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Abstract
Low-level laser therapy (LLLT) is a non-thermal phototherapy used in several medical
applications, including wound healing, reduction of pain and amelioration of oral mucositis.
Nevertheless, the effects of LLLT upon cancer or dysplastic cells have been so far poorly studied.
Head and neck cancer patients receiving LLLT for oral mucositis, for example, might have
remaining tumor cells that could be stimulated by LLLT. This study demonstrated that LLLT
(GaAlAs – 660 nm or 780 nm, 40 mW, 2.05, 3.07 or 6.15 J/cm2) can modify oral dysplastic cells
(DOK) and oral cancer cells (SCC9 and SCC25) growth by modulating the Akt/mTOR/CyclinD1
signaling pathway; LLLT significantly modified the expression of proteins related to progression
and invasion in all the cell lines, and could aggravate oral cancer cellular behavior, increasing the
expression of pAkt, pS6 and Cyclin D1 proteins and producing an aggressive Hsp90 isoform.
Apoptosis was detected for SCC25 and was related to pAkt levels.
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Translocation of pAkt seen through Immunofluorescence from cytoplasm of control SCC9 cells
(A) to nuclei of red (D) and infrared (G) laser irradiated cells. B, E and H: pAkt staining in
control, red and infrared laser groups, respectively. C, F and I: nuclear DAPI in control, red and
infrared groups, respectively.
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1. Introduction
Oral squamous cell carcinoma (OSCC) is a major problem worldwide (more than 95% of
oral malignancies) [1]. Its main risk factors are smoking and drinking habits [2], and
evidences point the human papillomavirus (HPV) infection as a potential risk for OSCC [3,
4]. Besides surgery, radiotherapy and chemotherapy are often employed in treatment of oral
cancer, and as a consequence of the interaction of radiation and drug therapy, a cancer
patient may suffer oral mucositis (incidence of oral mucositis varies significantly depending
on the drugs and treatment regimens used) [5, 6]. Oral mucositis is characterized by severe
and painful mucosal ulcerations and can occur in patients with different solid tumors [5].

One of the recognized promising treatments for oral mucositis is low-level laser therapy
(LLLT) [6, 7], which involves the light stimulation of the tissues using nonionizing, non-
thermal red or near infrared wavelengths [8]. LLLT is known to be effective for wound
healing, inflammation and pain reduction [8, 9] and can reduce clinical oxidative stress in
various lesions [10], being investigated in the brain for stroke, traumatic brain injuries [11]
and neurodegenerative disorders [12].

LLLT may become a routine practice in the prevention and treatment of oral mucositis [13],
since encouraging results have already been reported [14–16]; however, the possibility of an
accidental exposure of dysplastic or even cancer cells during LLLT exists [17, 18], and has
so far been poorly investigated. Authors have contra-indicated the application of LLLT for
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proliferative and malignant lesions [19]; but in head and neck cancer some remaining tumor
cells may accidentally be exposed in the LLLT irradiation field, especially when patients
receive LLLT for oral mucositis [20].

Different outcomes can actually occur when LLLT is delivered to different types of cells
[21–23]. Cancer cells, for example, can proliferate when irradiated with LLLT [24]. Thus,
this study sought to evaluate the outcome of oral dysplastic and oral cancer cells after being
exposed to LLLT using different parameters. We aimed to specifically investigate the
influence of LLLT on a well-established signaling pathway related to aggressiveness of head
and neck cancer, namely the Akt/mTOR/CyclinD1 pathway [25, 26].

2. Material and methods
2.1 Low-level laser stimulation and Cell viability

Dysplastic oral keratinocytes – DOK cell line (European Collection of Cell Cultures –
EACC, Wiltshire, England) and oral squamous cell carcinoma cell lines SCC9 and SCC25
(ATCC, VA, USA) were cultured in Eagle medium modified by Dulbecco (Sigma-Aldrich,
St. Louis, MO, USA) supplemented with 10% fetal bovine serum and 1% penicillin/
streptomycin (Sigma-Aldrich) at 37 °C under 5% CO2.

For cell viability assay, cells were cultured in 96-well black tissue-culture treated
microplates (Greiner – Bio-one, Brazil) at 1 × 104/well (n = 4); incubated for 24 h and then
irradiated with LLLT (Twin laser MMO, SP, Brazil – spot area = 0,039 cm2) at 40 mW to
form different groups: control (no light); 2.05 J/cm2; 3.07 J/cm2 and 6.15 J/cm2. The laser
light was either red (660 nm) or near-infrared (780 nm), and one trained investigator always
performed the irradiation; the laser tip touched the bottom of the wells and was
perpendicular to the surface. After light stimulation, cellular viability was determined with a
3-hour MTS assay at 12, 24, 48 and 72 hours (Promega, Wisconsin, USA).

2.2 Western blot
Six different experimental groups (6.15 J/cm2 red and near-infrared for DOK; 2.05 J/cm2

red and near-infrared for SCC9 and 3.07 J/cm2 red and near-infrared for SCC25) were
selected from the cell viability analyses, as shown in the RESULTS section; these different
groups were submitted to Western blot analysis. Cells were lysed with lysis buffer (10 mM
Tris-HCl pH 7,5; 1 mM of EDTA; 1% Triton X-100; 150 mM NaCl; 1% DOC and 0,1%
SDS) containing freshly added protease inhibitor cocktail (Sigma-Aldrich) for 20 minutes at
4 °C. The cells were then scraped and the lysates were collected and cleared by
centrifugation at 15000 rpm for 10 minutes at 4 °C.

Protein concentrations of all samples were determined using the Pierce BCA method (Pierce
Biotechnology, Rockford, IL) following the manufacturer’s protocol. Thirty micrograms of
protein were loaded on polyacrylamide gels and transferred to a PVDF membrane. After
blocking in 5% non-fat dry milk or BSA, the membranes were incubated overnight at 4 °C
with the following primary antibodies: anti-Akt at 1 : 1000 (Cell Signaling, Danvers, MA,
USA – #9272); anti-pAkt at 1 : 1000 (Cell Signaling – 7985R); anti-Hsp90 at 1 : 1000 (Cell
Signaling – #4875); anti-S6 at 1 : 1000 (Cell Signaling – 2217); anti-pS6ser235/236 at 1 :
1000 (Cell Signaling – 2211); anti-pS6ser240/244 at 1 : 1000 (Cell Signaling – 2215); anti-
Cyclin D1 at 1 : 1000 (Cell Signaling – 2922); and anti-beta-actin at 1 : 6000 (Sigma-
Aldrich, St. Louis, MO); and for 1 h at room temperature with peroxidase-conjugated
secondary antibody (IgG-HRP, Santa Cruz Biotechnology, Santa Cruz, CA).

Bound antibody was detected by a colorimetric method using Opti 4CN kit (Bio-rad
Laboratories, Hercules, CA, USA). Beta-actin was used as a loading control. To quantify the
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bands obtained through Western blot, their respective areas were measured with a
standardized rectangle (sample tool); the width of the sample tool was of one third of the
band width [27], and the number of pixels inside this rectangle was counted with the help of
ImageJ software (U.S. National Institutes of Health, Bethesda, Maryland, USA). The
number of pixels of each band was always divided by the number of pixels of its respective
beta-actin band. The values obtained were then compared with each other using statistical
analysis as described below.

2.3 Immunofluorescence
The same experimental groups utilized for Western blot were analyzed for the cellular
localization of different proteins through immunofluorescence microscopy. The antibodies
used for this assay were the same as those used for Western blot and are described above.

DOK, SCC9 and SCC25 cells were seeded on coverslips and then received LLLT as
mentioned before. Cells were then fixed and permeabilized in cooled absolute methanol at
−20 °C for 6 minutes. Briefly, the cells were incubated with blocking solution (1% bovine
serum albumin) for 30 min and followed incubation with each antibody described previously
for 90 min at room temperature in a humidified chamber. Next, the cells were washed in
PBS (Phosphate Buffered Saline) and incubated with a FITC conjugated antibody (Vector
Laboratories, Ind. Burlingame, CA, USA) for 45 min in the dark. After PBS washing, the
coverslips were mounted using mounting media containing DAPI (Vectashield: DAPI,
Vector Laboratories, CA, USA) and imaged with a Zeiss Axio Imager.A1 microscope (Carl
Zeiss, Germany).

2.4 Apoptosis assay
The most statistically significant reductions observed in cell growth curves were submitted
to the apoptosis assay TUNEL (TdT-mediated dUTP Nick-End Labeling – Promega,
Madison, Wisconsin, EUA). All groups were seeded as described for immunofluorescence,
receiving LLLT accordingly.

For TUNEL assay the cells were fixed in paraformaldehyde solution at 4% for 25 minutes at
4 °C. Then the coverslips were washed twice in PBS (5 minutes each), following
permeabilization with Triton X-100 solution at 2%, diluted in PBS at room temperature.
After washing, the coverslips were incubated with the reagents of the DeadEnd Fluorometric
Tunel System kit (Promega, Inc.), according to the manufacturer’s instructions.

In order to compare the apoptotic rate of the LLLT groups with their respective controls, an
apoptotic index was determined through arbitrarily choosing four microscopic fields (200×)
and counting the total cell number and the number of cells in apoptosis and performing a
ratio between them.

2.5 Statistical Analysis
The statistical tests consisted on descriptive analyses based on media plus standard
deviation. It was utilized a two-way ANOVA test followed by Tukey test for the cell
viability assays and a two-way ANOVA test followed by a Student‘s T test for the western
blot bands quantification. The level of significance was of 5% and the Bonferroni correction
was employed.
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3. Results
3.1 Cell viability may be enhanced or diminished as a consequence of LLLT

The curves and the statistically significant results between each laser dose and its respective
control group are illustrated in Figure 1. LLLT as performed in this study was able to induce
either proliferation or growth inhibition depending on the parameters employed and also on
the cell line studied. As shown in Figure 1 (A–B) the dysplastic cell line DOK showed
enhanced cellular viability throughout all of the experimental periods and with all the
employed laser wavelengths and doses.

On the other hand, the cancer cell line SCC9 presented differing behavior involving general
enhanced cell viability with the near-infrared wavelength and pronounced inhibition of
growth with the red wavelength Figure 1C–D. SCC25 cell line also showed marked growth
stimulation at some fluences with both the wavelengths Figure 1E–F, while both SCC9 and
SCC25 had a tendency to show lower levels of cell viability at the latest evaluation time
point Figure 1C–F.

3.2 Akt/mTOR signaling pathway may be influenced by LLLT
By studying the statistical analysis of the curves illustrated in Figure 1, six groups were
selected for further experiments involving Western blots, immunofluorescence and TUNEL.
These groups were: 6.15 J/cm2 at 12, 48 and 72 hours for DOK cell line; 2.05 J/cm2 at 12,
24 and 72 hours for SCC9 and 3.07 J/cm2 at 12, 48 and 72 hours for SCC25. All of these
groups were divided into control, red laser (660 nm) and infrared laser (780 nm).

The expression levels of different proteins related to the Akt/mTOR/CyclinD1 signaling
pathway were influenced by LLLT as performed in this study. The Western blot bands that
corresponded to these expressed levels along with their pixel quantification are illustrated in
Figures 2 and 3.

Among the most relevant results found through Western blot were augmented expression of
pAkt, enhanced levels of pS6 and Cyclin D1 and also the maintenance or appearance of
Hsp90N, depending on the cell line and laser parameters employed (Figure 2 and 3).
Although there were punctual diminishments in pAkt expression in all studied cell lines,
there were remarkable enhancements in pAkt levels in DOK at 72 hours and a more
immediate influence on SCC25 at 12 hours after LLLT (Figure 2).

Hsp90 levels were enhanced in DOK cells at 12 hours, while Hsp90N appearance or
maintenance was interestingly correlated to laser irradiation in SCC9 and SCC25 (Figure 2).
Frequently there was detection of augmented levels of pS6ser240/244 and pS6ser235/236 in all
cell lines, although a focal decay was detected in DOK (near-infrared laser irradiation at 72
hours) for both pS6 phosphorylation sites (Figure 3). Laser irradiation was also responsible
for general enhanced levels of Cyclin D1 in all cell lines (Figure 3).

3.3 Qualitative expression of Akt/mTOR related proteins after LLLT
The intracellular localization of the studied proteins was not changed, except for pAkt,
which was translocated from the cytoplasm to the nuclei of the SCC9 cells irradiated with
red and near-infrared laser at 24 hours (Figure 4).

The expression of pS6ser240/244 was generally cytoplasmic or cytoplasmic and nuclear for all
the studied groups and at all times. pS6ser235/236 and S6, on the other hand, were expressed
mainly in the cytoplasm of all studied cells (Figures S1–S6).
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Finally, Hsp90 was present in the cytoplasm or both the cytoplasm and nuclei of all cells,
whereas the expression of Cyclin D1 was exclusively nuclear in all studied groups (Figures
S1–S6). No morphological alterations were detected in the cells after LLLT.

3.4 Growth inhibition may be related to induction of apoptosis by LLLT
Significant reductions in viability were assessed through statistical analysis. The most
significant reductions (Table S1) consisted of 2.05 J/cm2 for SCC9 (660 nm) and 6.15 J/cm2

for SCC9 (780 nm), both at 72 hours. SCC25 had three groups with significant reductions:
3.07 J/cm2 (660 nm) at 72 hours; 6.15 J/cm2 (780 nm) at 48 hours and 3.07 J/cm2 (780 nm)
at 72 hours.

The only groups in which apoptosis was detected were from the SCC25 cell line: 6.15 J/cm2

(780 nm) at 48 hours and 3.07 J/cm2 (780 nm) at 72 hours (Figure 5). Cells that entered
apoptosis are illustrated by green fluorescence; all cells may be visualized by the blue DAPI
nuclear staining (Figure 5). Figure 5E illustrates the apoptotic cell index of the groups that
showed any degree of apoptosis, including the respective positive control of the assay.
Groups that did not show apoptosis are not shown in this Figure.

5. Discussion
LLLT is considered to be a non-ionizing irradiation that is not able to induce damage to
cells’ DNA; however, it can modify cell behavior [23, 28, 29], and that is why LLLT is
generally counter-indicated for proliferating or dysplastic lesions that can potentially turn
into neoplasia [19, 30]. Besides, in vitro cultured cancer cells may not represent the complex
biological environment found in a tumor growing in its host [31, 32]; however, cell culture
is the safest and simplest way of searching for possible cell growth and increased invasion
produced by the modulation of specific signaling pathways.

In that way, it should be realized that the present results could be modified if extrapolated to
an in vivo research [21]; LLLT may enhance angiogenesis [33], growth factor synthesis
[34], modulate inflammation metabolism and the inflammatory response [35]. Nonetheless,
we aimed to investigate the particular role of the Akt/mTOR/CyclinD1 signaling pathway in
cancer and dysplastic cell lines that did not receive any other kind of stimulus but the LLLT.

The laser fluences used herein were carefully chosen to be equivalent to those utilized in the
clinical practice, especially in the treatment of oral mucositis by LLLT [13]. Although LLLT
is a very promising treatment for oral mucositis [6, 7], cancer cells that remained after the
surgical treatment, especially in a head and neck cancer, could be exposed to LLLT
irradiation undesirably [20]. Despite the fact that cancer cells may be stimulated to grow
after LLLT [21], to the best of our knowledge there is no such study that specifically
addresses this question of oral cancer and LLLT for mucositis.

Dysplastic oral cells are considered to be pre-malignant and may undergo a series of
transformations that culminate in a malignant phenotype [36]. Interestingly, the present
study showed significantly higher dysplastic cell viability when irradiated with LLLT in
practically all the experimental time points. Moreover, not only was the viability of these
cells enhanced, but they also showed higher expression of specific proteins related to cancer
invasion and progression, such as pAkt, Hsp90, pS6ser240/244 and Cyclin D1. Thus, it could
be concluded that dysplastic oral cells could have their in vitro phenotype inclined towards
cancer after LLLT, since HNSCCs often show high levels of pAkt, Hsp90, mTOR and
Cyclin D1 [37–40].
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Moreover, the augmented activity of the PI3K/Akt signaling pathway could reflect worse
prognosis of HNSCCs [41, 42], and in fact, the pAkt, Hsp90, pS6ser235/236 pS6ser240/244 and
Cyclin D1 levels, all related to the PI3K/Akt pathway, were increased at some time periods
in SCC9 and SCC25 cells after they received LLLT; and punctual decreased cell viabilities
did not necessarily correspond to decreased expression of these proteins, again showing
aggressive behavior of the remaining cancer cells after LLLT. In addition, the decreased
expression of pAkt in SCC9 (infrared group at 24 and 72 hours) and SCC25 (red and
infrared groups at 48 hours and infrared group at 72 hours) cannot be interpreted as a better
outcome of these cells‘ behavior, since it did not correspond to pS6 and/or Cyclin D1
reduction; S6 may be activated independently from Akt, as this can occur via PDK-1 [43].

Akt can be phosphorylated by LLLT indeed [44]; and by activating PI3K/Akt signaling
pathway, LLLT inhibits GSK-3β [45], which is an important apoptosis activator [46].
Moving on to Hsp90, which is a chaperone that assists the maturation of Akt enabling it to
carry out its downstream functions correctly [47], higher levels of this protein were
encountered for each cell line studied when irradiated with red or near-infrared laser. In fact,
increased quantities of Hsp90 protein are certainly not desired in human cancer [47].

And besides the higher Hsp90 levels encountered in laser groups, a distinct isoform of
Hsp90 named Hsp90N could be distinguished in some of these experimental groups.
Hsp90N has an oncogenic potential [48], being over-expressed in tumoral tissues [40] and
present in microvesicles secreted by advanced stages of melanoma [49]. Interestingly, SCC9
cells expressed Hsp90N after near-infrared laser irradiation, which suggests a more
aggressive phenotype than that of the control group. Hsp90N was also found in the control
group of SCC25 at 12 hours; however, the expression of this isoform was maintained only in
the near-infrared group after 48 hours; this again suggests the worse behavior of this cell line
after LLLT.

One of the concerns of this study was the duration of the LLLT effects upon the cells.
Generally, a transient effect would be less harmful since it would probably not be extended
to the subsequent generation of cells. Nevertheless, we could detect persistent higher levels
of pS6ser235/236, pS6ser240/244 and Cyclin D1 in SCC9 after LLLT; as well as higher levels
of pAkt, pS6ser235/236 and pS6ser240/244 in SCC25 and enhanced levels of pAkt and Cyclin
D1 in DOK cells. Such effects were prolonged until 72 hours after LLLT. In addition, these
prolonged effects were obtained after only a single laser irradiation. Other studies may
illustrate if repeated doses of LLLT may induce different results.

The decreased cell viabilities found in the later evaluation periods for SCC9 (780 nm) and
SCC25 are probably a consequence of previous significantly increased cell proliferation,
which illustrates the secondary contact inhibition phenomenon [50], and not a consequence
of laser irradiation, what could happen with much higher laser energy densities [51]. In
addition, we also detected apoptosis in SCC25 cell line after LLLT; a pro-apoptotic effect of
low-level laser in SCC25 had already been reported in the literature [20]. The apoptotic rate
detected herein after LLLT was actually minimal, although it may be relevant since the
control group did not present any apoptosis. In addition, apoptosis detection could be
correlated to a slight decrease in pAkt levels of SCC25, while sustained or increased levels
of pAkt prevented the cells from entering apoptosis [52, 53].

Finally, excluding pAkt, none of the studied proteins had their cellular localization changed
by LLLT. The change of pAkt localization was illustrated by a nuclear translocation of this
protein in SCC9 cells after 24 hours of LLLT with both employed wavelengths. It is known
that breast cancer patients that showed nuclear pAkt presented higher survival rates [54],
while a higher percentage of nuclear pAkt was detected in patients with advanced prostate
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cancer [55]. The fact that pAkt had its cellular sublocalization changed by a single dose of
LLLT is interesting, although there is no consensus in the literature that would allow us to
conclude if this is an indicator of worst cellular behavior.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cell viability assay (media plus standard deviation) illustrated by the absorbance of 490 nm
light by DOK (A, B), SCC9 (C, D) and SCC25 cells (E, F) after LLLT with 660 nm or 780
nm at 12, 24, 48 and 72 hours. Statistically significant differences are represented between a
laser group and its respective control (* p < 0.05; ** p < 0.01).
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Figure 2.
Western Blot bands and their respective quantification to illustrate the expression levels of
Akt, pAkt, Hsp90 and S6 proteins in control and laser groups (660 nm and 780 nm) of DOK,
SCC9 and SCC25 cell lines. Statistically significant results are represented between a laser
group and its control (* p < 0.05; ** p < 0.01).

Sperandio et al. Page 12

J Biophotonics. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Western Blot bands and their respective quantification to illustrate the expression levels of
pS6240/244, pS6235/236 and Cyclin D1 in control and laser groups (660 nm and 780 nm) of
DOK, SCC9 and SCC25 cell lines. Statistically significant results are represented between a
laser group and its control (* p < 0.05; ** p < 0.01).
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Figure 4.
Immunofluorescence of pAkt in SCC9 cells after 24 hours. Cytoplasmic and nuclear staining
in control group (A), and nuclear staining of pAkt in SCC9 cells following red (D) and
infrared (G) LLLT. B, E and H Figures show the pAkt staining represented by green FITC
in control, red and infrared laser groups, respectively. C, F and I Figures illustrate the
nuclear DAPI in control, red and infrared groups, respectively.
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Figure 5.
Detection of apoptosis. A – SCC25 control cells showing no apoptosis at 48 hours; B –
positive control of SCC25 at 48 hours; C and D – apoptosis detection in SCC25 cells after
infrared LLLT with 6.15 J/cm2 (48 hours) and 3.07 J/cm2 (72 hours), respectively. E –
Percentage of apoptotic cells in the positive controls and experimental groups (groups that
did not present apoptosis are not plotted in the chart).

Sperandio et al. Page 15

J Biophotonics. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


