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Abstract
In this review we explore the clinical importance 
of human Very Small Embryonic Like (hVSEL) 
stem cells as a source of pluripotent stem cells 
for use in regenerative medicine procedures. Au-
tologous pluripotent hVSEL stem cells are a valu-
able resource in regenerative medicine especially 
when activated with Strachan-Ovokiatys Node 
Generator (SONG) modulated laser light. The 
review provides an overview of hVSEL stem cell 
technology and some insights into the massive 
potential of SONG modulated laser activated 
hVSEL stem cells regenerative medicine.

Introduction

As my mind can conceive of more good, the barriers 
and blocks dissolve. My life becomes full of little mir-
acles popping up out of the blue. 

Louise L. Hay  (1926–2017)

Tissues which undergo rapid physiological turnover, 
or are damaged by trauma or disease, need repair by a 
wide range of stem cells present in the human body1. 
These stem cells include haemopoietic stem cells2, 
mesenchymal stem cells3 and other more recently 
discovered stem cells such as neural stem cells in the 
Central Nervous System (CNS)4 and bronchio-alveo-
lar stem cells in the lungs5. In addition to these natu-
rally occurring stem cells there are ‘man made’ stem 
cells such as human Embryonic Stem Cell (hESC)6 

and Induced Pluripotent Stem Cells (iPSC)7. Despite 
these discoveries and high levels of hype, only one 
stem cell type (the haemopoietic stem cell) is current-
ly used in routine clinical practice in the treatment of 
haematological malignancy such as leukaemia8. The 
remainder of the stem cell types are still either at the 
basic research stage or at best in clinical trials9.

There is, however, one stem cell type which myste-
riously does not attract much interest in the scientific 
and medical literature and that is the hVSEL stem cell. 
Some authors suggest that hVSEL stem cells are totally 
inactive or dormant in normal physiology10 which in 
our opinion as explained and evidenced below is high-
ly unlikely. Other authors state that when hVSEL stem 
cells are activated they play an important reparative 
role during diseases such as stroke11, in cases of trau-
ma12 and even in psychosis13 and in other psychiatric 
disorders14. Some very influential authors in high im-
pact journals even claim that hVSEL stem cells do not 
exist15,16. The rationale behind such claims is difficult 
to understand and it may even relate to the financial 
and political pressures in the complex and highly com-
petitive world of stem cell technology17. Whatever the 
reason for these positive and negative views, it is fair 
to say that hVSEL stem cells do exist and that in the 
course of time they may be proven to be not only the 
most important stem cell in existence but also the stem 
cell of choice for regenerative medicine procedures.

The Ontogeny of hVSEL Stem Cells

Before we explore our thesis on hVSEL stem cells it 
is important to put the ontogeny of these important 
stem cells into context. The key to understanding 
the ontogeny and the overall importance of hVSEL 
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  •	 Alpha granules40 containing the adhesive proteins 
fibrinogen, vitronectin, thrombospondin and von 
Willibrand Factor (VWF)41. In addition, alpha 
granules contain growth factors and cytokines 
which mediate wound repair, inflammation and 
angiogenesis42.

  •	 Dense (or delta) granules containing ADP, ATP, 
calcium, serotonin, polyphosphate and pyrophos-
phate43,44.

  •	 Lysosomes containing hexosaminidase, arylsul-
phatase, ß-glucuronidase, ß-galactosidase, acid 
phosphatase and cathepsins45.

  •	 T (or tubular) granules containing TLR9, PDI and 
VAMP-846 which are thought to be an alpha gran-
ule subtype47.

The platelets in PRP clearly have a potential role 
in the anti-inflammatory48 and regenerative49 prop-
erties which have been observed when PRP is used 
clinically.

The plasma component of PRP is also extremely 
important in the overall potential therapeutic action 
of PRP. The plasma in PRP contains high concentra-
tions of growth factors and cytokines such as a wide 
range of interleukins, RANTES, PDGF, VEGF, GM-
CSF, MIP 1b and CXCL chemokine (IP-10)50,51. These 
are extremely wide-ranging cytokines and growth 
factors which when in concentrated form in PRP 
no doubt enable differentiation, proliferation, tissue 
morphogenesis and chemotaxis in tissue healing52. It 
is proposed that the mechanism of action of these cy-
tokines and growth factors in PRP is by the autocrine 
and paracrine route53. There are also several reports 
on the use of autologous PRP in fertility treatment 
where the added component of possible endocrine ac-
tion of PRP may be active54,55.

PRP clearly contains a complex and interactive 
range of cytokines and growth factors and there may 
still be more to discover and many more mechanisms 
of action to be defined56,57.

The third component of PRP, which is either ig-
nored or dismissed as being present in PRP, are hV-
SEL stem cells. Our own research has clearly shown 
the presence of CXCR4+, SSEA4+, Oct 3/4+, CD45-
, Lin- hVSEL pluripotent stem cells in PRP derived 
from human peripheral blood58. Other authors also 
describe hVSEL stem cells being present in human 
peripheral blood59 whilst some suggest that the hV-
SEL stem cells found in umbilical cord blood are an 
‘aberrant and inactive’ population of cells60. It is evi-
dent that there are conflicting reports in the scientific 

stem cells is to understand a rarely discussed stem 
cell present in early embryonic development called 
the Primordial Germ Cell (PGC). PGC arise before 
gastrulation in the proximal epiblast18 and find their 
way to the genital ridge (via extraembryonic tissue 
and the primitive streak) of the developing embryo 
whilst retaining broad, cross-germ-layer differentia-
tion ability19,20. This migration of PGC results in the 
development of the first haemangioblasts which are 
the pre-cursors to haemopoietic stem cells (HSC) and 
endothelial progenitor cells (EPC) in the yolk sac of 
the developing embryo21-25. The next stage of devel-
opment is that the PGS migrate to the genital ridges 
of the embryo and on through the aorto-gonado-me-
sonephros (AGM) where the first definitive HSC are 
found in the aortic endothelium26,27. In the light of 
this information several authors have suggested that 
hVSEL stem cells are produced by migrating PGC28-

31. This concept is further supported by the fact that 
PGC and hVSEL stem cells have both been shown to 
be capable of producing HSC and EPC32,33. The con-
cept of migrating PGC being the ultimate source of 
HSC, with a possible intermediary of hVSEL stem 
cells, still needs further research. Nevertheless, the 
current evidence appears to suggest that hVSEL stem 
cells may be precursors to HSC and if so then hVSEL 
play a critical part in haemopoiesis from early em-
bryonic development and throughout normal life. It 
is equally possible that hVSEL stem cells, since they 
are pluripotent, could be the precursors of other stem 
cells in the body but once again further research is 
needed to confirm or refute these concepts.

Properties and Activation of Platelet 
Rich Plasma (PRP)

Properties of PRP
Platelet rich plasma (PRP) has attracted considerable 
attention and some success in many contemporary 
areas of medical practice including the treatment of 
musculoskeletal disease34,35 and in the treatment of 
sports related injuries36,37. In terms of the concepts 
in this review it is important to clearly understand 
the constituents and properties of PRP. Traditionally, 
PRP was considered to be a blood product which had 
a platelet count higher than that in peripheral blood, 
making it an obvious basic treatment for thrombocy-
topenia38. Platelets are non-nucleated cells which are 
derived from the megakaryocyte located in the bone 
marrow39 and they contain four types of granules: 
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high-dose chemotherapy. If this can be proven, then 
quiescent hVSEL stem cells may offer an alternative 
therapeutic route to patients who have undergone 
chemotherapy with the resultant damage to normal 
somatic cells69. Such an approach may have the abili-
ty to enhance somatic cell and tissue repair following 
high dose chemotherapy70 and may even indicate a 
possible benefit of elective hVSEL stem cells harvest, 
SONG modulated laser activation and cryopreserva-
tion for later therapeutic application to restore somat-
ic cells following high dose chemotherapy.

Activation of PRP
Most autologous PRP treatments involve the collec-
tion of peripheral blood into citrate dextrose anti-
coagulant, centrifugation at room temperature and 
then simple reinfusion of the room temperature PRP 
back into the patient. Such preparation of PRP may 
result in premature platelet activation which can be 
modulated by introducing thrombin into the PRP71. 
Other authors report that pulsed electrical fields can 
stimulate platelet activation and growth factor re-
lease in PRP72 and more recently the voltage, pulse 
width and calcium concentration has been shown to 
modulate the release of growth factors, serotonin 
and haemoglobin73. It has also been reported that 
PRP may be activated by carrying out the process-
ing at 4°C which promotes wound healing. The cur-
rent evidence seems to indicate that PRP can be ‘im-
proved’ by activation interventions of various types, 
the focus of which is to activate platelets which in 
turn increases the efficacy of PRP. Whilst this may 
all be very true and relevant it is interesting to note 
that none of these publications mention the most im-
portant component of PRP: pluripotent hVSEL stem 
cells. The activation technologies described above 
may well also activate hVSEL stem cells but no one, 
apart from the authors of this paper, has thought to 
assess this possibility.

Our ground-breaking research has clearly shown 
that Strachan-Ovokaitys Node Generator (SONG) mod-
ulated laser light interacts with hVSEL in PRP to upreg-
ulate the expression of CXCR4, Oct 3/4 and SSEA458. 
Very briefly, 66 mL of peripheral blood is collected and 
centrifuged using validated PRP tubes and centrifuge. 
The resultant PRP is then exposed to the SONG modu-
lated laser for 3 minutes and then re-infused back into 
the patient intravenously. The increased expression of 
the key surface antigens above on hVSEL stem cell may 
have a significant effect on the biology and physiology 
of SONG modulated laser activated hVSEL stem cells. 

and medical literature about the existence, viability 
and biological activity of hVSEL stem cells and more 
research is required to clarify this situation. Never-
theless, it is also clear that PRP contains hVSEL stem 
cells and that PRP is therefore a readily available 
source of functioning pluripotent stem cells which 
are currently ignored. The biological and therapeutic 
action of PRP does not currently include discussions 
on the importance of hVSEL stem cells in PRP in the 
overall efficacy of PRP treatments. The standardisa-
tion of the production of PRP is required to ensure 
homogeneity, safety and efficacy and carefully con-
trolled clinic trials are needed using standardised 
preparations and methods to fully understand the full 
potential of PRP treatment61.

The persistence of hVSEL stem cells throughout 
life, from young to old, has been reported62 sug-
gesting a potential homeostatic mechanism which 
maintains the hVSEL stem cell pool throughout life. 
This is supported by our unpublished observations 
of there being a constant availability of hVSEL stem 
cells in the PRP of patients who have undergone 
multiple PRP collections. The bone marrow is the 
likely source of the hVSEL stem cells to maintain 
the peripheral blood hVSEL stem cell pool. This is 
supported by the mobilisation of hVSEL stem cells 
into the peripheral blood following acute myocar-
dial infarction63. In further support of this concept, 
hVSEL stem cells have been shown to be present in 
human bone marrow itself and also in human leu-
kapheresis products64. This supports the hypothesis 
of migration of hVSEL stem cells from the bone 
marrow to the peripheral blood during physiological 
homeostasis and during pathological stimuli. Simi-
lar studies in vitro have suggested that hVSEL stem 
cells are the ‘original embryonic stem cell’ high-
lighting the critical importance of hVSEL stem cells 
in normal embryonic development and subsequent 
physiological homeostasis65. 

All stem cell types are subject to both intrinsic 
and extrinsic stress during normal physiology and in 
pathological states. Such stress can have detrimental 
effects especially on rapidly dividing stem cells66. 
There is a population of quiescent VSEL stem cells 
in murine bone marrow67 which may be resistant to 
extrinsic heat stress in the same way as the quiescent 
population of MSC derived from desquamated endo-
metrium of menstrual blood (eMSC)68. This raises 
the possibility that quiescent hVSEL stem cell resid-
ing in the bone marrow may be available for collec-
tion and SONG modulated laser activation even after 
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Clinical Application of Nano-bioelectronic
Photo-acoustic Therapy (NPT)

The preliminary clinical studies and individual case 
studies described below were all undertaken follow-
ing informed consent from the patients and with eth-
ical committee approval where appropriate. The stem 
cells used in one of these studies were allogeneic um-
bilical cord blood derived mesenchymal stem cells 
(MSC) but the most data have now been collected 
using autologous hVSEL stem cells in PRP.

Our most recent publication in this field is a prelimi-
nary clinical study on the use of allogeneic NPT treated 
cord blood derived expanded MSC in the treatment of 
end-stage heart failure84. In this study 10 patients, who 
were all considered candidates for heart transplantation, 
received a single dose of intravenous NPT treated cord 
blood derived MSC and NPT to the cardiac region. All 
patients showed a statistically significant increase in 
their Left Ventricular Ejection Fraction (LVEF) and 8 of 
the patients remain alive and well with improved LVEF 
at the time of writing. Two patients subsequently died 
but these deaths occurred after the study was complete. 
An 80% survival rate in such a cohort of patients rep-
resents exceptionally high safety and efficacy. Further 
to this study we have case study data (included in the 
citation above) on the use of NPT treated autologous 
hVSEL stem cells in the treatment of end-stage heart 
failure. These patients also showed significant enhance-
ment of LVEF function, including to normal and stable 
LVEF following treatment. 

The two features of NPT treatment which we have 
seen in almost all patients are:
1.	 A rapid reduction, immediately following the in-

travenous infusion of SONG modulated laser ac-
tivated hVSEL stem cells in PRP, of some of the 
symptoms being treated

2.	 A slower and sustained reduction in symptoms 
and recovery from disease
We hypothesise that the rapid effects seen in some 

patients may be due to the concentrated cytokines and 
growth factors present in PRP and also to the fact that 
those cytokines and growth factors have been exposed 
to SONG modulated laser light. In addition, we hypoth-
esise that the slower but sustained reduction in symp-
toms is due to the actions of SONG modulated laser ac-
tivated pluripotent hVSEL stem cells in the patient. This 
mechanism here is proposed to be by 2 distinct routes:
1.	 The creation of new tissue specific stem cells (e.g. 

cardiac stem cells) derived from laser activated 
hVSEL stem cells

These changes are important, for example, in terms of 
cell locomotion, chemotaxis, signalling and adhesion 
where CXCR4 expression is increased in SONG modu-
lated laser activated hVSEL stem cells74. The increased 
expression of Oct 3/4 in response to the SONG modu-
lated laser is equally interesting. Oct 3/4 is not only a 
marker of pluripotent stem cells, but it is also import-
ant in driving cell differentiation towards the cardiac 
lineage and to the development of the mesoderm from 
the embryonic epiblast75. More recently Oct 4 has been 
further implicated in the reprogramming of somatic 
cells76 making increased expression desirable in regen-
erative medicine protocols. SSEA-4 is a stage specific 
glycolipid cell surface antigen77 thought to be involved 
in cellular signal transduction, cell recognition and cell 
adhesion78 which are extremely important in pluripotent 
stem cell biology79.

The use of laser light as a method of activation of 
stem cells, using the terminology photo-biomodula-
tion, has been reported recently80 and it has also been 
shown that photo-biomodulation may improve tissue 
regeneration and the proliferation, migration and dif-
ferentiation of stem cells81. 

This is clearly a new and rapidly expanding field of 
study with many possible applications. Nevertheless, 
the SONG modulated laser seems to be ahead of these 
reports of laser technology in terms of understanding 
and applications. We have recently published a paper 
proposing a theoretical mode of action for SONG mod-
ulated laser hVSEL stem cell activation using concepts 
taken from quantum physics82. Here we propose that 
the SONG modulated laser light can remove blocking 
proteins from hVSEL stem cell surface antigens and 
thus induce the biological processes required for the 
hVSEL stem cells to have maximum effectiveness in 
tissue repair and regeneration. 

We have termed the use of a SONG modulated la-
ser to activate hVSEL stem cells in PRP as Nano-bio-
electronic Photo-acoustic Therapy (NPT). In our 
clinical discussion below the SONG modulated laser 
was also applied to the patient as part of the treatment, 
to the areas where the stem cell repair is needed e.g. 
to the head in the case of neurodegenerative disease. 
This is supported by other authors who propose that 
enhanced homing of stem cells may be improve the 
efficacy regenerative medicine procedures83. When 
we refer to NPT we include SONG modulated laser 
being applied to stem cells in vitro and directly to 
the patient. The SONG modulation of the laser light 
ensures that no physical damage is caused when the 
laser is applied to the patient.
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nors. These young hVSEL stem cells may be more bio-
logically ‘active’ than older hVSEL stem cells obtained 
from old diseased patients based on current epigenetic 
concepts101 and senescence studies102,103.

Such an approach would of course require infec-
tious disease screening104 ABO Rh type matching 
and HLA matching105 to the recipient. The allogene-
ic donor PRP could be collected and used fresh, or 
it might be possible to create a frozen HLA typed 
allogeneic PRP donor bank106. Our current data sug-
gest that SONG modulated laser activation of hVSEL 
stem cells in PRP enhances the overall efficacy of in-
travenous PRP treatment107 in a wide range of scenar-
ios. We hypothesise, based on the literature, that the 
SONG modulated laser interacts not only with hV-
SEL stem cells but also with platelets108, growth fac-
tors and cytokines109,110 in PRP resulting in the very 
rapid effects seen in some of our clinical scenarios111. 
In our opinion, there is no doubt that hVSEL stem 
cells are indeed ‘little miracles’ and ongoing scien-
tific and clinical research may soon bring these little 
miracles to all patients in need.

Funding:
No funding is declared for this article.

Author contributions:
Peter Hollands: Composing and revising manuscript and joint 
final approval of manuscript for publication. Todd Ovokaitys: 
Composing and revising manuscript and joint final approval 
of manuscript for publication. 

ORCID ID:
Peter Hollands: https://orcid.org/0000-0003-4116-1954
Todd Ovokaitys: https://orcid.org/ 0000-0002-1565-5996

Conflict of Interest:
Professor P. Hollands is CTO of Qigenix.
Dr T. Ovokaitys is CEO of Qigenix.

References

  1.	Wang X. Stem cells in tissues, organoids, and cancers. Cell 
Mol Life Sci 2019; 76: 4043-4070. doi: 10.1007/s00018-
019-03199-x. PMID: 31317205; PMCID: PMC6785598.

  2.	Zhang Y, Gao S, Xia J, Liu F. Hematopoietic Hierarchy 
- An Updated Roadmap. Trends Cell Biol 2018; 28: 976-
986. doi: 10.1016/j.tcb.2018.06.001. PMID: 29935893.

  3.	Fu X, Liu G, Halim A, Ju Y, Luo Q, Song AG. Mesenchy-
mal Stem Cell Migration and Tissue Repair. Cells 2019; 
8: 784-791. doi: 10.3390/cells8080784. PMID: 31357692; 
PMCID: PMC6721499.

  4.	Wang Y, Pan J, Wang D, Liu J. The Use of Stem Cells in 
Neural Regeneration: A Review of Current Opinion. Curr 
Stem Cell Res Ther 2018; 13: 608-617. doi: 10.2174/15748
88X13666180720100738. PMID: 30027853.

2.	 The repair of the diseased or damaged stem cell 
niche by cells derived from laser activated hVSEL 
stem cells
Further research is needed to confirm or refute 

these hypotheses. This thinking is different to cur-
rent ideas that stem cells may directly repair damaged 
tissue. In this hypothesis treatment is achieved by a 
repaired, restored and fully effective stem cell pop-
ulation and a repaired stem cell niche. These ideas 
are in parallel to what is known about bone marrow 
stem cell transplantation where both the stem cell 
compartment and bone marrow stem cell niche are 
repaired by the intravenous infusion of donor bone 
marrow stem cells85,86. The aim should be to repair 
the relevant stem cell compartment and the stem cell 
niche which will in turn result in the development of 
new healthy tissue in any system or organ.

We have seen similar benefits of NPT to patients 
suffering from neurodegenerative disease and neuro-
logical trauma, reflecting the pluripotency of hVSEL 
stem cells and their ability to cross the blood brain 
barrier87 following intravenous administration.

Conclusions

This review has considered the properties of PRP with 
a specific focus on hVSEL stem cells and the clinical 
application of SONG modulated laser activated plu-
ripotent hVSEL stem cells. This a new and exciting 
field of study. This technology may have wide rang-
ing safety and efficacy in the treatment of diseases in-
cluding cardiac disease88, neurodegenerative disease89, 
neurological trauma90, musculoskeletal disease91, type 
1 diabetes92, liver disease93, lung disease94, pancreatic 
disease95 and psychosis and psychiatric disorders13,14. 
The pluripotent nature of hVSEL stem cells suggests 
that they may be useful throughout the body as a ther-
apeutic procedure. Perhaps the most exciting potential 
application of hVSEL stem cells is to modulate the age-
ing process96-98. Such an intervention into the ageing 
process could significantly decrease the morbidity and 
mortality of age related disease99.

The source of the hVSEL stem cells in the current 
studies described above is autologous PRP. Work is al-
ready underway on the possibility of using young allo-
geneic hVSEL stem cells to optimise treatment in older 
diseased patients where autologous hVSEL stem cells 
may be sub-standard. Such young hVSEL stem cells 
may be obtained from donated umbilical cord blood100 
or peripheral blood PRP of young healthy adult do-



6 P. Hollands, T. Ovokaitys

18.	McLaren A. Primordial germ cells in the mouse. Dev 
Biol 2003; 262: 1-15. doi: 10.1016/s0012-1606(03)00214-
8. PMID: 14512014.

19.	Molyneaux K, Wylie C. Primordial germ cell migra-
tion. Int J Dev Biol 2004; 48: 537-544. doi: 10.1387/
ijdb.041833km. PMID: 15349828.

20.	Hayashi K, de Sousa Lopes SM, Surani MA. Germ cell 
specification in mice. Science 2007; 316: 394-396. doi: 
10.1126/science.1137545. PMID: 17446386.

21.	Hollands P. Embryonic haemopoietic stem cell grafts 
in the treatment of murine genetic anaemia. Br J Hae-
matol 1988; 70: 157-163. doi: 10.1111/j.1365-2141.1988.
tb02457.x. PMID: 2903764.

22.	Hollands P. Differentiation and grafting of haemopoietic 
stem cells from early postimplantation mouse embryos. 
Development 1987; 99: 69-76. PMID: 2888640.

23.	Hollands P. Transplantation of embryonic haemopoietic 
stem cells without prior recipient X-irradiation. Br J Hae-
matol 1988; 69: 437-440. doi: 10.1111/j.1365-2141.1988.
tb02394.x. PMID: 2900649.

24.	Hollands P. Differentiation of embryonic haemopoietic 
stem cells from mouse blastocysts grown in vitro. Devel-
opment 1988; 102: 135-141. PMID: 3416770.

25.	Mikkola HK, Orkin SH. The journey of developing he-
matopoietic stem cells. Development 2006; 133: 3733-
3744. doi: 10.1242/dev.02568. PMID: 16968814.

26.	De Miguel MP, Arnalich Montiel F, Lopez Iglesias P, 
Blazquez Martinez A, Nistal M. Epiblast-derived stem 
cells in embryonic and adult tissues. Int J Dev Biol 
2009; 53: 1529-1540. doi: 10.1387/ijdb.072413md. PMID: 
19757397.

27.	Fu JR, Liu WL, Zhou YF, Zhou JF, Sun HY, Luo L, 
Zhang H, Xu HZ. Expansive effects of aorta-gonad-me-
sonephros-derived stromal cells on hematopoietic stem 
cells from embryonic stem cells. Chin Med J (Engl) 2005; 
118: 1979-1986. PMID: 16336834.

28.	Mierzejewska K, Borkowska S, Suszynska E, Suszynska 
M, Poniewierska-Baran A, Maj M, Pedziwiatr D, Ada-
miak M, Abdel-Latif A, Kakar SS, Ratajczak J, Kucia 
M, Ratajczak MZ. Hematopoietic stem/progenitor cells 
express several functional sex hormone receptors-novel 
evidence for a potential developmental link between he-
matopoiesis and primordial germ cells. Stem Cells Dev 
2015; 24: 927-937. doi: 10.1089/scd.2014.0546. PMID: 
25607657; PMCID: PMC4390002.

29.	Virant-Klun I. Very Small Embryonic-Like Stem Cells: A 
Potential Developmental Link Between Germinal Lineage 
and Hematopoiesis in Humans. Stem Cells Dev 2016; 25: 
101-113. doi: 10.1089/scd.2015.0275. PMID: 26494182.

30.	Bhartiya D, Shaikh A, Anand S, Patel H, Kapoor S, 
Sriraman K, Parte S, Unni S. Endogenous, very small 
embryonic-like stem cells: critical review, therapeu-
tic potential and a look ahead. Hum Reprod Update 
2016; 23: 41-76. doi: 10.1093/humupd/dmw030. PMID: 
27614362.

31.	Ratajczak MZ, Machalinski B, Wojakowski W, Ratajc-
zak J, Kucia M. A hypothesis for an embryonic origin of 
pluripotent Oct-4(+) stem cells in adult bone marrow and 
other tissues. Leukemia 2007; 21: 860-867. doi: 10.1038/
sj.leu.2404630. PMID: 17344915.

  5.	Parekh KR, Nawroth J, Pai A, Busch SM, Senger CN, 
Ryan AL. Stem cells and lung regeneration. Am J Physi-
ol Cell Physiol 2020; 319: C675-C693. doi: 10.1152/ajp-
cell.00036.2020. PMID: 32783658; PMCID: PMC7654650.

  6.	Ilic D, Ogilvie C. Concise Review: Human Embryonic 
Stem Cells-What Have We Done? What Are We Doing? 
Where Are We Going? Stem Cells 2017; 35: 17-25. doi: 
10.1002/stem.2450. PMID: 27350255.

  7.	Ohnuki M, Takahashi K. Present and future challenges of 
induced pluripotent stem cells. Philos Trans R Soc Lond B 
Biol Sci 2015; 370: 20140367. doi: 10.1098/rstb.2014.0367. 
PMID: 26416678; PMCID: PMC4633996.

  8.	Simpson E, Dazzi F. Bone Marrow Transplantation 1957-
2019. Front Immunol 2019; 10: 1246. doi: 10.3389/fim-
mu.2019.01246. PMID: 31231381; PMCID: PMC6560153.

  9.	Trounson A, McDonald C. Stem Cell Therapies in Clinical 
Trials: Progress and Challenges. Cell Stem Cell 2015; 17: 
11-22. doi: 10.1016/j.stem.2015.06.007. PMID: 26140604.

10.	Ratajczak MZ, Zuba-Surma E, Wojakowski W, Suszyn-
ska M, Mierzejewska K, Liu R, Ratajczak J, Shin DM, 
Kucia M. Very small embryonic-like stem cells (VSELs) 
represent a real challenge in stem cell biology: recent pros 
and cons in the midst of a lively debate. Leukemia 2014; 
28: 473-484. doi: 10.1038/leu.2013.255. PMID: 24018851; 
PMCID: PMC3948156.

11.	 Paczkowska E, Kucia M, Koziarska D, Halasa M, Safranow 
K, Masiuk M, Karbicka A, Nowik M, Nowacki P, Ratajc-
zak MZ, Machalinski B. Clinical evidence that very small 
embryonic-like stem cells are mobilized into peripheral 
blood in patients after stroke. Stroke 2009; 40: 1237-1244. 
doi: 10.1161/STROKEAHA.108.535062. PMID: 19246697.

12.	Havens AM, Shiozawa Y, Jung Y, Sun H, Wang J, McGee 
S, Mishra A, Taichman LS, Danciu T, Jiang Y, Yavanian 
G, Leary E, Krebsbach PH, Rodgerson D, Taichman RS. 
Human very small embryonic-like cells generate skeletal 
structures, in vivo. Stem Cells Dev 2013; 22: 622-630. 
doi: 10.1089/scd.2012.0327. PMID: 23020187; PMCID: 
PMC3564465.

13.	Kucharska-Mazur J, Tarnowski M, Dołęgowska B, Bud-
kowska M, Pędziwiatr D, Jabłoński M, Pełka-Wysiecka 
J, Kazimierczak A, Ratajczak MZ, Samochowiec J. 
Novel evidence for enhanced stem cell trafficking in 
antipsychotic-naïve subjects during their first psychotic 
episode. J Psychiatr Res 2014; 49: 18-24. doi: 10.1016/j.
jpsychires.2013.10.016. PMID: 24246416.

14.	Kucharska-Mazur J, Jabłoński M, Misiak B, Frydecka 
D, Rybakowski J, Ratajczak MZ, Samochowiec J. Adult 
stem cells in psychiatric disorders - New discoveries in 
peripheral blood. Prog Neuropsychopharmacol Biol Psy-
chiatry 2018; 80: 23-27. doi: 10.1016/j.pnpbp.2017.04.005. 
PMID: 28392482.

15.	Nicholls H. VSELs: is ideology overtaking sci-
ence? Cell Stem Cell 2013; 13: 143-144. doi: 10.1016/j.
stem.2013.07.003. PMID: 24066359.

16.	Abbott A. Doubt cast over tiny stem cells. Nature 2013; 
499: 390. doi: 10.1038/499390a. PMID: 23887410.

17.	 Testa G, Borghese L, Steinbeck JA, Brüstle O. Break-
down of the potentiality principle and its impact on global 
stem cell research. Cell Stem Cell 2007; 1: 153-156. doi: 
10.1016/j.stem.2007.07.006. PMID: 18371347.



Human Very Small Embryonic Like (hVSEL) Stem Cells: Little Miracles 7

46.	Thon JN, Peters CG, Machlus KR, Aslam R, Rowley J, 
Macleod H, Devine MT, Fuchs TA, Weyrich AS, Semple 
JW, Flaumenhaft R, Italiano JE Jr. T granules in human 
platelets function in TLR9 organization and signaling. J 
Cell Biol 2012; 198: 561-574. doi: 10.1083/jcb.201111136. 
PMID: 22908309; PMCID: PMC3514030.

47.	van Nispen tot Pannerden H, de Haas F, Geerts W, Post-
huma G, van Dijk S, Heijnen HF. The platelet interior re-
visited: electron tomography reveals tubular alpha-gran-
ule subtypes. Blood 2010; 116: 1147-1156. doi: 10.1182/
blood-2010-02-268680. PMID: 20439620.

48.	Bendinelli P, Matteucci E, Dogliotti G, Corsi MM, Banfi G, 
Maroni P, Desiderio MA. Molecular basis of anti-inflamma-
tory action of platelet-rich plasma on human chondrocytes: 
mechanisms of NF-κB inhibition via HGF. J Cell Physiol 
2010; 225: 757-766. doi: 10.1002/jcp.22274. PMID: 20568106.

49.	Andia I, Maffulli N. Blood-Derived Products for Tis-
sue Repair/Regeneration. Int J Mol Sci 2019; 20: 4581. 
doi: 10.3390/ijms20184581. PMID: 31533202; PMCID: 
PMC6770158.

50.	Amable PR, Carias RB, Teixeira MV, da Cruz Pacheco I, 
Corrêa do Amaral RJ, Granjeiro JM, Borojevic R. Plate-
let-rich plasma preparation for regenerative medicine: 
optimization and quantification of cytokines and growth 
factors. Stem Cell Res Ther 2013; 4: 67. doi: 10.1186/
scrt218. PMID: 23759113; PMCID: PMC3706762.

51.	Mussano F, Genova T, Munaron L, Petrillo S, Erovigni F, 
Carossa S. Cytokine, chemokine, and growth factor pro-
file of platelet-rich plasma. Platelets 2016; 27: 467-471. 
doi: 10.3109/09537104.2016.1143922. PMID: 26950533.

52.	Lubkowska A, Dolegowska B, Banfi G. Growth factor con-
tent in PRP and their applicability in medicine. J Biol Regul 
Homeost Agents 2012; 26: 3S-22S. PMID: 23648195.

53.	Mishra A, Woodall J Jr, Vieira A. Treatment of tendon and 
muscle using platelet-rich plasma. Clin Sports Med 2009; 28: 
113-125. doi: 10.1016/j.csm.2008.08.007. PMID: 19064169.

54.	Sharara FI, Lelea LL, Rahman S, Klebanoff JS, Moawad 
GN. A narrative review of platelet-rich plasma (PRP) 
in reproductive medicine. J Assist Reprod Genet 2021; 
38: 1003-1012. doi: 10.1007/s10815-021-02146-9. PMID: 
33723748; PMCID: PMC8190208.

55.	Sills ES, Wood SH. Autologous activated platelet-rich 
plasma injection into adult human ovary tissue: molecular 
mechanism, analysis, and discussion of reproductive re-
sponse. Biosci Rep 2019; 39: BSR20190805. doi: 10.1042/
BSR20190805. PMID: 31092698; PMCID: PMC6549090.

56.	Alves R, Grimalt R. A Review of Platelet-Rich Plasma: His-
tory, Biology, Mechanism of Action, and Classification. Skin 
Appendage Disord 2018; 4: 18-24. doi: 10.1159/000477353. 
PMID: 29457008; PMCID: PMC5806188.

57.	Ramaswamy Reddy SH, Reddy R, Babu NC, Ashok GN. 
Stem-cell therapy and platelet-rich plasma in regenera-
tive medicines: A review on pros and cons of the tech-
nologies. J Oral Maxillofac Pathol 2018; 22: 367-374. doi: 
10.4103/jomfp.JOMFP_93_18. PMID: 30651682; PM-
CID: PMC6306612.

58.	Hollands P, Aboyeji DR, Ovokaitys T. The action of mod-
ulated laser light on Human Very Small Embryonic-Like 
(hVSEL) stem cells in Platelet Rich Plasma (PRP). CellR4 
2020; 8: e2990 DOI: 10.32113/cellr4_202012_2990

32.	Ratajczak J, Zuba-Surma E, Klich I, Liu R, Wysoczyn-
ski M, Greco N, Kucia M, Laughlin MJ, Ratajczak MZ. 
Hematopoietic differentiation of umbilical cord blood-
derived very small embryonic/epiblast-like stem cells. 
Leukemia 2011; 25: 1278-1285. doi: 10.1038/leu.2011.73. 
PMID: 21483440; PMCID: PMC3135663.

33.	Kritzenberger M, Wrobel KH. Histochemical in situ iden-
tification of bovine embryonic blood cells reveals differ-
ences to the adult haematopoietic system and suggests a 
close relationship between haematopoietic stem cells and 
primordial germ cells. Histochem Cell Biol 2004; 121: 273-
289. doi: 10.1007/s00418-004-0629-5. PMID: 14986003.

34.	O’Connell B, Wragg NM, Wilson SL. The use of PRP 
injections in the management of knee osteoarthritis. Cell 
Tissue Res 2019; 376: 143-152. doi: 10.1007/s00441-019-
02996-x. PMID: 30758709.

35.	Wu PI, Diaz R, Borg-Stein J. Platelet-Rich Plasma. Phys 
Med Rehabil Clin N Am 2016; 27: 825-853. doi: 10.1016/j.
pmr.2016.06.002. PMID: 27788903.

36.	Grassi A, Napoli F, Romandini I, Samuelsson K, Zaf-
fagnini S, Candrian C, Filardo G. Is Platelet-Rich Plasma 
(PRP) Effective in the Treatment of Acute Muscle Inju-
ries? A Systematic Review and Meta-Analysis. Sports 
Med 2018; 48: 971-989. doi: 10.1007/s40279-018-0860-1. 
PMID: 29363053.

37.	Mlynarek RA, Kuhn AW, Bedi A. Platelet-Rich Plasma 
(PRP) in Orthopedic Sports Medicine. Am J Orthop 
(Belle Mead NJ) 2016; 45: 290-326. PMID: 27552452.

38.	Andia I. Platelet-rich plasma biology; In Alves R, Grimalt 
R (eds): Clinical Indications and Treatment Protocols 
with Platelet-Rich Plasma in Dermatology. Barcelona, 
Ediciones Mayo 2016; pp. 3-15.

39.	Machlus KR, Italiano JE Jr. The incredible journey: From 
megakaryocyte development to platelet formation. J Cell 
Biol 2013; 201: 785-796. doi: 10.1083/jcb.201304054. 
PMID: 23751492; PMCID: PMC3678154.

40.	Blair P, Flaumenhaft R. Platelet alpha-granules: basic bi-
ology and clinical correlates. Blood Rev. 2009; 23: 177-
189. doi: 10.1016/j.blre.2009.04.001. PMID: 19450911; 
PMCID: PMC2720568.

41.	Wencel-Drake JD, Painter RG, Zimmerman TS, Gins-
berg MH. Ultrastructural localization of human platelet 
thrombospondin, fibrinogen, fibronectin, and von Will-
ebrand factor in frozen thin section. Blood 1985; 65: 929-
938. PMID: 2579691.

42.	Maynard DM, Heijnen HF, Horne MK, White JG, Gahl 
WA. Proteomic analysis of platelet alpha-granules using 
mass spectrometry. J Thromb Haemost 2007; 5: 1945-1955. 
doi: 10.1111/j.1538-7836.2007.02690.x. PMID: 17723134.

43.	Chen Y, Yuan Y, Li W. Sorting machineries: how platelet-
dense granules differ from α-granules. Biosci Rep 2018; 
38: BSR20180458. doi: 10.1042/BSR20180458. PMID: 
30104399; PMCID: PMC6127676.

44.	McNicol A, Israels SJ. Platelet dense granules: struc-
ture, function and implications for haemostasis. Thromb 
Res 1999; 95: 1-18. doi: 10.1016/s0049-3848(99)00015-8. 
PMID: 10403682.

45.	Thon JN, Italiano JE. Platelets: production, morphology 
and ultrastructure. Handb Exp Pharmacol 2012; 210: 3-22. 
doi: 10.1007/978-3-642-29423-5_1. PMID: 22918725.



8 P. Hollands, T. Ovokaitys

69.	Mc Erlain T, Burke A, Branco CM. Life after Cell 
Death-Survival and Survivorship Following Chemother-
apy. Cancers (Basel) 2021; 13: 2942. doi: 10.3390/can-
cers13122942. PMID: 34208331; PMCID: PMC8231100.

70.	Tower J. Stress and stem cells. Wiley Interdiscip Rev 
Dev Biol 2012; 1: 789-802. doi: 10.1002/wdev.56. PMID: 
23799624; PMCID: PMC3812933.

71.	Augustine TN, van der Spuy WJ, Kaberry LL, Shayi M. 
Thrombin-Mediated Platelet Activation of Lysed Whole 
Blood and Platelet-Rich Plasma: A Comparison Between 
Platelet Activation Markers and Ultrastructural Altera-
tions. Microsc Microanal 2016; 22: 630-639. doi: 10.1017/
S1431927616000854. PMID: 27329313.

72.	Frelinger AL 3rd, Torres AS, Caiafa A, Morton CA, Ber-
ny-Lang MA, Gerrits AJ, Carmichael SL, Neculaes VB, 
Michelson AD. Platelet-rich plasma stimulated by pulse 
electric fields: Platelet activation, procoagulant mark-
ers, growth factor release and cell proliferation. Platelets 
2016; 27: 128-135. doi: 10.3109/09537104.2015.1048214. 
PMID: 26030682.

73.	Neculaes B, Frelinger AL 3rd, Gerrits AJ, Gremmel T, 
Forde EE, Klopman S, Carmichael SL, Michelson AD. 
Activation of platelet-rich plasma by pulse electric fields: 
Voltage, pulse width and calcium concentration can be 
used to control and tune the release of growth factors, se-
rotonin and hemoglobin. PLoS One 2021; 16: e0249209. 
doi: 10.1371/journal.pone.0249209. PMID: 33891598; 
PMCID: PMC8064519.

74.	Kucia M, Jankowski K, Reca R, Wysoczynski M, 
Bandura L, Allendorf DJ, Zhang J, Ratajczak J, Rata-
jczak MZ. CXCR4-SDF-1 signalling, locomotion, 
chemotaxis and adhesion. J Mol Histol 2004; 35: 233-
245. doi: 10.1023/b:hijo.0000032355.66152.b8. PMID: 
15339043.

75.	Stefanovic S, Pucéat M. Oct-3/4: not just a gatekeeper of 
pluripotency for embryonic stem cell, a cell fate instruc-
tor through a gene dosage effect. Cell Cycle 2007; 6: 8-10. 
doi: 10.4161/cc.6.1.3633. PMID: 17245123.

76.	Stefanovic S, Pucéat M. L’octamanie continue : The dual 
role of OCT4. Med Sci (Paris). 2010; 26: 411-416. doi: 
10.1051/medsci/2010264411. PMID: 20412747.

77.	Yanagisawa M. Stem cell glycolipids. Neurochem Res 
2011; 36: 1623-1635. doi: 10.1007/s11064-010-0358-1. 
PMID: 21161592.

78.	Asano S, Pal R, Tanaka HN, Imamura A, Ishida H, 
Suzuki KGN, Ando H. Development of Fluorescent-
ly Labeled SSEA-3, SSEA-4, and Globo-H Glyco-
sphingolipids for Elucidating Molecular Interactions 
in the Cell Membrane. Int J Mol Sci 2019; 20: 6187. 
doi: 10.3390/ijms20246187. PMID: 31817926; PMCID: 
PMC6941013.

79.	Liu G, David BT, Trawczynski M, Fessler RG. Advances 
in Pluripotent Stem Cells: History, Mechanisms, Tech-
nologies, and Applications. Stem Cell Rev Rep 2020; 16: 
3-32. doi:10.1007/s12015-019-09935-x

80.	Khorsandi K, Hosseinzadeh R, Abrahamse H, Fekrazad 
R. Biological Responses of Stem Cells to Photobiomodu-
lation Therapy. Curr Stem Cell Res Ther 2020; 15: 400-
413. doi: 10.2174/1574888X15666200204123722. PMID: 
32013851.

59.	Ratajczak MZ, Zuba-Surma EK, Wysoczynski M, 
Ratajczak J, Kucia M. Very small embryonic-like stem 
cells: characterization, developmental origin, and bio-
logical significance. Exp Hematol 2008; 36: 742-751. 
doi:10.1016/j.exphem.2008.03.010

60.	Danova-Alt R, Heider A, Egger D, Cross M, Alt R. Very 
small embryonic-like stem cells purified from umbilical 
cord blood lack stem cell characteristics. PLoS One 2012; 
7: e34899. doi:10.1371/journal.pone.0034899

61.	Everts P, Onishi K, Jayaram P, Lana JF, Mautner K. Plate-
let-Rich Plasma: New Performance Understandings and 
Therapeutic Considerations in 2020. Int J Mol Sci 2020; 
21: 7794. doi:10.3390/ijms21207794

62.	Sovalat H, Scrofani M, Eidenschenk A, Hénon P. Hu-
man Very Small Embryonic-Like Stem Cells Are Pres-
ent in Normal Peripheral Blood of Young, Middle-Aged, 
and Aged Subjects. Stem Cells Int 2016; 2016: 7651645. 
doi: 10.1155/2016/7651645. PMID: 26633977; PMCID: 
PMC4655065.

63.	Zuba-Surma EK, Kucia M, Dawn B, Guo Y, Ratajczak 
MZ, Bolli R. Bone marrow-derived pluripotent very 
small embryonic-like stem cells (VSELs) are mobi-
lized after acute myocardial infarction. J Mol Cell Car-
diol 2008; 44: 865-873. doi: 10.1016/j.yjmcc.2008.02.279. 
PMID: 18430437; PMCID: PMC2692386.

64.	Sovalat H, Scrofani M, Eidenschenk A, Pasquet S, 
Rimelen V, Hénon P. Identification and isolation from 
either adult human bone marrow or G-CSF-mobilized 
peripheral blood of CD34(+)/CD133(+)/CXCR4(+)/ Lin(-)
CD45(-) cells, featuring morphological, molecular, and 
phenotypic characteristics of very small embryonic-like 
(VSEL) stem cells. Exp Hematol 2011; 39: 495-505. doi: 
10.1016/j.exphem.2011.01.003. PMID: 21238532.

65.	Virant-Klun I, Skerl P, Novakovic S, Vrtacnik-Bokal E, 
Smrkolj S. Similar Population of CD133+ and DDX4+ 
VSEL-Like Stem Cells Sorted from Human Embryonic 
Stem Cell, Ovarian, and Ovarian Cancer Ascites Cell 
Cultures: The Real Embryonic Stem Cells? Cells 2019; 
8: 706. doi: 10.3390/cells8070706. PMID: 31336813; PM-
CID: PMC6678667.

66.	Mierzejewska K, Heo J, Kang JW, Kang H, Ratajczak J, 
Ratajczak MZ, Kucia M, Shin DM. Genome-wide analysis 
of murine bone marrow derived very small embryonic-like 
stem cells reveals that mitogenic growth factor signaling 
pathways play a crucial role in the quiescence and ageing 
of these cells. Int J Mol Med 2013; 32: 281-90. doi: 10.3892/
ijmm.2013.1389. PMID: 23708325; PMCID: PMC3776718.

67.	Shin DM, Zuba-Surma EK, Wu W, Ratajczak J, Wysoczyn-
ski M, Ratajczak MZ, Kucia M. Novel epigenetic mecha-
nisms that control pluripotency and quiescence of adult 
bone marrow-derived Oct4(+) very small embryonic-like 
stem cells. Leukemia 2009; 23: 2042-2051. doi: 10.1038/
leu.2009.153. PMID: 19641521; PMCID: PMC2783188.

68.	Alekseenko LL, Shilina MA, Lyublinskaya OG, Korn-
ienko JS, Anatskaya OV, Vinogradov AE, Grinchuk TM, 
Fridlyanskaya II, Nikolsky NN. Quiescent Human Mes-
enchymal Stem Cells Are More Resistant to Heat Stress 
than Cycling Cells. Stem Cells Int 2018; 2018: 3753547. 
doi: 10.1155/2018/3753547. PMID: 30675168; PMCID: 
PMC6323451.



Human Very Small Embryonic Like (hVSEL) Stem Cells: Little Miracles 9

93.	Chen ZH, Lv X, Dai H, Liu C, Lou D, Chen R, Zou GM. 
Hepatic regenerative potential of mouse bone marrow 
very small embryonic-like stem cells. J Cell Physiol 2015; 
230: 1852-1861. doi: 10.1002/jcp.24913. PMID: 25545634.

  94.	Ciechanowicz AK, Sielatycka K, Cymer M, Skoda 
M, Suszyńska M, Bujko K, Ratajczak MZ, Krause 
DS, Kucia M. Bone Marrow-Derived VSELs Engraft 
as Lung Epithelial Progenitor Cells after Bleomy-
cin-Induced Lung Injury. Cells 2021; 10: 1570. doi: 
10.3390/cells10071570. PMID: 34206516; PMCID: 
PMC8303224.

  95.	Huang Y, Kucia M, Hussain LR, Wen Y, Xu H, Yan J, 
Ratajczak MZ, Ildstad ST. Bone marrow transplanta-
tion temporarily improves pancreatic function in strep-
tozotocin-induced diabetes: potential involvement of 
very small embryonic-like cells. Transplantation 2010; 
89: 677-685. doi: 10.1097/TP.0b013e3181c9dc7d. PMID: 
20110858; PMCID: PMC2844483.

  96.	Ratajczak MZ, Zuba-Surma EK, Shin DM, Ratajczak J, 
Kucia M. Very small embryonic-like (VSEL) stem cells 
in adult organs and their potential role in rejuvenation of 
tissues and longevity. Exp Gerontol 2008; 43: 1009-1017. 
doi: 10.1016/j.exger.2008.06.002. PMID: 18601995; PM-
CID: PMC3174085.

  97.	Zuba-Surma EK, Wu W, Ratajczak J, Kucia M, Ratajc-
zak MZ. Very small embryonic-like stem cells in adult 
tissues-potential implications for aging. Mech Ageing 
Dev. 2009; 130: 58-66. doi: 10.1016/j.mad.2008.02.003. 
PMID: 18377952; PMCID: PMC3164811.

  98.	Ratajczak MZ, Liu R, Ratajczak J, Kucia M, Shin 
DM. The role of pluripotent embryonic-like stem cells 
residing in adult tissues in regeneration and longev-
ity. Differentiation 2011; 81: 153-161. doi: 10.1016/j.
diff.2011.01.006. PMID: 21339038.

  99.	Cruz-Jentoft AJ, Rymaszewska J. Tackling age-relat-
ed disease: time for a step forward. Int J Geriatr Psy-
chiatry 2010; 25: 1-2. doi: 10.1002/gps.2301. PMID: 
20014352.

100.	Monti M, Imberti B, Bianchi N, Pezzotta A, Morigi M, 
Del Fante C, Redi CA, Perotti C. A Novel Method for 
Isolation of Pluripotent Stem Cells from Human Um-
bilical Cord Blood. Stem Cells Dev 2017; 26: 1258-1269. 
doi: 10.1089/scd.2017.0012. PMID: 28583028.

101.	Ratajczak MZ, Shin DM, Schneider G, Ratajczak J, 
Kucia M. Parental imprinting regulates insulin-like 
growth factor signaling: a Rosetta Stone for under-
standing the biology of pluripotent stem cells, aging 
and cancerogenesis. Leukemia 2013; 27: 773-779. 
doi: 10.1038/leu.2012.322. PMID: 23135355; PMCID: 
PMC5538807.

102.	Kim Y, Jeong J, Kang H, Lim J, Heo J, Ratajczak J, 
Ratajczak MZ, Shin DM. The molecular nature of very 
small embryonic-like stem cells in adult tissues. Int J 
Stem Cells 2014; 7: 55-62. doi: 10.15283/ijsc.2014.7.2.55. 
PMID: 25473442; PMCID: PMC4249904.

103.	Khademi-Shirvan M, Ghorbaninejad M, Hosseini S, 
Baghaban Eslaminejad M. The Importance of Stem Cell 
Senescence in Regenerative Medicine. Adv Exp Med 
Biol 2020; 1288: 87-102. doi: 10.1007/5584_2020_489. 
PMID: 32026416.

81.	Pedroni ACF, Diniz IMA, Abe GL, Moreira MS, Sip-
ert CR, Marques MM. Photobiomodulation therapy and 
vitamin C on longevity of cell sheets of human dental 
pulp stem cells. J Cell Physiol 2018; 233: 7026-7035. doi: 
10.1002/jcp.26626. PMID: 29744863.

82.	Brindley J, Hollands P, Ovokaitys T. A Theoretical Mech-
anism for the Action of SONG-Modulated Laser Light on 
Human Very Small Embryonic-Like (hVSEL) Stem Cells 
in Platelet Rich Plasma (PRP) CellR4 2021; 9: e3201. 
DOI: 10.32113/cellr4_20216_3201

83.	Chen FM, Wu LA, Zhang M, Zhang R, Sun HH. Hom-
ing of endogenous stem/progenitor cells for in situ tissue 
regeneration: Promises, strategies, and translational per-
spectives. Biomaterials 2011; 32: 3189-209. doi: 10.1016/j.
biomaterials.2010.12.032. PMID: 21300401.

84.	Ovokaitys T, Paronyan A, Hayrapetyan H, Hollands P. 
Intravenous SONG-modulated laser-activated allogeneic 
cord blood mesenchymal stem cells for the treatment 
of end-stage heart failure: a preliminary clinical study. 
CellR4 2021; 9: e3280. DOI: 10.32113/cellr4_202112_3280

85.	Simpson E, Dazzi F. Bone Marrow Transplantation 1957-
2019. Front Immunol 2019; 10: 1246. doi: 10.3389/fim-
mu.2019.01246. PMID: 31231381; PMCID: PMC6560153.

86.	Barrett J, Craddock C. Bone marrow transplantation in the 
United Kingdom - past, present and future. Br J Haematol 
2020; 191: 612-616. doi: 10.1111/bjh.17151. PMID: 33190255.

87.	Abbott NJ, Patabendige AA, Dolman DE, Yusof SR, 
Begley DJ. Structure and function of the blood-brain 
barrier. Neurobiol Dis 2010; 37: 13-25. doi: 10.1016/j.
nbd.2009.07.030. PMID: 19664713.

88.	Zuba-Surma EK, Guo Y, Taher H, Sanganalmath SK, Hunt 
G, Vincent RJ, Kucia M, Abdel-Latif A, Tang XL, Rata-
jczak MZ, Dawn B, Bolli R. Transplantation of expanded 
bone marrow-derived very small embryonic-like stem 
cells (VSEL-SCs) improves left ventricular function and 
remodelling after myocardial infarction. J Cell Mol Med 
2011; 15: 1319-1328. doi: 10.1111/j.1582-4934.2010.01126.x. 
PMID: 20629987; PMCID: PMC3064954.

89.	Paczkowska E, Dabkowska E, Nowacki P, Machaliński 
B. Stem cell-based therapy in central nervous system dis-
eases. Neurol Neurochir Pol 2009; 43: 550-558. PMID: 
20054758.

90.	Golipoor Z, Mehraein F, Zafari F, Alizadeh A, Ababza-
deh S, Baazm M. Migration of Bone Marrow-Derived 
Very Small Embryonic-Like Stem Cells toward An In-
jured Spinal Cord. Cell J 2016; 17: 639-647. doi: 10.22074/
cellj.2016.3836. PMID: 26862523; PMCID: PMC4746414.

91.	Yamakawa H, Kusumoto D, Hashimoto H, Yuasa S. Stem 
Cell Aging in Skeletal Muscle Regeneration and Disease. 
Int J Mol Sci 2020; 21: 1830. doi: 10.3390/ijms21051830. 
PMID: 32155842; PMCID: PMC7084237.

92.	Jamiołkowska-Sztabkowska M, Grubczak K, Starosz A, 
Krętowska-Grunwald A, Krętowska M, Parfienowicz Z, 
Moniuszko M, Bossowski A, Głowińska-Olszewska B. 
Circulating Hematopoietic (HSC) and Very-Small Em-
bryonic like (VSEL) Stem Cells in Newly Diagnosed 
Childhood Diabetes type 1 - Novel Parameters of Beta 
Cell Destruction/Regeneration Balance and Possible 
Prognostic Factors of Future Disease Course. Stem Cell 
Rev Rep 2021; doi: 10.1007/s12015-021-10250-7



10 P. Hollands, T. Ovokaitys

gies for the Activation of Endogenous Stem Cells. Front 
Physiol 2016; 7: 62. doi: 10.3389/fphys.2016.00062. 
PMID: 26941656; PMCID: PMC4764712.

109.	Peplow PV, Chung TY, Ryan B, Baxter GD. Laser photo-
biomodulation of gene expression and release of growth 
factors and cytokines from cells in culture: a review 
of human and animal studies. Photomed Laser Surg 
2011; 29: 285-304. doi: 10.1089/pho.2010.2846. PMID: 
21309703.

110.	Machado BHB, Zhang J, Frame J, Najlah M. Treat-
ment of Scars with Laser-Assisted Delivery of Growth 
Factors and Vitamin C: A Comparative, Randomised, 
Double-blind, Early Clinical Trial. Aesthetic Plast Surg 
2021; 45: 2363-2374. doi: 10.1007/s00266-021-02232-4. 
PMID: 33881605.

111.	 Mariani E, Roffi A, Cattini L, Pulsatelli L, Assirelli 
E, Krishnakumar GS, Cenacchi A, Kon E, Filardo G. 
Release kinetic of pro- and anti-inflammatory biomol-
ecules from platelet-rich plasma and functional study on 
osteoarthritis synovial fibroblasts. Cytotherapy 2020; 
22: 344-353. doi: 10.1016/j.jcyt.2020.02.006. PMID: 
32327304.

104.	Malinis M, Boucher HW; AST Infectious Diseases Com-
munity of Practice. Screening of donor and candidate 
prior to solid organ transplantation-Guidelines from the 
American Society of Transplantation Infectious Dis-
eases Community of Practice. Clin Transplant 2019; 33: 
e13548. doi: 10.1111/ctr.13548. PMID: 30900327.

105.	Sheldon S, Poulton K. HLA typing and its influence on 
organ transplantation. Methods Mol Biol 2006; 333: 157-
174. doi: 10.1385/1-59745-049-9:157. PMID: 16790851.

106.	Jang TH, Park SC, Yang JH, Kim JY, Seok JH, Park 
US, Choi CW, Lee SR, Han J. Cryopreservation and its 
clinical applications. Integr Med Res 2017; 6: 12-18. doi: 
10.1016/j.imr.2016.12.001. PMID: 28462139; PMCID: 
PMC5395684.

107.	Le ADK, Enweze L, DeBaun MR, Dragoo JL. Cur-
rent Clinical Recommendations for Use of Platelet-Rich 
Plasma. Curr Rev Musculoskelet Med 2018; 11: 624-
634. doi: 10.1007/s12178-018-9527-7. PMID: 30353479; 
PMCID: PMC6220007.

108.	Mele L, Vitiello PP, Tirino V, Paino F, De Rosa A, Lic-
cardo D, Papaccio G, Desiderio V. Changing Paradigms 
in Cranio-Facial Regeneration: Current and New Strate-


