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ABSTRACT

BACKGROUND AND OBJECTIVE: Low Level Laser Therapy (LLLT) or photobiomodulation
therapy is emerging as a promising new therapeutic option for fibrosis in different damaged and/or
diseased organs. However, the anti-fibrotic potential of this treatment needs to be elucidated and the
cellular and molecular targets of the laser clarified. Here we investigated the effects of a low
intensity 63545 nm diode laser irradiation on fibroblast-myofibroblast transition, a key event in the
onset of fibrosis, and elucidated some of the underlying molecular mechanisms.

MATERIALS AND METHODS: NIH/3T3 fibroblasts were cultured in a low serum medium in
the presence of Transforming Growth Factor (TGF)-f1, irradiated with a 635+5 nm diode laser
(continuous wave, 89 mW, 0.3 J/cm?). Fibroblast-myofibroblast differentiation was assayed by
morphological, biochemical and electrophysiological approaches. Expression of matrix
metalloproteinase (MMP)-2 and MMP-9 and of Tissue inhibitor of MMPs, namely TIMP-1 and
TIMP-2, after laser exposure were also evaluated by confocal immunofluorescence analyses.
Moreover, the effect of the diode laser on Transient Receptor Potential Canonical Channel
(TRPC)1/Stretch Activated Channel (SAC) expression and activity and on TGF-B1/Smad3
signaling was investigated.

RESULTS: Diode laser treatment inhibited TGF-f1-induced fibroblast-myofibroblast transition as
judged by reduction of stress fibers formation, a.—smooth muscle actin (sma) and type-1 collagen
expression and by changes in electrophysiological properties such as resting membrane potential,
cell capacitance and inwardly rectifying K* currents. In addition, the irradiation up-regulated the
expression of MMP-2 and MMP-9 and downregulated that of TIMP-1 and TIMP-2 in TGF-B1-
treated cells. This laser effect was shown to involve TRPC1/SAC channel functionality. Finally,
diode laser stimulation and TRPC1 functionality negatively affected fibroblast-myofibroblast
transition by interfering with TGF-1 signaling, namely reducing the expression of Smad3, the
TGF-B1 downstream signaling molecule.

CONCLUSION: Low intensity irradiation with 635+5 nm diode laser inhibited TGF-$1/Smad3-
mediated fibroblast-myofibroblast transition and this effect involved the modulation of TRPC1 ion
channels. These data contribute to support the potential anti-fibrotic effect of LLLT and may offer
further informations for considering this therapy as a promising therapeutic tool for the treatment of

tissue fibrosis.
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INTRODUCTION

Fibrosis represents a process influencing both progression and outcome of several diseases and it is
estimated that, in developed countries, 45% of deaths can be attributed to pathologies where fibrosis
plays a major aetiological role [1,2]. Fibrosis frequently occurs as aberrant response to an injury or
chronic diseases, leading to the impairment of the functionality of multiple organs including heart,
skeletal muscle, liver, kidney, lung and skin [3-8]. Also reactive stroma of solid tumors can be
considered as a fibrotic tissue [9] and, in addition, the oral sub-mucosal layer may be affected by
fibrosis as well, for instance after direct exposure of the buccal mucosa to noxious chemicals and
additives with severe consequences for periodontal tissue [10].

In all cases, fibrosis consists of an excessive extracellular matrix (ECM) deposition attributable to
the imbalance between collagen synthesis and degradation, in turn depending on the expression of
collagen-related genes and activity of matrix metalloproteinases (MMPs) and their inhibitors
(Tissue inhibitor of MMPs - TIMPs) [11]. The main cell type implicated in the onset and
progression of fibrosis is the myofibroblast resulting from the activation and differentiation of
fibroblasts [12]. Although myofibroblasts are required for the wound healing process and the
reparative response to organ/tissue damage, their persistence in the damage site contributes to the
excessive accumulation of ECM components, which ultimately replaces the necrotic or damaged
tissue with a fibrotic scar. The current therapeutic options for fibrosis are very limited and at
present, organ transplantation, when possible, is the only effective treatment for end-stage disease.
Therefore, the development of alternative and effective therapies aimed to limit fibrotic response or
even reverse the fibrotic pattern represents an urgent need with a potentially high impact on social
wealth.

Along this line, much attention has been given in the recent years to molecules with anti-fibrotic
effects [13-15]. In this context, studies conducted by our group and others have shown that the
hormone relaxin can contribute to counteract fibrosis, inhibiting myofibroblast differentiation and
modulating the expression of MMPs [16-19]. Moreover, emerging evidence suggests that cell-based
therapy, utilizing mesenchymal stromal cells and other cell types, could attenuate the fibrogenic
response in different tissues [19-22]. However, both the pharmacological and the cell-based
approach present several criticisms and side effects which limit their clinical application. Indeed,
soluble factors are typically short-lived, thus requiring more effective methods of delivery. On the
other hand, the limitations of cell therapy are mainly related with the route of cell delivery in the
host tissue which is still an issue of debate, the transient survival of the majority of transplanted
cells within the recipient tissue and to the fact that long-term studies are required to elucidate the

real outcome, side-effects and to validate the safety of transplanted cells.
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A promising alternative therapeutic tool for the treatment of fibrosis could be represented by the
Low Level Laser Therapy (LLLT) or photobiomodulation therapy. This approach consists in the
direct application of a non ionizing light, usually delivered via a low power coherent light (laser) or
non-coherent light sources such as filtered lamps or light-emitting diode (LED), typically emitting
in the 600-1000 nm spectrum range (red to near infrared), with an energy density < 100 Jem?.
Given the low energy density and wavelengths used in this therapy, light is able to easily enter the
tissues in a non destructive and non thermal mode resulting in the biomodulation of various cellular
processes [23-27].

LLLT is considered a safe technology and is widely applied in different branches of medicine and
dentistry for pain management, to promote coagulation and reduce inflammation with satisfactory
outcomes [27-29]. Moreover, many studies show the beneficial effects of the photobiomodulation
therapy on healing and repair/regeneration processes at different tissues [30-37]. Along this line, we
have recently demonstrated that therapy with different types of diode lasers is able to improve
healing in chronic periodontitis patients [38]. More recently, photobiomodulation therapy is
reported to have beneficial effects in reducing fibrosis in different damaged and/or diseased organs
[27,28,33,39-45]. However despite these promising data, the anti-fibrotic potential of this kind of
laser therapy needs to be further investigated and confirmed prior to clinical use as new treatment
option for fibrosis. Indeed, the complexity of medical lasers in terms of different wavelengths,
energy output modes and setting parameters has produced a multiplicity of protocols with different
outcomes, thus sometimes hampering comparison of the results and identification of univocal
guidelines for their use; moreover, although the remarkable increase of data concerning the
mechanisms underlying the anti-fibrotic effect of photobiomodulation in recent years, the cellular
and molecular targets of the laser treatment are far from being elucidated.

On the basis of these considerations, the aim of the present study was to further extend the
knowledge on the anti-fibrotic action of photobiomodulation by examining the effect of low energy
diode laser (635+5 nm) irradiation on the in vitro transition of NIH/3T3 fibroblasts into

myofibroblasts and investigating the underlying molecular mechanisms.

MATERIALS AND METHODS
Cell culture and treatments

Murine fibroblasts NIH/3T3 cells obtained from ATCC were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Sigma, Milan, Italy) with 4.5 g/l glucose, supplemented with 10% fetal

bovine serum (FBS; Sigma), 1% penicillin/streptomycin (Sigma) at 37°C in a humidified
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atmosphere of 5% CO,. The cells were induced to differentiate into myofibroblasts by culturing in
DMEM containing FBS 2% for 24 h, 48 h and 72 h in the presence of human Transforming Growth
Factor (TGF)-B1 (2 ng/ml; PeproTech, Inc., Rocky Hill, NJ, USA) according to our previous work
[16] and irradiated or not with diode laser. In some experiments the cells were also treated with
Gadolinium Chloride (GdCl3; 50 uM; Sigma) a commonly used pharmacological Stretch Activated
Channel (SAC) blocker [24], prior laser irradiation.

Laser treatment

Irradiation was carried out with a diode laser (4x4 ™ Dental Laser System, General Project,
Montespertoli, Florence, Italy) operating at a wavelength of 635+5 nm in continuous irradiation
mode. The beam power was set at 89 mW and a 600 nm diameter optic fiber was used. The detailed
laser specification and irradiation parameters were reported in Table 1. During the treatment, the
temperature of the diode laser-irradiated cells was monitored by a thermal probe included in the
console of the 4x4™ Dental Laser System and a thermal camera (Ti9, Fluke Corp., Everett, USA)
able to show a thermal map of the treated area. This information allowed to finely tune the diode
laser irradiation and keep the temperature below the cell damage threshold. To avoid overlapping or
scattered irradiation, the cells of each cell preparation and experiment were seeded in wells or
dishes spaced apart. A black background in the irradiation area was used to minimize light
reflection. During the period of diode laser irradiation, the cover plate was removed and all the
procedures were performed under ‘‘clean bench’ conditions to prevent bacterial contamination.

Eye protection of the operator and assistant was assured by wearing safety glasses.
MTS cell viability assay

Cell viability was determined by 3-(4.5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2Htetrazolium (MTS) assay (Promega Corp., Madison, WI, USA), essentially as
previously reported [25]. Briefly, the cells were cultured in 96-well plates (6 x 10° cells/well) in
DMEM supplemented with FBS 10% (control) and, after 24 h, were transferred in low serum (FBS
2%) phenol red-free culture medium in the presence of 2 ng/ml human TGF-B1, diode laser
irradiated for 10 s as indicated in Table 1 (treated surface diameter: 18 mm) or not, and cultured for
24 h. Then the cells were transferred in 100 pl of fresh medium and 20 pl of MTS test solution was
added to each well. After 4 h of incubation, the optical density (OD) of soluble formazan was
measured using a multi-well scanning spectrophotometer (ELISA reader; Amersham, Pharmacia

Biotech, Cambridge, UK) at a wavelength of 492 nm.

Silencing of TRPC1 by siRNA
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To inhibit the expression of TRPC1, a mix of short interfering RNA duplexes (siRNA) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) corresponding to three distinct regions of the DNA sequence
of mouse TRPCI1 gene (NM_011643) was used essentialy as previously reported [46]. A non-
specific scrambled (SCR)-siRNA (Santa Cruz Biotechnology) was used as control. NIH/3T3
fibroblasts at 80% confluence were transfected using siRNA Transfection Reagent according to
manifacturer’s instructions (Santa Cruz Biotechnology) with TRPC1-siRNA duplexes or with SCR-
siRNA (20 nM) for 24 h and then transferred in fresh medium for additional 5 h. After that the cells
were cultured for further 24 h in low serum culture medium (FBS 2%) in the presence of 2 ng/ml
TGF-B1 and irradiated with diode laser for 26 sec as indicated in the Table 1 (treated surface
diameter: 30 mm) or not before being collected and processed for Western blotting analisys or fixed
for confocal immunofluorescence staining. The specific knock-down of TRPC1 was evaluated by
Western blotting (data not shown) and confocal immunofluorescence analysis. The efficiency of

transfection was estimated to range from 70 to 80%.

Confocal Immunofluorescence

The cells grown on glass coverslips, were fixed with 0.5% buffered paraformaldehyde (PFA) for 10
min at room temperature (RT). After permeabilization with cold acetone for 3 min, the fixed cells
were blocked with 0.5% bovine serum albumin (BSA; Sigma) and 3% glycerol in PBS for 20 min
and then incubated overnight at 4°C, with the following primary antibodies: rabbit polyclonal anti-
Ki67 (1:100; Santa Cruz Biotechnology), rabbit polyclonal anti-MMP-2 (1:200; Abcam,
Cambridge, UK), rabbit polyclonal anti-MMP-9 (1.100; Abcam), rabbit polyclonal anti-TIMP-1
(1:50; Bioss Inc, Woburn, MA, USA), mouse monoclonal anti-TIMP-2 (1:20; Abcam), rabbit
polyclonal anti-type-1 collagen (1:50; Santa Cruz Biotechnology), mouse monoclonal anti-alfa
smooth muscle actin (o-sma, 1:100; Abcam), rabbit polyclonal anti-TRPC1 (1:80; Santa Cruz
Biotechnology). The immunoreactions were revealed by incubation with specific anti-rabbit or anti-
mouse Alexa Fluor 488- or 568-conjugated IgG (1:200; Molecular Probes, Eugene, OR, USA) for 1
h at RT. In some experiments, the cells were stained with Tetramethylrhodamine isothiocyanate
(TRITC)-labeled phalloidin (1:100; Sigma) to reveal actin filament organization. In others
experiments counterstaining was performed with propidium iodide (PI, 1:30; Molecular Probes) to
reveal nuclei. Negative controls were carried out by replacing the primary antibodies with non
immune serum; cross-reactivity of the secondary antibodies was tested in control experiments in
which primary antibodies were omitted. After washing, the coverslips containing the
immunolabelled cells were mounted with an antifade mounting medium (Biomeda Gel mount,

Electron Microscopy Sciences, Foster City, CA, USA) and observed under a confocal Leica TCS

John Wiley & Sons, Inc.
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SP5 microscope (Leica Microsystems, Mannheim, Germany) equipped with a HeNe/Ar laser source
for fluorescence measurements. Observations were performed using a Leica Plan Apo 63X/1.43NA
oil immersion objective. Series of optical sections (1024 x 1024 pixels each; pixel size 204.3 nm)
0.4 pm in thickness were taken through the depth of the cells at intervals of 0.4 um. Images were
then projected onto a single ‘extended focus’ image. Densitometric analyses of the intensity of
MMP-2, MMP-9, TIMP-1, TIMP-2, type-1 collagen, a-sma, TRPC1 fluorescent signals were
performed on digitized images using ImageJ software (http://rsbweb.nih.gov/ij) in 20 regions of
interest (ROI) of 100 pm?2 for each confocal stacks (at least 10).

The number of NIH/3T3 cells with Ki67 positive nuclei was evaluated in 10 random 200 x 200 um
square microscopic fields (63X ocular) in each cell preparation and expressed as percentage of the

total cell number.

Western Blotting

Cells were resuspended in appropriate volume of cold Cell Extraction Buffer (10 mM Tris/HCI, pH
7.4, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na4P207, 2 mM Na3V04,
1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deoxycholate; Invitrogen Life Technologies,
Grand Island, NY, USA;) supplemented with 50 pl/ml Protease Inhibitor Cocktail and 1 mM
Phenylmethanesulfonyl fluoride (PMSF; Sigma).

Upon centrifugation at 13.000 g for 10 min at 4°C, the supernatants were collected and the total
protein content was quantified by Bio-Rad protein assay (Bio-Rad Laboratories S.r.l., Milan, Italy)
following the manufacturer’s instructions. Forty micrograms of total proteins were electrophoresed
on NuPAGE® 4-12% Bis-Tris Gel (Invitrogen Life Technologies, 200V, 40 min) and blotted onto
polyvinylidene difluoride (PVDF) membranes (Invitrogen Life Technologies; 30V, 1 h). The
membranes were blocked with Blocking Solution included in the Western Breeze®Chr0m0genic
Western Blot Immunodetection Kit (Invitrogen Life Technologies) for 30 min at RT on rotary
shaker and incubated overnight at 4°C with mouse monoclonal anti-a-sma antibody (1:1000;
Abcam), rabbit polyclonal anti-Smad3 (1:1000; Cell Signaling Technology, Danvers, MA, USA)
rabbit polyclonal anti-TRPC1 (1:1000; Santa Cruz Biotechnology) rabbit polyclonal anti-a-tubulin
(1:1000; Cell Signaling Technology) and mouse monoclonal anti-f-actin (1:10000; Sigma)
antibodies, assuming o-tubulin or B-actin as control invariant protein. Immunodetection was
performed as described in the Western Breeze®Chr0mogenic Immunodetection protocol (Invitrogen
Life Technologies). Densitometric analysis of the bands was performed using Image] software

(http://rsbweb.nih.gov/ij) and the values normalized to a-tubulin or -actin.
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Electrophysiological recordings
Whole-cell patch-clamp

Electrophysiological analyses were conducted by the whole-cell patch-clamp technique both in
current- and voltage-clamp mode. The experiments were performed and recorded with an
Axopatch200B amplifier (Axon Instruments,Union City, CA, USA) interfaced to a Digidata 1200
data-acquisition system controlled by Clampex version 6 software (Axon Instruments) as reported
previously [17]. In particular fibroblasts adherent to glass coverslips were put in the 35 mm
recording chamber and superfused at 20-22 °C at a rate of 1.8 ml/min by a Pump 33 (Harvard
Apparatus) with the following physiological bath solution: 140 mM NaCl, 5.4 mM KCI, 1.5 mM
CaCl,, 1.2 mM MgCl,, 5.5 mM glucose and 5 mM HEPES/NaOH (pH 7.35). Different channel
blockers were used to test the presence of specific ion currents: to record inwardly rectifier K*
currents (Ig;;), 4 mM Cs* was applied to the bath solution and 0.5 mM BaCl, was used to block its
occurrence. Stretch Activated Current (Isac) was blocked by GdCl; (50 puM; Sigma). The patch
pipettes was filled with the following solution: 130 mM KCI, 10 mM NaH,PO4, 0.2 mM CaCl,, 1
mM EGTA, 5 mM MgATP and 10 mM HEPES. For bath and pipette solution, pH was set to 7.4
with NaOH and to 7.2 with KOH, respectively. The resistance of the filled pipettes was
approximately 6-8 MfL.

The resting membrane potential (RMP) was recorded by switching to the current clamp mode of the
200B amplifier. In order to record its precise value, we first estimated the junction potential of the
electrode prior membrane patch formation; this juction potential value was then subtracted from the
recorded membrane potential. The cell linear capacitance (C,) was evaluated as previously
described [17]. C,, value was considered as an index of the cell surface area, assuming that
membrane-specific capacitance is constant at 1 uF/cmz. The current amplitude (I) was normalized
to Cp, to appropriately compare the test currents recorded in cells of different size; accordingly, I/Cy,
value is proposed as current density (pA/pF). Linear leak and capacitance currents were cancelled

on-line by the P/4 procedure.

Pulse protocols of stimulation

The ionic currents were recorded in voltage clamp mode. The currents flowing through the
voltage independent stretch activated channels (Isac) were estimated by a mathematical procedure.
We first evoked the total membrane current I,, by a voltage ramp pulse protocol ranging from -120
to +40 mV at a rate of 100 mV/second, applied from a holding potential (HP) of -40 mV. At the end

of any experimental session a commonly used pharmacological Stretch Activated Channel (SAC)

John Wiley & Sons, Inc.
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blocker GdCls (50 puM; Sigma) was added to the bath solution and the pulse protocol was applied
again to record the leak current (Ijyjeax). The Gd**_ sensitive Isac was thus determined by the point-
by-point subtraction of I . from the total current I, recorded at the beginning of the experiment.
This isolated the not voltage-dependent Isac currents, that were normalized for Cp, to allow the
comparison of size different cells. Similarly, we used ramp pulses from -120 to +50 mV (HP =0
mV), at a rate of 100 mV/sec to evoke I;j, as previously published [17]. The experiments were
repeated in the presence of the blocker Ba’* in the recording solution and the resulting current trace
was then subtracted from the one obtained in the absence of Ba?*. The resulting Ig;; was then

normalized for C,,.

Statistical analysis

Mathematical and statistical analyses of electrophysiological data were performed by
pClamp9 (Axon Instruments). For the other data, calculations were performed using GraphPad
Prism software (GraphPad, San Diego, CA, USA). Data are expressed as mean + SEM. Statistical
significance was determined by one-way ANOVA and Newman-Keuls multiple comparison test;

results were considered statistically significant if p < 0.05 .

RESULTS
Diode laser irradiation inhibited TGF-f1-induced fibroblast-myofibroblast transition

We evaluated the effects of a low level irradiation with a diode laser at a wavelenght of 6355 nm
on fibroblast-myofibroblast transition. To this aim, NIH/3T3 fibroblasts were cultured in a low
serum medium (FBS 2%) for different times (24 h, 48 h or 72 h) in the presence of 2 ng/ml TGF-
B1, the well known pro-fibrotic agent [47], in order to promote cell differentiation towards
myofibroblasts, irradiated or not with the diode laser using the parameters as reported in Table 1.
Cells cultured in the medium supplemented with FBS 10%, not treated with TGF-f1 and not
irradiated were used as controls. We found that diode laser did not affect cell viability as judged by
MTS assay performed after 24 h from treatment (Fig. 1A). Simultaneously, diode laser irradiation
was able to induce a significant increase in proliferation of TGF-f1 treated fibroblasts counteracting
the anti-proliferative action of the pro-fibrotic factor, as showed by the increase in the number of
the cells positive for Ki67, a nuclear protein marker for cell proliferation (Fig. 1B).

To evaluate the differentiation of fibroblasts into myofibroblasts in our experimental model, we

searched for well known myofibroblastic markers such as the presence of stress fibers and the
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expression of a-sma and type-1 collagen. The morphological analysis showed that the cells treated
with TGF-B1 already after 24 h, exhibited a more organized cytoskeleton as compared to that of
control cells, consisting in the presence of robust stress fibres associated with a significant increase
in the expression of a-sma, mainly localized along their course (Fig. 2A). As shown by Western
blotting analysis and as expected, TGF-1 induced a further increase in a-sma expression levels
after 48 h and 72 h of treatment (Fig. 2B). Moreover the cells exposed for 72 h to TGF-B1 presented
an increase in the expression of type-1 collagen at the cytoplasmic level (Fig. 2A) further
confirming the capability of TGF-B1 to induce fibroblast-myofibroblast transition. Of note, diode
laser irradiation was able to inhibit TGF-B1-induced effect, by reducing the assembly of stress
fibers and down-regulating both a-sma and type-1 collagen expression (Fig. 2).

To further support these data, in parallel experiments we evaluated the electrophysiological
properties of the cells by whole-cell patch-clamp technique. We first recorded in current clamp
mode the resting membrane potential (RMP), a key physiological parameter whose small
modifications can substantially change cell excitability, contractility and other properties such as
cell migration [17]. RMP of fibroblasts cultured for different times in the presence of TGF-f1,
showed that such condition induced a depolarization of RMP with respect to controls (Fig. 3A). By
contrast, diode laser stimulation was able to prevent the TGF-B1-induced effect at any time point,
evoking a statistically significant hyperpolarization of RMP whose values returned to the ones
recorded in controls (Fig. 3A). We then analyzed in voltage clamp mode the cell capacitance (Cy,),
usually assumed as index of cell surface. Cy, increased with respect to control cells in both TGF-$1
treated cells and TGF-B1 and diode laser treated ones at any time, consistent with an increase of the
individual cell size during myofibroblast differentiation (Fig. 3B). However, diode laser stimulation
was not able to induce any significant change of C,, values respect to TGF-1 treatment alone.
According to our previously work [17] we also tested the effects of the cell treatments on the
inward rectifying K" current, Ig;, usually well expressed in myofibroblasts. We observed that in
response to voltage ramp pulse stimulation (as described in Methods), the cells treated with TGF-$1
showed a consistent Ba** -sensitive I, for negative voltages, and that the amplitude of this current

was significantly reduced after diode laser stimulation (Fig. 4).

Diode laser stimulation modulated the expression of MMPs and of TIMPs in TGF-fl-treated
fibroblasts

A fine coordination between a family of proteolytic enzymes that selectively digest individual

components of ECM, namely MMPs, and their specific tissue inhibitors (TIMPs) is crucial for
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connective tissue remodelling after a tissue damage and for counteracting the excessive deposition
of collagen by myofibroblasts [11]. On this basis, we investigated whether diode laser stimulation
could modulate the expression and activity of MMP-2 /MMP-9 and TIMP-1/TIMP-2 in fibroblasts.
As determined by confocal immunofluorescence analyses, we found that control NIH/3T3 cells
expressed all these enzymes: in particular MMP-9 was concentrated along cytoskeletal filaments,
MMP-2 was mainly distributed inside the cytoplasm as well as TIMP-1 and TIMP-2 (Fig. 5). The
cells treated with TGF-B1 for 24 h displayed a reduction of the expression of both MMP-2 and
MMP-9 associated with an increase of TIMP-1 and TIMP-2 as compared to control cells (Fig. 5).
Of note, diode laser irradiation was able to revert TGF-B1 induced effect, by up-regulating MMP-2
and MMP-9 expression and down-regulating TIMP-1 and TIMP-2 (Fig. 5).

Diode laser-induced prevention of fibroblast-myofibroblast transition is mediated by the

Transient Receptor Potential Canonical Channel 1 (TRPC1) functionality

It has been recently reported that TGF-B1 affects the functionality of different ion channels
including Transient Receptor Potential (TRP) channels and that TRP-mediated calcium influx is
required to promote fibroblast—-myofibroblast transition [48,49].

Based on these data, in order to investigate the mechanisms by which diode laser irradiation could
influence fibroblast differentiation, we analyzed the expression and activity of TRPCI in our
experimental conditions. TRPC1 belongs to the superfamyly of TRP protein, acting as Store-
Operated Ca®t entry Channel (SOC) in various cell types [50], and also as Stretch Activated
Channel (SAC) [46].

Confocal immunofluorescence analysis showed a positive labeling of TRPCI in the cytoplasm and
plasmamembrane of control NIH/3T3 fibroblasts and a significant increase of the immunstaining in
the cells treated with TGF-B1 (Fig. 6A). In particular TRPC1 expression gradually increased with
time reaching maximal levels after 48-72 h of treatment. The parallel electrophysiological
recordings were in agreement with the morphological analyses; in fact TGF-B1 treated fibroblasts
regularly showed linear currents ascribable to non selective cation currents or TRPC1 fluxes
through SACs (Isac) according to our previously reported data [46] (Fig. 6B).

These results suggested a role for TRPC1 channels in the fibroblast-myofibroblast transition. To
support these data we then analyzed the expression of a-sma in cells in which TRPC1 gene
expression was silenced with a specific TRPCI1-siRNA, or the channel activity was
pharmacologically blocked with 50 uM GdCl;. As judged by confocal immunofluorescence and
Western blotting analyses the expression of the myofibroblast marker appeared significantly

reduced when either the gene expression of TRPC1 was down-regulated or its activity blocked (Fig.
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7). It was worth noting that diode laser irradiation was able to reduce the increase of TRPCI1
expression and activity in TGF-B1 treated cells at any time (Fig. 6) and to induce a further decrease
of a-sma expression in the cells silenced for TRPC1 or treated with GdCls as compared to the laser
unstimulated ones (Fig. 7). All these data suggested that diode laser-induced inhibition of
fibroblast-myofibroblast transition could be, at least in part, mediated by the TRPC1 functionality.
Finally, we also demonstrated that diode laser irradiation and TRPC1 expression and activity could
exert their inhibitory effects on fibroblast differentiation by interfering with TGF-f1 mediated
intracellular signaling pathway, since the diode laser treatment (Fig. 8A) as well as the inhibition of
TRPCI1 (Fig. 8B) caused a significant decrease in the expressionof Smad3, the TGF-B1 downstream

signaling molecule, in TGF-31-treated cells.

DISCUSSION

The beneficial effect of LLLT or photobiomodulation therapy in ameliorating fibrosis has been
recently demonstrated in different damaged and diseased organs including kidney, skeletal muscle,
skin, heart and tendon, but little is known concerning the cellular and molecular mechanisms by
which the laser could exert this action [27,28,33,39-45].

Most of the studies in this field suggest that the cellular responses to laser therapy are mediated by
the classical mechanisms mainly involving changes in the activity of mitochondria. In fact,
mitochondria contain cytochromes and porphyrins of the respiratory chain which act as light
receptors and are therefore believed to be the primary phototargets during irradiation. In particular,
photon absorption results in the modulation of reactive oxygen species (ROS) production and in an
increase of ATP synthesis leading to regulation of the cell function, cytoprotection and, in turn,
attenuation of inflammation and fibrosis [26,39,40,45,51].

Data of the present study, beside supporting the anti-fibrotic effect of the photobiomodulation,
contribute to add new insights into the cellular and molecular targets of the laser. Indeed, we have
provided experimental evidence for the ability of photobiomodulation therapy with a 635£5 nm
diode laser, to inhibit TGF-f1 induced fibroblast-myofibroblast transition in vitro by modulating the
expression and the activity of TRPC1 membrane channel and interfering with TGF-B1 signaling.

It is well established that myofibroblasts are the major contributors to tissue scarring [12]. These
cells combine immunophenotypical and ultrastructural features of fibroblasts and smooth muscle
cells by exhibiting de novo formation and deployment of contractile actin/myosin- containing stress
fibers and expression of a-sma with the extensive endoplasmic reticulum of synthetically-active

fibroblasts. They respond to different stimuli including mechanical stress, hypoxia, paracrine factors
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by increasing synthesis and deposition of ECM proteins and exerting traction forces on ECM
[2,12]. Fibroblast-myofibroblast transition is a key mechanism in the normal reparative response to
tissue damage and the myofibroblast activity is beneficial for restoring the tissue integrity through
the formation of a contractile scar. For example, scars stabilize the heart muscle after myocardial
infarction as well as tendon, bone, and cartilage after fracture or rupture. However, persistence of
myofibroblasts in the wound as well as deregulated and chronic activity of these cells, leads to
fibrosis and organ failure [12]. Given that myofibroblast generation is a crucial event shared by
fibrosis in all organs, its inhibition could represent an effective non-organ-specific tool, to
counteract fibrosis.

In such a view, our data, demonstrating that the diode laser induced inhibition of fibroblast-
myofibroblast transition, appear intriguing and of potential clinical interest. In particular, our results
have shown that diode laser stimulation of TGF-f1-treated NIH/3T3 fibroblasts, affects multiple
processes associated with fibroblast differentiation, namely i) inhibition of the assembly of stress
fibers; by these structures the myofibroblast is capable to remodel and contract the ECM and also
to adapt its activity to changes in the mechanical microenvironment as occur in fibrotic tissue
[12,52]; ii) reduction of a-sma and type-1 collagen expression; iii) modification of
plasmamembrane passive properties and ion currents typically expressed by myofibroblasts. In
particular, laser stimulation counteracted the tendency of TGF-B1 to induce a depolarization of
RPM, strictly correlated with the proliferation and contractile properties of myofibroblasts [53],
causing an hyperpolarization of this parameter, and attenuated inwardly rectifying K" currents (Ik;),
which usually increase in the transition to myofibroblasts and are determinant of RMP and thus of
myofibroblast contractility [17,53].

It is well known that a fine coordination between MMPs and TIMPs is also essential to counteract
the excessive deposition of collagen by myofibroblasts and maintain the homeostasis of ECM [11]
Therefore our data, showing the capability of the laser to up-regulate the expression of MMP-2 and
MMP-9 while concomitantly down-regulating the expression of their specific tissue inhibitors
TIMP-1 and TIMP-2, add further evidence to the ability of photobiomodulation therapy to affect
ECM remodeling. This is in accordance with previous finding on the positive effect of LLLT on
MMP-2 gelatinolytic activity during the skeletal muscle regeneration process [44,54].

Although many cytokines and growth factors can stimulate fibroblast-myofibroblast
transition, TGF-B1 is the most effective pro-fibrotic cytokine secreted by various cell types in the
lesion site, including epithelial cells, platelets, macrophages, fibroblasts and also myofibroblasts.
Indeed, autocrine TGF-B1 secretion by myofibroblasts sustains a vicious cycle, which further

promotes their differentiation and the progression of fibrosis [13,47,55]. Moreover, there is
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evidence supporting the concept that myofibroblasts could promote fibrogenic signaling also via a
contractile force-mediated activation of latent TGF-f1 bound to the ECM. In this process,
contractility generated by stress fibers is transmitted from the cytoskeleton to the ECM through the
transmembrane integrins and this force transmission causes a conformational change of the ECM-
bound latent TGF-B1 complex, thus leading to the release (or exposure) of active TGF-B1 which is
then able to bind to its receptor(s) [56].

TGE-B1 promotes fibroblast-myofibroblast differentiation and myofibroblast survival by
inducing a variety of signaling pathways, including the canonical TGF-f1 signaling pathway
(Smad2/3-dependent) and non-canonical pathways, such as PI3K/AKT/mTOR pathway [47]. Our
data, showing a reduction of Smad3 expression in the fibroblast irradiated with the diode laser,
suggest that laser could exert its inhibitory effects on myofibroblast generation by interfering with
the canonical TGF-B1 mediated intracellular signaling pathway. These data are in agreement with
previuos studies demonstrating the contribution of photobiomodulation therapy in preventing
fibrosis by decreasing TGF-B1 mRNA expression [57,58] in an injured skeletal muscle and of
Smad3 expression in an animal model of renal interstitial fibrosis [41].

Moreover this study adds new insights into the molecular targets of the laser suggesting, for
the first time, that diode laser could promote the inhibition of TGF-f1 induced myofibroblast
generation by modulating TRPC1 ion channel functionality. In particular, we observed that the
expression and the activity of TRPCI1 ion channel significantly augmented in TGF-B1-treated
fibroblasts and that the pharmacological block of this channel as well as the silencing of TRPC1
gene expression reduced myofibroblast differentiation. Notably, the diode laser irradiation was able
to prevent the increase of TRPC1 ion channel expression and activity induced by TGF-B1. In line
with this, previous data have shown the ability of LLLT to modulate TRP channel functionality in
other cell types; in particular it has been demonstrated a modulation of TRPC1 functionality by a
low pulse energy Nd:YAG laser irradiation in osteoblastic cells [24] and of Transient Receptor
Potential Vanilloid 4 (TRPV4) channels by a 405 nm laser in mast cell line [59]. Our data are also
consistent with the studies in the literature demonstrating that TGF-f1 regulates different TRP
channels including TRPCI in fibroblasts from different organs [48,60,61] and that TRPC-mediated
calcium signaling plays an important role in the differentiation of fibroblasts to myofibroblasts and
in fibrogenesis cascade [48,49,62-64].

Moreover, given that differentiation of fibroblastic cells towards the myofibroblastic phenotype is
also dependent on mechanical stimuli derived from ECM [12] and that TRPCI1 has been
demonstrated to be a component of Stretch Activated Channels (SACs) acting as mechanotrasductor

[46], it is worth to suggest that this channel could be involved in the myofibroblast generation for
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its ability to integrate signals from TGF-B1 and mechanical factors as reported for other classes of
TRP channels [65].

How laser irradiation could affect TRPC1 functionality still remains to be elucidated. Since TRP
proteins were first found in the eye of a Drosophila mutant and are required for maintaining the
light response [66], it can be hypothesized that TRPC1 can directly absorb photons to regulate its
activity, but to our knowledge there are no studies in the literature on the effects of the light
stimulation on isolated mammalian TRPC proteins. On the other hand, it can be supposed that the
laser-induced inhibition of TRPC1 expression and activity could be correlated to the reported ability
of the laser to prevent oxidative stress reducing the generation of reactive oxygen species (ROS)
[27,40] whose levels have been demonstrated to be regulated by TGF-B1 [4,67] and involved in
TRPC1 activation [68,69]. Moreover, it can be also speculated that the mechanisms underlying the
laser-mediated channel functionality in fibroblast cells, may involve alterations of mechanical
properties of the cell surface followed by TRPCI1 channel down-regulation, intracellular calcium
changes and inhibition of TGF-B1/Smad3 signaling pathway. Further studies are required to define
the real mechanism of TRPC1 activation by laser irradiation.

In conclusion, the results of this study provide novel insights into the cellular and molecular
mechanisms by which a LLLT with a 635+5 nm diode laser could exert an anti-fibrotic action and
may contribute to add information on the potentials of this therapy, as a new treatment option for

tissue fibrosis.
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FIGURE LEGEND

Fig. 1. Effect of diode laser irradiation on viability and proliferation of TGF-p1 treated
NIH/3T3 fibroblasts. The cells were cultured for 24 h in low serum (FBS 2%) in the presence of 2
ng/ml TGF-B1, irradiated or not with diode laser for 10 s or 26 s as reported in Table 1. Control cells
were cultured in growth medium (FBS 10%). A) MTS cell viability assay. Otpical density of soluble
colored formazan produced by MTS reduction, was evaluated using a multi-well scanning
spectrophotometer at 492 nm. B) Evaluation of cell proliferation by confocal immunofluorescence
analysis of Ki67 expression. The histogram shows the number of the cells with Ki67 positive nuclei
expressed as percentage of the total nuclei number. Data shown are mean + SEM and represent the
results of at five independent experiments performed in triplicate. Significance of difference
evaluated by one-way ANOVA and Newman—Keuls multiple comparison test: * p< 0.05 vs
CONTROL (FBS 10%); ° p < 0.05 vs FBS 2% + TGF-1.

Fig. 2. Effect of diode laser irradiation on fibroblast-myofibroblast transition. NIH/3T3
fibroblasts were cultured for 24 h, 48 h and 72 h in low serum (FBS 2%) in the presence of 2 ng/ml
TGF-B1, irradiated or not with diode laser for 26 s as reported in Table 1 (treated surface diameter:
30 mm). Control cells were cultured in growth medium (FBS 10%). A) Representative confocal
fluorescence images of the cells in the indicated experimental conditions, stained with TRITC-
conjugated phalloidin to reveal F-actin (red) or immunostained with antibodies against a-sma
(green) or type-1 collagen (cyan). Nuclei are counterstained in red with propidium iodide (PI). The
histograms show the densitometric analyses of the intensity of the fluorescence signals for each
specific marker performed on digitized images. Scale bar = 25 pm. B) Western blotting analysis of
a-sma expression in fibroblasts in the indicated experimental conditions. The densitometric analysis
of the bands normalized to a-tubulin is reported in the histogram. Data shown are mean £ SEM and
represent the results of at least three independent experiments performed in triplicate. Significance of
difference evaluated by one-way ANOVA and Newman—Keuls multiple comparison test: * p< 0.05

vs CONTROL (FBS 10%); ° p <0.05 vs FBS 2% + TGF-$1; # p <0.05 vs previous time.

John Wiley & Sons, Inc.

Page 16 of 35



Page 17 of 35

©CoO~NOUTA,WNPE

Lasers in Surgery and Medicine

Fig. 3. Effect of diode laser irradiation on electrophysiological plasmamembrane properties of
TGF-p1 treated NIH/3T3 fibroblasts. NIH/3T3 fibroblasts were cultured for 24 h, 48 h and 72 h in
low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for 26 s
as reported in Table 1| (treated surface diameter: 30 mm). Control cells were cultured in growth
medium (FBS 10%). A) Resting membrane potential (RMP) recorded by whole-cell patch-clamp
technique in current clamp mode. B) Cell capacitance (C,,) commonly used as index of cell size,
recorded by whole-cell patch-clamp technique in voltage clamp mode. Data are the mean £ SEM:
CONTROL (FBS 10%), n = 20 cells; FBS 2% + TGF-1, n = 30 cells; FBS 2% + TGF-f1 +
LASER, n =30 cells. Significance of difference evaluated by one-way ANOVA and Newman—Keuls
multiple comparison test :* p< 0.05 vs CONTROL (FBS 10%); ° p <0.05 vs FBS 2% + TGF-31
treatment at the same time.

Fig. 4. Effect of diode laser irradiation on delayed rectifier total outward K" currents (Ik,pr)

on TGF-B1 treated NIH/3T3 fibroblasts.

I-V plot related to the inward rectifying K currents (Ig;;), obtained in response to ramp voltage

pulse stimulation (HP = 0 mV) applied to fibroblasts cultured for 72 h in low serum (FBS 2%) in

the presence of 2 ng/ml TGF-B1 (blue trace) and to TGF-B1 treated fibroblasts irradiated with the

diode laser (red trace) for 26 s as reported in Table 1 (treated surface diameter: 30 mm). Each trace

was obtained by pharmacological dissection in the presence of Kir channel blocker (Barium

Chloride), subtracting the current recorded in the bath recording solution from that recorded in

control solution. Current amplitude values were normalized for cell capacitance (C,). Data are

expressed as mean + SEM (FBS 2% + TGF-1, n = 22 cells; FBS 2% + TGF-1 + LASER, n =22

cells). Significance of difference evaluated by one-way ANOVA and Newman—Keuls multiple

comparison test: * p <0.05 vs FBS 2% + TGF-f1 + LASER.

Fig. 5. Effect of diode laser irradiation on MMP-2, MMP-9, TIMP-1 and TIMP-2 expression in
TGF-p1 treated NIH/3T3 fibroblasts. Representative immunofluorescence confocal images of
NIH/3T3 fibroblasts cultured in growth medium (CONTROL, FBS 10%) or cultured for 24 h in low
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serum medium (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for
26 s as reported in Table 1 (treated surface diameter: 30 mm) and immunostained with antibodies
against MMP-9 (red), MMP-2 (green), TIMP-1 (cyan) and TIMP-2 (green). Scale bar = 25 um.
Densitometric analyses of the intensity of the specific fluorescence signals performed on digitized
images are reported in the histograms. Data shown are mean + SEM and represent the results of at
least three independent experiments performed in duplicate. Significance of difference evaluated by
one-way ANOVA and Newman—Keuls multiple comparison test: * p< 0.05 vs CONTROL (FBS
10%); ° p < 0.05 vs FBS 2% + TGF-B1.

Fig. 6. Effect of diode laser irradiation on TRPC1 expression and on currents through TRPC1
(Isac) in TGF-f1 treated NIH/3T3 fibroblasts. NIH/3T3 fibroblasts were cultured for 24 h, 48 h
and 72 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode
laser for 26 s as reported in Table 1 (treated surface diameter: 30 mm). Control cells were cultured
in growth medium (FBS 10%). A) Representative confocal fluorescence images of the cells in the
indicated experimental conditions stained with TRITC-conjugated phalloidin to reveal F-actin (red)
and immunostained with antibodies against TRPC1 (green). Scale bar = 50 um. The histogram
shows the densitometric analyses of the intensity of the TRPCI1 fluorescence signal performed on
digitized images. Data shown are mean + SEM and represent the results of at least three independent
experiments performed in triplicate. B) I-V plot related to the non selective cation currents fluxes
through SACs (Isac), obtained in response to ramp voltage pulse stimulation (HP = -40 mV) applied
to fibroblasts cultured for 72 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-$1 not
irradiated (green trace) or irradiated with diode laser (violet trace). Current amplitude is normalized
for cell capacitance (C,,). Data are mean + SEM (FBS 2% + TGF-1, n = 20 cells; FBS 2% + TGF-
B1 + LASER, n = 20 cells). Significance of difference evaluated by one-way ANOVA and
Newman—Keuls multiple comparison test. In A: * p< 0.05 vs CONTROL (FBS 10%); ° p < 0.05 vs

FBS 2% + TGF-B1; # p < 0.05 vs previous time. In B * p < 0.05 vs FBS 2% + TGF-B1 + LASER.
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Fig. 7. Effect of inhibition of TRPC1 expression and functionality on fibroblast-myofibroblast
transition. To inhibit TRPC1 gene expression NIH/3T3 fibroblasts were silenced by specific
TRPC1-siRNA cultured for 24 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-BI,
irradiated or not with diode laser for 26 s as reported in Table 1 (treated surface diameter: 30 mm),
SCR-siRNA was used as control. In other experiments the cells in low serum medium were pre-
treated with Gadolinium Chloride (50 uM, GdCl;) a specific SAC channel blocker, before TGF-1
addition and irradiation or not with diode laser. A) Representative confocal immuofluorescence
images of the cells in the indicated experimental conditions immunostained with antibodies against
TRPC1 (red, upper panel) and a-sma (green). Propidium iodide (PI, red) was used to counterstain
nuclei. Scale bar = 50 pm. The histograms show the densitometric analyses of the intensity of the
fluorescence signal for specific markers performed on digitized images. B) Western blotting analysis
of o-sma expression in fibroblasts in the indicated experimental conditions. The densitometric
analysis of the bands normalized to a-tubulin is reported in the histograms. Data shown are mean +
SEM and represent the results of at least three independent experiments performed in triplicate.
Significance of difference evaluated by one-way ANOVA and Newman—Keuls multiple comparison
test: * p< 0.05 vs SCR-siRNA + TGF-B1; ° p < 0.05 vs SCR-siRNA + TGF-1 + LASER; # p < 0.05
vs FBS 2% + TGF-B1; § p < 0.05 vs GdCls + TGF-B1; & p <0.05 vs FBS 2% + TGF-$1 + LASER.

Fig. 8. Effect of inhibition of TRPC1/SAC expression and functionality on TGF-f1/Smad3
signaling pathway. Western blotting analysis of Smad3 expression in NIH/3T3 fibroblasts A)
cultured for 24 h, 48 h and 72 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1,
irradiated or not with diode laser for 26 sec as reported in Table 1 (treated surface diameter: 30 mm)
or in growth medium (CONTROL, FBS 10%); B) -left panel- cultured in low serum medium for 24
h, pre-treated with Gadolinium Chloride (50 uM, GdCls) a specific SAC channel blocker, before
TGF-B1 addition and irradiated or not with diode laser and -right panel- silenced for TRPCI1 by
specific TRPC1-siRNA and cultured for 24 h in low serum in the presence of TGF-B1 irradiated or

not with diode laser. SCR-siRNa was used as control. The densitometric analyses of the bands
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normalized to -actin are reported in the histograms. Data shown are mean + SEM and represent the
results of at least three independent experiments performed in triplicate. Significance of difference
evaluated by one-way ANOVA and Newman—Keuls multiple comparison test: * p< 0.05 vs

CONTROL (FBS 10%), ° p < 0.05 vs FBS2% + TGF-B1; # p < 0.05 vs previous time; § p < 0.05 vs

GdCls + TGF-B1; % p < 0.05 vs SCR-siRNA + TGF-B1; $ p < 0.05 vs TRPC1-siRNA + TGF-B1.
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TABLE 1. Laser specification

IRRADIATION PARAMETERS

Treated surface diameter Modality Distance from laser Irradiation time (s)
(mm) output (mm)
18 photoinductive 60 10
30 photoinductive 90 26
LASER BEAM PARAMETERS
Treated Laser type Wavelenght Irradiation Power output Target power Laser beam
surface (nm) mode (mW) (mW) diameter
diameter (mm) (mm)
18 Diode 635 635+5 continuous 89 89 18
wave
30 Diode 635 63515 continuous 89 89 30
wave
LASER SPOT PARAMETERS
Treated surface diameter (mm) Spot diameter /area at target level Power density (mW/cm?)
(mmlmmz)
18 18.6 /273 32.6
30 30/703 12.6
SURFACE TREATMENT DATA

Treated surface
diameter (mm)

Treated area (mm?)

Treatment mode

Total energy
delivered (mJ)

Total energy
density (mJIcmZ)

18 273

without contact

890 326

30 703

without contact

2314 329
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Figure 1

Effect of diode laser irradiation on viability and proliferation of TGF-B1 treated NIH/3T3 fibroblasts. The cells
were cultured for 24 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with

diode laser for 10 s or 26 s as reported in Table 1. Control cells were cultured in growth medium (FBS 10%).

A) MTS cell viability assay. Otpical density of soluble colored formazan produced by MTS reduction, was
evaluated using a multi-well scanning spectrophotometer at 492 nm. B) Evaluation of cell proliferation by
confocal immunofluorescence analysis of Ki67 expression. The histogram shows the number of the cells with
Ki67 positive nuclei expressed as percentage of the total nuclei number. Data shown are mean = SEM and
represent the results of at five independent experiments performed in triplicate. Significance of difference
evaluated by one-way ANOVA and Newman-Keuls multiple comparison test: * p< 0.05 vs CONTROL (FBS

10%); ° p < 0.05 vs FBS 2% + TGF-f1.
241x325mm (300 x 300 DPI)
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Effect of diode laser irradiation on fibroblast-myofibroblast transition. NIH/3T3 fibroblasts were cultured for
24 h, 48 h and 72 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode
laser for 26 s as reported in Table 1 (treated surface diameter: 30 mm). Control cells were cultured in
growth medium (FBS 10%). A) Representative confocal fluorescence images of the cells in the indicated
experimental conditions, stained with TRITC-conjugated phalloidin to reveal F-actin (red) or immunostained
with antibodies against a-sma (green) or type-1 collagen (cyan). Nuclei are counterstained in red with
propidium iodide (PI). The histograms show the densitometric analyses of the intensity of the fluorescence
signals for each specific marker performed on digitized images. Scale bar = 25 pm. B) Western blotting
analysis of a-sma expression in fibroblasts in the indicated experimental conditions. The densitometric
analysis of the bands normalized to a-tubulin is reported in the histogram. Data shown are mean + SEM and
represent the results of at least three independent experiments performed in triplicate. Significance of
difference evaluated by one-way ANOVA and Newman-Keuls multiple comparison test: * p< 0.05 vs
CONTROL (FBS 10%); ° p <0.05 vs FBS 2% + TGF-B1; # p <0.05 vs previous time.
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47 Effect of diode laser irradiation on electrophysiological plasmamembrane properties of TGF-B1 treated
NIH/3T3 fibroblasts. NIH/3T3 fibroblasts were cultured for 24 h, 48 h and 72 h in low serum (FBS 2%) in the
presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for 26 s as reported in Table 1 (treated
surface diameter: 30 mm). Control cells were cultured in growth medium (FBS 10%). A) Resting membrane
50 potential (RMP) recorded by whole-cell patch-clamp technique in current clamp mode. B) Cell capacitance
51 (Cm) commonly used as index of cell size, recorded by whole-cell patch-clamp technique in voltage clamp
52 mode. Data are the mean £ SEM: CONTROL (FBS 10%), n = 20 cells; FBS 2% + TGF-B1, n = 30 cells; FBS
53 2% + TGF-B1 + LASER, n = 30 cells. Significance of difference evaluated by one-way ANOVA and Newman-
54 Keuls multiple comparison test :* p< 0.05 vs CONTROL (FBS 10%); ° p <0.05 vs FBS 2% + TGF-B1

55 treatment at the same time.
139x244mm (300 x 300 DPI)
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Figure 4

Effect of diode laser irradiation on delayed rectifier total outward K+ currents (IK,DR) on TGF-B1 treated
NIH/3T3 fibroblasts.

I-V plot related to the inward rectifying K+ currents (IKir), obtained in response to ramp voltage pulse
stimulation (HP = 0 mV) applied to fibroblasts cultured for 72 h in low serum (FBS 2%) in the presence of 2
ng/ml TGF-B1 (blue trace) and to TGF-B1 treated fibroblasts irradiated with the diode laser (red trace) for 26

s as reported in Table 1 (treated surface diameter: 30 mm). Each trace was obtained by pharmacological
dissection in the presence of Kir channel blocker (Barium Chloride), subtracting the current recorded in the
bath recording solution from that recorded in control solution. Current amplitude values were normalized for

cell capacitance (Cm). Data are expressed as mean + SEM (FBS 2% + TGF-B1, n = 22 cells; FBS 2% +
TGF-B1 + LASER, n = 22 cells). Significance of difference evaluated by one-way ANOVA and Newman-Keuls

multiple comparison test: * p <0.05 vs FBS 2% + TGF-f1 + LASER.

90x101mm (300 x 300 DPI)
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Effect of diode laser irradiation on MMP-2, MMP-9, TIMP-1 and TIMP-2 expression in TGF-B1 treated NIH/3T3
fibroblasts. Representative immunofluorescence confocal images of NIH/3T3 fibroblasts cultured in growth
medium (CONTROL, FBS 10%) or cultured for 24 h in low serum medium (FBS 2%) in the presence of 2
ng/ml TGF-B1, irradiated or not with diode laser for 26 s as reported in Table 1 (treated surface diameter:
30 mm) and immunostained with antibodies against MMP-9 (red), MMP-2 (green), TIMP-1 (cyan) and TIMP-
2 (green). Scale bar = 25 pm. Densitometric analyses of the intensity of the specific fluorescence signals
performed on digitized images are reported in the histograms. Data shown are mean £ SEM and represent
the results of at least three independent experiments performed in duplicate. Significance of difference
evaluated by one-way ANOVA and Newman-Keuls multiple comparison test: * p< 0.05 vs CONTROL (FBS
10%); ° p < 0.05 vs FBS 2% + TGF-1.
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Figure 6

Effect of diode laser irradiation on TRPC1 expression and on currents through TRPC1 (ISAC) in TGF-B1
treated NIH/3T3 fibroblasts. NIH/3T3 fibroblasts were cultured for 24 h, 48 h and 72 h in low serum (FBS
2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for 26 s as reported in Table 1

(treated surface diameter: 30 mm). Control cells were cultured in growth medium (FBS 10%). A)
Representative confocal fluorescence images of the cells in the indicated experimental conditions stained
with TRITC-conjugated phalloidin to reveal F-actin (red) and immunostained with antibodies against TRPC1
(green). Scale bar = 50 ym. The histogram shows the densitometric analyses of the intensity of the TRPC1
fluorescence signal performed on digitized images. Data shown are mean + SEM and represent the results of
at least three independent experiments performed in triplicate. B) I-V plot related to the non selective cation
currents fluxes through SACs (ISAC), obtained in response to ramp voltage pulse stimulation (HP = -40 mV)
applied to fibroblasts cultured for 72 h in low serum (FBS 2%) in the presence of 2 ng/ml TGF-B1 not
irradiated (green trace) or irradiated with diode laser (violet trace). Current amplitude is normalized for cell
capacitance (Cm). Data are mean = SEM (FBS 2% + TGF-B1, n = 20 cells; FBS 2% + TGF-B1 + LASER, n =
20 cells). Significance of difference evaluated by one-way ANOVA and Newman-Keuls multiple comparison
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test. In A: * p< 0.05 vs CONTROL (FBS 10%); ° p < 0.05 vs FBS 2% + TGF-B1; # p < 0.05 vs previous
time. In B * p < 0.05 vs FBS 2% + TGF-B1 + LASER.
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Figure 7

Effect of inhibition of TRPC1 expression and functionality on fibroblast-myofibroblast transition. To inhibit
TRPC1 gene expression NIH/3T3 fibroblasts were silenced by specific TRPC1-siRNA cultured for 24 h in low
serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for 26 s as reported in
Table 1 (treated surface diameter: 30 mm), SCR-siRNA was used as control. In other experiments the cells
in low serum medium were pre-treated with Gadolinium Chloride (50 uM, GdCI3) a specific SAC channel
blocker, before TGF-B1 addition and irradiation or not with diode laser. A) Representative confocal
immuofluorescence images of the cells in the indicated experimental conditions immunostained with
antibodies against TRPC1 (red, upper panel) and a-sma (green). Propidium iodide (PI, red) was used to
counterstain nuclei. Scale bar = 50 ym. The histograms show the densitometric analyses of the intensity of
the fluorescence signal for specific markers performed on digitized images. B) Western blotting analysis of
a-sma expression in fibroblasts in the indicated experimental conditions. The densitometric analysis of the
bands normalized to a-tubulin is reported in the histograms. Data shown are mean + SEM and represent the
results of at least three independent experiments performed in triplicate. Significance of difference
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evaluated by one-way ANOVA and Newman-Keuls multiple comparison test: * p< 0.05 vs SCR-siRNA +
TGF-B1; ° p < 0.05 vs SCR-siRNA + TGF-B1 + LASER; # p < 0.05 vs FBS 2% + TGF-B1; § p < 0.05 vs
GdCI3 + TGF-B1; & p < 0.05 vs FBS 2% + TGF-f1 + LASER.
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Figure 8

Effect of inhibition of TRPC1/SAC expression and functionality on TGF-f1/Smad3 signaling pathway. Western
blotting analysis of Smad3 expression in NIH/3T3 fibroblasts A) cultured for 24 h, 48 h and 72 h in low
serum (FBS 2%) in the presence of 2 ng/ml TGF-B1, irradiated or not with diode laser for 26 sec as reported
in Table 1 (treated surface diameter: 30 mm) or in growth medium (CONTROL, FBS 10%); B) -left panel-
cultured in low serum medium for 24 h, pre-treated with Gadolinium Chloride (50 uM, GdCI3) a specific SAC
channel blocker, before TGF-B1 addition and irradiated or not with diode laser and -right panel- silenced for
TRPC1 by specific TRPC1-siRNA and cultured for 24 h in low serum in the presence of TGF-B1 irradiated or
not with diode laser. SCR-siRNa was used as control. The densitometric analyses of the bands normalized to
B-actin are reported in the histograms. Data shown are mean £ SEM and represent the results of at least
three independent experiments performed in triplicate. Significance of difference evaluated by one-way
ANOVA and Newman-Keuls multiple comparison test: * p< 0.05 vs CONTROL (FBS 10%), ° p < 0.05 vs
FBS2% + TGF-B1; # p < 0.05 vs previous time; § p < 0.05 vs GdCI3 + TGF-B1; % p < 0.05 vs SCR-siRNA
+ TGF-B1; $ p < 0.05 vs TRPC1-siRNA + TGF-B1.
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