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AbstrAct
Objective: The biological action of a modulated 
low energy red end laser light has been inves-
tigated to develop an improved level of under-
standing regarding the potential clinical use of 
Human Very Small Embryonic-Like Stem Cells 
(hVSEL) in regenerative medicine. 

Materials and Methods: hVSEL stem cells 
were confirmed to exist in the platelet compart-
ment of the platelet rich plasma (PRP) frac-
tion of normal peripheral blood obtained from 
National Health Service Blood and Transfusion 
(NHSBT).  

Results: hVSEL stem cell proliferation was 
identified in PRP using flow cytometry for the 
surface antigens known to be expressed by hV-
SEL stem cells (Oct 3/4, SSEA4 and CXCR4) in 
the lineage negative (Lin-) compartment. The 
experiments confirm the presence of hVSEL 
stem cells in PRP which were then exposed to a 
SONG modulated 5 mW, 670 nm red laser light, 
adjusted through optical phase conjugation to 1 
mW output for 3 minutes and with variations 
in modulation and laser exposure times. The 
resultant laser exposed hVSEL stem cells were 
then re-assessed for cell proliferation using flow 
cytometry. Those hVSEL stem cells exposed 
to laser light were shown to have an increase 
in hVSEL stem cell proliferation compared to 
controls.  

Conclusions: This is the first report of hVSEL 
stem cell proliferation in response to modulated 
laser light.

IntroductIon

hVSEL StEm CELLS

In the normal physiological state stem cells are con-
tinuously in transit to and from the bone marrow via 
the peripheral blood and lymphatic system1-3. hVSEL 
stem cells have been shown to be present in human 
umbilical cord blood4 and are described as small (1-4 
mm) non-haemopoietic cells with a high nuclear/cy-
toplasm ratio. They express similar surface antigens 
to pluripotent embryonic stem cells. hVSEL stem 
cells in adult bone marrow have been shown to be 
CXCR4+, CD34+, CD133+, Oct4+, SSEA4+ and lin-
, CD45-5. hVSEL stem cells were subsequently con-
firmed to be present in peripheral blood and bone 
marrow and in leucopheresis samples taken follow-
ing G-CSF administration6. hVSEL stem cells have 
since been described by many workers in the periph-
eral blood at a concentration of 800-1300 cells/mL7. 

It has been proposed that hVSEL stem cells are a 
population of epiblast-derived cells created during 
embryonic gastrulation. In addition, it is postu-
lated that hVSEL stem cells may be important in 
the long-term production of CD34+ haemopoietic 
stem cells in the bone marrow8. More recently it 
has been shown that hVSEL stem cells can contrib-
ute to repair in experimental myocardial infarction 
(MI) which, if translated to a clinical protocol in 
the future, could make a significant new treatment 
modality in MI using hVSEL stem cells9. 

It has also recently been shown that hVSEL stem 
cell numbers in peripheral blood persist throughout 
life10. This is a very important observation because 
if hVSEL stem cells can be translated to clinical use 
then it may be possible to obtain autologous hVSEL 
stem cells from any patient at any age. This would 
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It has also been shown that exposure of rat dia-
betic MSC to a helium-neon laser at 632.8 nm re-
sulted in improved cell survival, proliferation and 
apoptosis. The authors suggest that photobiomod-
ulation could be a useful intervention for MSC in 
vitro and also for MSC in vivo to enable the cells to 
proliferate in their niche18.

Many other authors have described the photobio-
modulation effects of laser light on dental pulp MSC, 
human adipose MSC and epithelial colony forming 
units19-21. In this work we assess the modulated laser 
photobiomodulation effects on the proliferation of 
peripheral blood hVSEL stem cells in PRP.

MAterIAls And Methods

BaCkground Light

All processing and manipulations of human PRP con-
taining hVSEL stem cells in these experiments were 
carried out in minimum background white light con-
ditions to minimise the possible effects of natural or 
generated white light on the hVSEL stem cells in PRP.

donatEd human PEriPhEraL BLood

Anti-coagulated (sodium citrate) donated normal 
human peripheral blood (450 mL) was purchased 
from the National Health Service Blood and Trans-
fusion (NHSBT) and kept at 4°C before use. The 
blood was allowed to warm to room temperature 
before processing for PRP.

PrEParation of PLatELEt riCh PLaSma (PrP) 
Containing hVSEL StEm CELLS

All preparations of PRP from human peripheral blood 
and manipulation of cultured PRP were carried out in 
a Grade B clean room using aseptic technique.

PRP for all of the studies was prepared from do-
nated human peripheral blood as described below. 
Each sample of PRP was obtained by using 3x11mL 
PRP tubes (Qigeneration – Quantum information for 
regeneration) into which 11 mL of whole peripheral 
blood was added. The whole blood PRP tubes were 
centrifuged (Qigeneration) at the pre-set g force for 
10 minutes. Each of the three 11 mL PRP tubes pro-
duced approximately 6 mL (a total of approximately 
18 mL) of PRP which was aliquoted, using aseptic 
technique in a Class II flow hood, into a single ster-
ile tube for further manipulation and analysis. Each 
18mL PRP preparation was created in triplicate for 
each manipulation and assessment process.

be a considerable advantage in the use of stem cells 
in regenerative medicine, simplify procedures, 
save money and reduce any possible adverse reac-
tions associated with allogeneic cells.

Other workers are proposing that hVSEL stem 
cells are a better option to potentially develop pan-
creatic tissue and human gametes rather that iPSC 
and hESC and it is argued that the ontogeny of hV-
SEL stem cells is the reason behind the preferred 
utility of hVSEL stem cells in this context11. 

These observations of hVSEL stem cells suggest 
that, with the correct handling and administration, 
they could play a critical part in translational re-
generative medicine in the future.

lAser And lIght technology
In steM cell bIology

There is a considerable amount of interest and dis-
cussion at present about the potential role of laser 
and light technology in stem cell biology.

Stem cells isolated from human exfoliated de-
ciduous teeth (SHED) have been exposed to laser 
light (660 nm, 30 mW) in order to assess the effect 
of the laser on stem cell proliferation. The conclu-
sion here was that laser exposure does promote 
proliferation of SHED stem cells and maintained 
viability when compared to control cells12. Similar 
work has been carried out using laser radiation at 
420 nm, 540 nm, 660 nm, and 810 nm to assess the 
effect of varying laser wavelength on human adi-
pose tissue derived stem cells. The wavelength was 
varied but the power of the laser remained the same 
at 3 J/cm2. It was found that the 420 nm and 540 nm 
laser wavelengths stimulated osteogenic differenti-
ation whereas the other wavelengths did not. The 
authors hypothesise that the laser could be activat-
ing light-gated calcium ion channels13,14. 

Other workers have written about the ‘photobio-
modulation’ of stem cells using visible and infrared 
light and found that increased power density and 
reduced energy density of the light source optimis-
es the effect of light on stem cells15. More recently 
photobiomodulation, along with the use of nutraceu-
ticals, has been shown to be a possible treatment for 
dry age-related macular degeneration16. Broadband 
visible light (low-level visible light) has been shown 
to increase proliferation of bone marrow MSC in vi-
tro and this has raised the suggestion that such an 
approach may be helpful in wound healing17.
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 • Recombinant human IgG1 CD45-APC VIO 770 
(Miltenyi Biotec) (130-110-773).

 • Rat anti-humanOCT3/4 PE (ThermoFisher Sci-
entific) (12-5841-82). 

 • Mouse anti-human SSEA-1 Alexa Flour 488 
(ThermoFisher Scientific) (53-8813-42). 

 • Recombinant human Biotin antibody Vio-
Bright 515 (Miltenyi Biotec) (130-111-074).

 • Propidium Iodide (PI) for viable cell exclusion 
(Miltenyi Biotec) (130-093-233).

 • All reagents were used following the manufac-
turers’ instructions.

LaSErS and Song LaSEr moduLation

Two lasers were used in this study:
 • Costa Laser: this was a 670 nm 5 mW (Sanyo, 

Osaka, Japan) SONG modulated laser with the 
SONG set at 60% optical phase conjugation 
(OPC) for a resultant beam power of 1 mW un-
less this level of optical phase conjugation was 
varied for experimental purposes.

 • Magna Costa Laser: this was a 670 nm 5.7 mW 
(Power Technology) SONG modulated laser 
with the SONG set at 60% OPC for a resultant 

fLow CytomEtry

All PRP samples were analysed using a MACSQuant 
(Miltenyi Biotec, Bergisch Gladbach, Germany) 
flow cytometer utilising fluoresence-1 to set the ap-
propriate channels, voltages and controls for hVSEL 
stem cell analysis.

All flow cytometry was controlled by count-
ing a PRP sample with no antibodies added. The 
CXCR4, Oct3/4 and SSEA counts in these controls 
were always zero. A typical flow cytometer plot for 
untreated PRP is shown in Figure 1.

Each sample for all hVSEL stem cell analysis 
was assessed in triplicate.

All PRP samples were diluted in saline 1:10 
(v/v) prior to staining with the following reagents:
 • Lineage Cell Depletion Kit (Miltenyi Biotec) 

(130-092-211).
 • Mouse anti-human CD184(CXCR4)-PE (Ther-

mo-Fisher Scientific, Waltham, MA, USA) (12-
9999-42).

 • Mouse anti-human CD34-PE (Miltenyi Biotec) 
(130-120-515).

 • Mouse anti-human CD133-APC (Miltenyi Bio-
tec) (130-113-668).

Figure 1. A typical flow cytometer result for PRP with no treatment.
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triplicate PRP tubes were sampled into separate 
tubes following centrifugation by taking 2 mL of 
the ‘top’ PRP, 2 mL of the ‘middle’ PRP, 2 mL of 
the ‘bottom’ PRP close to the red cell interface as 
possible, 2 mL of the top of the red cell section and 
2 mL at the bottom of the red cell section. Each 
sample was assessed for hVSEL stem cell numbers 
using the flow cytometry protocol above.

LaSEr trEatmEnt (CoSta) of PrP 
and rESuLting hVSEL StEm CELL
ProLifEration on day 0 and day 1 of CuLturE

This was the initial experiment to assess the ef-
fect of the Costa laser with SONG modulation 
on hVSEL stem cell numbers in PRP. PRP was 
prepared as above, in triplicate, and one batch 
was exposed to Costa laser +SONG (set at 60% 
OPC) light for 3 minutes, one batch was exposed 
to white torch light for 3 minutes, and one batch 
received no treatment (control). Following flow 
cytometer analysis, the 3 PRP samples were cul-
tured as described as above and then harvested 
as described above for flow cytometry analysis 
on day 1.

LaSEr trEatmEnt (magna CoSta) of hVSEL 
StEm CELLS in PrP with titration of LaSEr 
ExPoSurE timE and ±Song moduLation 
at d0 and d5
The purpose of the experiment was to assess the 
numbers of hVSEL present in PRP following laser 
exposure from 1-3 minutes with and without the 
SONG modulation. This will confirm optimum 
settings for clinical use. The Magna Costa laser is 
the same as the Costa except for an adjustable wave 
form. This enables the use of a possibly improved 
control of a ‘flat’ wave in these experiments. The 
SONG modulation was set at 60% OPC throughout 
the experiment. All cells were analysed at Day 0 
and then cultured in vitro for 5 days to assess the 
persistence of any proliferative changes in hVSEL. 
Culture and harvesting protocols were as described 
above.

CoSta LaSEr trEatmEnt (± Song moduLation)
of hVSEL StEm CELLS in PrP at day 0, day 1
and day 7
PRP was prepared as above and the PRP exposed 
to the Costa laser for 3 minutes with and 3 min-
utes without SONG modulation. The resultant 
PRP was then assessed for hVSEL proliferation 

beam power of 1.3 mW. The Magna Costa laser 
has adjustable wave forms to enable alternative 
wave forms to be introduced as a control.

Song LaSEr moduLation

SONG stands for Strachan-Ovokaitys Node Gener-
ator and was developed by the third author of this 
paper in collaboration with his physicist colleague 
Scott Strachan.

SONG modulation of the laser cancels the cen-
tral wavelength band of the laser output in a pro-
cess described as non-fringing destructive interfer-
ence. The remaining upper and lower wavelength 
bands create a beat frequency pattern of sparse 
nodes of constructive interference which represents 
the physical visible light that remains. 

Modulation of this complex wave form pattern 
results in a rapid traverse of these nodes that can 
reach pulse repetition frequencies at intervals as 
rapid as subfemtosecond. The destructive interfer-
ence and sparseness of the nodes reduces the flare 
at the surface of the tissue interface. This decreases 
both the reflectiveness of photons which have en-
tered a zone that has just experienced a photon ab-
sorption as well as the related scattering effect. The 
depth of penetration of sparse nodes may be 10-20 
times that of ordinary photons at the surface of an 
interface such as human skin.

CuLturE and harVESting of LaSEr trEatEd
and ControL (no LaSEr or whitE Light) 
hVSEL in PrP
Where culture of PRP was needed to assess the biolog-
ical stability of the effect of laser exposure the PRP was 
cultured in equal volumes of RPMI 1640 media (Sig-
ma-Aldrich, St. Louis, MO, USA) supplemented with 
200 mM L-Glutamine (Sigma-Aldrich), penicillin and 
streptomycin (Sigma-Aldrich) and 10% heat inactivat-
ed fetal calf serum (FCS; Thermo-Fisher).

All PRP cultures were carried out using T25 
vented flasks (Thermo-Fisher) in a humified incuba-
tor (Thermo-Fisher) set at 37°C and 5% CO2 in air.

Adherent cells were harvested when needed by 
in an initial wash with Ca2+/Mg2+ free Dulbecco’s 
PBS (Thermo-Fisher) and treatment with Trypsin 
EDTA (Thermo-Fisher) for 5 minutes at 37°C.

thE numBErS and diStriBution of hVSEL 
StEm CELLS in untrEatEd PrP
In order to assess the distribution and numbers of 
hVSEL stem cells in untreated PRP each of the 
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The bottom 2 mL of the PRP was found to have 
a mean hVSEL stem cell count of 9.29 x105/mL and 
the mean Lin- cell count was 52.2 x105/mL.

The total mean number of hVSEL stem cells 
found in PRP was 1.66 x106/mL.

The total mean number of Lin- cells found in the 
PRP was 9.01 x106/mL.

The total number of hVSEL stem cells in the red 
cell top section was 4.0 x102/mL and the mean Lin- 
cell count was 1.65 x104/mL.

The total number of hVSEL stem cells in the red 
cell bottom section was 6.0 x102/mL and the mean 
Lin- cell count was 5.1 x104/mL (Figure 2).

LaSEr trEatmEnt of PrP and rESuLting 
hVSEL StEm CELL numBErS on day 0 and day 1 
of CuLturE

The data on Costa laser +SONG modulation of 
PRP, related controls and in vitro culture for one 
day are summarised in Figure 3.

When PRP was treated with laser light +SONG 
for 3 minutes, and analysed by flow cytometry im-
mediately afterwards, the number of hVSEL stem 
cells were 1.256 x106/mL.

The same batch of PRP treated with white torch 
light for 3 minutes and analysed immediately con-
tained 4.15 x105/mL hVSEL stem cells.

The same batch of PRP, undergoing no treatment 
as a control, contained 5.77 x105/mL hVSEL stem cells.

On day 1 of culture in vitro (the cells were 
harvested as described above) the Costa laser 
+SONG PRP contained 1.086 x105/mL hVSEL 
stem cells.

and then put into in vitro culture as described 
above for 1 and 7 days. Cultures were harvested 
on Day 1 and Day 7 as described above and the 
resultant cell harvest was the assessed for hV-
SEL proliferation using flow cytometry. This ex-
periment also included an assessment of hVSEL 
numbers in whole peripheral blood following red 
cell lysis.

timE titration of Song moduLatEd magna 
CoSta and CoSta LaSEr on hVSEL StEm CELLS
in PrP 
PRP was prepared as above and exposed to the Mag-
na Costa laser for 3 minutes and the Costa laser for 
3,6 and 9 minutes. White light and no treatment 
controls were used. hVSEL stem cell flow cytometer 
analysis was carried out for all exposure times.

results

the nuMbers And PrP dIstrIbutIon
of hVsel steM cells In untreAted PrP
Cell viability remained at >90% in all experiments. 
The data on the numbers and distribution of hVSEL 
stem cells in untreated PRP are summarised in Fig-
ure 1. A typical flow cytometer result for untreated 
PRP is shown in Figure 1.

The top 2 mL of the PRP was found to have a 
mean hVSEL stem cell count of 3.1 x105/mL and 
the mean Lin- cell count was 20.0 x105/mL.

The middle 2 mL of the PRP was found to have 
a mean hVSEL stem cell count of 4.27 x105/mL and 
the mean Lin- cell count was 18.5 x105/mL.

Figure 2. Gradient of hVSEL stem cells in peripheral blood PRP.
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increased (from 1 minute to three minutes) and the 
SONG modulation was present throughout. The 2 
and 3 minutes laser exposure time produced very 
similar numbers of hVSEL stem cells. There was 
a similar but less pronounced rise in hVSEL stem 
cell numbers when the laser was applied without 
SONG modulation. The flat wave and no treatment 
controls remained similar and the flat wave laser 
exposure time here was 3 minutes (Figure 4).

In VItro Day 5± SONG MODulatiON 
1-3 MiNute laSer expOSure

On day 5 of culture in vitro the SONG modulated la-
ser group showed increased numbers of hVSEL stem 
cells compared to Day 0 with slightly more hVSEL 
stem cells present in the 2 and 3 minute laser expo-

On day 1 of culture in vitro (the cells were har-
vested as described above) the White Torch light 
PRP contained 0.448 x105/mL hVSEL stem cells.

On day 1 of culture in vitro (the cells were harvest-
ed as described above) the Control PRP (no treatment) 
contained 0.376 x105/mL hVSEL stem cells. 

magna CoSta LaSEr ExPoSurE timE 
Variation and Song moduLation Variation 
on day 0 and day 5 

FreSh Day 0 ± SONG MODulatiON 
1-3 MiNute laSer expOSure

On day 0 (the day when the PRP was prepared and 
lasered) the total number of hVSEL stem cells in 
the PRP increased as the laser exposure time was 

Figure 3. Laser Treatment of PRP and Resulting hVSEL Stem Cell Proliferation on Day 0 and Day 1 of Culture.

Figure 4. Magna Costa Laser Exposure Time Variation and SONG Modulation Variation on Day 0 and Day 5.
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1 of culture it was 7.82x105/mL and on day 7 of 
culture it was 2.56x105/mL. The number of hVSEL 
stem cells in PRP following 3 minutes of unmod-
ulated laser treatment was increased to 1.994x106/
mL, on Day 1 of culture it was 1.348 x106/mL and 
on day 7 of culture it was 1.48 x105/mL.

The number of hVSEL stem cells in PRP fol-
lowing 3 minutes of white light treatment (as a pre-
sumed control) was increased to 1.504 x106/mL, on 
Day 1 of culture it was 2.66 x105/mL and on day 7 
of culture it was 2.18 x105/mL.

The number of hVSEL stem cells in PRP follow-
ing no treatment (as a control) was 1.072 x106/mL, 
on Day 1 of culture it was 4.7 x105/mL and on day 
7 of culture it was 1.657 x105/mL.

timE titration of Song moduLatEd magna CoSta 
and CoSta LaSEr on hVSEL StEm CELLS in PrP 
The purpose of this experiment was to identify the 
optimum laser exposure time for the proliferation 
of hVSEL stem cells in PRP. The results can be 
seen in Figure 6.

The total hVSEL stem cells found in PRP ex-
posed to the SONG modulated Costa Magna and 
the Costa laser for three minutes were higher than 
exposure to the SONG modulated Costa laser for 
6 or 9 minutes. These data confirm that the op-
timum laser exposure time to maximise hVSEL 
stem cell proliferation is 3 minutes. The white light 
(torch) control and the no treatment control showed 
hVSEL stem cell numbers less than the 3 minute 
SONG modulated laser exposure confirming the 
optimised exposure time to 3 minutes.

sure time. The 1 and 3 minute laser exposure with-
out SONG modulation contained more hVSEL stem 
cells than the 2 minute laser exposure and the flat 
wave and no treatment controls also contained more 
hVSEL stem cells overall than in Day 0 (Figure 4).

CoSta LaSEr trEatmEnt (± Song moduLation) 
of hVSEL StEm CELLS in PrP at day o, day 1 
and day 7 
This experiment was designed to assess the num-
bers of hVSEL stem cells in PRP on the day of laser 
treatment and at Day 1 and Day 7 culture of the 
cells in vitro and to assess the effect of laser treat-
ment with and without SONG modulation. This is 
to try to understand the behaviour of laser treated 
hVSEL stem cells in vitro which may give an in-
sight into the behaviour of hVSEL stem cells in vivo 
and also the importance of SONG modulation. The 
results can be seen in Figure 5.

A measurement was made on the number of 
hVSEL stem cells in peripheral blood without any 
treatment. This involved red cell lysis followed by 
flow cytometry. The number of hVSEL stem cells 
in this sample of peripheral blood was 8.1x105/mL 
which correlates well with previous estimates of 
hVSEL stem cells in PRP at 1x106/mL and the hV-
SEL stem cells in PRP control in this experiment 
of 1.072x106/mL. It is to be expected that PRP will 
have slightly higher hVSEL stem cell counts than 
peripheral blood as hVSEL stem cells are concen-
trated in PRP. The number of hVSEL stem cells in 
PRP following 3 minutes of SONG modulated laser 
treatment was increased to 2.22x106/mL, on Day 

Figure 5. Costa Laser Treatment of hVSEL stem cells in PRP at Day 0, Day 1 and Day 7.
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PRP normal peripheral blood in the present gradient 
study was 0.746-16 x105/mL. The PRP was found to 
have a gradient of hVSEL stem cells increasing from 
the top meniscus of the PRP all the way down to 
the PRP/red cell interface where the highest number 
of hVSEL stem cells were found. This confirms that 
the whole 6mL volume of PRP should be used for 
optimal results. Multiple 6mL volumes of PRP are 
pooled for clinical applications. There were very few 
(approximately 1x103/mL) hVSEL stem cells in the 
red blood cell section of the PRP tube. These data 
show that the PRP based isolation of hVSEL stem 
cells works very efficiently when using the technol-
ogy described. hVSEL stem cell viability remained 
high throughout all experiments. 

LaSEr trEatmEnt of PrP and rESuLting 
hVSEL StEm CELL ProLifEration 
on day 0 and day 1 of CuLturE

The purpose of this experiment was to assess the 
initial effects of the laser on hVSEL stem prolifer-
ation and to see if these changes were stable after 
24 hours in culture in vitro. Other workers have 
described gene upregulation in human dermal 
cells following laser exposure which resulted in in-
creased paracrine secretions25. 

The total hVSEL stem cells in the PRP follow-
ing 3 minutes of SONG modulated laser exposure 
was 1.256x106/mL. The white light (torch control) 
PRP had a total of 4.15x105/mL hVSEL stem cells 
and the no treatment control had 5.77x105/mL hV-
SEL stem cells. The mean of these 2 control samples 
was 4.96x105/mL. The laser exposed PRP therefore 
showed a 2.5 times increase in hVSEL stem cell num-

dIscussIon

The purpose of this set of experiments was to ex-
plore the possible biological effects of a low energy 
(1 mW) SONG modulated red laser (670 nm) on 
the proliferation of hVSEL stem cells in PRP. These 
observations may provide an initial basis and un-
derstanding of the encouraging unpublished data 
seen in the clinical use of laser treated hVSEL stem 
cells in PRP in a Phase I clinical trial for heart fail-
ure and in treatment of neurodegenerative disease 
(Ovokaitys et al., in preparation).

the nuMbers And dIstrIbutIon of hVsel 
steM cells In untreAted PrP

The quantification of hVSEL stem cells in whole 
blood, in PRP and in other tissues has been report-
ed many times22,23. There is a wide range of hVSEL 
stem cell count depending on the source of blood or 
tissue and the flow cytometery protocol used. The 
same authors report possible mobilisation of hV-
SEL stem cells in disease and more recently work-
ers have suggested that hVSEL stem cells may also 
be involved in oncogenesis24. 

In the present study we showed that there was a 
mean of 1.6 x106/mL hVSEL stem cells in PRP ob-
tained from donated human blood. It was also possi-
ble to provide another mean estimate of the total hV-
SEL stem cells/mL in PRP by taking the mean of the 
no treatment values for PRP across all of the different 
experiments. This gives a mean value of 3.92x106/
mL. The range of observed hVSEL stem cells in 

Figure 6. Time titration of Magna Costa sweep and Costa laser on hVSEL stem cells in PRP. 
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cells than in the laser SONG modulated group over 
1,2 and 3 minutes but there was a steady increase 
in detected hVSEL stem cells across the laser expo-
sure times. The SONG modulated Magna Costa flat 
wave and no treatment controls (hVSEL numbers) 
were lower than the equivalent SONG modulated 
laser cell counts at 2 and 3 minute laser exposure.

Day 5
The Day 5 hVSEL stem cell counts, after 5 days cul-
ture in vitro, all showed an increase in hVSEL stem 
cells compared to Day 0. There was also an increase 
in the control groups which appeared greater than the 
experimental groups. This anomaly needs further 
investigation because it could be a true reflection of 
in vitro proliferation of hVSEL stem cells or it may 
just be an anomaly in this particular experiment. In 
general terms when lasered hVSEL stem cells were 
cultured in vitro in the other experiments in this paper 
then a reduction in cell numbers was observed.

CoSta LaSEr trEatmEnt of hVSEL StEm CELLS in 
PrP at day 0, day 1 and day 7

Day 0
This experiment confirmed the presence of hVSEL 
stem cells in whole peripheral blood after red cell lysis. 
These are important data and the PRP data all showed 
an increase in hVSEL stem cell numbers in PRP which 
helps to confirm that PRP is an efficient route to isolate 
hVSEL stem cells for experimental and clinical use.

The highest numbers of hVSEL stem cells in 
PRP were found in the Costa laser with SONG 
modulation with a 3 minute exposure time. The 
same laser exposure without SONG modulation 
showed fewer hVSEL stem cells but still increased 
levels over controls indicating some possible bene-
fits of laser exposure even without SONG modula-
tion. The white light and no treatment controls both 
showed fewer hVSEL stem cells than the SONG 
modulated and SONG unmodulated treatments.

Day 1 aND Day 7
The numbers of hVSEL stem cells present after 1 
and 7 days of culture in vitro decreased which may 
reflect cell death related to in vitro culture.

timE titration of magna CoSta and CoSta 
LaSEr on hVSEL StEm CELLS in PrP 
These experiments were to assess the extended laser 
exposure time on the proliferation of hVSEL in PRP. 

bers compared to the mean of the two control groups. 
This was a rapid effect in that following modulated 
laser exposure the cells were taken immediately for 
analysis on the flow cytometer. The time from modu-
lated laser exposure to flow cytometry analysis was, 
therefore, no greater than 30 minutes in any of the 
experiments. This observation compares favourably 
with the clinical use and clinical trial of modulated 
laser exposed hVSEL in PRP which often show rapid 
clinical improvements following intravenous infusion 
of autologous laser exposed hVSEL stem cells in PRP. 
This is the first time that these laboratory observa-
tions and clinical data have been correlated.

Following 24 hours culture in vitro the modulat-
ed laser exposed hVSEL were 1.086x105/mL com-
pared to 0.448x105/mL in the white light torch con-
trol and 0.376x105/mL in the no treatment control. 
The mean of these two control groups is 0.432x105/
mL. The laser exposed PRP after 24 hours in vitro 
showed a 2.5 times increase of hVSEL stem cells 
over the control cells indicating that even though 
the actual cell counts decreased (which is to be ex-
pected following culture in vitro) the ratio of la-
ser modulated hVSEL stem cells to control hVSEL 
stem cells remained the same over 24 hours.

These data have confirmed, to our knowledge for 
the first time, that the SONG modulated laser has a 
proliferative effect on human hVSEL stem cells in 
PRP. This effect was maintained in relative terms for 
at least 24 hours in vitro post laser exposure. Further 
work is needed on the possible paracrine, surface an-
tigen un-masking and gene upregulation effects of la-
ser treatment of hVSEL stem cells.

magna CoSta LaSEr ExPoSurE timE Variation and 
Song moduLation Variation on day 0 and day 5 
The purpose of this experiment was to assess the 
laser exposure time and the application of SONG 
modulation, or no SONG modulation, on the pro-
liferation of hVSEL stem cells in PRP on the day 
of laser exposure (D0) and after five days in vitro 
(D5). The laser exposure times and SONG modula-
tion are thought to be critical to successful hVSEL 
stem cell proliferation.

Day 0
In the PRP exposed to the SONG modulated Mag-
na Costa laser for 1,2 and 3 minutes the numbers of 
hVSEL stem cells were highest in the 2 and 3 min-
ute treatments. In the Magna Costa laser without 
SONG modulation there were fewer hVSEL stem 
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used to describe photosynthesis, olfaction and nav-
igation by some birds26. This level of understand-
ing will bring the hope of a better understanding of 
disease and a solid foundation for future stem cell 
technologies using interventions such as modulated 
laser light.
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