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ABSTRACT

Objective: This study evaluated the effect of laser photobiomodulation (PBM) on oral leukoplakia and squamous
cell carcinomas (OSCC) in a model of oral carcinogenesis.

Materials and Methods: Forty-one C57Bl/6 female mice were distributed in control group, 4-NQO group, Laser
group 1.5 J and Laser group 9 J. Oral cancer was induced on the tongue by nitroquinoline oxide (4-NQO), diluted
in the water for 16 weeks. In the 18th and 19th weeks, PBM with a diode laser, 0.028 cm? spot size, continuous
emission mode, 660 nm wavelength was applied on the tongue of animals for seven sessions. Laser group 1.5 J
received 30 mW power and 1.5 J energy. In the Laser group 9 J, 100 mW power, and 9 J energy were applied. In
the 20th week the animals were euthanized.

Results: All animals exposed to carcinogen developed clinical and histological alterations such as leukoplakia and
OSCC on the tongue. There was no significant difference among Laser groups 1.5 and 9 J and 4-NQO group (not
irradiated) regarding the area of leukoplakia and carcinomas (P > 0.05) or thickness of epithelial tissue and
keratin (P > 0.05). There were also no association between PBM and histologic classification of the lesions (P =
0.87), frequency of OSCC (P = 0.57), grade of tumor differentiation (P = 0.88) or depth of invasion (P = 0.45).
Conclusion: Laser PBM, in both parameters used, does not influence on clinical and histological characteristics of
oral leukoplakia and OSCC.

Clinical Relevance: Results suggest that PBM may be a safe treatment for adverse effects of antineoplastic ther-
apies in patients with leukoplakia and OSCC.

1. Introduction

demonstrated in the literature, the Multinational Association of Sup-
portive Care in Cancer (MASCC) and International Society of Oral

Squamous cell carcinoma is the most frequent neoplasm of the oral
cavity, with high rates of incidence, morbidity and mortality in the
world population over the years [1]. The main treatments modalities for
this neoplasm are still surgical resection, radiotherapy and chemo-
therapy, alone or in association [2]. These therapies have important
adverse effects such as oral mucositis (OM), a debilitating condition,
which clinically presents as areas of erythema, erosion and ulceration of
the mucosa, in different degrees of severity. It causes painful symp-
tomatology and dysphagia, and can result in weight loss, malnutrition
and susceptibility to opportunistic infections [3]. In recent years there
has been an increase in the use of laser photobiomodulation (PBM) for
the management of OM [4-8]. Based on its positive effects, already

Oncology (ISO0) indicate the clinical use of PBM for the management of
OM. However, due to the limited number of clinical studies proving the
safety of application on tumor cells, they recommend its use with
caution and away from these areas [6].

PBM is a therapeutic modality capable of altering biological activity
by photon energy [9]. Light energy interacts with the tissue and pro-
motes effects analgesic, anti-inflammatory and tissue biomodulation
that can assist in the process of tissue repair [6,10]. In addition, it is
considered a non-invasive therapy, not present cytotoxic effects or drug
interaction, has easy application and good acceptance by patients in
clinical practice [7,11]. Nevertheless, little is known about its action on
dysplastic and neoplastic cells. In vitro studies show controversial
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results, while some demonstrate inhibitory effects on tumor cells, others
show stimulatory effects on tumor progression [12-14]. However, these
models show little similarity to the pathophysiological conditions of an
organism, in addition to limited cellular interactions [14,15].

So far, only two in vivo studies have analyzed the effect of laser PBM
in a model of oral carcinogenesis [16,17]. The results obtained were
opposite, one of the studies showed an increase in the degree of tumor
differentiation [17], while the other showed a reduction in the incidence
of carcinomas in situ and invasive, with the PBM [16]. As they were
developed in different experimental models, with different chemical
carcinogenic and irradiation parameters, it is not possible to carry out an
effective comparison between them [12]. Furthermore, studies suggest
that the laser may have a biphasic effect, demonstrating different tissue
responses with different radiation parameters [18,19].

Therefore, considering the benefits of laser PBM in the management
of OM in patients with head and neck cancer and the inconclusive results
about the effects of this therapy in oral epithelial dysplasia or in tumor
cells, this study aimed to evaluate the effect of laser PBM at the red
wavelength (660 nm) in a model of 4-NQO-induced oral carcinogenesis
in mice.

2. Materials and Methods
2.1. Animals

The sample consisted of 48 C57Bl/6 female mice (8-week-old),
weighing 15 to 20 g, obtained from the Center for Experimental Bio-
logical Models (CeMBE/PUCRS, Porto Alegre, RS, Brazil). The study was
approved by the Ethics Committee on Animals Use (CEUA) of Pontifical
Catholic University of Rio Grande do Sul (PUCRS), Brazil (protocol
number #10277). From 48 mice, one died due to malocclusion, three
from stress during laser protocol and three developed cachexia
throughout the experiment. Therefore, 41 animals were included in the
analysis. They were housed in standard micro-isolators (five per cage),
equipped with inlet/outlet air filters, under controlled temperature (23
+ 1 °C) and humidity (50 + 5%), and a light- dark cycle of 12 h (lights
on at 7 a.m., lights off at 7 p.m.). The cages were filled with autoclaved
wood chip bedding. The animals received Nuvilab-Crl pelleted food
(Nuvilab, Colombo, PR, Brasil) and sterile water ad libitum. They were
submitted to a period of acclimatization of approximately 10 days.
Animals were weighed weekly and before euthanasia [16].

2.2. Oral Carcinogenesis Model and Experimental Protocol

Oral carcinogenesis was induced with nitroquinoline oxide (4-NQO —
Sigma, St. Louis, USA) dissolved in propyleneglycol (4 mg/ml) and
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N=9) N =10)
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Week 0
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End of administration of
propyleneglycol
|
Weeks 18 and 19
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diluted in water with a final concentration of 50 pg/ml. It was admin-
istered through water ingestion for 16 weeks. In the 17th week, the
administration of 4-NQO was interrupted, and only water ad libitum was
available to the animals. The protocol of oral carcinogenesis was per-
formed according to the methodology described by Ottaviani et al. [16],
which has been used in the induction of oral squamous cell carcinoma,
that present a similar appearance to human carcinoma.

Animals (N = 41) were randomized into four groups: control group
(N = 9) received propyleneglycol, for 16 weeks in the drinking water
(50 pg/ml); 4-NQO group (N = 10) received 4-NQO (50 pg/ml) in the
drinking water; Laser group 1.5 J (N = 12) received 4-NQO (50 pg/ml)
and PBM with 1.5 J energy; Laser group 9 J (N = 10) received 4-NQO
(50 pg/ml) and PBM with 9 J energy (Fig. 1).

2.3. Laser Photobiomodulation Therapy

In the 18th and 19th weeks, Laser groups 1.5 J and 9 J received PBM
with a diode laser, active medium of indium gallium aluminum phos-
phide (InGaAlP) (Photon Lase III — DMC Ltda, Sao Carlos, SP, Brazil),
0.028 cm? spot size. In the Laser group 1.5 J the continuous emission
mode was used, 660 nm wavelength, 30 mW power, 1.5 J energy per
point, 1071.42 mW/cm? power density, 53.57 J/cm? energy density for
50 s, parameters similar to Monteiro et al. [17] and Petrellis et al. [20],
with some modifications. In the Laser group 9 J, continuous emission
mode was used, 660 nm wavelength, 100 mW power, 9 J energy per
point, 3571.42 mW/cm? power density, 321.42 J/ cm? energy density
for 90 s, parameters similar to Ottaviani et al. [16] and Frigo et al. [21],
with modifications (Table 1).

The laser PBM occurred at one point on the dorsum of tongue. For
laser application mice were restrained by the scruff method. The spot tip
was placed in contact with the mucosa in an angle as perpendicular as
possible, minimizing refraction (Fig. 2). We used a power meter to check
the output power. The groups performed the treatment for two weeks,

Table 1
Irradiation parameters for the different groups.
Group Wavelength Energy Energy Power Power Time
(nm) Density (6)) (mW) Density (s)
(J/em?) (mW/
cm?)
Control 660 53.57 1.5 30 1071.42 50
4-NQO - - - - - -
Laser 660 53.57 1.5 30 1071.42 50
1.5J
Laser 9 660 321.42 9 100 3571.42 90
J
Laser group 1.5 J Laser group 9 J
(N=12) N=10)
Week 0

Administration of nitroquinoline oxide (4-NQO)

I I
Week 16

End of oral carcinogenesis induction protocol

Weeks 18 and 19
Laser PBM (7 sessions)

Week 20
Euthanasia; clinical analysis; tissue collection

Fig. 1. Protocol performed in the experiment.
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Fig. 2. Laser irradiation. (A) 4-NQO group without laser activation. (B) Irradiation on the dorsum tongue in 1.5 J laser group. A clamp was used to facilitate opening

the mouth and gauze to avoid irradiation in the eyes.

on alternate days, completing seven sessions. Sham laser irradiation was
performed in 4-NQO group. Animals were restrained by the scruff
method, and the spot tip was placed in contact with the mucosa, how-
ever laser appliance was not activated. The control group was irradiated
with the same parameters of the Laser group 1.5 J.

2.4. Euthanasia, Clinical Analysis and Preparation of Tissue

After the photobiomodulation protocol, at 20th week, the animals
were euthanized with an overdose of deep inhalation anesthesia using
4% isoflurane. Immediately after euthanasia, clinical evaluation was
performed by a blinded examiner, who evaluated the presence of exo-
phytic lesions, compatible with squamous cell carcinomas, and leuko-
plastic lesions on the oral mucosa. The tongues were photographed in a
standardized way and the images saved in TIFF format for macroscopic
analysis. They were collected and immediately fixed in 10% formalde-
hyde, for 24 h.

Macroscopic analysis of the leukoplakias and neoplastic lesions of
the tongue was performed by a blind examiner. Previously, the examiner
was calibrated by analyzing 10 images in duplicate at a one-week in-
terval. The measurement of the tumor area as well as of the leukoplakias
areas was calculated, by using Image J Software (NIH, Bethesda, MD,
USA).

2.5. Histological Analysis

The tongue specimens were subjected to routine histological pro-
cessing and embedded in paraffin. Sections of 3 pm thick were obtained
and stained with hematoxylin and eosin (H&E). Histological analysis
was performed by one calibrated and blinded examiner, using a BX50
Olympus binocular microscope (Olympus, Tokyo, Japan). Intra-
examiner calibration was performed by reanalysis of 10 slides with an
interval of seven days between observations. The histological sections
were examined in their entirety and were classified into four groups: no
changes; hyperkeratosis and acanthosis; epithelial dysplasia and squa-
mous cell carcinoma [22].

In addition, the squamous cell carcinomas were analyzed to verify
the existence of rupture of the basal membrane and were classified ac-
cording to the degree of differentiation in well-differentiated; moder-
ately differentiated and poorly differentiated [16,17,23]. In invasive
tumors, that is, in which there was rupture of the basal membrane, depth
of invasion (or tumor thickness) was measured from the tumor surface to
the deepest point of invasion by the Image J Software (NIH, Bethesda,
MD, USA), under 200 X magnification. Tumor budding, defined as the
presence of a single cancer cell or small cluster of <5 cancer cells at the

invasive front was also scored [24].

The thickness of the epithelium and keratin was analyzed in all the
samples, however, in animals that developed squamous cell carcinoma,
evaluation was performed in adjacent areas, where there was no
neoplasm. The thickness of the epithelium and keratin were measure by
using the Image J Software (NIH, Bethesda, MD, USA), under 200 X
magnification. Three fields of the dorsum of the tongue were captured,
and three measurements were taken in each field. The mean of the nine
measurements was recorded for each specimen. The histological images
of the tongue dorsum were obtained with a microscope Axio Imager Al
coupled to an image capture system Axio Vision Rel. 4.4 Software
Multimedia (Carl Zeiss, Hallbergmoos, Germany).

2.6. Statistical Analysis

All data were analyzed using SPSS 18.0 software. Kruskal-Wallis non-
parametric ANOVA test, followed by the pair-by-pair comparison test,
was used to compare tumor and leukoplakia area, depth of invasion,
epithelium and keratin thickness, and body weight. Fisher's exact test
was used for the histological classification of lesions, presence of tumors
clinically and histologically detectable, and the grade of tumor differ-
entiation. P value <0.05 was considered as an indicative of significance.

3. Results
3.1. Clinical Evaluation

The induction of oral carcinogenesis in the 4-NQO group, Laser
groups 1.5 J and 9 J resulted in whitish plaques on the dorsum, edges
and ventral tongue of the animals, compatible with leukoplakia. Exo-
phytic whitish nodular lesions with irregular surface, sessile or pedun-
culated, located on the dorsum, edges and ventral tongue, and floor of
the mouth were also found (Fig. 3). These lesions were clinically
compatible with squamous cell carcinoma.

In the control group, no alterations were observed in the oral mucosa
of the animals. In the 4-NQO group, seven animals (70%) developed
clinical evidence of neoplasia, in the Laser group 1.5 J, five (41.6%)
mice had a tumor detected during the examination, and in the Laser
group 9 J, six (60%) animals developed those lesions. There was no
significant difference in the frequency of clinically detectable tumors
among the carcinogen-treated groups (p = 0.45).

Regarding the tumor and leukoplakia area, there were no significant
differences among the groups in which oral carcinogenesis was induced,
regardless of the laser PBM (p > 0.05). 4-NQO group (18.40 mm? +
4.34), Laser groups 1.5 J (15.19 mm? + 5.84) and 9 J (21.26 mm? +
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Fig. 3. Representative images of the tongues. Control animal treated with vehicle, without lesions (A). Animals treated with 4-NQO (50 pg/ml) in drinking water
showing leukoplakia on the dorsum of the tongue (B,C). Animals treated with 4-NQO presenting multiple neoplastic exophytic lesions with irregular surface on the

dorsum (D,E) and ventral tongue (F).

6.43) showed similar values regarding those variables (Fig. 4A).

The weight gain of the animals throughout the study was lower in the
4-NQO group (2.18 g + 2.12), Laser groups 1.5J (0.11 g +1.81) and 9 J
(1.90 g + 1.59), compared to control group (4.27 g + 2.41). Only Laser
group 1.5 J showed a significant difference compared to control group
(p < 0.05) (Fig. 4B).

3.2. Histological Analysis

There was a statistically significant increase in the thickness of the
epithelium and keratin in the dorsum of the tongue in 4-NQO (273.70
pm =+ 30.60), Laser 1.5 J (275.40 pm =+ 83.70) and Laser 9 J (256.90 pm
=+ 49.62) groups compared to control (108.00 pm + 27.85) (p < 0.001).
Nevertheless, no significant differences were observed among the
groups subjected to induction of oral carcinogenesis, receiving or not
PBM therapy (P = 0.89) (Fig. 4C-G).

In the control group, no alterations were observed in the histopath-
ological analysis (Fig. 5A). In the groups exposed to oral carcinogen, all
samples developed some epithelial histological alteration (Fig. 5B-F). In
the 4-NQO group, squamous cell carcinoma was detected in eight mice
(80%) and epithelial dysplasia in two (20%). In the Laser group 1.5 J,
carcinomas were observed in seven animals (58.3%), dysplasia in three
(25%) and hyperkeratosis and acanthosis in two (16.7%). In the Laser
group 9 J were also diagnosed seven carcinomas (70%), two dysplasias
(20%) and one hyperkeratosis and acanthosis (10%) (Fig. 6A). Fisher's
Exact test didn't demonstrated association between the histological
classification of lesions and laser PBM in animals subjected to induction
of oral carcinogenesis (X?4) = 2.084; p = 0.87) (Fig. 6A). In addition,
there was no association between the frequency of squamous cell car-
cinomas and PBM therapy (X(zz) = 1.202; p = 0.57) (Fig. 6B).

According to the Fisher's Exact test, it there was also no association
between the grade of tumor differentiation and PBM therapy (X(24) =
1824; p = 0.88) (Fig. 6C). Some tumors showed a proliferative growth,
without rupture of the basal layer, whereas others showed an invasive
character. There was no difference regarding this histological aspect

among the groups subjected to induction of oral carcinogenesis,
regardless of PBM therapy (p = 0.80, Fig. 6D). Depth of invasion (or
tumor thickness) was 0.508 mm (+ 0.284) in 4-NQO group, 0.340 mm
(+ 0.146) in Laser 1.5 J group, and 0.535 mm (4 0.213) in Laser 9 J
group. There was not significant difference between groups regarding to
depth of invasion (p = 0.455). Tumor budding were not detected in the
samples of squamous cell carcinoma.

4. Discussion

The present study evaluated the effects of laser PBM on leukoplakia
and oral squamous cell carcinomas in a 4-NQO-induced carcinogenesis
model. Laser with both parameters of energy, 1.5 J and 9 J, did not
change the frequency of clinically detectable tumors at the end of the
experiment. Despite the slight increase in the area of lesions in the Laser
9 J group, the area of leukoplakia and carcinomas also did not show any
changes with PBM in neither parameters. Our study is unprecedented in
performing this clinical analysis, as no in vivo study evaluating the ef-
fects of PBM on leukoplakia and oral carcinomas has analyzed the area
of clinically detectable lesions. The results showed that with low en-
ergies, like those used in the treatment of oral mucositis, and with high
energies, PBM did not change the clinical parameters of oral lesions
induced by 4-NQO.

Regarding the histopathological analysis, more cases of squamous
cell carcinomas were diagnosed compared to the clinical analysis. In the
1.5 J laser group, two more cases were detected and in the 4-NQO and 9
J laser groups, one more sample. As in previously published studies, in
this experiment all animals exposed to the carcinogen showed histo-
logical alterations in the tongue, which ranged from hyperkeratosis and
acanthosis, dysplasia to squamous cell carcinoma, with distinct grades of
differentiation [16,22,25]. PBM therapy did not change the histological
presentation of the lesions or the grade of differentiation of squamous
cell carcinomas. In addition, the data showed that the laser did not in-
fluence in the incidence of tumor invasion among the groups or depth of
invasion.
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Fig. 4. Effects of 4-NQO-induced oral carcinogenesis and photobiomodulation (PBM). (A) The tumor and leukoplakia area did not differ in animals carcinogen-
treated, receiving or not PBM. (B) Weight gain of C57Bl/6 mice throughout the study (A body weight). (C) Epithelium and keratin thickness in 4-NQO, Laser
1.5 J and Laser 9 J groups compared to the control group. (D-G) Representative images showing epithelium and keratin thickness (bidirectional arrow) in control (D),
4-NQO group (E), Laser group 1.5 J (F) and Laser group 9 J (G) (H&E staining). Original magnification 200 X, scale bar (—) 100 pm. ** p < 0.01 compared to

control group.

In contrast, Monteiro et al. [17] observed an increase in the histo-
logical grade of squamous cell carcinoma with laser PBM. However, in
his study, oral carcinomas were induced in the cheek pouch of golden
Syrian hamsters in an experimental model with 9,10-dimethyl 1,2-
benzanthracene (DMBA). The laser was applied for 133 s, with energy of
4 J, for four weeks, on alternate days. This carcinogenic model, induced
in hamster cheek pouch, does not represent the environmental in-
fluences occurred in the oral cavity. Besides, epithelium in this
anatomical region is thinner, compared to the epithelium of the oral
cavity in humans, which may justify the contrasting results [23,25]. In
the present study, we opted for the experimental model of induction of
oral carcinogenesis with 4-NQO in mice, as it presents good results
already described in the literature [16,22,25,26], added its similarity to
human carcinomas [22,25]. Futhermore, 4-NQO has advantages over
other chemical carcinogenesis such as DMBA, for being water-soluble,
allowing the administration in the drinking water, causing less stress
during the experiment [22,26].

Ottaviani et al. [16] also found that PBM with laser is a safety pro-
cedure in dysplastic and neoplastic lesions. The authors performed an in
vivo study in a 4-NQO-induced model of oral carcinogenesis. However,
different from our data, the authors observed a reduction in the
appearance of dysplastic lesions, close to the areas of carcinomas, in
addition to a lower incidence of in situ and invasive carcinomas. They

used irradiation substantially different parameters from those of the
present study such as infrared wavelength (970 nm), 2.5 W power, 75 J
energy, for 30 s, applied for four consecutive days. This extremely high
power may reduce the effect of photobiomodulation and cause thermal
alterations, which may explain the reduction of the incidence of the
lesions observed in the study by Ottaviani et al. [16]. Furthermore, these
parameters could not be used in the management of OM, as they are not
recommended by MASCC and ISOO. Nonetheless laser has biphasic ef-
fects, being able to demonstrate contrasting responses with different
doses in the same tissue [18,19]. For this reason, in the present study, we
opted to use two laser protocols, one with lower energy, similar to that
used in clinical practice, and the other with higher energy, which may
have inhibitory effects, without thermal effects.

In vitro studies as demonstrated by Gomes Henriques et al. [14]
tested two protocols of red laser on tumor cells (SCC25) with a 0.99 J
energy. A stimulatory effect on tumor proliferation and invasion
occurred. Our study, using an in vivo model of oral carcinogenesis, with
similar irradiation patterns, did not show significant differences in the
tumor incidence, invasion and differentiation. The difference among the
results can be attributed to the in vitro model, which show little simi-
larity to the pathophysiological conditions [14,15].

This study demonstrated multifocal leukoplastic and neoplastic le-
sions after the induction with 4-NQO in the drinking water (50 pg/ml),
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Fig. 5. Representative images of histological aspect of tongues after treatment with 4-NQO and vehicle. (A) Control group without alterations, sample treated with
vehicle. (B) Hyperkeratosis and acanthosis in group laser 1.5 J. (C) Epithelial dysplasia in group laser 9 J. (D) Squamous cell carcinoma with exophytic growth in
laser group 9 J. (E and F) Invasive squamous cell carcinoma in laser group 1.5 J. (H&E staining). Original magnification 100 X (A, D and E) and 200 X (B, C and F).

in the 20th week of the experiment. These lesions developed throughout
the entire dorsum of the tongue of animals. Furthermore, some of the
animals also developed lesions in the ventral tongue, in the edges of
tongue and in the mouth floor. Such lesions are compatible with what is
described in the literature using the same experimental model [16,22].
Therefore, we decided to assess the thickness of epithelium and keratin
from the dorsum of the tongue of the animals, in fields where there was
no squamous cell carcinoma. The data showed an increase in these
variables in the groups that used the carcinogen, but no differences
among them. This indicates that laser PBM, in the presented parameters,
does not have the ability to change the thickness of epithelium and
keratin. In vivo studies that evaluated the effects of PBM on oral carci-
nogenesis model did not analyze these parameters until then. On the
other hand, a study in a skin carcinogenesis model, which evaluated the
application of LED for 30 min, 642 nm wavelength, 21.6 J/cm? energy
density, demonstrated an increase in the thickness of the epithelium,
compared to the control group [27].

According to the literature, the induction of oral carcinogenesis with
4-NQO causes a drastic reduction in the weight of the animals [22]. At
the end of the experiment, the animals in the 4-NQO, laser 1.5 J and
laser 9 J groups showed lower weight gain than the control group.
Nevertheless, only the laser 1.5 J group differed statistically from the
control. In the laser 1.5 J group, some animals developed cachexia at the
end of the experiment. In the 4-NQO and laser 9 J groups, the condition
also developed, but the animals were euthanized before the end of the
experiment and were not included in the data analysis. Some of these
animals developed exophytic tumors of large proportions, causing dif-
ficulty in feeding, associated with cachexia. It is worth noting that the
present study presented limitations like the small sample and a short
time of follow-up after PBM therapy, which may be a factor to consider,
as tumor development and progression are time dependent
[22,23,25,28]. To overcome this limitation, it would be possible to

euthanize the animals at different times, that is, after the PBM protocol
(as performed) and a few months later. Thus, it would be possible to
evaluate the effects of PBM on tumor development and on clinical and
histological changes over the time. Another issue to be discussed is that
the carcinomas observed in this study had a leukoplakia and exophytic
clinical appearance. It would also be interesting to observe the effect of
PBM on lesions with an erythroplakia and endophytic clinical
appearance.

The laser PBM, in the parameters of the present study, did not show
significant influence in relation to the area of oral leukoplakia and
carcinomas, or in relation to the histological classification of lesions,
tumor incidence, grade of tumor differentiation, thickness of the
epithelium and keratin. This implies that laser PBM in these parameters
is not able to change the clinical and histopathological features of oral
squamous cell carcinomas and leukoplakia in the proposed model. There
is still a need for further studies, with a larger size sample, a longer
follow-up period after PBM therapy, and in other oral carcinogenesis
models.
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Fig. 6. Effects of 4-NQO-induced oral carcinogenesis and PBM therapy in the histological classification of lesions (A), tumor incidence (B) and grade of tumor
differentiation (C) in each group. Assessment of the frequency of invasive and proliferative carcinomas in the groups (D). ** p < 0.01.
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