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Objectives: Low-level laser therapy (LLLT) is a promising non-invasive treatment option

for oropharyngeal mucositis, which is a common side effect of many oncological

treatments. LLLT is known for its wound healing properties due to the stimulation

of cellular processes, such as proliferation, migration and differentiation. Controversy

exists on the possible stimulatory effect of LLLT on head and neck cancer (HNSCC)

cells in patients treated with radiotherapy. The aim of this study was to evaluate the

biostimulatory effect together with the underlyingmechanisms of LLLT on HNSCC cancer

cells and normal epithelial cells.

Materials and methods: HNSCC cell lines (SCC154, SQD9, and SCC61) and human

tonsil epithelial cells were exposed to a Gallium-Aluminum-Arsenide diode laser (830 nm,

150 mW) with energy densities of 0, 1, and 2 J/cm². The proliferation potential of the

cells was assessed by Sulforhodamine B assay, immunoblotting (mitogenic pathways),

immunocytochemistry (Ki67), and flow cytometry (PI cell cycle staining).

Results: Cell proliferation was increased in HNSCC cell lines after laser irradiation with

1 J/cm², whereas no significant increase was seen after laser irradiation with 2 J/cm².

In contrast, no effect on cell proliferation was seen in the human tonsil epithelial cells

after laser irradiation with any of the energy densities. The increased proliferation was

associated with elevated levels of pAKT, pERK, and Ki67 protein expression and cell

cycle progression.

Conclusion: Our results show that LLLT increases cell proliferation in a dose-dependent

manner in HNSCC cells but not in normal epithelial tonsil cells. These results suggest

that LLLT has to be used with caution when treating oropharyngeal mucositis in HNSCC

patients since tumor cells present in the LLLT irradiation field could be triggered by LLLT.

Keywords: head and neck cancer, radiotherapy, low-level laser therapy, proliferation, in vitro, oropharyngeal

mucositis

INTRODUCTION

Oropharyngeal mucositis (ORM) is one of the most common complications in head and neck
squamous cell carcinoma (HNSCC) patients treated with radiotherapy (RT) or chemoradiotherapy
(1, 2). ORM progresses over time ranging from erythematous mucosal changes, in case of a mild
disease, to ulcerative lesions, in case of a severe disease (3–5). Moreover, ORM is often associated
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with pain, dysphagia, dehydration, micronutrient deficiencies,
weight loss, and can lead to life-threatening aspiration (4). All
these complications have an unfavorable effect on the quality of
life of patients (3).

Low-level laser therapy (LLLT) is being studied as a non-
invasive treatment option for ORM (3, 5, 6). Initial clinical
studies show promising results in the reduction of pain and
improvement of the quality of life after LLLT treatment (7–12).
However, no guidelines for LLLT delivery in HNSCC patients
undergoing RT have been established so far partly because the
molecular basis on several cell types is not fully elucidated.

Several in vitro and in vivo studies show that LLLT
is correlated with accelerated wound healing due to the
stimulation of cellular processes such as migration and cell
differentiation (13–16). It is also found that the respiratory chain
in mitochondria is stimulated by LLLT, which results in an
increased ATP production and therefore results in increased
DNA, RNA and protein synthesis (17, 18). In addition, LLLT
is known to increase cell proliferation, leading to the undesired
risk of stimulating the proliferation of cancer cells (4, 13). This is
especially important in HNSCC, where the LLLT irradiation field
comprises the primary tumor region in most of the cases, leading
to (accidental) exposure of tumor cells to LLLT (4, 5). Therefore,
the aim of this study was to evaluate the biostimulatory effect
together with the underlying mechanisms of LLLT on HNSCC
cancer cell lines and on normal epithelial cells.

MATERIALS AND METHODS

Cell Lines and Reagents
The SCC154 cell line was purchased from the German collection
of micro-organisms and cell cultures (DSMZ). Cell lines SQD9
and SCC61 were a generous gift from Dr. A. Begg, the
Netherlands Cancer Institute Amsterdam. SCC154 was cultured
and maintained in Minimum Essential Medium (MEM, Thermo
Fisher Scientific) supplemented with 10% Fetal Bovine Serum
(FBS), 1% L-glutamine and 1% non-essential amino acids. SQD9
and SCC61 were cultured andmaintained in Dulbecco’sModified
Eagle Medium (DMEM, Thermo Fisher Scientific) supplemented
with 1% sodium pyruvate (Life Technologies). Human Tonsil
Epithelial Cells (HTEpiC) were purchased from ScienCell
Research Laboratories and were cultured in Tonsil Epithelial
Cell medium-basal (TEpiCM-b, ScienCell Research Laboratories)
supplemented with 1% Tonsil epithelial cell growth supplement
(ScienCell) and 1% penicillin/streptomycin (ScienCell). All cell
lines were incubated on 37◦C and passaged via trypsinization.

Low-Level Laser Irradiation
Cells were seeded and irradiated after 24 h with a Gallium-
Aluminum-Arsenide (AsGaAl) diode laser (830 nm, 150 mW,
Diobeam 830, CMS Dental DK-2300 Copenhagen S, Denmark).
Cells were divided in a control group, not submitted to laser
irradiation, and two treatment groups, irradiated with energy
densities of 1 and 2 J/cm². These laser irradiation parameters
were chosen based on previous in vitro studies, which showed
positive biostimulatory effects on cell proliferation with energy
densities varying between 0.5 and 4.0 J/cm² (13, 17, 19). Laser
irradiation was performed at the bottom of the well and the

other wells were covered up to prevent scattering. Additionally,
LLLT was performed in partial darkness to eliminate influences
from other light sources as described in the paper of Gomes
Henriques et al. (17). Forty-eight hours after laser irradiation,
cellular proliferation was assessed with sulforhodamine B assay
as previously described (20).

Cell Cycle Analysis
Cells treated with energy densities of 0, 1, and 2 J/cm², were
used for cell cycle analysis. Cells were fixed 24 h after treatment
with 70% ethanol and stained with 10µg/ml propidium iodide
(PI) containing 100µg/ml RNase A. Cell cycle distribution was
assessed by BD FACSVerse.

Immunoblotting
Forty-eight hours after laser irradiation, nuclear proteins were
extracted with RIPA buffer containing protease and phosphatase
inhibitors (Roche). Protein concentrations of all samples were
determined using Bradford method with Albumin Bovine Serum
(Sigma-Aldrich). Ten Microgram of protein was loaded on Bis-
Tris or Tris-Acetate gels (NuPAGE, Thermo Fisher Scientific)
and transferred onto a PVDF membrane. After blocking with
5% non-fat dry milk, the membranes were incubated overnight
on 4◦C with primary antibodies against AKT (Cell Signaling
Technologies), pAKT Ser473 (Cell Signaling Technologies), ERK
1/2 (Cell Signaling Technologies), pERK 1/2 Thr202/Tyr204
(Cell Signaling Technologies), and vinculin (Sigma-Aldrich);
followed by incubation with secondary antibodies for 1 h. Protein
bands were detected with enhanced chemiluminiscence (ECL),
visualized with Image Reader LAS3000 and densitometry was
performed with ImageJ. Protein levels were corrected to vinculin
and their unphosporylated forms.

Immunocytochemistry
Cells were seeded on coverslips and LLLT was applied. Forty-
eight hours after laser irradiation, cells were fixed with 4%
paraformaldehyde acid for 10min and washed with ice cold
methanol at−20◦C for 15min. Ki67 antibody (RM-9106-R7,
Thermo Scientific) was incubated for 30min. Hereafter, cells
were incubated with secondary HRP antibodies for 30min. Cells
were analyzed using a light microscope (Olympus). Scoring of
Ki67 and mitotic figures was performed in 10 fields with a
magnification of 200X by two independent observers.

Statistical Analysis
Statistical analysis was performed by a two-sided student t-test
and were considered statistically significant for p < 0.05.
Graphpad prism 5 software (GraphPad Prism software Inc., San
Diego, California, USA) was used.

RESULTS

LLLT Results in a Dose-Dependent
Increase in the Proliferation Rate of
HNSCC Cell Lines
LLLT was applied with two energy densities, 1 and 2 J/cm²,
to human epithelial tonsil cells (HTEpiC) and HNSCC cell
lines and the proliferation rate was observed 48 h after laser
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irradiation. Laser irradiation at an energy density of 1 J/cm²
significantly increased cell proliferation in SCC154 (p = 0.0028)
cells with 1.28-fold and in SQD9 (p= 0.0277) cells with 1.17-fold
(Figures 1A,B). A non-significant (p = 0.0519) increase of 1.20-
fold was seen in the proliferation rate of SCC61 cells after laser
irradiation with 1 J/cm² (Figure 1C). Irradiation with an energy

density of 2 J/cm² resulted in a slight increase in proliferation
in the three HNSCC cells (Figures 1A–C), however this did
not reach statistical significance. The increased proliferation of
cancer cells after LLLT is in concordance with the absence of cell
cycle arrest in SCC154 (Figure 2A) and SQD9 (Figure 2B) cells
after treatment with both energy densities. The cell proliferation

FIGURE 1 | LLLT stimulates the proliferation rate of HNSCC cell lines. (A) Relative cellular survival of head and neck squamous cell carcinoma (HNSCC) cell line

SCC154 after irradiation with energy densities of 0, 1 and 2 J/cm². (B) Relative cellular survival of HNSCC cell line SQD9 after irradiation with energy densities of 0, 1

and 2 J/cm². (C) Relative cellular survival of HNSCC cell line SCC61 after irradiation with energy densities of 0, 1 and 2 J/cm². (D) Relative cellular survival of human

epithelial tonsil cells (HTEpiC) after irradiation with energy densities of 0, 1, and 2 J/cm². (A–D) Data is presented as the mean ± s.e.m. for 4 independent experiments

for HNSCC cells and for 3 independent experiments for the HTEpiC cells. *p-values <0.05 were calculated by a two-tailed t-test.

FIGURE 2 | LLLT does not induce cell cycle arrest in HNSCC cells. (A) The percentage cells (%) of head and neck squamous cell carcinoma (HNSCC) cell line

SCC154 distributed in cell cycle phases are shown after irradiation with energy densities of 0,1, and 2 J/cm². (B) The percentage cells (%) of HNSCC cell line SQD9

distributed in cell cycle phases are shown after irradiation with energy densities of 0, 1, and 2 J/cm². (A,B) Data is presented as the mean ± s.e.m. for 3 independent

performed experiments.
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rate of HTEpiC cells was not affected by any of the energy
densities applied (Figure 1D).

LLLT Enhances Proliferation Through
Activation of Mitogenic Pathways
To verify the increase in proliferation rate seen in cancer cells
after LLLT treatment, we assessed the mitotic figures and Ki67
levels. We found that Ki67 and the mitotic figures significantly
increased in the SQD9 cells treated with an energy density of
1 J/cm² compared to the controls, with 1.30 (p = 0.0245) and
1.22 (p = 0.0164) fold respectively (Figures 3A–E). In addition,

energy density of 2 J/cm² significantly increased Ki67 levels
(p= 0.0164), however this was not seen in the number of mitotic
figures (Figures 3A–E).

It is previously described that LLLT can activate the
proliferation of cells through stimulating mitogenic pathways,
such as the PI3K andMAPK/ERK pathways (13). To evaluate the
activation of these pathways, we assessed the protein expression
levels of pAKT and pERK in HNSCC and HTEpiC cells. In
concordance with the proliferation and cell cycle analysis, LLLT
resulted in a 1.40-fold increase in pAKT and a 1.28-fold increase
in pERK protein levels after applying an energy density of 1 J/cm²

FIGURE 3 | LLLT induces proliferation via increase of Ki67 levels and mitotic figures in HNSCC SQD9 cell line. (A) The percentage of Ki67 staining in SQD9 cells after

irradiation with energy densities of 0, 1 and 2 J/cm². (B) The number of mitotic figures present in SQD9 cells after irradiation with energy densities of 0, 1, and 2 J/cm².

(C) Ki67 and mitotic figure staining in SQD9 cells after irradiation with an energy density of 0 J/cm². (D) Ki67 and mitotic figure staining in SQD9 cells after irradiation

with an energy density of 1 J/cm². (E) Ki67 and mitotic figure staining in SQD9 cells after irradiation with an energy density of 2 J/cm². (A,B) Scoring of Ki67 staining

(RM-9106-R7, Thermo Scientific) and mitotic figures was performed in 10 fields with a magnification of 200X by 2 independent observers. *p-values <0.05 were

calculated by a two-tailed t-test. Scale bar = 100µm.

FIGURE 4 | LLLT induces pAKT and pERK expression in HNSCC cell lines. (A) Immunoblotting of SCC154 and SQD9, and HTEpiC after 48 h of irradiation with

energy densities of 0, 1, and 2 J/cm² with the indicated antibodies. (B) Relative expression levels of pAKT and pERK after treatment with indicated energy densities in

SCC154 cells. (C) Relative expression levels of pAKT and pERK after treatment with indicated energy densities in SQD9 cells. (B,C) The relative expression levels

were corrected to the loading control and unphosphorylated proteins.
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in SCC154 cells (Figures 4A,B andData Sheet 1). In SQD9 cells,
LLLT resulted in a 1.47-fold increase in pAKT and a 1.77-fold
increase in pERK protein levels after irradiation with an energy
density of 1 J/cm² (Figures 4A,C andData Sheet 1).

In contrast, LLLT with an energy density of 2 J/cm²
decreased pAKT expression levels with 0.77- and 0.92-fold
in SCC154 and SQD9 cells respectively (Figures 4A–C
and Data Sheet 1). In addition, pERK expression levels
decreased with 0.35-fold in SCC154 and 0.88-fold in SQD9
cells after laser irradiation with 2 J/cm² compared to the
untreated SCC154 and SQD9 cells (Figures 4A–C and
Data Sheet 1). No consistent changes in the pAKT and
pERK protein levels were observed after LLLT treatment in
the HTEpiC cells (Figure 4A and Data Sheet 1), which is
in concordance with the absence of LLLT related effects on
proliferation.

DISCUSSION

Currently, LLLT is widely used to treat HNSCC patients with
ORM to improve wound healing and diminish pain. Because oral
mucositis in HNSCC patients, is the most severe in the region
where the primary tumor is present (due to the high dose of
ionizing irradiation to these tissues), tumor cells can be present
in the LLLT treatment field and cancers cells could be undesirably
exposed to laser irradiation (4, 5). Hence, controversy exists
on the possible stimulatory effect of LLLT on HNSCC cells in
patients treated with RT and the use of LLLT as a treatment
option for ORM in the setting of curative radiotherapy for
HNSCC.

In this study, we assessed the effect of LLLT on HNSCC
cancer cells and human epithelial tonsil cells after exposure to
energy densities of 1 and 2 J/cm². Irradiation of HNSCC cancer
cells resulted in an increased proliferative activity with an energy
density of 1 J/cm² (Figure 1–3). Exposure to an energy density of
2 J/cm² resulted in a slight increase in the proliferation of cancer
cells, although not statistically significant. These results are in line
with previous performed studies. The study of de C. Monteiro
et al. (21) showed in vivo progression after LLLT (56.4 J/cm²)
of chemically induced squamous cell carcinoma, in the oral
cavity of hamsters. Gomes Henriques et al. reported increased
proliferation and invasion properties of SCC cells irradiated with
LLLT at low energy densities (0.5 and 1 J/cm²) in a dose and
time-dependent manner (17). In addition, the study of Kara et
al. (22) showed that LLLT can increase the proliferation rate of
cancer cells dependent on the power output (0.5, 1, and 2W)
and the number of applications (1, 2, and 3 times). As previously
mentioned, LLLT is used to stimulate wound healing and is
thereby applied to a various number of cells, as well as epithelial
cells. We found that LLLT did not affect the proliferation rate
of epithelial tonsil cells with any of the used energy densities
(Figure 1). These results are in line with the findings of Basso

et al. (15) and Schartinger et al. (4) where irradiation with LLLT
did not stimulate proliferation of epithelial cells.

The exact molecular mechanisms whereby LLLT induces
cell proliferation are currently not fully known as previously
mentioned (13). In this study, we investigated the effects of
LLLT on the mitogenic pathways. Our results show that LLLT
at an energy density of 1 J/cm² has the potential to elevate
pAKT and pERK protein levels (Figure 4). This is in line with
studies showing that PI3K and MAPK/ERK can be stimulated by
LLLT (13).

The study of Zhang et al. (23) showed that LLLT at an
energy density of 1.2 J/cm² can stimulate AKT activation via
the PI3K pathway and thereby promote cell proliferation. AKT
serine/threonine protein kinases are important for the regulation
of cellular processes such as proliferation (23). In addition, Gao
et al. (24) showed that LLLT can activate the RTK/PKCs signaling
pathway to promote cell proliferation which in turn can activate
AKT (13, 24).

The study of Shefer et al. (25) showed that LLLT increases
cell proliferation by activation of ERK protein. The MAPK/ERK
pathway is an important pro-survival pathway which can
be activated in response to a diverse range of extracellular
stimuli and plays an important role in cellular proliferation
(13).

In summary, our results show that LLLT increases cell
proliferation in a dose-dependent manner in HNSCC cells but
not in normal epithelial tonsil cells. These results suggest that
LLLT has to be used with extreme caution in HNSCC patients
undergoing curative (C)RT since tumor cells present in the
LLLT irradiation field could be activated by LLLT. Consequently,
the fact that a broad range of biological activities ascribed to
LLLT are also associated with negative tumor behaviors, the
use of LLLT over a tumor site should be considered a contra-
indication.
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