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Abstract Lung fibrosis (LF) is a chronic and progressive
lung disease characterized by pulmonary parenchyma pro-
gressive lesion, inflammatory infiltration, and interstitial
fibrosis. It is developed by excessive collagen deposition
and other cellular matrix components, resulting in severe
changes in the alveolar architecture. Considering the ab-
sence of effective treatment, the aim of this study was to
investigate the effect of photobiomodulation therapy
(PBMT) on the development of PF. For this purpose, we
used C57BL6 mice subjected to induction of LF by
bleomycin administration (1.5 U/kg) by orotracheal route
and, after 14 days of the induction, mice were treated with
PBMT applied to the thorax 1×/day for 8 days (wave-
length 660 ± 20 nm, power 100 mW, radiant exposure
5 J/cm2, irradiance 33.3 mW/cm2, spot size 2.8cm2, total
energy 15 J, time of irradiation: 150 s) and inflammatory
and fibrotic parameters were evaluated with or without
PBMT. Our results showed that PBMT significantly re-
duced the number of inflammatory cells in the alveolar

space, collagen production, interstitial thickening, and
static and dynamic pulmonary elastance. In addition, we
observed reduced levels of IL-6 e CXCL1/KC released by
pneumocytes in culture as well as reduced level of
CXCL1/KC released by fibroblasts in culture. We can
conclude that the PBMT improves both inflammatory
and fibrotic parameters showing a promising therapy
which is economical and has no side effects.

Keywords Photobiomodulation therapy (PBMT) . Lung
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Introduction

Lung fibrosis (LF) is a chronic and progressive lung disease
characterized by inflammation and development of excessive
extracellular matrix deposition culminating in an irreversible
loss of lung function [1, 2]. Data obtained by lung fibrosis
foundation estimate that lung fibrosis affects 1 out of 200
adults over the age of 65 in the USA. Approximately 50,000
new cases are diagnosed each year and as many as 40,000
Americans die from LF by year. Moore et al. [3] showed that
inflammatory episodes in fibrotic patients were related with
the disease’s progression, while other studies attribute the de-
velopment of disease to capacity of epithelial cells origin to
myofibroblasts, thus inducing proliferation and activation of
fibroblasts [4]. Moreover, activated fibroblasts generate many
cytokines and collagen contributing to the lung remodeling
[5]. During the lung repair process, there is a production of
TGF-beta, which is important to fibroblast differentiation in
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myofibroblast [6]. After that, there is an increased synthesis
and secretion of collagen fibers followed by collagen
deposition.

The biggest problem of LF is an ineffective treatment. Any
treatment has demonstrated positive effects in the stabilization
of disease or in the improvement of life quality. The first line
of pharmacological therapy is based on the anti-inflamma-
tories. Thus, steroidal anti-inflammatories, such as corticoids,
are used due its wide action mechanisms. Oxygen therapy is
recommended for patients who present hypoxemia. However,
all of these therapies do have not good results on the disease
control. So, new therapies are necessary. In this context,
phototherapies emerge as promisor therapy.

Light-emitting diode (LED) is a photobiomodulation ther-
apy (PBMT) characterized by the light emission non-coherent
and non-collimated. Their photo stimulation exerts anti-
inflammatory and anti-fibrotic effects by interfering with re-
lease of inflammatory mediators [5–7] and inhibiting fibro-
blast proliferation [8]. In previous studies, our group showed
promisor effects of PBMT in experimental model of asthma
[9]. Our results showed that PBMT in asthmatic mice reduced
the lung cell recruitment, mucus production, oedema, and the
tracheal’s contractile response. Such effects were modulated
by IL-10, IFN-gamma, and by mast cells.

Experimentally, the LF can be developed by bleomycin
administration. It is an antineoplastic agent that can cause
the lung toxicity. The lung toxicity is related to several inflam-
matory mediators by macrophages including TGF-beta, TNF-
alpha, chemokines among others, which cause severe lung
fibrosis as side effect.

Considering that the pathogenesis of LF is associated with
exacerbated lung inflammation and elevated production and
deposition of collagen in the lung parenchyma and, the PBMT
showed important anti-inflammatory effects in addition to the
modulation of fibroblast activity, our objective was to inves-
tigate the effects of PBMTon the development of LF induced
by bleomycin.

Material and methods

Animals and groups of study

Male mice (C57BL/6) were obtained from the University
Nove de Julho and maintained in a light and temperature-
controlled room (12/12-h light-dark cycle, 21 ± 2 °C), with
free access to food and water. The experiments were approved
by the Animal Care Committee University Nove de Julho
(CoEP-UNINOVE, AN0038/2014).

The animals were divided into four experimental groups:
Basal, non-manipulated mice; F, mice subjected to bleomycin
for LF induction; PBMT, mice treated with LED; and F+
PBMT, mice treated with LED 14 days after the induction of
LF. Groups of mice were killed by sectioning the abdominal
aorta under deep anesthesia with ketamine-xylazine by intra-
peritoneal route (100 and 20 mg/kg, respectively) at day 22.

Induction of lung fibrosis

Lung fibrosis was induced by bleomycin administration by
orotracheal route (1.5 U/Kg,) according to Moore et al. [3].
After light anesthesia, the administration of bleomycin was
performed by mouth of mice through direct introduction into
the trachea. For this administration, we used a micropipette.

Photobiomodulation therapy

The animals were irradiated in the respiratory tract (lungs and
trachea) by direct contact with skin according to Cardoso
Siqueira [9]. The PBMT was performed 14 days after the
bleomycin injection. The animals were irradiated 1×/day for
8 days. The parameters of PBMT were based on previous
studies [9] and the following: The peak of wavelength was
660 nm (full width half maximum 20 nm); power 100 mW,
radiant exposure 5 J/cm2, irradiance 33.3 mW/cm2, spot size
2,8cm2, total energy 15 J, time of irradiation150 s.
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Experimental design

Evaluation of cells recovered in the bronchoalveolar
lavage

In order to evaluated the lung inflammation, the tracheae of
mice was cannulated and the alveolar space was flushed twice
with phosphate-buffered saline (PBS, 1.5 ml total volume).
The collected bronchoalveolar lavage (BAL) was centrifuged
(1500 rpm for 15 min at 20 °C), and the resulting cell pellet
was resuspended in 1 ml of PBS. The cell suspension was
stained with crystal violet, and the total cell number was de-
termined microscopically using a Neubauer chamber.

Measurement of lung elastance

Lung elastance is a measure of the tendency of a hollow organ
to recoil toward its original dimensions upon removal of a
distending or compressing force and it was determined on
anesthetized mice using a volumetric ventilator (MV215,
Montevideo, UY) in open as well as closed chest. Briefly,
mice were anesthetized with a ketamine-xylazine mixture,
tracheostomized, and subjected to conventional ventilation
with a quasi-sinusoidal flow pattern with a tidal volume of
10 ml/kg of mouse body weight, a frequency of 100 breaths/
min, and a positive end expiratory pressure of 2 cmH2O. Flow
and pressure signals from the transducers were analogically
lowpass filtered, sampled and stored for subsequent analysis.
Lung static elastance (Est) and lung dynamic elastance (Edyn)
were measured bymeans of end-inspiratory airway occlusions
[10]. Closed chest represents the lung mechanical properties
of respiratory tract, including the rib cage; and open chest
represents the lung mechanical properties only of the lung.
After an end-inspiratory occlusion, there was a fast initial drop
in lung pressure (ΔP1) from the pre-occlusion value down to
an inflection point (with pressure Pi), followed by a slow
pressure decay (ΔP2) until a plateau pressure (Pel) corre-
sponding to the elastic recoil pressure of the lung is reached.

Whereas ΔP1 is associated with pressure dissipated against
pulmonary resistance,ΔP2 reflects tissue viscoelastic proper-
ties or pendelluft. Taking into account the value of pre-
inspiratory pressure (Po), lung static elastance (Est) was com-
puted as the adjusted plateau pressure (Pel–Po) recorded after
5 s of occlusion divided by the tidal volume. Edyn was com-
puted by dividing the adjusted inflection point pressure (Pi–
Po) by the tidal volume. Est and Edyn were obtained as the
means from five end-inspiratory occlusions, each one carried
out after 1 min of normal mechanical ventilation.

Evaluation of collagen production as well as interstitial
tissue thickening

Histological analyses were performed according to Miranda
da Silva et al. [11]. Lung tissues were stained with Picrossirius
for collagen and interstitial tissue thickening analysis. The
collagen analysis was performed by image using the Image
Pro plus program, while the interstitial tissue thickening was
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Fig. 1 Effect of PBMTon the lung cell recruitment. Groups of mice were
subjected or not to lung fibrosis and after 14 days were treated or not with
PBMT for eight consecutive days. After 24 h of the last PBMT, the total
number of cells recovered in the bronchoalveolar lavage was determined.
Data represent the mean ± SEM of eight animals. *P < 0.05 in relation to
B and PBMT groups; θP < 0.05 in relation to F group
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determined by histomorphometric technique and below are
described the scores used for the evaluations.

Interstitial tissue thickening: 0, absence; 1, increased cellu-
larity in interstitial tissue; 2, increased cellularity in interstitial
tissue and tissue thickness in up to one cell layer; 3, increased
cellularity in interstitial tissue and tissue thickness in up to two
cell layers; 4 increased cellularity in the interstitial tissue and
tissue thickness with visible presence of collagen fibers.

Quantification of cytokines released
in the bronchoalveolar lavage fluid and in the supernatant
of fibroblasts and pneumocytes in culture

Cytokines levels were determined in the BAL supernatant
samples according to the manufacturer’s specifications using
ELISA kits purchased from Biolegend (San Diego, USA).
Results were expressed as picogram of cytokine produced
per milliliter. The assays were made in duplicate for every
sample using standard curves for IL-1beta, TNF-alpha, IL-
17A, IL-6, IL-10, IFN-gamma, and CXCL-1/KC.

Isolation and culture of lung fibroblasts and pneumocytes

The lungs were removed, fragmented, and immersed in sterile
enzymatic digestion solution (2.5 mg dispase II/l and 50
μg/ml DNase I), penicillin (1%), and streptomycin (1%) at
37 °C for 60 min. After digestion, the material was filtered

and the cells resuspended and cultured in specific media as
each cell type.

Fibroblasts

Cells were suspended in Dulbecco’s modified Eagle me-
dium (DMEM) with 10% fetal bovine serum + 4.5 g
glucose/L and 1% gentamycin and transferred to Petri
dishes and incubated at 37 °C, 5% CO2 in a humidified
greenhouse for 20 min. The non-adherent cells were re-
moved and discarded. Adherent cells were collected and
transferred to a cell culture bottle of 175 cm2 and incu-
bated under the same conditions as above until they reach
at least 90% desired confluence (1 × 105 cells). After that,
cells were collected using 1% trypsin solution and the cell
viability was assessed by tripan blue exclusion. Cells were
cultured with or without bleomycin and irradiated or not
with LED. The parameters used to LED irradiation were
similar to in vivo studies.

Pneumocytes

The cells were suspended in RPMI 1640 medium plus 1%
gentamycin, and they were placed in Petri dishes and incubat-
ed at 37 °C, 5% CO2 in a humidified greenhouse for 20 min.
The unbound cells were carefully collected and transferred to
a cell culture bottle in RPMI 1640medium supplemented with
10% fetal bovine serum, 1% gentamycin, and then incubated
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Fig. 2 Effect of PBMTon the
lung elastance. Groups of mice
were subjected or not to lung
fibrosis and after 14 days were
treated or not with PBMT for
eight consecutive days. After 24 h
of the last PBMT, the dynamic
elastance (a, b) and the lung static
elastance (c, d) were determined.
Data represent the mean ± SEM
of eight animals. *P < 0.05 in
relation to B and PBMT groups;
θP < 0.05 in relation to F group
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at 37 °C, 5% CO2 in a humidified greenhouse until they
reached at least 90% confluence. After reaching the desired
confluence, the cells were collected using 1% trypsin, and the
number and purity of the pneumocytes was assessed by
Papanicolau’s staining. Cells were cultured with or without
bleomycin and irradiated or not with LED.

Statistical analyses

Data were expressed as the means ± SEM, and comparisons
among the experimental groups were analyzed by one-way
ANOVA followed by the Student’s Newman-Keuls test for

multiple comparisons using the GraphPad software V.5. P
values less than 0.05 were considered statistically significant.

Results

LED treatment reduces cell influx in the BAL of fibrotic
mice

Figure 1 showed that F+PBMT group had a decreased number
of total cells recovered in the BAL (striped bar) when com-
pared to non-treated group (black bar). In addition, no
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Fig. 3 Effect of PBMT on the collagen production (e) and on the
tickening of the interstitial tissue (f). Groups of mice were subjected or
not to lung fibrosis and after 14 days were treated or not with PBMT for
eight consecutive days. After 24 h of the last PBMT, the lungs were

removed and submitted to histomorphometric analysis. A = basal;
B = PBMT; C = F; D = F+PBMT. Data represent the mean ± SEM of
eight animals. *P < 0.05 in relation to B and PBMT groups; θP < 0.05 in
relation to F group

Lasers Med Sci



differences were observed among the B (white bar), PBMT
(dots bar) and F+PBMT (striped bar) groups.

LED treatment reduces dynamic and static elastances
of fibrotic mice

As can be observed in Fig. 2, F+PBMT group (striped bar)
showed reduced dynamic and static elastances (panels A–D)
when compared to the F group (black bar). In addition, we
noted that this reduction occurred not only in open chest (A
and C), but also in closed chest (B and D). Moreover, we
showed elevated dynamic and static elastances in F groups
(striped bar) independently of their conditions (open or closed
chest) when compared to the control groups B (white bar) and
PBMT (dots bar). No differences were found between B and
PBMT groups.

LED treatment reduces collagen production
and interstitial tissue thickening of fibrotic mice

Figure 3 showed reduced collagen production in F+PBMT
group (panel D) when compared to PBMT and F groups,
which are represented respectively by panels C and E. No
differences were observed between B and PBMT (panels A
and B, respectively).

In panel E, we showed that F+PBMT group (striped bar)
had reduced collagen production when compared to F group
(black bar). Moreover, elevated collagen production was
found in F group in relation to B (white bar) and PBMT (dots
bar) groups.

In panel F, we observed that F+PBMT group (striped bar)
had reduced interstitial tissue thickening when compared to F
group (black bar). Moreover, elevated interstitial tissue thick-
ening was observed in F+PBMT group in relation to B (white
bar) and PBMT (dots bar) groups.

LED treatment increases IFN-gamma in the BAL fluid
of fibrotic mice

In order to understand the effects of PBMT on the lung fibro-
sis, we evaluated inflammatory and anti-inflammatory cyto-
kines released in the BAL fluid. In Fig. 4, we showed reduced
levels of TNF-alpha, IL-17A, and IL-6 (panels B, C, and D,
respectively) in F+PBMT group (striped bar) when compared
to the F group (black bar). No differences were noted in the
levels of IL-1beta and IL-10 among groups of study (panels A
and E). On the other hand, the F+PBMT group showed in-
creased IFN-gamma levels (striped bar) when compared to F
group (black bar) as well as B (white bar) and PBMT (dots
bar) groups (panel F).

LED treatment reduces CXCL1/KC released
by fibroblasts in culture of fibrotic mice

Considering that fibroblasts are important cells involved in the
development of lung fibrosis, we investigated the effects of
PBMTon the functional state of these cells.We can observe in
Fig. 5 that no differences were found in the levels of IL-6, IL-
1beta, IL-10, and TNF-alpha (panels A, B, C, and D) of F+
PBMT group (striped bar) in relation to F group (black bar).

In panel E, no differences were noted in the levels of IFN-
gamma among groups of study. However, F+PBMT group
(striped bar) decreased CXCL1/KC when compared to F
group (black bar) as well as B (white bar) and PBMT (dots
bar) groups (panel F).

LED treatment reduces IL-6 and CXCL1/KC released
by pneumocytes in culture of fibrotic mice

We can observe in Fig. 6 panel A, F+PBMT group (striped
bar) presented reduced levels of IL-6 released by pneumocytes
in culture when compared to F group (black bar). Moreover,
we showed that the levels of IL-1beta, IL-10, TNF-alpha, and
IFN-gamma of F+PBMT group did not differ from F group
(panels B, C, D, and E). However, F+PBMT group decreased
CXCL1/KC when compared to F group as well as B (white
bar) and PBMT groups (dots bar) (panel F).

Discussion

The aim of this study was to evaluate a new therapy for the
treatment of LF, considering that it is a chronic and progres-
sive lung disease whose treatment is not effective. In this
context, light treatment has shown significant positive effects
on the lung diseases; however, its mechanisms need to be
explored.

We investigated the effects of PBMT on the development
of LF using an experimental model induced by bleomycin.
This model is well established in the literature that is charac-
terized by lung inflammation, activation of epithelial cells,
fibroblasts, and increased deposition of collagen fibers in the
lung parenchyma [3].

As we could expect, bleomycin administration evoked a
marked influx of leukocytes in the BAL, increased pulmonary
elastance, and collagen production. The augmented number of
leukocytes in the BAL was reversed by PBMT.

The participation of inflammatory cells in the develop-
ment and progression of LF is controversial. Many au-
thors attribute the progression of disease to an excessive
and disorganized deposit of collagen and other extracellu-
lar matrix components, resulting in severe changes in

Lasers Med Sci



alveolar wall architecture [12]. On the other hand, evi-
dences suggest important role of inflammatory cells in
the development of LF. In this context, we showed that
PBMT exerts beneficial effects reducing lung cell infiltra-
tion. Still, the exudate accumulation of vascular and in-
flammatory cells within the alveolar space causes epithe-
lial injury increasing the proliferation of resident fibro-
blasts and differentiation into myofibroblasts [13].

Our data showed that the anti-inflammatory effects of
PBMT are in agreement with other data of the literature,
which were utilized photobiomodulation in different
models of lung disease [9, 14–16]. Moreover, we can note
that almost of the studies were performed with laser ther-
apy and, independent on the differences between laser and
LED, both therapies, exert important effects ameliorating
the development of lung inflammation. The main differ-
ence between laser and LED is the light emission. Laser is

characterized by coherence while LED is non-coherent.
However, the coherence of laser light is not responsible
for the effects of therapy, because this property is lost in
the first layers of biological tissues [5–7]. Thus, despite of
the light emission of laser to be different from LED, we
admit based on the literature that the effects of both are
similar.

Laser therapy has been studied for the treatment of inflam-
matory lung diseases in animal models [11, 14–17], as well as
in humans [18, 19]. On the other hand, there were few studies
evaluating the biological effects of LED on the lung diseases,
but they seem to be as effective as laser. Recently, our group
showed beneficial effects of LED treatment on asthma devel-
opment [9]. We showed that LED treatment reduced the lung
cell infiltration in the lung, mucus production, and oedema.
These effects might be modulated by the IL-10, IFN-gamma,
and mast cells.

B PBMT F F+PBMT
0

200

400

600

800

1000
A

IL
-1

b 
(p

g/
m

l)
B PBMT F F+PBMT

0

50

100

150

200

250
*

*

B

TN
F-

a 
(p

g/
m

l)

B PBMT F F+PBMT
0

50

100

150

*

C

*

IL
-1

7A
 (p

g/
m

l)

B PBMT F F+PBMT
0

200

400

600

*
*

D

IL
-6

 (p
g/

m
l)

B PBMT F F+PBMT
0

100

200

300
E

IL
-1

0 
(p

g/
m

l)

B PBMT F F+PBMT
0

100

200

300

400

500

*

F

IF
N

-
 (p

g/
m

l)

θ

Fig. 4 Effect of PBMTon the
cytokines release in the
bronchoalveolar lavage fluid.
Groups of mice were subjected or
not to lung fibrosis and after
14 days were treated or not with
PBMT for eight consecutive days.
After 24 h of the last PBMT, the
cytokines were quantified. Data
represent the mean ± SEM of
eight animals. *P < 0.05 in
relation to B and PBMT groups;
θP < 0.05 in relation to F group
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Subsequently, we analyzed the dynamic and static lung
elastance, important parameters related to mechanic pro-
prieties of lung, which they are altered in PF. We showed
elevated dynamic and static elastance after bleomycin ad-
ministration, and PBMT reversed these responses. Our
study was performed with closed and open chest. This
approach allows the assessment of all components in-
volved in breathing (chest wall and lung) as well as
assessing only the lung tissue response. Thus, closed
chest represents the lung mechanical properties of chest
wall and lung, while open chest represents the mechanical
of only the lung tissue. Our data showed that PBMT re-
duced elastance in both situations.

Considering the central role of collagen in the
development/progression of LF, we evaluated the collagen
production. Our data showed reduced collagen deposition
after the PBMT. These results might be responsible, at
least in part, by reduced lung elastance as well as inter-
stitial tissue thickening. Besides that, they are very prom-
ising considering that nowadays any treatment is effective

to reverse collagen deposition in the lung in patients with
fibrosis. Recently, clinical data indicate that LED may
improve the skin fibrosis. The authors showed that the
cellular features of skin fibrosis were modulated by de-
creased of cellular proliferation, collagen production, and
migration speed of human skin fibroblasts [20].

The irradiation was performed locally directly on the
respiratory tract on the skin, and thus its effects were
circumscribed to the site of the injury. In general, we have
seen that our data are in accordance with the literature
data regarding the effects of light on lung cell recruitment.
Despite of the reduced cell recruitment, the PBMT did not
modify the inflammatory cytokines released. On the other
hand, we also showed an increase in the levels of IFN-
gamma that in fibrosis model can regulate the transcrip-
tion of TGF-beta gene [21].

In order to explain the mechanisms involved in the
PBMT, we evaluated the effects of irradiation on fibro-
blasts and type II pneumocytes cultured in vitro. Our data
showed that PBMT in vitro reduced the release of
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Fig. 5 Effect of PBMTon the
cytokines release in the
fibroblasts in culture. Lungs from
non-manipulated mice were
removed and the fibroblasts were
isolated and cultured with or
without bleomycin. In parallel,
cultures of fibroblasts were
treated or not with PBMT directly
on the culture plate. After 24 h,
the supernatants were collected
and the cytokines were evaluated.
Data represent the mean ± SEM
of eight animals. *P < 0.05 in
relation to B and PBMT groups;
θP < 0.05 in relation to F group
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CXCL1/KC by fibroblasts and pneumocytes in culture as
well as reduced the levels of IL-6 by pneumocytes in
culture. Thus, we can suppose that the anti-fibrotic effect
of LED was due to its modulation on the fibroblast activ-
ity. In fact, other studies showed that the LED treatment
modulated the skin fibrosis thought reducing cellular fi-
broblast proliferation and migration speed, inhibiting pro-
fibrotic cytokines and decreasing synthesis and deposition
of collagen [22, 23].

Considering that these cytokines modulate pulmonary
cell recruitment, especially neutrophils, we believe that
PBMT might modulate the release of these cytokines and
thereby reduced the influx of cells into the lung. IL-6 is an
inflammatory cytokine produced by several cell types, and
a study shows that its inhibition decreases lung fibrosis in a
murine model [24]. Furthermore, it has been suggested that
activation of the CXCR2 chemokine receptor by CXCL1/
KC (chemokine derived from keratinocytes) and CXCL2/
MIP-2 (inflammatory protein of macrophages-2) may play
a relevant role in angiogenesis [25, 26], in the neutrophil
recruitment [27], and in hypernociception [28].

We can conclude that PBMT reduced cell migration, lung
elastance, and collagen production, which are important for
the development and progression of PF. Thus, our data point
to the promising effects of PBMT to treat PF, constituting an
additional tool, which might reflect an improvement in pa-
tients’ quality of life.
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Fig. 6 Effect of PBMTon the
cytokines release in the
pneumocytes type II in culture.
Lungs from non-manipulated
mice were removed and the
pneumocytes were isolated and
cultured with or without
bleomycin. In parallel, cultures of
pneumocytes were treated or not
with PBMT directly on the
culture plate. After 24 h, the
supernatants were collected and
the cytokines were evaluated.
Data represent the mean ± SEM
of eight animals. *P < 0.05 in
relation to B and PBMT groups;
θP < 0.05 in relation to F group

Lasers Med Sci



References

1. Spagnolo P (2015) Novel treatments for idiopathic pulmonary fi-
brosis. Am J Med 128(5):447–449

2. Meltzer EB, Noble PW (2008) Idiopathic pulmonary fibrosis.
Orphanet J Rare Dis 3:8

3. Moore BB, Fry C, Zhou Y, Murray S, The COMET Investigators
et al (2014) Inflammatory leukocyte phenotypes correlate with dis-
ease progression in idiopathic pulmonary fibrosis. Front Med 1:1–56

4. Jara P, Calyeca J, Romero Y et al (2015) Matrix metalloproteinase
(MMP)-19-deficient fibroblasts display a profibrotic phenotype.
Am J Physiol Lung Cell Mol Physiol 308(6):L511–L522

5. Helrigle C, de Carvalho PD, Casalechi HL et al. (2015) Effects of
low-intensity non-coherent light therapy on the inflammatory pro-
cess in the calcaneal tendon of ovariectomized rats. Lasers Med Sci

6. Kuboyama N, Ohta M, Sato Y et al (2014) Anti-inflammatory ac-
tivities of light emitting diode irradiation on collagen-induced ar-
thritis in mice (a secondary publication). Laser Ther 23(3):191–199

7. Choi H, Lim W, Kim I et al (2012) Inflammatory cytokines are
suppressed by light-emitting diode irradiation of P. gingivalis
LPS-treated human gingival fibroblasts: inflammatory cytokine
changes by LED irradiation. Lasers Med Sci 27(2):459–467

8. MamalisA, Jagdeo J (2015)Light-emitting diode-generated red light inhibits
keloid fibroblast proliferation. Dermatol Surg 41(1):35–39

9. Siqueira VPC, Evangelista MIS, Dos Santos A, Marcos RL,
Ligeiro-de-Oliveira AP, Pavani C, Damazo AS, Lino-Dos-Santos-
Franco A (2017) Light-emitting diode treatment ameliorates aller-
gic lung inflammation in experimental model of asthma induced by
ovalbumin. J Biophotonics. doi:10.1002/jbio.201600247.

10. Saldiva PH, Zin WA, Santos RL, Eidelman DH, Milic-Emili J
(1992) Alveolar pressure measurement in open-chest rats. J Appl
Physiol 72(1):302–306

11. Miranda da Silva C, Peres Leal M, Brochetti RA et al. (2015) Low
level laser therapy reduces the development of lung inflammation
induced by formaldehyde exposure. PLoS One 10(11)

12. Baptista G, Ferreira E, Forestier A et al (2006) Re: predictors of 1-
year mortality in patients discharged from the hospital following
acute exacerbation of chronic obstructive pulmonary disease. Age
Ageing 35(3):321

13. Kisseleva T, Brenner DA (2008) Mechanisms of fibrogenesis. Exp
Biol Med (Maywood) 233(2):109–122

14. Oliveira MC, Greiffo FR, Rigonato NC, Custódio RW, Silva VR
et al (2014) Low level laser therapy reduces acute lung inflamma-
tion in a model of pulmonary and extrapulmonary LPS-induced
ARDS. J Photochem Photobiol B 134C:57–63

15. Wang XY, MAWJ, Liu CS, LI YX (2014) Effect of low-level laser
therapy on allergic asthma in rats. LasersMed Sci 29(3):1043–1050

16. Silva VR, Castro Faria Neto HC ; Villaverde, ABGJ et al. (2014)
Low-level laser therapy inhibits bronchoconstriction, Th2

inflammation and airway remodeling in allergic asthma. Respir
Physiol Neurobiol 1569

17. Peron JP, de Brito AA, Pelatti M, Brandão WN, Vitoretti LB,
Greiffo FR, da Silveira EC, Oliveira-Junior MC, Maluf M,
Evangelista L, Halpern S, Nisenbaum MG, Perin P, Czeresnia
CE, Câmara NO, Aimbire F, Vieira Rde P, Zatz M, Ligeiro de
Oliveira AP (2015) Human tubal-derived Mesenchymal stromal
cells associated with low level laser therapy significantly reduces
cigarette smoke-induced COPD in C57BL/6 mice. PLoS One
10(8):e0136942

18. Landyshev I, Avdeeva N, Goborov N, Krasavina N, Tikhonova G,
Tkacheva S (2002) Efficacy of low-intensity irradiation and sodium
nedocromil in the complex treatment of patients with bronchial
asthma. Ter Arkh 74:25–28

19. Kashanskaia EP, Fedorov AA (2009) Low-intensity laser radiation
in the combined treatment of patients with chronic obstructive bron-
chitis. Vopr Kurortol Fizioter Lech Fiz Kult 2:19–22

20. Mamalis A, Koo E, Garcha M, Murphy WJ, Isseroff RR, Jagdeo J
(2016) High fluence light emitting diode-generated red light mod-
ulates characteristics associated with skin fibrosis. J Biophotonics
11-12:1167–1179

21. Jaffe HA, Gao Z, Mori Y, LI L, Varga J (1999) Selective inhibition
of collagen gene expression in fibroblasts by an interferon-gamma
transgene. Exp Lung Res 25(3):199–215

22. Lev-Tov H, Mamalis A, Brody N et al (2013) Inhibition of fibro-
blast proliferation in vitro using red light-emitting diodes. Dermatol
Surg 39:1167–1170

23. Mamalis A, Koo E, Isseroff RR et al (2015) Resveratrol prevents
high fluence red light-emitting diode reactive oxygen species-
mediated photoinhibition of human skin fibroblast migration.
PLoS One 10:e0140628

24. Le TT, Karmouty-Quintana H, Melicoff E, Le TT, Weng T, Chen
NYet al (2014) Blockade of IL-6 trans signaling attenuates pulmo-
nary fibrosis. J Immunol 193(7):3755–3768

25. Belperio JA, Keane MP, Arenberg DA, Addison CL, Ehlert JE,
Burdick MD, Strieter RM (2000) CXC chemokines in angiogene-
sis. J Leukoc Biol 68:1–8

26. Strieter RM, Gomperts BN, Keane MP (2007) The role of CXC
chemokines in pulmonary fibrosis. J Clin Invest 117:549–556

27. Bertini R, Allegretti M, Bizzarri C, Moriconi A, Locati M,
Zampella G, Cervellera MN, Di Cioccio V, Cesta MC, Galliera E
et al (2004) Noncompetitive allosteric inhibitors of the inflamma-
tory chemokine receptors CXCR1 and CXCR2: prevention of re-
perfusion injury. Proc Natl Acad Sci U S A 101:11791–11796

28. Barsante MM, Cunha TM, Allegretti M, Cattani F, Policani F,
Bizzarri C, Tafuri WL, Poole S, Cunha FQ, Bertini R et al (2008)
Blockade of the chemokine receptor CXCR2 ameliorates adjuvant-
induced arthritis in rats. Br J Pharmacol 153:992–1002

Lasers Med Sci

http://dx.doi.org/10.1002/jbio.201600247

	Photobiomodulation therapy improves both inflammatory and fibrotic parameters in experimental model of lung fibrosis in mice
	Abstract
	Introduction
	Material and methods
	Animals and groups of study
	Induction of lung fibrosis
	Photobiomodulation therapy
	Experimental design
	Evaluation of cells recovered in the bronchoalveolar lavage
	Measurement of lung elastance
	Evaluation of collagen production as well as interstitial tissue thickening
	Quantification of cytokines released in the bronchoalveolar lavage fluid and in the supernatant of fibroblasts and pneumocytes in culture
	Isolation and culture of lung fibroblasts and pneumocytes
	Fibroblasts
	Pneumocytes
	Statistical analyses

	Results
	LED treatment reduces cell influx in the BAL of fibrotic mice
	LED treatment reduces dynamic and static elastances of fibrotic mice
	LED treatment reduces collagen production and interstitial tissue thickening of fibrotic mice
	LED treatment increases IFN-gamma in the BAL fluid of fibrotic mice
	LED treatment reduces CXCL1/KC released by fibroblasts in culture of fibrotic mice
	LED treatment reduces IL-6 and CXCL1/KC released by pneumocytes in culture of fibrotic mice

	Discussion
	References


