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Proliferation, Migration, and Expression of
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Background and Objectives: Increased expression of
inflammatory cytokines in the oral cavity has been related
to the etiopathogenesis of oral mucositis and to delayed
oral mucosal repair. Low-level laser therapy (LLLT)
stimulates proliferation and migration of gingival fibro-
blasts, but the effects of specific inflammatory cytokines on
oral mucosal cells and the modulation of these effects by
LLLT have not been fully investigated. Therefore, this
study investigated the effects of LLLT on oral fibroblasts
after being challenged by oral-mucositis-related inflam-
matory cytokines.

Methods: Human gingival fibroblasts were seeded in
plain culture medium (DMEM) containing 10% fetal
bovine serum (FBS) for 24 hours. Then, cells were kept
in contact with inflammatory cytokines (TNF-a, IL-1B,
IL-6, and IL-8) in serum-free DMEM for 24 hours. After
this period, cells were subjected to LLLT with a diode laser
device (LaserTABLE, InGaAsP, 780 nm, 25 mW) deliver-
ing energy doses from 0.5 to 3J/ecm? Irradiation was
repeated for 3 consecutive days. Twenty-four hours after
the last irradiation, cell migration (wound-healing and
transwell migration assays), cell proliferation (BrdU),
gene expression of COL-I and growth factors (real-time
PCR), and synthesis of COL-I (Sirius Red assay) and VEGF
(ELISA) were assessed. Data were subjected to two-way
ANOVA and Tukey’s tests or Kruskall-Walis and
Mann—-Whitney tests (P < 0.05).

Results: The inflammatory cytokines decreased the
migration capacity of gingival fibroblasts. However, a
statistically significant difference was observed only for
IL-6, detected by transwell assay, where 30% less cells
migrated through the pores (P <0.05) and IL-8, with an
increased wound area (116%; P < 0.05), detected by the
wound healing method. Cell proliferation was not affected
by contact with cytokines, while growth factors and COL-I
expression (approximately 80%; P < 0.05), as well as VEGF
synthesis (approximately 20%; P < 0.05), were decreased
after contact to all tested cytokines. The opposite was seen
for total collagen synthesis. LLLT promoted an accelera-
tion of fibroblast migration (30%; P < 0.05) and prolifera-
tion (112%; P < 0.05) when delivering 0.5 J/cm? to the cells
previously in contact with the inflammatory cytokines.

© 2016 Wiley Periodicals, Inc.

Gene expression of VEGF (approximately 30%; P < 0.05),
and EGF (17%; P < 0.05), was stimulated by LLLT after
contact with TNF-a and IL-6.

Conclusion: LLLT can counteract the negative effects of
high concentrations of inflammatory cytokines, especially
IL-6 and IL-8 on gingival fibroblast functions directly
related to the wound-healing process. Lasers Surg. Med.
48:1006-1014, 2016. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

The increased expression of specific inflammatory
cytokines, such as TNF-«, IL-1B, IL-6, and IL-8 in the
oral cavity plays an important role in the etiopathogenesis
of oral mucositis [1-3] and delayed oral mucosal heal-
ing [4,5]. Such overexpression may lead to cytopathic
effects on oral mucosal cells, such as decreased prolifera-
tion and migration, and decreased expression of growth
factors and other molecules related to oral mucosal
homeostasis and healing [6-8]. It has also been demon-
strated that the increased expression of inflammatory
cytokines in response to LPS stimulus decreases the
viability and proliferation of cultured cells [4,5]. However,
the direct effects of inflammatory cytokines related to the
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development and severity of oral mucositis have not been
completely elucidated.

Low-level laser therapy (LLLT) can promote biostimu-
latory effects on different cell types, including oral mucosal
cells, such as increased cell migration and proliferation, as
well as increased expression of growth factors and the
activation of cellular pathways involved in cell prolifera-
tion and survival [9-12]. In addition, LLLT can also
biomodulate the expression of inflammatory cytokines by
gingival fibroblasts [13] and has been an effective therapy
for several oral conditions, including infectious lesions,
like herpetic manifestations or ulcerative disorders.
Among the ulcerative disorders, LLLT has been used to
treat aphthous lesions, prosthetic mucositis, oral graft-
versus-host disease, and antineoplastic-related oral
mucositis, to improve and accelerate tissue healing [14-16].

Is has been demonstrated that the use of LLLT is
clinically effective in oral mucositis patients [14,16] and
there are already guidelines proposed by the Multinational
Association of Supportive Care in Cancer and Interna-
tional Society of Oral Oncology (MASCC/ISOO) [17].
However, the cellular and molecular events triggered by
this therapy were not completely elucidated, especially
about the modulation of events that may be related to the
incidence and severity of oral mucositis. It is important to
know how LLLT modulates cell proliferation and migra-
tion, as well as the expression of growth factors and other
proteins related to oral mucosal healing. That knowledge
might help improve the benefits of this therapy. Therefore,
this study evaluated the effects of LLLT on human gingival
fibroblasts previously exposed to mucositis-related inflam-
matory cytokines. Cellular and molecular events related to
oral mucosal healing capacity, such as cell migration and
proliferation and the expression and synthesis of growth
factors and collagen type I, were investigated.

MATERIALS AND METHODS

Cell Culture

Gingival fibroblasts were obtained from tissue biopsies
performed in three healthy patients during a tooth
extraction procedure (mean age =22 years). We obtained
signed consent forms, which were previously approved by
the Ethics Committee of Araraquara School of Dentistry—
UNESP (#14342113.7.0000.5416).

The gingival tissues were immediately immersed in
culture medium containing antibiotic/antimycotic solution
(Gibco, Carlsbad, CA) and taken to the Experimental
Pathology and Biomaterials Laboratory, where, the
fibroblasts were isolated by enzymatic digestion. Briefly,
the gingival tissues were placed in a cell culture plate
containing serum-free culture medium (Dulbecco’s Modi-
fied Eagle Medium—DMEM, Gibco) and 3mg/ml of
collagenase type 1. Then, they were incubated at 37°C in
a humidified incubator at 5% CO, for 24 hours. After that,
the culture medium containing tissue fractions and
detached cells was transferred to a tube and centrifuged
at 4,000gf for 2 minutes. Cells were resuspended in culture
medium and transferred to a cell culture flask containing
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DMEM supplemented with 10% fetal bovine serum (FBS,
Gibco). Cells were incubated at 37°C and 5% COs, and
culture medium was replaced every 72 hours. Subcultures
were performed with 0.25% trypsin (Gibco) until the
necessary cell number was acquired.

Gingival fibroblasts from passages three to five were
used for this study. Cells were subjected to culture
protocols that were standardized according to each assay.
Cells were seeded at different densities (4 x 10* cells/cm?
for cell migration, gene expression, and protein synthesis;
and 1.5 x 10*/cm? for cell proliferation) in 24-well plates in
complete culture medium (DMEM) containing 1% antibi-
otic/antimycotic solution (penicillin and fungizone, Gibco)
and 10% FBS, for 24 hours.

Inflammatory Cytokines

After a 24-hour incubation, the culture medium was
replaced by serum-free culture medium containing pre-
established concentrations of the selected cytokines: tumor
necrosis factor alpha (TNF-a, 100ng/ml), interleukin
1-beta (IL-1B, 1ng/ml), interleukin 6 (IL-6, 10ng/ml),
and interleukin 8 (IL-8, 10ng/ml) (Sigma—Aldrich,
St. Louis, MO). These concentrations were selected
according to a pilot study that evaluated the synthesis of
nitric oxide (NO) by gingival fibroblasts treated with these
cytokines. Inflammatory cytokines were maintained in
contact with cultured cells for 24 hours.

Nitric Oxide (NO) Synthesis

To determine the concentration of each cytokine that
would better simulate a local inflammatory reaction, we
first investigated the synthesis of nitric oxide by fibro-
blasts. The ideal concentration was considered to be the
smallest concentration able to stimulate the synthesis of
this important inflammatory mediator [18,19].

This method is based on nitrite accumulation as a result
of the Griess reagent diazotization [20]. Cells were seeded
in 96-well plates (n=6), at 1x10* cells/well in plain
DMEM containing 10% FBS, for 24 hours. After this
period, cells were challenged with the cytokines at 0, 10,
100, or 1000ng/ml in serum-free DMEM and were
incubated for an additional 24 hours. Then, a 50-p.1 aliquot
of DMEM was collected and was added to a new plate
containing 50l of Griess Reagent (Sigma—Aldrich);
samples were incubated for 10 minutes in light privation.
Nitric oxide production was determined by absorbance at
450nm in a spectrophotometer (Synergy HI1, Biotek,
Winooski, VT).

In Vitro Low-Level Laser Therapy (LLLT)

For in vitro LLLT, the culture medium was replaced one
more time for serum-free culture medium, and cells were
subjected to irradiation by means of a laser device
(LaserTABLE, InGaAsP, 780 nm, 25 mW) composed of 12
laser diodes, delivering energy doses of 0 (control), 0.5, 1.5,
or 3J/ecm? corresponding to 40, 120, and 240 seconds,
respectively. Each diode is positioned in a way that each
well of the cell culture plate is individually irradiated
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(2cm?), in a distance of 2.5cm. These parameters were
selected according to previously published re-
sults [11-13,21]. The energy dose that demonstrated the
better effect on the stimulation of gingival fibroblast
migration, detected by the wound-healing assay, was
selected for the further protocols. Cells were irradiated
once a day, for 3 consecutive days (24-hour interval).

Cell Migration Assessment by Wound-Healing
Assay

The wound-healing assay is a well-established and
simple method that evaluates the migration capacity of
cultured cells after the induction of an in vitro injury [22].
For this test, gingival fibroblasts were cultured in 24-well
plates at 4 x 10* cells/em® (n =9) for 24 hours. After this
period, we created an in vitro wound by scratching the
monolayer formed by the attached cells using a 5 ml pipette
tip. Then, cells were treated as previously described, and
after contact with the inflammatory cytokines and LLLT,
cells were subjected to fixation in 70% ethanol for 1 hour at
4°C and stained with 0.1% crystal violet (Sigma—Aldrich)
in deionized water, for 15 minutes. After being stained,
cells were washed with deionized water twice, and wound
areas were analyzed in an optical microscope (Olympus
BX51, Olympus, Miami, FL) equipped with a digital
camera (Olympus C5060). The total area of the wound
(mm?) was measured by means of Imaged Software (Wayne
Rasband, National Institutes of Health, Bethesda, MD).

Cell Migration by Transwell Assay

The influence of the inflammatory cytokines and LLLT
on migration of gingival fibroblasts was also assessed by
the transwell method. For this specific protocol, cells were
seeded (4 x 10* cells/cm?) in 8-pm-micropore transwell
inserts placed in a 24-well plate containing 1 ml of complete
culture medium (DMEM). After 24 hours, cells were
subjected to the treatment protocols previously described.

Immediately after the third irradiation, samples were
fixed in 70% ethanol for 1hour at 4°C and stained with
0.1% crystal violet for 15minutes, then rinsed. The
transwell inserts were then analyzed with an optical
microscope (Olympus BX51) equipped with a digital
camera (Olympus C5060) to determine the number of cells
that migrated through and reached the other side of the
insert. Cell number was determined by means of Imaged
Software.

Cell Proliferation

Cell proliferation rates were detected by fluorescence
analysis with a BrdU analogue kit (Click-iT EdU, Life-
Technologies, Carlsbad, CA) [21]. For this protocol, cells
were seeded at 1.5 x 10* cells/cm? in 24-well plates and
subjected to the same cell culture conditions and treatment
described previously. After the final irradiation, a 100-pl
quantity of the EAU solution (10 uM) was added to the
culture medium in contact with the cultured cells. Since
EdU molecules are lipophilic, their permeabilization
through the cell membrane was easily achieved. Once
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inside the cells, this nitrogen base analogue was incorpo-
rated into the DNA of replicating cells. Twenty-four hours
after that, cells were fixed in 4% formalin for an overnight
period at 4°C and permeabilized with 0.1% triton-x100
(Sigma—Aldrich) for 15 minutes, to allow for the internali-
zation of the fluorescent probe in the gingival fibroblasts.
EdU molecules attached to the double-stranded DNA
sequences of the newly proliferated cells can be recognized.
Cell membranes were then immuno-stained with HCAM
(homing cell adhesion molecule—CD44) antibody to allow
for observation of cell limits, in addition to nuclei stained
with Hoescht fluorescent dye. Cells were analyzed by
InCell Analyzer cell counter (GE Healthcare Life Sciences,
Uppsalla, Sweden) for images acquisition, according to
each dye, and images were subsequently analyzed with
Imaged Software for quantitative analysis.

Gene Expression of Growth Factors and Collagen
Type I

Gene expression of vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), basic fibroblast
growth factor (bFGF/FGF2), and collagen type I (COL-I)
was analyzed by Real-Time PCR (qPCR). Cells were seeded
at 4 x 10* cells/cm? and treated as previously described.
After treatments, molecular contents were collected in a
lysis solution (RNAqueous Micro Kit, Ambion, Carlsbad,
CA) and stored at —80°C until analysis. Total RNA was
isolated by sequential filtrations with the RNAqueous
Micro Kit (Ambion) and was quantified by means of the
Take 3 device in a spectrophotometer (Synergy 1, Biotek).
One microgram of each sample was used for cDNA
synthesis in a thermo cyclator (BioRad, Hercules, CA),
with the High Capacity cDNA Reverse Transcriptase Kit,
following the manufacturer’s instructions for concentra-
tions (2 pl of 10 x buffer, 0.8 ul of 25 x ANTP mix, 2 ul of
10 x random primers, 1 pl of Multiscribe Reverse Tran-
scriptase, and 4.2 pl of ultrapure water per reaction) and
cycling (25°C—10min, 37°C—120 min, 85°C—5min, and
4°Cuntil storage). Then, for qPCR, specific Tagman Assays
were selected for each target gene (Table 1), and reactions
were prepared with standard reagents (Tagman Fast
Master Mix). mRNA concentrations were determined by
the standard curve method, and expression of each target
gene was analyzed according to an endogenous control
(Bactin).

Total Collagen Synthesis

Synthesis and release of total collagen by the cultured
fibroblasts seeded at 4 x 10 cells/em® and treated as
described were measured in the culture medium by the
Sirius Red Dye method [23]. Briefly, a 500-pl quantity of
the culture medium kept in contact with the cultured cells
was collected and treated with 500 ul of Sirius Red Dye
(Sigma—Aldrich) (0.5M in picric-acid-saturated solution)
for 60 minutes under agitation (400 rpm, room tempera-
ture) (Thermomixer—Eppendorf, Hamburg, Germany).
Then, samples were centrifuged at 12,000 rcf for
10 minutes at 4°C (Microcentrifugal 5415R, Eppendorf),
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TABLE 1. Primer Sequences Selected For Gene Expression Analysis

Target gene

Primer sequences

hBActin
hVEGF

4333762T (Tagman Assay)
Forward—5'-GCACCCATGGCAGAAGG-3’

Reverse—5'-CTCGATTGGATGGCAGTAGCT-3’
Probe—5"-ACGAAGTGGTGAAGTTCATGGATGTCTATCA-3'

hFGF2

Forward—5-ACCCCGACGGCCGA-3’

Reverse—5'-TCTTCTGCTTGAAGTTGTAGCTTGA-3'
Probe—5-TCCGGGAGAAGAGCGACCCTCAC-3'

hEGF

Forward—5'-CTT TGC CTT GCT CTG TCA CAG T-3'

Reverse—5'-AAT ACC TGA CAC CCT TAT GAC AAA TTT-3
Probe—5-AAG TCA GCC AGA GCA GGG CTG TTA AAC TCT-3

hCOL

Forward—5'-CAGCCGCTTCACCTACAGC-3’

Reverse—5'-TTTTGTATTCAATCACTGTCTTGCC-3'
Probe—5-CCGGTGTGACTCGTGCAGCCATC-3'

allowing the collagen molecules attached to the dye to
precipitate, forming a pellet. The supernatant solution was
discarded, and the pellet was washed in sodium chloride
(0.1M), followed by centrifugation (12,000 rcf—10mi-
nutes—4°C). Supernatant solution was discarded, and
the pellet was diluted in sodium hydroxide (0.5M).
Aliquots of 200 pl were transferred to a 96-well plate,
and total collagen concentration was determined by
absorbance at 555nm on a spectrophotometer (Synergy
H1, Biotek). Collagen concentrations were calculated
according to a standard curve containing pre-established
concentrations of this protein.

Synthesis of Vascular Endothelial Growth Factor
(VEGF)

Culture medium was collected and stored at —20°C
until analysis. Then, 100-pl aliquots were used to
evaluate VEGF synthesis, which was detected by the
Enzyme Linked Immuno Sorbent Assay (ELISA), in a
standardized kit (Duoset human VEGF—R&D Systems,
Minneapolis, MN) and following the manufacturer’s
instructions, as follows: 96-well ELISA plates were
coated overnight with primary antibody (anti-VEGF—
1 pg/ml). Then, plates were rinsed three times with wash
solution and blocked with 1% BSA solution for 1hour.
After plates were washed, 100-pl aliquots of each sample
were added to the plates and incubated for 2hours at
room temperature, followed by three additional washes
and incubation with secondary antibody (100 ng/ml) for
an additional 2 hours.

After that, plates were subjected to new washing, and a
100-pl quantity of 1:40 streptavidin solution was added to
each sample and incubated for 20 minutes, followed by
washing, incubation with reagent solution, and stop
solution. Then, the absorbance of each sample was read
in a spectrophotometer at 455 nm. The concentration of
this growth factor for each sample was determined
according to a standard curve containing known VEGF
concentrations.

Statistical Analysis

Resulted data were statistically analyzed using SPSS
Software (IBM Company, New York, NY). The data from all
response variables, except for nitric oxide synthesis
stimulated bt TNF-o, IL-6, and IL-8, were normally
distributed (Shapiro—Wilk, P>0.05), and groups were
homoscedastic (Levene, P >0.05). Therefore, data were
subjected to two-way ANOVA (“cytokine” and “photother-
apy”), complemented by Tukey’s tests to compare the means
of every two groups. Nitric oxide synthesis data were
analyzed by the nonparametric tests of Kruskal-Wallis and
Mann—Whitney, for pairwise comparisons. All statistical
inferences were considered at the 5% level of significance.
All experimental protocols were repeated in two distinct
moments.

RESULTS

NO synthesis by human gingival fibroblasts in contact
with different concentrations of cytokines is shown in
Table 2. The lowest concentrations able to increase NO
synthesis compared with the control were 100 ng/ml for
TNF-a, 1 ng/ml for IL-1B, and 10 ng/ml for IL-6 and IL-8.

More extensive wound areas were seen for cytokine-
treated cells, indicating an inhibitory effect on cell
migration capacity. However, only IL-8 caused a statisti-
cally significant increase of this area (Table 3 and Fig. 1).
For cells treated solely with LLLT (that is, no contact with
any cytokine), the energy dose of 0.5J/cm? promoted a
significant decrease of the wound area, therefore demon-
strating a higher cell migration to the wound’s central
area. When applied after the cytokine challenge, LLLT at
0.5J/cm? could also stimulate cell migration and decrease
the wound area (Table 3 and Fig. 1).

Based on the results from the wound area assay,
irradiation with the dose of 0.5 J/cm? was selected for the
next assays. The migration capacity of human gingival
fibroblasts challenged with inflammatory cytokines and
treated with LLLT was also analyzed by the transwell
method. As observed for the wound-healing assay, all
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TABLE 2. Nitric Oxide (NO) Synthesis by Human Gingival Fibroblasts After 24-Hour Contact With Different
Concentrations of TNF-«, IL-1B, IL-6, or IL-8

Inflammatory cytokines

Concentration (ng/ml) TNF-a* IL-1p° 1L-62 1L.-8?

0 (control) 101.4 (98.6-101.4) 100.5 + 2.1 101.4 (98.1-101.4) 101.4 (98.6-101.4)

1 101.4 (98.5-104.1) 113.8 &+ 5.6° 103.9 (102.6-106.6) 103.9 (101.3-110.5)
10 104.2 (101.4-106.8) 113.3 + 6.4° 116.5 (110.8-117.4)° 114.9 (118.8-118.8)°
100 116.6 (113.7-119.8)° 112.1 + 4.1° 114.7 (110.8-116.3)° 114.2 (110.4-114.5)°
1000 116.2 (115.1-119.2)¢ 118.8 + 6.1° 115.8 (114.2-116.2)° 114.6 (109.2-117.3)°

#Values are median (percentil 25-percentil 75), n =6.
'Values are mean + standard deviation, n = 6.

‘Indicates statistical difference when compared to the control group (columns), (P < 0.05).

cytokines hampered the migration of fibroblasts through
the transwell insert. However, this effect was statistically
significant only for IL-6. LLLT at 0.5 J/cm? did not increase
cell migration when compared with the control group.
Conversely, for cells treated with IL-6 and IL-8, a
significant increase in this cell function was detected
(Table 4 and Fig. 2).

These results were confirmed by the qualitative analysis
of this assay, as demonstrated by photomicrographs of the
transwell inserts (Fig. 2).

Cytokine treatment did not cause any statistically
significant alterations in cell numbers, showing no direct
cytotoxicity to oral fibroblasts. For LLLT-treated cells,
increased cell numbers were detected after irradiation of
cells previously treated with IL-6 and IL-1 8 (Table 4).

Cell proliferation was also not affected by the cytokine
challenge. However, LLLT promoted a significant increase
in solely the cell function and when applied after TNF-«a
and IL-6 (Table 4).

Gene expression of growth factors was negatively
affected by inflammatory cytokines applied to the
cultured fibroblasts. IL.-6 was related to the decreased
expression of all evaluated growth factors (VEGF, EGF,
and FGF2), while TNF-a decreased only EGF gene
expression. LLLT increased VEGF and EGF expression
after TNF-« application; however, this therapy decreased

the expression of EGF and FGF2 after IL-8 treatment
(Table 5).

Type I collagen gene expression was decreased after the
application of all selected inflammatory cytokines, while
LLLT at 0.5J/cm? increased this expression after IL-1B
and IL-6 contact (Table 5). As observed for VEGF gene
expression, the synthesis of this growth factor was not
altered by the cytokine challenge, the LLLT treatment
alone, or the combination of both (Table 5). Collagen
synthesis by fibroblasts was greatly increased by cytokines
TNF-a, IL-1B, and IL-8, while LLLT did not affect this
synthesis (Table 5).

DISCUSSION

Inflammatory mediators, such as cytokines, are di-
rectly related to the healing process, since these
molecules promote cell recruitment, migration, and
proliferation [24,25]. However, increased concentrations
of inflammatory cytokines have also been related to
wound chronification (i.e., the process by which episodic
pain becomes chronic), the incidence and severity of
ulcerous lesions, and delayed oral mucosal wound
healing [3]. Besides these clinical and experimental
observations, the cellular effects of these increased
concentrations remain unclear. Therefore, high concen-
trations of specific cytokines, related to the development

TABLE 3. Wound Area (% of Control Group Measured in mm?) After the Contact of Human Fibroblast With
Different Cytokines Followed by Irradiation With Laser (LLLT) in the Infrared Wavelength Delivering Energy

Doses of 0.5, 1.5, or 3.0 J/cm?

Inflammatory cytokines

LLLT None TNF-a IL-18 IL-6 IL-8
0* 100.0 + 26.78 @ 169.1 + 32.94B 160.1 + 43.0B 159.2 + 44.04B 216.4 + 60.142

0.5J/cm? 715 + 1528 P 1434 + 14.94 146.4 + 32.1* 115.5 + 16.94 143.6 &+ 20.04
1.5J/cm? 74.6 + 6.08 170.6 &= 29.94 183.2 & 15.44 163.6 & 28.34 173.1 & 86.14 2P
3.0 J/cm? 86.5 + 9.8B @b 142.0 & 35.24B 204.3 £ 51.14 152.0 & 49.248 167.2 & 35.24 @b

Uppercase letters allow comparisons in the rows among the inflammatory cytokines (horizontally).
Lowercase letters allow comparisons in the collums among non-irradiated and irradiated cells (vertically). Values indicated with

different letters are statistically different (Tukey, P < 0.05).

*Control group (non-irradiated cells) =100%. Numbers are mean + standard-deviation, n = 6.
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Fig. 1. Photomicrographs of in vitro created wounds and migration of cells to the central area of the
wound after cytokines challenge and LLLT treatment (24 hours after the last irradiation). The
reduction in wound area indicates higher cell migration of gingival fibroblasts.

and severity of oral mucositis [3], were applied to
cultured human gingival fibroblasts to simulate cellular
responses to an intense inflammatory process.

Overall, all cytokines influenced the cell functions
related to the oral mucosal healing capacity. However,
the most unfavorable results were seen for IL-6, which
decreased both cell migration and gene expression of
growth factors.

The cellular capacity of migration is crucial for the
healing process [26]. However, cellular migration was the
most affected cell function, followed by the expression of
VEGF, EGF, and FGF2. Due to that detrimental effect,
wound healing was not achieved when fibroblasts were kept
in contact with any of the investigated cytokines. For the

healing process to succeed, oral mucosal cells need to
migrate for the wound area to promote its closure associated
with the secretion of extracellular matrix proteins, such as
type I collagen [26].

The wound-healing assay is a simple and well-established
method that demonstrates the migration capacity of
cultured cells after the creation of an in vitro wound [23].
This method was used in the present study to screen for the
best LLLT energy dose capable of counteracting the
negative effects imposed by contact with inflammatory
cytokines. The best energy dose was 0.5J/cm?; therefore,
that dose was selected for further analysis.

Transwell migration also demonstrated decreased
migration capacity by gingival fibroblasts treated with

TABLE 4. Cell Migration, Number and Proliferation of Gingival Fibroblasts After Contact With Different
Cytokines and Irradiation With Laser in the Infrared Wavelength Delivering Energy Doses of 0.5 J/cm? Compared

to Non-Irradiated Cells

Cytokine

Cell event LLLT None* TNF-a IL-18 1L-6 1L-8
Cell migration (% of control group) 0 100.0 + 26.3* 92.0 + 7.8% 85.5 + 7.7%P 67.1 + 4.3° 80.0 + 8.7°

0.5J/cm? 117.9 + 13.5% 112.6 + 11.6* 118.6 + 12.9* 1209 + 17.8* 131.7 + 12.9%
Cell number (% of control group) 0 100.2 + 14.8* 81.6 +11.2* 98.0 +19.7*  87.7 +17.1* 87.2 + 13.9*

0.5J/cm?® 104.8 +£17.1° 98.0 + 19.7° 119.3 + 5.9° 123. £ 16.2* 77.9 &+ 15.2°
Cell proliferation (% of control 0 100.2 + 29.5% 127.4 + 31.8* 99.1 + 33.6* 70.8 + 21.2* 70.8 + 21.2%

gTOup) * * *
0.5J/cm? 212.3 + 45.0*° 191.1 + 45.0* 155.7 + 72.0°> 148.6 + 31.8° 127.4 + 45.0°

Control group (non-irradiated cells) = 100%.
Numbers are mean + standard-deviation, n = 6.

*Indicates statistical difference between irradiated and non-irradiated groups within the same cytokine. Letters allow comparisons
among cytokines in rows; means followed by the same letter do not differ statistically (Tukey, P > 0.05).
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Fig. 2. Light microscopy images of gingival fibroblasts that were able to migrate throught the
transwell insert after cytokines challenge and LLLT delivering the energy dose of 0.5dJ/cm?
(24 hours after the last irradiation) (x 100 magnification).

inflammatory cytokines. Each methodology used in this
study to evaluate cell migration demands that different
cellular mechanisms take place. For the wound-healing
method, after the creation of the in vitro wound, cells
need to activate a migratory phenotype and move to the
central area of the wound to promote its closure. This
methodology is based on the fact that cells can be
sensitive to the created wound by the presence or absence
of paracrine signals. In addition, for this method, wound
closure can also be a result of cell proliferation [22].
Conversely, for the transwell insert, cells must present a
different phenotype to be able to migrate through the
insert in the presence of a stimulatory or inhibitory

factor. This migration seems to require a more efficient
migratory phenotype than that required for the wound-
healing method, due to the presence of a permeable
barrier, forcing the cells to migrate through the pores,
since for the former no obstacle is present and only the
cells that could migrate through the pores can be
identified [27].

All cytokines hampered cell migration to a certain level, as
demonstrated by both protocols. However, negative effects
were more evident for IL-6 and IL-8. If we assume that the
transwell method can better predict the migratory pheno-
type (motility) of cells, then we can also assume that IL-6
caused the highest inhibitory effect for gingival fibroblasts.

TABLE 5. Gene Expression of VEGF, COL-I, EGF, and FGF2 and Synthesis of VEGF and Collagen by Gingival
Fibroblasts After Contact With Different Cytokines and Irradiation With Laser in the Infrared Wavelength
Delivering Energy Doses of 0.5 J/cm? Compared to Non-Irradiated Cells

Cytokine
Cell event LLLT None* TNF-a IL-1p IL-6 IL-8
VEGF gene expression (% of 0 100.7 £ 27.9*  80.9 £13.6®> 938+ 12.7%  68.0 + 13.4> 795 + 10.4%°
control group) * * *
0.5J/cm?® 1114 +9.3° 1352 4+ 13.9% 130.6 &+ 24.1® 112.1 +8.1°> 89.8 + 12.1°
COL-I gene expression (% of 0 99.9 + 12.6% 11.6 + 2.8° 22.3 + 6.0° 14.9 £+ 5.5°¢ 11.7 + 3.5°
control group) * *
0.5J/cm? 96.3 + 6.8% 28.6 £ 5.7° 31.7 £+ 114> 320+ 122> 11.7 +1.6°
EGF gene expression (% of 0 100.2 + 13.1*  72.6 £ 9.9° 77.6 + 4.3° 57.4 + 13.4° 934 + 23.0%
control group) * *
0.5J/cm? 95.6 + 115> 117.4 4+ 10.0° 98.0 £ 10.3° 529+ 957 67.6+6.3°
FGF2 gene expression (% of 0 100.1 & 4.5% 88.1 + 8.8° 84.5 + 8.6° 68.5 + 7.5° 109.0 + 5.3%
control group) *
0.5J/cm® 108.7 £ 7.1*  104.1 + 5.4®° 76.6 + 6.3° 65.4 + 16.5° 62.7 + 13.5°
VEGF synthesis (% of control 0 100.0 &+ 41.2*  79.3 £ 11.7% 89.0 £ 11.4* 951 +99° 65.6+ 22.12
group) 0.5J/cm? 106.8 +29.9°  78.1 +13.1*  100.2 + 8.0°  102.1 + 24.0° 66.5 + 19.1°
COL synthesis (% of control 0 100.5 &= 7.5 1972.4 £ 719.1* 2406.6 + 783.8% 134.0 &+ 42.4° 387.8 & 269.5"
group)
0.5J/cm? 108.9 + 20.0° 2725.5 4+ 570.2% 2307.9 £ 867.7% 172.2 + 98.6° 249.3 + 192.1°

Numbers are mean + standard-deviation, n = 6.

2For each gene.

*Indicates statistical difference between irradiated and non-irradiated groups, within the same cytokine. Letters allow comparisons
among cytokines in lines; means followed by the same letter do not differ statistically (Tukey, P > 0.05).



LLLT ON ORAL-MUCOSA-HEALING-RELATED GENES

Despite decreasing the migration capacity, the applica-
tion of inflammatory cytokines to cultured gingival
fibroblasts did not affect cell number or cell proliferation.
The influence of IL-18 and TNF-« on cell proliferation was
also previously assessed by Kato et al. (2006) [28], who
demonstrated that these cytokines did not have a signifi-
cant effect on the proliferation of gingival fibroblasts.

The contact of fibroblasts with the cytokines also
caused a significant decrease in growth factors and
collagen gene expression, especially when IL-6 was used.
These results could explain the delayed wound healing
observed in clinical conditions where high concentrations
of these cytokines were present, such as oral mucositis
and other ulcerous lesions [1-3]. During the healing
process, moderate levels of inflammatory cytokines have
been related to increased cell proliferation and migration,
and also associated with increased synthesis of growth
factors [25]. As seen in the present study, Kato et al.
(2006) [28] also observed decreased gene expression of
collagen type I after fibroblasts were kept in contact with
high concentrations of TNF-a. That also contributes
negatively to the normal healing of the oral mucosa. The
results of this study confirmed that it was possible to
simulate, in vitro, the detrimental effects produced by
high concentrations of cytokines in vivo and demon-
strated that without modulation, inflammatory cytokines
can restrain cell metabolism.

Interestingly, the application of cytokines promoted an
increase in collagen synthesis, while the gene expression
of collagen type I was decreased. It has been demon-
strated that the synthesis of collagen by oral mucosal
cells is increased during inflammatory diseases, such as
fibromatosis [8,28,29]. According to these studies, the
presence of higher concentrations of inflammatory
cytokines such as IL-18 and TNF-a can stimulate the
synthesis of this extracellular matrix protein, resulting
in the formation of fibrous areas. In our study, the results
seen for gene expression were specifically associated with
the expression of type I collagen, which is related to the
oral connective tissue healing process. However, for
synthesis analysis, a total collagen production is de-
tected, which means that all collagen types can be
identified. The increased synthesis of type III collagen in
similar conditions has been demonstrated by Stallmach
et al. (1992) [30].

Previous studies demonstrated that LLLT promotes
stimulation of different cell types, by activating several
pathways and cell functions, such as cell prolifera-
tion [9,10]. However, the determination of the effects
on this therapy in situations where cells are exposed to a
critical condition, such as an intense inflammatory
reaction, can contribute to the understanding of how
LLLT may participate on the cellular and tissue
biomodulation of these conditions. In this study, the
LLLT at selected parameters promoted biostimulatory
effects on the cytokine-challenged fibroblasts. After
the 3-day irradiation protocol, an increased cell
migration capacity was observed for 0.5 J/cm?, in addition
to increased cell proliferation, chief events in the
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wound-healing process [24]. When LLLT was applied to
cultured gingival fibroblasts, increased proliferation was
observed, similar to what Kreisler et al. (2002) [31]
observed for proliferation of gingival fibroblasts irradi-
ated with 1.96 J/cm?, following similar irradiation proto-
col as performed during this investigation (three
irradiations with 24-hours intervals). The application of
LLLT to cultured gingival fibroblasts at this energy dose
was also related to an increased expression of EGF for
TNF-a-treated cells.

The lack of stimulation of migratory phenotype of
gingival fibroblasts after the exposure to LLLT at the
other energy doses may be due to an inhibitory effect when
this therapy followed the contact of the cells with the
cytokines. These irradiation parameters were related to
increased cell proliferation and these different cell
functions are related to the activation of distinct path-
ways [9-12]. In addition, a previous study demonstrated
that a lower energy dose was capable to biomodulate
the expression of inflammatory cytokines, which in the
presence of inflammatory stimulus such as in the
experimental conditions of this study, may help on
the stimulation of proliferative and migratory reactions
of cultured cells [13].

The beneficial effects of LLLT on oral mucosal cells have
been demonstrated in previous studies [11,12,30]. These
effects include increased cell proliferation, migration, and
viability. In the present study, the best energy dose capable
of producing these effects was 0.5J/cm?, delivered to the
cells by an infrared light (780 nm). These results support
the fact that the biostimulatory effects of LLLT associated
with the previously demonstrated biomodulatory ef-
fects [13] of this light therapy can be responsible for the
positive effects observed for the LLLT-treated mucositis
lesions. By enhancing the proliferation and migration of
oral mucosal cells, while also decreasing the levels of the
inflammatory cytokines in the oral cavity, the healing of
the oral lesions can be accelerated. These effects may occur
by activation of different cellular pathways, such as
MAPK/ERK, that lead to the induction of cell proliferation
and survival [10].

Taken together, these results demonstrated that en-
hanced inflammatory conditions may clinically lead to
delayed wound closure, which can also increase the
possibility of wound contamination. Therefore, strategies
to control or reduce the local inflammatory reaction are
very important to promote a faster tissue regeneration.

However, the presented results represent the effects of
inflammatory cytokines and LLLT using specific concen-
trations and parameters on gingival fibroblasts, and
should be carefully evaluated considering the limitations
of an in vitro investigation, such as cell behavior and the
highly controlled interactions of an in vitro microenviron-
ment, to which these cells were subjected.

CONCLUSION

Therefore, it can be concluded that the presence of high
concentrations of inflammatory cytokines is related to a
reduced activity of gingival fibroblasts, which results in
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delayed wound closure. In addition, LLLT was able to
stimulate cell functions related to oral mucosal healing,
even in the presence of high concentrations of inflamma-
tory mediators.
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