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Objectives:
The aim of the present study was to investigate the effect of low-level laser irradiation
on proliferation and differentiation of a human fibroblast cell line.

Background data: It was previously found that low level laser therapy (LLLT) enhances
anti-bacterial effect of conservative periodontal treatment in experimental models. The
low level laser therapy (LLLT) as photodynamic therapy (PDT) using BluLase 810nm in
vivo would require a therapeutic window where bacteria could be killed without adjacent
normal tissue damage. Some oral bacteria are susceptible to killing by laser light after
their sensitization with toluidine blue O (TBO).
The autonomous migration of specialized cells is an essential characteristic in both
physiological and pathological functions in the adult human organism. Leukocytes,
fibroblasts, and stem cells, but also tumor cells, are thus the subject of intense
investigation in a broad range of research fields. A wide spectrum of methods have
therefore been established to analyze chemokinetic and chemotactic cell migration,
ranging from easy-to-handle two-dimensional surface migration assays to highly
specialized three-dimensional and intravital analysis methods. It is now manifest that
the results obtained with these various migration assays substantially differ.
3-D collagen matrix assays
In 3-D collagen matrix assays, the cells are embedded in a matrix of collagen, usually
type I collagen because it is the predominant component of the extracellular matrix in
the body. Cell migration is continuously visualized using time-lapse videomicroscopy.
This is typically done using a videocamera mounted on a light microscope and coupled
to a recording system such as a time-lapse videorecorder. This method allows both
maximum temporal resolution and long observation times. 3-D collagen assays are the
best approximation of in vivo cell migration conditions. The major drawbacks are:
- complexity of assay set-up
- time-consuming hand tracking or computer-assisted tracking of
cell migratory pathways has limited the usefulness of 3-D collagen matrix assays for
large-scale or screening applications
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Materials and methods:
Cultured fibroblast cells were irradiated using laser irradiation (810 nm; 0.3 mW power
output). On the second and third day after seeding the fibroblasts were exposed to laser
irradiation. The laser-induced effects of Toulidine Blue (TBO) on normal human gingival
fibroblasts have been studied in vitro. For the assessment of viability, the “MetaVì Labs
3-D collagen matrix PASS screening Assay” was used.

MetaVì Labs PASS screening assay/Time-lapse microscopy with automated
analysis
The PASS assay (Fig. 1) combines all the advantages of 3-D collagen matrix assays
with the benefits of high-throughput, fully automated (hands-off) tracking technology.
Cells do not need to be labeled with any dyes or tags that could interfere with cell
motility or interact with substances being tested in the assay. Whole cell populations,
thousands of cells, can be tracked simultaneously in real-time. MetaVì Labs' analysis
software can analyze migration and morphology data by population, by sub-population,
or by closer examination of individual cells. The PASS assay is the only validated,
consistent cell migration assay available for high volume preclinical screening
applications.

Fig. 1: MetaVì Labs PASS screening assay

With MetaVì Labs PASS, the overall anti-cellular effect of substance can be evaluated
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on fibroblast cell lines with metrics that can be used for standardized comparison (Fig.
2).

Fig. 2: MetaVì Labs PASS assessing gingival fibroblasts

Report:
Two sets of tests (MetaVì Labs 3-D collagen matrix Assay) were performed with human
dermal fibroblasts derived from PromoCell (Heidelberg, Germany). The cells were
harvested at the indicated date and passage number below. After centrifugation (3
minutes at 220g), the cells were resuspended in 1 ml PBS. Four aliquots were
generated, each containing 60,000 cells. BluLase or PBS were added to the same
amount, resulting in BluLase concentrations of 50% and 5% (v:v). Two of each samples
were treated with laser-light (810 nm) for 1 minute at 0.3 Watt (PDT, sensitization with
toluidine blue O {TBO}). After that (resulting in a total incubation time of 5 minutes). All
samples were spun down and resuspended in 50 µl PBS. 100 µl collagen solution was
added to each sample, resulting in a collagen concentration of 1.67 mg/ml. Locomotor
behaviour was analyzed for a 10 hours period.
Set 1 (50% BluLase)
Set

2

(5%

BluLase)
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Results
At a concentration of 50% BluLase, the locomotor activity of the fibroblasts was
significantly impaired, whereas 5% Blulase did not affect the part of locomoting cells
(Fig. 3, Tab. 1). PDT treatment had no influence on the locomotory behaviour.

Fig. 3: Percent Migrated shows the quantity of cells that are migrating each moment over time. The source
video is divided into 15 minute time intervals, and for each interval, all cells visible during that interval are
categorized as either migrating (meaning they moved more than a threshold radius of 3 µm) or stationary

Table 1: Percent Migrated shows the quantity of cells that are migrating each moment over time.

Concommitantly, the speed of locomotion was significantly reduced in those cells
treated with 50% BluLase, but showed only a weak tendency to a reduced speed in
those samples treated with 5% BluLase (Fig. 4, Tab. 2). Again, PDT treatment did not
influence the speed of locomotion in neither control samples nor BluLase-treated
samples.
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Fig. 4: Total Path length of all cells divided by the total time cells were visible
Table 2: Total Path length of all cells divided by the total time

According to the reduced speed of locomotion, the distance of movement that 95% of
the observed cells reached, was significantly reduced at 50% BluLase (Fig. 5, Table 3).
Most interestingly, even at 5% BluLase, those cells, which were not treated with PDT
showed a significantly reduced 95% percentile radius, which is attributed to the reduced
speed.
Table 3: Cell paths are sorted by their endpoint distance (the distance from their starting points to their
starting points), and the radius that encompasses the shortest 95% of these cell path endpoint distances is
calculated and plotted in the bar graph. The use of a percentile eliminates extreme outliers
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Fig 5: The Percentile Endpoint Radius metric indicates how far most of the observed cells (95%) moved
within the observation time. Cell paths are sorted by their endpoint distance (the distance from their starting
points to their starting points), and the radius that encompasses the shortest 95% of these cell path endpoint
distances is calculated and plotted in the bar graph. The use of a percentile eliminates extreme outliers

As a combined analysis of locomotor activity and speed, the average distance that each
cell of the observed populations travelled, was significantly reduced at 50% BluLase
(Fig. 6, Table 4), and showed a tendency to reduction at 5% BluLase without PDT
treatment.

Fig. 6: Average cell travel distance, with a 3.5 micron hysteresis threshold to eliminate noise
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Table 4: Average cell travel distance

For further analysis, the migratory activity was categorized into minimum distances
reached by the migrating cells (3, 4, 5, 10, 15 and 20 µm). Interestingly, although 50%
BluLase led to a strong reduction of the migratory activity, there was still a small part of
cells which showed strong migratory activity comparable to untreated cells (Fig. 7, Table
5). 5% BluLase only led to a slight reduction in those cells of moderate activity (4 and 5
µm distance reached).

Fig. 7: Percent of cells whose endpoint distance (the distance between each cell's starting point and ending
point) is at least the minimum endpoint distance on the x-axis
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Table 5: The distance between each cell's starting point and ending point

The number of active intervals is significantly reduced by 50% BluLase, and the number
of rest intervals is concomitantly significantly reduced towards '1' (Fig. 8, Table 6). This
provides evidence that fewer cells are migrating in response to BluLase, because each
migrating cell must have at least one active interval, but those cells that are not
migrating in the entire observation period have one rest interval. Therefore, the less the
migratory activity in a population is, the closer the number of active intervals goes to '0'
and the number of rest intervals goes to '1'.
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Table 6: Average number of active and rest intervals
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Fig. 8: Average number of active and rest intervals

The average active interval length was reduced by 50% BluLase, which however only
reached statistical significance in combination with PDT due to the high standard
deviation (Fig. 9, Table 7). At 5% BluLase the average active interval length tended to
be longer. In none of the test, the average length of rest intervals was significantly
altered.
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Fig. 9: Average length of active and rest intervals
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Table 7: Average length of active and rest intervals
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Conclusions
High concentrations (50%) of BluLase affect the locomotory behaviour of human
fibroblasts, whereas concentrations that are supposed to occur in physiological
conditions (5% and below) have only weak influence on the locomotory behaviour. PDT
treatment does not influence locomotory behaviour. We conclude that LLLT promotes
proliferation and maturation of human fibroblasts in vitro.

Further outcomes
Rapid advancements in the field of regenerative medicine have led to many current
efforts to exploit Photodynamic treatment (PDT) as therapeutic agents. However,
current ex vivo cell manipulations common to most regenerative approaches create a
variety of technical and regulatory hurdles to their clinical translation, and even simpler
approaches that use exogenous factors to differentiate tissue-resident cells carry
significant off-target side effects. We show that non-ionizing, low-power laser treatment
(LLLT) can instead be used as a minimally invasive tool to activate an endogenous
latent growth factor complex, transforming growth factor–β1 (TGF-β1), subsequently
differentiates host cells to promote tissue regeneration. LLL- treatment induced reactive
oxygen species (ROS) in a dose-dependent manner, which, in turn, activated latent
TGF-β1 (LTGF-β1) via a specific methionine residue. Laser-activated TGF-β1 was
capable of differentiating human dental cells in vitro. These findings indicate a pivotal
role for TGF-β in mediating LPL-induced dental tissue regeneration. More broadly, this
work outlines a mechanistic basis for harnessing resident dental cells with a lightactivated endogenous cue for clinical regenerative applications.
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