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Abstract Very small embryonic-like stem cells (VSELs) are
major pluripotent stem cells described in human and mouse.
In this issue of Stem Cell Reviews and Reports, Shaikh and
colleagues show in a valuable work that mouse bone marrow
collected after 5FU treatment contains VSELs able to undergo
in vitro multi-lineage differentiation into cells from all three
germ layers and also in germ and hematopoietic cells. These
findings are robust since no confounding factor such as feeder
cell fusion with VSELs can occur here. This paper allows one
to better appreciate bone marrow-VSELs differentiation po-
tential and opens new perspectives for autologous cell therapy.
Furthermore, it might help explaining lots of contradictive
data from the past 20 years, in particular related to ability of
bone marrow cells to differentiate into cardiomyocytes.

Editorial

Very small embryonic-like stem cells (VSELs) are major plurip-
otent stem cells defined in humans as Lineage-negative, CD133-
positive, and CD45-negative cells of small size (<6 mm in diam-
eter) [1]. VSELs have been shown in several studies to be able to
differentiate into cells from different germ layers. VSELs have a
large nucleus-to-cytoplasm ratio, and a high expression level of
pluripotency core factors. They could represent a clinically rele-
vant alternative to embryonic stem cells (ESCs) and induced

pluripotent stem cells (iPS) for cell therapy since VSELs do not
complete blastocyst development and do not form teratomas after
transplantation into deficient mice [2, 3].

In this issue of Stem Cell Reviews and Reports, Shaikh and
colleagues [4] provide both potential mechanistic insights and
clinically relevant informations about VSELs differentiation.
Indeed, they demonstrate for the first time in a single study that
mouse bone marrow, after a 5FU treatment, was enriched in
VSELs that underwent multi-lineage differentiation. Indeed,
VSELs differentiated into cells from all three germ layers
in vitro but also in germ and hematopoietic cells, thereby ful-
filling the criteria for pluripotency as illustrated in Figure 1.
When GFP-positive VSELs were co-cultured with non-GFP
feeder support (or vice versa) in cardiac, neuronal- or pancreatic
differentiation media but also with sertoli-conditioned media
containing Follicle-Stimulating Hormone, GFP-positive cells
were shown to differentiate into cardiomyocytes, neuronal, pan-
creatic and germ cells, respectively. Moreover, Shaikh et al.
demonstrated that 5-FU enriched VSELs were also able to give
rise to hematopoietic cells after a differentiation step on OP-9
cells, thus confirming the results from Ratajczak’s group [5].
This pluripotent feature of 5-FU enriched VSELs provides fur-
ther evidence that VSELs are the most primitive stem cells in
bone marrow which can give rise to different tissue committed
progenitor cells from all germ layers without confounding fac-
tor of feeder cell fusion with VSELs. This study does not only
demonstrate that the bone marrow-VSEL source obtained after
5-FU treatment can undergo hematopoietic and non-
hematopoietic differentiation supporting the evidence of their
pluripotent state, but also opens a new area of therapeutic per-
spective. Finally, it helps explaining lots of confusing data from
the literature of the past 20 years.

First, the pluripotent state of bone marrow derived-VSELs
might have some consequences on bone marrow transplantation
and its indications and/or therapeutic applications. VSELs are
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unknowingly discarded during processing of autologous or allo-
genic bone marrow and/or cord blood transplantation because of
their very small size and high nucleus-to-cytoplasm ratio.
VSELs enrichment of bone marrow transplants would be likely
to provide a better engraftment after transplantation.
Furthermore, since they have been described to be mobilized
in peripheral blood in several situations [6–8], VSELs could help
to cure damages of transplantation preconditioning, visceral fail-
ure (example of BM transplantation in Systemic sclerosis) and to
prevent organ failure because of their tissue regeneration ability.
This hypothesis of VSELs involvement in extra-hematopoietic
recovery after bone marrow transplantation worths to be ex-
plored in the next years. Since VSELs have also been described
in mobilized peripheral blood [6] that has become the predomi-
nant stem cell source for allogeneic and autologous hematopoi-
etic cell transplantation, VSELs count in graft could also be
tested as prognostic factor for long-term survival after peripheral
blood hematopoietic stem cell transplantation. This study also
emphasizes that VSELs isolated frombonemarrow, and not only
from gonads, can spontaneously differentiate into germ cells,
providing explanation for earlier publications reporting bone
marrow as a source of germ cells [9, 10]. This ability to give rise
to germ cells could also be used in VSELs-enriched BM graft
since the occurrence of late sequelae after myeloablative condi-
tioning regimens for stem-cell transplantation has been shown to
induce germinal toxicity and spare fertility.

Secondly, BM-VSELs pluripotent capacity could allow re-
sume the debate about BM cell therapy in some organs and
contradictive data described in the past 20 years. Indeed, it
has become evident that hematopoietic stem cells lack plasticity

and transdifferentiation potential. One example is bone
marrow-derived or cardiac-derived stem cell therapy for heart
disease. While it has demonstrated safety and efficacy in clin-
ical trials, functional improvements have been shown limited.
One of the first papers demonstrating that bone marrow cells
injected into the heart could differentiate into cardiomyocytes
and improve cardiac function has been published in Nature in
2011 [11]. After this first paper, several groups [12–14] showed
that HSCs do not transdifferentiate into cardiomyocytes.
However, clinical trials have been initiated (recently meta-
analyzed in [15]) while this experimental conclusion was not
confirmed by others. The studies have been carried on despite
inconsistent results and when positive, the effects observed
were usually transient and probably a consequence of paracrine
effects more than of a true cellular incorporation. Thus, one
hypothesis is that VSELs could explain discrepancies in studies
regarding cardiomyocyte differentiation from BM. If HSC do
not have cardiomyocyte (CM) differentiation ability, VSELs
contained in whole BM or in peripheral mobilized blood could
give rise to CM and explain part of Orlic et al. data obtained in
2001. Moreover, cell isolation protocols have been already
demonstrated to have a major impact on the functional activity
of BM-derived progenitor cells [16]. Since Ratajczak’s group
also described different VSELs composition depending on the
cell preparation [17], additional functional testing, and in par-
ticular VSELs composition, could be mandatory to analyze and
go forward clinical cell therapy trials.

While there is clear evidence that HSC do not give rise to
CM, and because before VSELs description [18] no effective
autologous CM population could be obtained, allogenic

Fig. 1 Migratory primordial
germ cells (PGCs) could be at the
origin of very small embryonic
like cells (VSELs). VSELs are
present in adult tissues, including
bone marrow, and are able to
undergo in vitro multi-lineage
differentiation into cells from all
three germ layers and also in germ
and hematopoietic cells. →
Differentiation process described
by Shaikh and colleagues or in
other publications to date. - - - >
Differentiation process yet to be
determined
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human embryonic stem cell (hESC)-derived cardiac progeni-
tors are currently used in a clinical trial directed by Pr
Menasche in patients suffering from severe ischemic Left
Ventricular dysfunction [19, 20]. There is compelling evi-
dence that cells committed to a cardiac lineage are most effec-
tive for improving the function of infarcted hearts than HSC or
myoblasts. Expansion of pluripotent hESC clone under good
manufacturing practice (GMP) conditions has been done and
after a growth factor-induced cardiac specification and a puri-
fication step of committed cells by immunomagnetic sorting,
stage-specific embryonic antigen (SSEA)-1-positive cell pop-
ulation have been incorporated into a fibrin scaffold. This
patch delivers cells after a surgical epicardial implantation,
and is more effective than hand-held multiple intramyocardial
injections [21]. This allogenic cell delivery in patients requires
immunosuppressive treatment. If human bone marrow-
VSELs can give rise to CM under GMP conditions, the same
clinical trial could be done using autologous VSELs derived-
CM without the inconvenient of immunosuppressive therapy
in elderly people with cardiac disease. Human ESC-derived
differentiated cells have already been used in patients with
spinal cord injury [22] and ocular diseases [23] and VSELs
could also be an autologous cell therapy approach in these
disease, re-opening area of autologous stem cell therapy.

VSELs ability to differentiate into several lineages can also
explain the discrepancies observed in the literature in the field
of vascular regeneration using endothelial progenitor cells
(EPCs). Indeed, vasculogenic EPCs (also named late-EPC or
ECFCs for endothelial colony forming cells) have been de-
scribed in an elegant study of BM transplantation from
Hebbel’s group [24]. However, Yoder ’s group in
Indianapolis proposed that these ECFCs directly come from
vessels [25, 26] and from CD45 negative cells [27–29].
VSELs have a huge motility and are theoretically able to mi-
grate from bone marrow to vessels. They have all the charac-
teristics of potential vasculogenic CD45negative stem cells
able to give rise to vessels since they have been described to
differentiate in endothelial cells by several independent
groups with human, mouse or rat VSELs [6, 30, 31].

In conclusion, Shaikh and colleagues fill a gap in our
knowledge by identifying a large pluripotent differentiation
ability of bone marrow murine VSELs. As a prerequisite to
clinical trials, this pluripotent differentiation ability of bone
marrow-VSELs needs now to be followed in human by de-
veloping a process to efficiently expand VSELs under GMP
conditions. Indeed, the ability of VSEL to proliferate in vitro
is very limited [2, 6]. Hence, further work is required to stim-
ulate the proliferative capacity of VSELs without affecting
their differentiation potential. This step of proliferation and
VSELs differentiation has a huge importance for regenerative
medicine. The critical expansion step should be to reverse
VSELs-quiescent state. As soon as VSELs proliferation and
expansion ex vivo is possible, VSEL-autologous cell therapy

trials will be ready for Bprime time^!
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