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Abstract

Objective: The aim of this study was to examine the effect of photobiomodulation therapy (PBMT) of the bone
marrow (BM) on the concentration of stem cells and other cells in the circulating blood (CB) in humans.
Background: Circulating stem cells have received increasing attention in recent years due to their potential role
in regenerative medicine. Various biological processes have been shown to be affected by PBMT.
Methods: The study was conducted on 15 volunteers. Ga-Al-As diode laser 808 nm wavelength was applied to
both tibias of each volunteer for PBMT to the BM. The kinetics of concentration of various cells in the CB was
followed by comparing blood samples relative to their baseline levels prior to application of PBMT to the BM.
CD-34+ cells and macrophages were identified in CB samples using flow cytometry technology.
Results: PBMT to the BM caused a significant (p < 0.01) increase in the concentration of CD-34+ cells in the
CB from 7.8 – 3.0% (mean – SD) of total mononucleated cell to 29.5 – 10.1% of total commencing at about 2 h
post-PBMT. The levels of CD-34+ cells peaked at 2–4 days post-PBMT and then gradually returned to baseline
levels. Macrophages in the CB were also significantly (p < 0.01) elevated following PBMT to the BM from
7.8 – 6.0% (mean – SD) of the total mononucleated cells to 52.1 – 7.9% of total.
Conclusions: Application of PBMT to the BM in humans can significantly increase the concentration of CD-34+
cells and macrophages in the CB. These cells may consequently home in on the impaired target organs and improve
their function, as has been previously shown in experimental animal models. Furthermore, the results may also have
clinical relevance in respect to enrichment of CB in cells that may be consequently isolated for cell therapy.
Clinical Trial Registration No. is 7/14.
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Introduction

Mesenchymal stem cells (MSCs) have received in-
creasing attention worldwide recently due to their use

in tissue engineering applications. Stem cells present a sys-
tem that induces the rapid proliferation of hematopoietic stem
cells (HSCs) in the bone marrow (BM) and the release of
various stem cells into the bloodstream.1 The clinical at-

traction of the MSCs lies in their ability to home in on a
specific microenvironment after their infusion into the cir-
culating peripheral blood. Indeed, it has been shown that
MSCs are involved in tissue regeneration throughout life, and
show potential for the treatment of many diseases.1,2

BM or circulating blood (CB), among other sources, are
commonly used sources for MSCs in clinical applications,
due to their convenience of use and autologous properties.
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A small number of HSCs circulate in the CB under a steady-
state condition, ensuring an available pool of these cells out-
side the BM as well as their rapid response to peripheral
organs injuries or pathological conditions.1,2 Recently, using
advanced flow cytometry for identification and enumeration of
cells in the CB, it was demonstrated that other types of cells
too, such as MSC and very small stem-like cells, circulate in
the CB and their number increases under situations of stress.

Indeed, it was shown that the number of CB stem cells
increases in patients with hypoxic lung disease and primary
glomerulonephritis,3 as well as after myocardial infarction,
liver damage, stroke, and other pathological conditions.2 In
type 2 diabetic patients a reduction of circulating progenitor
cells was demonstrated indicating their possible role in this
kind of chronic pathological condition.4 In population with
cardiovascular disease an association of circulating CD34+
cell count a risk of mortality was found.5 Similarly, low levels
of circulating CD34+ cell count was associated with poor
prognosis in chronic hemodialysis patients.6 Thus, the exact
interplay between levels of stem cells in CB and their bene-
ficial effects in pathological clinical condition is still unclear.

Photobiomodulation therapy (PBMT) has been found to
affect various biological processes.7–9 In various experimen-
tal models and humans of the ischemia it was shown that
direct application of PBMT has beneficial effects.10–13 These
phenomena have been associated with increase of adenosine
triphosphate (ATP) and various growth factors. The mecha-
nism of PBMT is still unclear. Cytochrome c oxidase and
plasma membrane act as photo-acceptors of the photons from
the light source, followed by a cascade of events in the mi-
tochondria, leading to effects on intracellular processes, such
as ATP production and upregulation of growth factors.

There are also several reports on the effects of PBMT on
stem cells or progenitor cells, with PBMT to normal human
neural progenitor cells significantly increasing ATP pro-
duction in these cells.14 PBMT to MSCs in vitro caused a
significant enhancement in their proliferation rate.15 The
effects of PBMT on stem cells derived from adipose tissue
was also investigated.16 In addition, in another study it was
shown that PBMT (combined therapy of 630 and 810
wavelength) to human adipose stem cells caused a more
in vitro cell viability than the same PBMT to human BM-
derived stem cells.17 It was shown too that PBMT to au-
tologous BM induced recruitment of MSCs to the infarcted
rat heart and markedly reduced scarring.18 In a porcine
model of the infarcted heart it was found that applying
PBMT to the BM caused a significant reduction of scarring
relative to pigs that did not receive this treatment.19 Further,
the PBMT caused a significant elevation of c-kit+ cells
(stem cells) in the CB. Recently, a double-blind clinical trial
on human patients after acute myocardial infarction (AMI),
with multiple applications of PBMT to their BM was con-
ducted. It was found that PBMT to the BM had a beneficial
effect (decrease in Troponin-T content in CB) on the treated
patients as compared with placebo patients post-AMI who
did not get PBMT.20

Taken together, the beneficial effects of PBMT to human
stem cells in vitro16,17 and its effect on BM in experimental
animals and humans (without measurements of stem cell
counts in the CB) it was of interest to explore whether
PBMT to the BM in humans (volunteers) will attenuate the
concentration of stem cells and other cells in the CB. An-

other aim of this study was to explore the possibility of
increasing counts of cells in the CB in humans by PBMT to
their BM to enrich the blood with cells that could be sub-
sequently isolated and used for autologous cell therapy.

Materials and Methods

Patients

This clinical study was approved by the ethics committee
of Assaf Harofeh Medical Center. The study was conducted
according to the guidelines in the Helsinki declaration and
approved by the Institutional Review Board of Assaf Harofeh
Medical Center. The clinical type of this study was in the
category ‘‘Pilot studies and feasibility studies.’’ Prior consent
was obtained from all individuals in the study. Fifteen vol-
unteers (8 males and 7 females) were recruited, aged between
27 and 73 years. All patients were in generally good health.

Laser treatment

Preliminary experiments were carried out to determine the
optimal transmission of laser power through the tibia. In our
previous study in the porcine infarcted model,19 we performed
precise measurements of the laser transmission through bone
in the hindlimb of adult pigs (80–100 kg body weight), as well
as histology of the BM in various areas of the tibia. The power
density of the laser on the target organ (BM at the inner side of
the tibia bone) was calculated using a fresh tibia from one of
the pigs that was cut through its longitudinal axis. This tibia
could be assumed as a close estimate of the human tibia. The
distal tip of the rigid tip of the fiber optic (see fourth paragraph
of Materials and Methods) was in contact with the external
side of the isolated pig tibia.

A probe of power laser meter (Ophir Inc., Jerusalem, Is-
rael) was placed at the inner side of the tibia to get the power
of the laser after the laser transmission through the bone. The
diameter of the laser beam at this point (inner side of the
tibia) was estimated using a light sensitive card (Newport
Inc., Irvine). Thus, having the power and the area of the
beam, the power density could be calculated by dividing the
measured power by the area. Since a tunable Ga-Al-As diode
laser 808 nm wavelength and 900 mW power output (Thor
Photomedicine Ltd., England) was used we could achieve a
power density at the BM of 10 mW/cm2 (Table 1).

A rigid glass (metal-backed) fiber optic (8 mm diameter)
connected to a flexible glass fiber optic was used, and
PBMT was delivered by contact of the distal tip of the rigid
fiber optic to the external side of the tibia (noninvasive to
the bone or the skin) to ensure optimal power density de-
livery (10 mW/cm2) to the BM tissue (cells) within the bone
(Table 1). Each laser application was delivered for 100 sec
(1 J/cm2) to the tibia in one leg and then to the tibia on the
contralateral side. PBMT was delivered once (in each leg) to
all volunteers except to volunteer # 2 where it was delivered
twice as detailed in Fig. 3. Blood samples for quantitation of
cells in the CB were taken at different time intervals post-
PBMT as detailed in Results and Figs. 1–3.

Blood sampling

For flow cytometry, peripheral blood samples (5 mL)
were taken from each volunteer before any laser applica-
tion to the BM and at various time intervals post-laser
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application to the BM. A sample of 100 lL of whole fresh
blood was mixed with the appropriate antibodies (CD-34+
or macrophages). Isotypes (R&D Inc., USA) were used as a
control blank and were identically treated. The samples
were then incubated for 60 min in the dark at room tem-
perature. Two milliliters of Bioscience 1-step Fix/Lyse so-
lution were mixed with the samples to induce lysis of the
erythrocytes. The samples were then centrifuged at 2700 g
for 10 min and the pellet was suspended in 2-mL stain buffer
to wash out cells/debris that were not bound to the specific
antibody. Finally, the pellet was suspended in 500-lL flow
stain buffer and preserved for flow cytometry, which was
performed on the fresh samples on the same day.

Statistical analysis

The Student depended (paired) t-test was used for anal-
ysis of the difference between baseline levels of cells in the
CB and their level post-PBMT. This test is used when

samples (baseline levels in CB) are linked together (taken
from same person in this case) with samples taken thereafter
post-PBMT.

Results

The baseline levels of the CD-34+ cells in the blood of the
volunteers comprised 7.8 – 3.0% [mean – standard deviation
(SD)] of the total mononucleated cells in the blood. Following
PBMT to the BM, these levels significantly ( p < 0.01) in-
creased to 29.5 – 10.1% of the total mononucleated cells in the
blood at 24–48 h post-laser application (Fig. 1). Thereafter, in
most volunteers, there was a leveling off followed by a de-
crease in the percentage (out of the total nucleated cells in the
blood) of CD-34+ cells in the blood. In one of the volunteers
we followed the kinetics of CD-34+ cells at a short time
interval post-PBMT to the BM (Fig. 2). At 2 h post-PBMT
there was already a twofold increase in the percentage of
CD-34+ cells relative to the baseline before laser application.

This level continued to rise in this volunteer until 4 days
post-laser application. The long-term effect of PBMT to the
BM and its repeated application was followed in another

FIG. 1. Levels of CD-34+ cells and macrophages in cir-
culating blood at baseline (open columns) and 2 days (gray
columns) post-PBMT to the BM of volunteers. Results are
mean – SD of 15 subjects. **p < 0.01. BM, bone marrow;
PBMT, photobiomodulation therapy; SD, standard deviation.

FIG. 2. Levels of CD-34+ cells in circulating blood at
baseline (gray column) and 2 h, 1 day and 4 days post-
PBMT to the BM in patient no. 15. Note that about a two-
fold increase in the level of CD-34 cells already occurred at
2 h post-PBMT to the BM, followed by a gradual and con-
tinued increase on the next day and for 4 days afterward.

FIG. 3. Levels of CD-34+ cells in circulating blood at
baseline (gray column) and different time intervals post-
PBMT (red and purple columns) to the BM in patient no. 2.
Note that 40 days post-PBMT the level of CD-34 cells in the
circulating blood had returned to baseline level, but in-
creased significantly again (1 day) after a second PBMT
followed by a decrease 4 days later.

Table 1. Laser Parameters in the Clinical Study

Manufacturer Thore Inc.
Model identifier Special design
Year produced 2014
Number and type of emitters

(laser or LED)
Laser

Wavelength and bandwidth (nm) 808 nm
Pulse mode (CW or Hz, duty cycle) CW
Beam spot size at target (cm2) 0.502
Irradiance at target (mW/cm2) 10
If pulsed peak irradiance (mW/cm2) N/A
Exposure duration (sec) 100 sec
Radiant exposure (J/cm2) 1
Radiant energy (J) 1
Number of points irradiated 2
Area irradiated (cm2) 0.502
Application technique Contact
Number and frequency of

treatment sessions
1

Total radiant energy over entire
treatment course (J)

1

CW, continuous wave; LED, light-emitting diode; N/A, not
applicable.
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volunteer (Fig. 3). The level of the CD-34+ cells in this
volunteer continued to increase at 2 days post-PBMT ap-
plication and then decreased to the baseline level within 4
days after the final PBMT application. In the same volunteer
the levels of CD-34+ cells remained at the base level for 40
days but could be re-elevated in the blood (to approximately
the same level as after the first PBMT) when PBMT was
applied to the BM for a second time.

The level of macrophages was also examined for the same
volunteers’ blood samples (Fig. 1). The baseline values of
the macrophages comprised 7.8 – 6.0% (mean – SD) of the
total nucleated cells in the CB. Following PBMT to the BM,
this level was significantly ( p < 0.01) elevated to 52.1 –
7.9% at 24–48 h post-PBMT and then gradually decreased.

Discussion

The findings from this study demonstrate the ability of
PBMT to the BM in humans to elevate the concentration of
CD-34+ cells and macrophages in the CB. The increase in the
cell density in the CB, in this study, was already observed at
2 h post-PBMT to the BM and peaked at about 2–4 days later,
followed by a gradual decrease to baseline levels. It can be
postulated that this rapid mobilization from the BM to the CB
and the rise in the concentration of CD-34+ cells in the CB
within 2 h post-PBMT were not due to the enhancement of
proliferation of these cells in the BM by the PBMT; but,
rather, most probably due to induction of stem cells release
from their hubs in the BM to the CB. This novel mechanism
of a rapid mobilization of the cells from the BM to the CB
after PBMT is not yet clearly understood and should be
further elucidated using animal models and tissue cultures.

The further elevation in cell density in the CB after
PBMT can also be explained by the enhanced proliferation
of stem cells and other cells in the BM by the PBMT. In-
deed, it has been shown previously that PBMT causes an
increase in cell proliferation in various tissue cultures as
well as in stem cells.14,15 Further, it was found that PBMT
in vivo to the BM enhanced the proliferation of MSCs that
had been isolated from this BM and grown in vitro.15 This
indicates that the MSCs in the BM, after PBMT in vivo, can
be induced to proliferate at a higher rate than the MSCs that
were derived from BM that was not simulated by PBMT.15

It can be postulated that the cells released from the BM into
the CB may reach various organs and take part in the repair
and remodeling processes in these organs. Indeed, it was
demonstrated that c-kit+ cells post-PBMT to the BM, specifi-
cally homed in on the infarcted heart and not on the uninjured
organs (i.e., liver and kidney) in the same rat.18 It can be
hypothesized that the increased number of c-kit+ cells found in
the myocardium came from MSCs in the BM that had mi-
grated to the CB and homed in on the infarcted heart. In
another study, of the porcine infarcted heart model, it was
shown that PBMT to the BM caused an elevation of stem cell
counts in the CB and a significant increase in the density of the
stem cells in the infarcted area in the pigs whose BM had been
exposed to PBMT compared with those that had not been
exposed to PBMT.19 The results thus support the hypothesis
that elevation of stem cells in the CB may lead to beneficial
effects in injured/ischemic organs in the body.

In a recent study on patients post-AMI, it was demonstrated
that PBMT to the BM caused a significant decrease in

Troponin-T levels in the CB as compared with in a group of
patients post-AMI who did not receive PBMT to the BM.20

This indicates the possible beneficial effects also in humans of
the release of stem cells and other cells from the BM to the
CB after PBMT to the BM. Similarly, Shintani et al.21 dem-
onstrated in patients post-AMI that the number of mononu-
cleated cells in the peripheral blood increased significantly 7
days post-AMI, and thereafter gradually declined up to 28
days post-AMI, compared with in noninfarcted patients.

This phenomenon may indicate that in humans post-acute
event such as AMI the body ‘‘attempt’’ to respond by in-
creasing the cells count in the CB. Moreover, it has been
previously reported that in various pathological conditions
such as kidney impairment, there is reduction in stem cell
counts in the CB.2,4,6 It maybe speculated that the ability to
elevate the stem cell counts in the blood by PBMT, as
shown in this study, maybe beneficial to those patients.
However, the interplay between the levels of stem cells in
the CB and their mobilization and homing in on target or-
gans in the body is not yet clearly understood in respect to
various pathological conditions in humans.2

This study is expected to have clinical relevance: the laser
can be applied noninvasively to the BM of various bones.
Application of PBMT to the BM avoids the need to isolate
stem cells, grow them in vitro, and then inject them back
into the patients. It also avoids the massive loss of cells
during cell implantation/injection. Moreover, the fact that
the rise in the stem cells and macrophages in the CB after
PBMT lasted only few days lay credence that this response
has not possible long-term deleterious effects in humans. In
addition in a long-term follow-up post-PBMT to the BM in
mice there was no pathological changes in various organ as
compared with mice that were no exposed to PBMT.22

Another possible clinical application from the results of this
study is the ability to isolate cell from the enriched CB
following the PBMT to the BM. The isolated cells (stem
cells or other cells) can be used consequently for autologous
cell therapy to various organs.

This study also has its limitation. It was a pilot study on a
small number of volunteers and serves only as an indication
of the possibility of mobilizing cells from the BM to the CB
by applying PBMT to the BM. Further, this study was not
designed with one group of placebo PBMT subjects and
another group of PBMT as it should be in large-scale clin-
ical trial, but here each volunteer was its own control
(baseline). It should also be noted that this study was
conducted with normal volunteers and, therefore, results
cannot be directly applicable to pathological conditions
in humans.

The application of PBMT to the BM appears to be a safe
procedure. In a long-term safety study in mice, PBMT was
applied multiple times to the BM and no side effects or
pathological changes in various organs in the mice were
observed.22 Moreover, in a study using the infarcted porcine
model and a follow-up 3 months postinduction of AMI and
multiple laser treatments to the BM, no adverse effects or
reduction of heart function were observed as compared with
the placebo that did not get PBMT infarcted pigs.19 Also, in
a recent study on human patients post-AMI in which the
PBMT was applied twice to the BM post-AMI, no adverse
effects were observed in a 3-month follow-up of the
PBMT.20
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Conclusions

In conclusion, to the best of our knowledge we have shown
here, for the first time, the ability to induce CD-34+ cells and
macrophages in the BM to enter the CB after application of
PBMT to autologous BM in humans. These cells may subse-
quently be recruited to the injured/ischemic organs, leading to
a marked beneficial effect. This approach is novel in the re-
spect that the PBMT can stimulate the patient’s own abilities to
initiate a regenerative response or mitigate an ongoing de-
generative disease in an organ by means of PBMT.
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