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Abstract: The long term effects of low level laser therapy can involve
treatment mechanisms connected with activation of stem cells.

In the current study migration of stem cells was tested under the influence of
laser light alone as well as in case of combined influence of light and stromal
cell-derived factor-lo. (SDF-1a). This cytokine plays a role in lymphocyte
trafficking, hematopoietic progenitor cell and stem cell homing.

To investigate the light influence on stem cells, we analyzed factor-dependent
cell-Patersen (FDCP)-mix multipotent progenitor cells.

Migration of the stem cell line was tested using Transwell system (Corning,
NY) under influence of red diode laser (A=659.6 nm, 19.5 mW) or infrared
diode laser (A=958 nm, 36 mW) during 15 min at continuous wave, as well as
in case of applying 150 ng/ml SDF-1a.

Group 1 cells were a group of control, group 2 cells received only red light
irradiation, while group 3 cells had IR light irradiation. Group 4 cells were
treated with 150 ng/ml SDF-1a. Group 5 cells were irradiated with red laser
light in addition to 150 ng/ml SDF-1a, and group 6 cells by IR light and 150
ng/ml SDF-1a.

The count of migrated cells was 1496,5+409 (100%) in case of control. Red
and IR laser light increased migration activity of stem cells up to 1892+283
(126%) and 2255,5+510 (151%) accordingly. Influence of SDF-1a was more
significant, than effects of light irradiation alone 3365,5+489 (225%).
Combined effects of light irradiation and SDF-1a were significantly stronger
58131199 (388%) for SDF-1a and red laser light, and 6391,5£540 (427%)
for SDF-1a and IR laser light irradiation.

Preliminary study results showed that laser light irradiation can activate stem
cell migration in vitro. The results are more reliable in the case of combined
application of light and SDF-1a. These results are giving ground to consider
that stem cell reactions to light irradiation can be one of the factors of light
therapy.
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INTRODUCTION

More than 30 years ago first reports about biological effects of low doses of laser
light were presented. Currently low level laser therapy (LLLT) is successfully applied in
the treatment of numerous diseases and pathological conditions. LLLT exhibits positive
effects for the treatment of disorders, having in common failure of blood supply with
development of acute or chronic tissue hypoxia, different level of destruction of tissues,
following decreased regenerative abilities of tissues and organs, defects in immune
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system, and altered cell metabolism. At the same time some important mechanisms of
influence of laser light on the body are still far to be fully understood [1 - §].

Recent studies discovered important role of bone marrow hematopoetic stem cell
(HSCs) for naturally occurred recovery and regeneration processes, following tissue
hypoxia and injury. The three clinically important steps in this natural process are
mobilization of stem cells from the bone marrow, homing of these cells to the site of
injury, and differentiation of the stem cell into a functional cell of the injured tissue [9].
Different methods of stem cell therapy, the treatment method, based on mobilization and
transplantation of stem cells, proves to be effective method of therapy for different
disorders.

We proposed a hypothesis that wide range of positive effects following laser therapy
can be connected to increased activity of stem cells in damaged tissues. To test that, we
examined in vitro the influence of laser light on migration of stem cells in absence and in
presence of stromal cell-derived factor-1 (SDF-1), a potent chemoattractor for
lymphocytes, monocytes, HSCs, which plays a critical role in the stem cell migration
towards areas of tissue injury and hypoxia.

MATERIALS AND METHODS

To investigate the light influence on stem cells, we analyzed factor-dependent cell-
Patersen (FDCP)-mix multipotent progenitor cells. The FDCP-mix stem cell line was
maintained in ISCOVE’S medium supplemented with 20% horse serum and
penicillin/streptomycin in the presence of 20 ng/ml IL-3. The cells were supplied with
fresh medium each 5 days. Migration of the stem cell line was tested using Transwell
system (Corning, NY). The cells were washed with PBS once and re-suspended in the
medium containing 0.1% BSA (2x10%ml). Then, 600 ul of the mixture was irradiated by
red diode laser (A=659.6 nm, 19.5 mW) or infrared diode laser (A=958 nm, 36 mW)
during 15 min at continuous wave. Next, 100 ul of the mixture (2x10° cells) was seeded
into upper chambers of the Transwell system, and the filters were placed into the wells
containing 600 pl of the medium with or without 150 ng/ml SDF-la. The plate was
incubated for 4 h (37°C, 5% CO,, humidified atmosphere), after which the cells were
collected and counted by a FACS sorter (Beckton Dickinson) during 1 min. All samples
were performed in duplicate.

Group 1 cells are control group, group 2 cells received only red light irradiation,
while group 3 cells — only IR light irradiation. Group 4 cells were treated with 150 ng/ml
SDF-1a. Group 5 cells were irradiated with red laser light in addition to 150 ng/ml SDF-
la, and group 6 cells — IR light and 150 ng/ml SDF-1a.

RESULTS

Small amount of stem cells can migrate without SDF-1a or laser light influence. The
count of migrated cells in control group was 1496,5+409 (Fig). This amount was
considered as 100%. Red and
IR laser light at the above
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Fig. Influence of laser light and SDF-1a on stem cells
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is important to stress attention on the finding, that rate of stem cell migration towards the
filter and SDF-1a containing medium was much higher after laser irradiation of cells -
5813+1199 (388%) for red laser light, and 6391,5£540 (427%) for IR laser light
irradiation.

DISCUSSION

The main scientific result of this study is the fact, that red and infrared laser light
irradiation can activate migration of stem cells in vitro. Moreover, red and IR laser
radiation can up-regulate the rate of stem cell migration towards higher SDF-1a gradient.

How to explain the direct effects of mobility of stem cells in vitro under red and IR
laser light irradiation, and use this fact for better understanding the wide range of
therapeutic effects of laser therapy?

Modern medical science has accepted that every pathologic condition or disease
should be treated according to its clinical stage and symptoms, considering its
pathogenesis and etiology. Similar treatment methods can be applied only for the
treatment of different diseases, having common pathogenesis.

Not very many examples of successful application of the similar or close therapy
method for the treatment of different pathologies are known in modern medicine. Steroid
hormone therapy is one of such cases.

Another illustration of successful application of the similar treatment techniques for
treatment of different disorders is stem cell therapy, a novel treatment method, which is
still under development. Growing data suggests, that transplanted stem cell can
successfully and for long period of time improve heart myocardial contractility and other
heart functions after myocardial infarction, can support neoangiogenesis in areas of tissue
infarction and damage, can replace several cell types in tissues, including B-cells in
diabetes models, neurons, cardiomyocytes, hematopoetic cells of different lineages and
so on, as well as be useful in the treatment of atherosclerosis [9].

The main principle of stem cell therapy is the idea of replacement of damaged and
dead cells in injured tissues and organs with new healthy ones. It is known, that severe
stress, tissue hypoxia and damage mobilizes some hematopoetic stem cells (HSCs) from
bone marrow to peripheral bloodstream. After that HSCs can migrate towards hypoxic
tissues and reach them. Finally they can start to proliferate to the cells types, typical for
that damaged tissues. HSCs in the tissues are also able to produce several cytokines,
chemokines, growthfactors, improve survival of damaged cells and limit apoptosis. As a
result of some tissue regeneration, improvement in the function of a damaged organ can
be achieved. Similar and even stronger regeneration and treatment effects can be
displayed after transplantation of fetal or adult HSCs to recipient [10-12].

Low laser light irradiation is one other example of application of the same factor for
the treatment of number of disorders, which, at first glance, have nothing or very little in
common in their pathogenesis. Laser light can accelerate wound and burn healing,
improve condition of patients after myocardial infarction and stroke, can support
hematopoiesis of bone marrow after X-ray radiation or during cancer chemotherapy, can
help for the treatment of diabetic angiopathy and neuropathy, as well as reduce
atherosclerotic plaque formation. In cellular and tissue level LLLT exhibits positive
effects for the treatment of disorders, having in common failure of blood supply with
development of acute or chronic tissue hypoxia, different level of destruction of tissues,
following with decreased regenerative abilities of cells, as well as altered cell metabolism
[6,7,13, 14].

One can see that the therapeutic applications of LLLT and stem cell therapy are very
close. So, earlier we proposed the hypotheses that one of the mechanisms of light therapy
includes acceleration of tissue repair due to better mobilization of stem cells to the spot



of injury after laser light irradiation [15]. That process should include several phases,
including activation of stem cell migration towards area of tissue damage and hypoxia.

Stem cells are being investigated for their potential use in regenerative medicine.
Stem cells share the following two defining characteristics: the capacity to differentiate
into a spectrum of different cell types and the capacity to renew themselves [16]. The
biological principle that underlies stem cell therapy is tissue-directed differentiation. For
example, adult stem cells isolated from liver tissue and re-injected into liver become
hepatocytes, whereas the same cells injected into myocardium become myocytes. [17]
Stem cells have been engrafted into a broad spectrum of tissues, including regenerating
bone, neural tissue, dystrophic skeletal muscle, and injured skeletal muscle. [18].
Myocardial regeneration is perhaps the most widely studied and debated example of stem
cell plasticity. The most promising results have been obtained after transplantation and
mobilization of bone marrow cells to the area of infarction.

The three clinically important steps in this natural process are mobilization of stem
cells from the bone marrow, homing of these cells to the site of injury, and differentiation
of the stem cell into a functional cell of the injured tissue [19].

Stem cell repair of cardiac and vascular tissue is a naturally occurring process after
injury [20, 21] Circulating CD34" mononuclear cell counts and plasma levels of
endothelial growth factor are significantly increased in patients with acute myocardial
infarction, peaking on day 7 after onset [22]. Due to limitations of the naturally occurring
repair process after myocardium infarction and other injuries or pathologies several stem
cell transplantation strategies were proposed and tested.

At present, however, enthusiasm for the therapeutic potential of strategies of stem
cell transplantation is limited by certain practical considerations. For example, the
number of stem cells, required for injection for the treatment of myocardial infarction,
can be harvested approximately from 6 1 of donor blood [23].

Other important limitation for autologous bone marrow stem/progenitor cell
mobilization is a recent finding, that circulating endothelial progenitor cells in patients
with coronary heart disease are impaired with respect to number and functional activity.
Moreover, Heeschen et al [24] reported that regeneration and functional ability of bone
marrow-derived mononuclear cells (BM-MNCs) in patients with chronic ischemic
cardiomyopathy (ICMP) are also limited. In spite of the fact that, the number of BM-
MNCs isolated from bone marrow aspirates of 18 patients with ICMP and 8 healthy
subjects s did not differ, the colony-forming capacity of BM-MNCs from patients with
ICMP was significantly lower compared with BM-MNCs from healthy controls.
Likewise, the migratory response to SDF-1 and vascular endothelial growth factor
(VEGF) was significantly reduced in BM-MNCs derived from patients with ICMP
compared with BM-MNCs from healthy controls. The reduced neovascularization
capacity in vivo of BM-MNCs derived from patients with ICMP closely correlated with
the in vitro assessment of SDF-1-induced migration and colony-forming capacity.

The need for development of new methods for mobilization, as well as for homing of
stem cells to the site of injury is therefore evident.

Several growth factors, chemokines and cytokines are involved in the regulation of
stem cell mobilization, homing and differentiation. Stromal cell-derived factor-1 (SDF-1)
is one of them. SDF-1 is a chemokine playing an important role in the trafficking of
hematopoietic stem cells. SDF-1 is expressed on stromal cells of various tissues. CXCR4
is the only known receptor for SDF-1 [25]. SDF-1/CXCR4 interaction is reported to play
an important physiological role during embryogenesis in hematopoiesis, vascular
development, cardiogenesis, and cerebellar development [26-28].

Recently, several investigators have reported that CD34" cells, classically considered
to be hematopoietic stem cells, expressed CXCR4, and that SDF-1 could induce CD34"
cell migration in vitro [29]. Accordingly, SDF-1 is considered as one of the key
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regulators of hematopoietic stem cell trafficking between the peripheral circulation and
bone marrow. SDF-1 has also been shown to effect CD34" cell proliferation and
mobilization and to induce angiogenesis in vivo [30 -32].

Hattori et al [31] reported that plasma elevation of SDF-1 induced mobilization of
mature and immature hematopoietic progenitors and stem cells, including endothelial
progenitor cells (EPCs). However, application of granulocyte colony-stimulating factor
(G-CSF) for stem cell mobilization is widely accepted nowadays.

Yamaguchi et al [23] studied the effects of SDF-1 on migration and accumulation of
EPCs. SDF-1 induced EPCs migration in a dose dependent manner in vitro. The
magnitude of migration was similar to that induced by VEGF. Authors also reported that
locally (in hind-limb ischemic muscle of experimental animals) administered SDF-1
could augment the local accumulation of transplanted EPCs from peripheral blood,
thereby resulting in enhanced neovascularization. As a result, cell transplantation not only
improved neovascularization but also reduced adverse biological consequences such as
limb necrosis and auto-amputation in the mouse ischemic hind-limb model. These studies
also disclosed that systemic EPCs transplantation improved myocardial
neovascularization and cardiac function corresponding to reduced left ventricular
scarring. Authors concluded that, at least under the experimental conditions used in the
study, the effect of SDF-1 on neovascularization appears to result primarily from its
ability to enhance the recruitment and incorporation of transplanted EPCs.

Damas at al. [33] reported that SDF-1q, at least in high concentrations, may mediate
anti-inflammatory and matrix-stabilizing effects in unstable angina. These effects may
promote plaque stabilization, and therapeutic intervention that enhances SDF-1 a activity
could potentially be beneficial in acute coronary syndromes. Authors demonstrated
significantly altered SDF-1/CXCR4 expression in patients with angina, with particularly
marked changes in those with unstable disease, with low SDF-1 levels in plasma and
altered expression of its corresponding receptor on peripheral blood mononuclear cells
(PBMC). In contrast to the raised plasma levels of inflammatory chemokines in patients
with angina plasma levels of SDF-1 and the surface expression of its corresponding
receptor (CXCR4) on PBMC appear to be down-regulated in these patients. Thus,
although persistent inflammation may involve up-regulation of inflammatory
chemokines, recent studies suggest that inflammatory cytokines (eg, TNF-a and IL-1)
may decrease the expression of SDF-1 and CXCR4.

Future progress of stem therapy techniques probably will include development of
incubation methods for enhancement stem cell mobility and homing ability, as well as for
faster proliferation into desire tissue cells. Increasing migration abilities will help to
achieve better and faster results.

The ability of laser light to activate migration and mobility of different cells is well
known. It was noticed, that irradiation of sperm cells in vitro can increase their mobility
and fertility [34]. Moreover, this effect is more pronounced in case of damaged cells with
low mobility rate. This gives a ground to assume that laser light irradiation in certain
dosage and condition can improve functional abilities of cells. Future experiments are
required to ascertain if stem cells respond to the laser light the same way.

The main finding on this study is that red and IR laser light can stimulate stem cell
migration in vitro, and especially increase migration towards SDF-1a gradient. Stem cell
ability to migrate towards tissues with higher SDF-1 concentration is one of the key
mechanisms of stem cell homing. These results are giving ground to speculate that
activation of stem cell migration can be one of the mechanisms of low level laser therapy.
Taking into consideration that the combined of SDF-1 and laser irradiation had the
strongest effect on stem cell homing, it would be reasonable to assume that this
combination could be used in not only increasing the activity of stem cells but also in
determining the main area of stem cell mobilization and homing. The current study did



not aim to study the mechanisms of increased migration ability, which will be study in
the future. But it is possible to suggest following explanation: laser irradiation can change
the metabolism of stem cells, increase ATP production and so increase the migration, as
well as up-regulate CXCR4 receptor expression or syntheses de novo. More studies are
required to test if the laser light irradiation in vivo is able to make homing of transplanted
stem cells to the area of damage more efficient, to check the influence of laser light on
the mobilization rate of stem cells from bone marrow, to investigate if laser light can
enhance functional abilities of stem cells. These studies would be desirable for better
understanding of the mechanisms of laser therapy and for development of more effective
methods of stem cell therapy.
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