in B16F10 melanoma cells.
(A) Fluorescence of cellular reactive oxygen species (B) Statistical analysis of the average
fluorescence intensity of reactive oxygen species. * p< 0.05, *** p< 0.001
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Fig. 9. Effect of 457 nm irradiation on MMP in B16F10 melanoma cells. The higher
the irradiance, the more obvious the loss of MMP (mt.∆Ψ) (A) Fluorescence of MMP (B)
Statistical analysis of the fluorescence rate of MMP * p< 0.05, ** p< 0.01

4. Discussion

The findings demonstrated that blue light can inhibit the growth of melanoma. But it has still not
been fully understood that the effectiveness of PBM with the different kinds of wavelengths and
irradiance on the inhibition of melanoma. With regard to the irradiation could cause temperature
rise, in order to address this problem, we used accurate thermal resistance thermometer and
measured the temperature during the light irradiation. When the irradiance was at 2.48 mW/cm2

for 60 min (the maximum dose in this study), the temperature gain remained negligible, which
showed that the influence of temperature on the results can be ignored.
From a comparison of the effects of three wavelengths (418 nm and 457 nm of blue light,

and 630 nm of red light) under the condition of the same irradiance (2.48 mW/cm2), it was
found that 418 nm and 457 nm of blue light can inhibit the growth of melanoma cells, which
was consistent with the study by Ohara et al. [23]. Ottaviani et al. [24] discovered that laser
treatment (200 mW/cm2,800 nm and 970 nm,6 J/cm2) could inhibit tumor growth and invasion.
Sparas et al. [25] found that blue light (450 nm,10 J/cm2 and 20 J/cm2) was phototoxic for
B16F10 Murine Melanoma. Their works only studied the effects of a kind of light parameter on
melanoma cells, while we studied the effects of three light parameters (wavelength, dose, and
irradiance) on B16F10 melanoma cells. Intriguingly, we further found that the inhibition effect
of 457 nm was better than 418 nm at 900 s. Therefore, the optimum absorption wavelength of
B16F10 melanoma cells photoreceptors was proposed to be around 457 nm. We speculated that
this may be due to the best wavelength of B16F10 melanoma cells photoreceptor absorption
is near 457 nm. Opsins (OPNs) are potential receptors for PBM, and the optimal absorption
wavelength of OPN3 is 460 nm [26], which suggested that OPN3 may be one of the receptors for
the blue light to inhibit melanoma growth. In addition to OPN3, other chromophores such as
flavins (λabs= 400–500 nm) and metal-free porphyrins (λabs= 400–650 nm) can also absorb
blue light and produce ROS, which suggested that blue light may inhibit melanoma cell growth
by activating multiple photoreceptors [26,27].

The mechanism of PBM is that the light stimulates photoreceptors in cells, further activating
signaling cascades and downstream molecular mechanisms that lead to the cellular responses
[28]. Currently, the molecular targets of PBM include reactive oxygen species (ROS) [29],
cytochrome c oxidase (CCO) [30], flavoproteins [31], light-activated calcium channels [32],
nitrosated proteins [33]and Opsins [34]. ROS, nitrosated proteins and Opsins are associated with
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the blue light [22,33,34]. In this study, the wavelength of 457 nm was chosen to investigate the
effect of cells responses to PBM with varying irradiance and dose.
The effect of PBM on B16F10 melanoma cells is not only related to wavelength, but also

influenced by various irradiance and dose according to the subsequent experimental data. In this
study, the cells were treated for 450 seconds under different irradiance (0.31-19.84 mW/cm2)
with a 457 nm LED light source, and then demonstrated that the effects of inhibition were
dose-dependent. For comparing the effects of different irradiance of PBM on cells, the B16F10
melanoma cells were treated with different irradiance (0.31, 0.62 and 0.93 mW/cm2) at the same
dose. Consequently, we discovered that the inhibited ratio of high irradiance was highly effective
compared to the low irradiance. This result was consistent with previous studies. For example,
Young et al. [14] observed different results when macrophages were treated with the same dose
(J/cm2) but with different irradiance (mW/cm2). Peter et al. [35] compared the effects of different
irradiance (1.5 and 15 mW/cm2) of LLLT with a diode laser (daily dose 5 J/cm2) on healing skin
wound, and he also discovered the optimal irradiance was 15 mW/cm2. Raymond et al. [15] also
illustrated varying irradiance to achieve the same dose could affect phototherapy outcomes in
Murine Pressure Ulcer model. All the above results followed the Arndt–Shulz law [13] in which
insufficient irradiance will have no impact on the pathology and too much irradiance may have
inhibitory effects. We did not observe the opposite effects when we treated the cells at a higher
irradiance and dose, the inhibition of blue light on B16F10 melanoma cells increased with the
increased irradiance and dose.

Nevertheless, this biphasic curve does not apply to all kinds of cell types, especially those with
a spectrum of phenotypical responses, such as microglia. Sharma et al. presented that neurons
did not follow the Arndt–Shulz law, in which the production of NO and ROS in response to PBM
showed a dual maximum peak in expression [36]. We also discovered that B16F10 melanoma
cells may not apply to the Arndt–Shulz law. No matter how high the irradiance is, it will not
appear the biphasic curve. When analyzing the relationship between the efficiency of PBM
and optical parameters, we proposed that total delivered dose was not only the most important
consideration but also the irradiance and illumination time were the determining factors [37].
In order to further study the molecular mechanisms about the effects of different irradiance

on cells. We examined the ROS levels and MMP (mt.∆Ψ) after PBM. Our results indicated
the amount of ROS generated at lower irradiance (0.31 mW/cm2) was lower than generated
at higher irradiance (0.93 mW/cm2). And MMP decreased with increased irradiance, higher
irradiance was more likely to cause mitochondrial dysfunction. At present, many researchers have
discovered that high dose of light have deleterious effects on cells by producing large amounts of
ROS [38]. However, there are few studies on cellular reactive oxygen species levels caused by
different irradiance. Our results demonstrated that different irradiance can affect the cells by
altering the ROS levels and mitochondrial membrane potential. After the injury of excessive
ROS, the respiration of mitochondria was reduced and the MMP was decreased, which may
lead to cell apoptosis [39]. In the future, we need to study the effects of different irradiance on
cell inhibition by using ROS scavengers (such as ascorbic acid and N-acetylcysteine) which can
prevent ROS-induced oxidative stress and cell damage, and further verify whether it may lead to
apoptosis.
At present, lots of studies only changed the dose and wavelength to study the effect of PBM

on cell viability [40,41]. However, these studies ignored the influence of irradiance, while we
demonstrated that the irradiance has an important influence on PBM treatment of melanoma.
In order to better understand and verify the effect of irradiance on photobiomodulation, in vivo
animal studies and clinical trials are necessary. We will further verify the role of irradiance in
photobiomodulation through animal experiments in the future. We believe that our findings
will have a potential clinical significance. These results will provide a reference for the clinical
selection of appropriate PBM parameters.
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5. Conclusions

Our findings demonstrated that blue light inhibited the growth of the B16F10 melanoma cells,
and we also discovered that the inhibition of blue light on cells in high irradiance was better
than low irradiance at a constant irradiance (0,0.04, 0.07, 0.15, 0.22, 0.30, 0.37, 0.45, 0.56 or
1.12 J/cm2). This may be because high irradiance at the same dose will produce more ROS than
low irradiance, and excessive ROS are more likely to cause mitochondrial dysfunction and cell
death. In a constant total dose, the irradiance was a major factor which determined the quality
and quantity of the response. However, as the dose increased, the inhibition of cells did not show
a decreasing trend, which failed to follow the “Arndt-Schulz Law” (stronger stimuli will achieve
a negative response).
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