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Abstract: Cancer cells have phenotypic features resembling embryonic stem cells and thus cancer is also deﬁned as a 'disease of
differentiation', 'stem cell disease' or 'oncogeny in blocked ontogeny'. The question whether cancer occurs due to dedifferentiation/reprogramming of somatic cells or arises from resident stem cells remains unanswered but has a strong tilt
towards de-differentiation of somatic cells. Similarly 'plasticity' of adult stem cells into multiple lineages for regenerative medicine
is also explained by de-differentiation/trans-differentiation. This concept got a strong support from the ability of somatic cells to
get reprogrammed to pluripotent state in vitro. However, a sub-population of pluripotent stem cells possibly gives rise to induced
pluripotent stem cells rather than reprogramming of somatic skin ﬁbroblasts. Similarly, rather than de-differentiation of somatic
cells, possibly a sub-population of pluripotent VSELs (that maintains life-long homeostasis by serving as a backup pool of stem
cells to give rise to tissue speciﬁc progenitors') gets transformed into cancer stem cells (CSCs) and also explain plasticity of adult
stem cells. VSELs express pluripotent markers (OCT-4, NANOG, SOX-2, LIN-28), survive chemotherapy and undergo asymmetric
cell divisions (self renew and give rise to progenitors with huge ability to proliferate and undergo clonal expansion). Their halted
differentiation at various stages due to a compromised niche may explain heterogeneity noted in tumors. Ability of VSELs to
get transformed into CSCs can also explain plasticity of adult stem calls and is discussed using pancreatic, hematopoietic and
gonadal (ovarian, testicular) stem cells biology.
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INTRODUCTION
It is a widely accepted fact that cancers occur by accumulation of genetic mutations. A single mutation may not
lead to cancer, but two or more hits (the classic two hit
hypothesis) might. Cancer initiation involves (i) a genetic
mutation (usually associated with proliferation) (ii) another genetic mutation (associated with proliferation, cell
attachment, a protein regulating the epigenetic status etc.)
(iii) epigenetic instability (induced by another mutation,
by environment-mechanical, transcription factor or cytokine/growth factor induced). However, some mutations
are strongly oncogenic and thus an epigenetic change may
not be required for cancer initiation. The second hypothesis to explain cancer initiation is the involvement of
cancer stem cells (CSCs). Research over years suggests
that CSCs express pluripotent embryonic markers, exhibit
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properties to self-renew, divide indefinitely, can differentiate into multiple lineages, metastasize and are also
resistant to cancer therapy. Heterogeneity is one of the
hallmark features of cancers arising in various organs and
includes both genetic (genomic instability) and phenotypic
(diverse functional properties and expression of different
lineage markers) heterogeneity. Distinct sub-populations
of cancer cells exist within a tumor, suggesting cells in
different states of differentiation. This was nicely
reviewed by Friedman-Morviniski and Verma [1]. But
CSCs still remain controversial regarding their identity
and source.
In a viewpoint article published in 2016 in JAMA
Oncology, Gross and Emanuel [2] discussed that since
the launch of ‘War on Cancer’ in 1972, USA government
alone has spent over $100 billion on cancer research,
resulting in fundamental discoveries and millions of publications. However, the actual clinical progress has
remained modest with cancer mortality decreasing from
about 200 to 166 deaths per 100,000 as of 2012. This
almost 17% reduction has largely been attributed to 50%
decreased smoking over the last 50 years. We still do not
understand how cancer initiates and thus it is important to
think differently.
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IDENTITY OF CANCER STEM CELLS
Studies on normal and malignant hematopoiesis led to the
identification of hematopoietic (HSCs) and leukemia
(LSCs) stem cells. Bonnet and Dick [3] were the first to
identify LSCs by florescence activated cell sorter (FACS)
from human acute myeloid leukemia (AML) which on
transplantation in SCID mice initiated leukemia. These
LSCs showed cell surface expression of CD34C CD38
which is shared with immature HSCs. However, Blair et al
[4, 5] showed that LSCs do not express Thy-1 and c-Kit
which are specific markers on HSCs. Thus either the LSCs
lose these markers or arise from more primitive stem cells
to HSCs. Moreover xenograft models used to identify
LSCs do not take in account the role of compromised
microenvironment leading to cancer formation as the
SCID mice lack an intact immune system. Thus, besides
xenograft model, transgenic models have also been used to
demonstrate presence of LSCs including PTEN (phosphatase and tensin homologue)-null leukemia model [6].
First study reporting CSCs in solid tumors was by AlHajj et al [7] who isolated LIN /ESAC/CD44C and
CD24 cells from human breast tumor which showed
tumor-initiating ability on transplantation in mammary
glands of NOD-SCID mice. After this report, similar CSCs
have been reported in various other solid tumors including
brain cancers, prostate cancer, melanoma, multiple myeloma, colon, pancreatic, and head and neck cancers [8].
SOURCE OF CANCER STEM CELLS
It has been proposed that somatic cells probably get reprogrammed to produce CSCs due to continued inflammation,
infections or by other mechanisms. Somatic cells may dedifferentiate back into pluripotent CSCs in vivo similar to
their ability to get reprogrammed into induced pluripotent
stem (iPS) in vitro when exposed to specific ‘Yamanaka
factors’ e.g. when transcriptional factors like Wnt signaling
is strongly activated [1]. The CSCs paradigm is more
complex and not yet well accepted. As pointed above,
there is a disparity in marker expression on HSCs and
LSCs. Besides, markers for CSCs are expected to be same
in different types of breast cancers however, markers like
CD24, CD44, ALDH and SOX2 do not show co-expression
on a specific cell type nor localize specifically at the tumor/
stroma interface as expected. Tumors could arise from
200 ESACCD44CCD24 /low Lineage T1 or 1,000
CD44CCD24 /lowLineage T2 cells [7]. Also oncotherapy fails to enrich cells expressing these markers. Thus
possibly the putative CSCs get enriched based on ability to
initiate tumor formation on transplanting in xenograft
mouse model but have not yet been successfully purified
at a single cell level [9–11].
The intimate relationship between embryogenesis and
oncogenesis is a prevailing theme in cancer biology. It is
intriguing to note that various groups have reported that
embryonic genes are re-expressed in cancer cells [12, 13].
Based on similarities observed between certain cancer
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cells and embryonic cells, Julius Cohnheim first proposed
in 1875 that cancers arise from ‘‘embryonic rests’’ cells
leftover from embryogenesis. There exists a growing
evidence of cross-talk and correlation between stemness
pathways, tumor progression and metastasis and the aberrant expression of OCT4, NANOG, and SOX2. Molecular
mechanisms that regulate stem cell self-renewal in the
early embryo possibly get re-activated during the dysregulated proliferation observed in tumorigenesis. However,
the precise underlying mechanisms remain poorly understood. Expression of these mRNA transcripts is usually
higher in tumor cells than in non-tumor tissue. Besides
embryonic markers, several reports have shown ubiquitous expression of OCT-4A, FSHR, and CD133 on various
types of tumors [14, 15].
Similar to CSCs (which exhibit characteristics including ability to self-renew, plasticity/transdifferentiation
into multiple lineages, resistance to oncotherapy and
metastasis) adult stem cells ‘plasticity’ has also attracted
lot of discussion. A recent article published in Nature
Reviews Molecular and Cellular Biology by Merrel and
Stanger [16] concludes that de-differentiation/trans-differentiation explains plasticity of adult stem cells by
giving examples in invertebrates, teleosts, amphibians and
mammals to support the concept. If this concept is true,
then both ‘plasticity’ and ‘ability to initiate cancers’ lies
with somatic cells and their ability to de-differentiate/
trans-differentiate. Besides de-differentiation of somatic
cells, it is also possible that very small embryonic-like
stem cells (VSELs) known to exist in adult organs may be
responsible for cancer initiation and also ‘plasticity’ in
adult tissues (discussed below, Figure 1). It is due to
changes in the microenvironment that stem cells may
become malignant and get transformed into CSCs.
It is intriguing that the mechanism of iPS cells generation
is still not understood. It has recently been shown that a subpopulation of SSEA3C MUSE (multi-lineage- differentiation stress enduring) cells among skin fibroblasts possibly
give rise to iPS cells [17, 18] rather than dedifferentiation/
reprogramming of somatic cells to pluripotent state [19]
according to the elite model rather than the stochastic model
[20]. A sub-population of pluripotent stem cells expressing
SSEA4C were MACS sorted from skin fibroblast culture
and used for somatic cell nuclear transfer and this resulted in
enhanced development and quality of SCNT cloned embryos in vitro [21]. Since both MUSE cells reported by
Dezava’s group [17, 18] and VSELs reported by Ratajczak’s group [22] are pluripotent, can differentiate into
multiple lineages, non-tumorigenic and survive various
insults, we believe that MUSE and VSELs are possibly
different names given to the same stem cell (and henceforth
will refer to them as VSELs). The present correspondence is
to build a case in favor of VSELs as the ‘source of CSCs’
and also to explain ‘plasticity’ of adult stem cells rather
than reprogramming of somatic cells to pluripotent state.
A crucial observation which goes against the concept of
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Tumor cells

Cancer stem cells

Source of cancer stem cells (CSCs)
Rather than dediﬀerenaon of somac cells –
pre-exisng VSELs in adult organs transform
into CSCs and their uncontrolled proliferaon
results in cancer
Both VSELs and CSCs express overlapping set of
markers including nuclear OCT-4/ CD133/ FSHR

Somac cells

Pluripotent
VSELs
Tissue speciﬁc
progenitors

VSELs are pluripotent stem cells that reside in
various adult organs and give rise to ssue
speciﬁc stem cells by asymmetric cell
divisions. Express nuclear OCT-4, CD133,
FSHR, other pluripotent and primordial germ
cells speciﬁc markers
Progenitors become lineage restricted
•
•
•
•

HSCs will only diﬀerenate into blood cells
SSCs will only diﬀerenate into sperm
OSCs will only diﬀerenate into oocytes
NSCs will only diﬀerenate into neurons

True plascity in adult organs is due to
presence of resident VSELs and not due to
dediﬀerenaon or transdiﬀerenaon of
somac cells or progenitors

Figure 1. Schematic representation of how VSELs that exist in few numbers in various adult organs may be implicated in the observed plasticity
of adult tissues and also cancer initiation.

trans-differentiation/de-differentiation during regeneration
and in cancer initiation is why not all cells get reprogrammed, why is it not a global change, why does it remain
very inefficient and heterogeneous?
VSELS ARE PLURIPOTENT STEM CELLS IN
ADULT TISSUES
VSELs are a novel population of pluripotent stem cells that
exist in all adult body organs and are an overlapping
population of primordial germ cells that rather than
migrating to the gonadal ridge to give rise to the germ
cells, mobilize to all the developing organs and survive
throughout life and serve as a backup of primitive stem
cells to give rise to adult stem cells by undergoing asymmetric cell divisions and thereby maintaining life-long
homeostasis. They express pluripotent embryonic-like
markers, have the ability to mobilize in response to stress,
self-renew (under certain conditions), differentiate into 3
germ layers and also germ cells and most importantly
survive oncotherapy. These stem cells have been recently
reviewed [22, 23]. They also comprise a sub-population
among mesenchymal stem cells [24]. Table 1 is a compilation of various properties of cancer stem cells and
various reports showing that VSELs exhibit similar properties. This strongly suggests that VSELs could possibly
be the stem cells that initiate cancers and also responsible for plasticity in adult tissues. Ratajczak’s group was

the first to suggest that VSELs may contribute to cancerogenesis [25–27].
Cancer initiation and heterogeneity noted in tumor
tissues can easily be explained by the fact that the stem
cells niche gets affected to varying extent (with age, due to
exposure to endocrine disruptors, continued infection/
inflammation) and as a result VSELs undergo uncontrolled
proliferation, being pluripotent could explain multiple
lineages in the tumor tissue and also undergo differentiation to varying extent. Similarly VSELs are a sub-population among HSCs and have the true regenerative
potential. Pancreas, hematopoietic and gonadal (ovary
and testis) stem cells biology is discussed below with a
focus on somatic cells reprogramming versus VSELs
ability to explain cancer initiation and plasticity.
PANCREATIC STEM CELLS BIOLOGY AND
CANCER
Pancreas harbors a-, b- and d-cells and has been a major
focus for transdifferentiation research. Oct-4, Nanog and
Sox-2 are expressed in pancreatic cancer cell lines as well as
in pancreatic tumor samples [28, 29]. Wen et al [30] studied
tissue microarray of human pancreas carcinoma and adjacent non-cancerous tissue and found both Oct-4 and Nanog
to be strongly expressed in metaplastic ducts. Lu et al [31]
showed that double knockout of Oct-4 and Nanog reduced
proliferation, migration, invasion, chemo-resistance, and
J Cancer Stem Cell Res  http://cancerstemcellsresearch.com
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Table 1. Comparing CSCs and VSELs
Cancer stem cells

Very small embryonic-like stem cells

Rapid proliferation of cancer
cells but CSCs survive
oncotherapy and result in
recurrence

Like cancer cells, adult tissue
progenitors like SSCs/OSCs/HSCs
undergo rapid clonal expansion but
VSELs survive various insults (Bhartiya
et al, 2016; Anand et al, 2016; Patel and
Bhartiya, 2016, Shaikh et al, 2016;
Ratajczak et al, 2011)

Have ability to differentiate
into various cell types

VSELs are pluripotent and can
differentiate into various cell types

Show ability of migration and
invasion

VSELs migrate to the site of injury in
order to restore homeostasis (reviewed
in Bhartiya et al, 2016)

Undergo asymmetric and
symmetric cell divisions

VSELs (with nuclear OCT-4) undergo
asymmetric cell divisions to give rise to
tissue specific progenitors (with
cytoplasmic OCT-4). This has been
clearly demonstrated in both testis and
ovary (Patel and Bhartiya, 2016; Patel et
al, 2013)

Form spheres which stain
positive with alkaline
phosphatase

VSELs differentiate into tissue specific
progenitors which in turn undergo
symmetric divisions and clonal
expansion (Patel and Bhartiya, 2016;
Patel et al, 2013)

Expression of embryonic
transcription factors OCT-4,
NANOG and SOX2 / CD133/
FSHR

VSELs also express all these markers
(reviewed in Bhartiya et al, 2016)

tumorigenesis of pancreatic cancer stem cells in vitro and
in vivo. Gao et al [32] showed that miR-335 might inhibit
progression and stem cell properties of pancreatic cancer
by targeting OCT4. Lin et al [33] reported that knockdown of OCT4 suppresses the growth and invasion of
pancreatic cancer cells. Thus cells expressing OCT-4,
NANOG and SOX-2 could possibly be the cancer stem
cells in the pancreas.
Pluripotent markers have been reported in pancreatic
cancers (mentioned above) by several investigators but
what is the source of these stem cells? Presence of stem
cells in normal adult pancreas remains controversial.
Merrel and Stanger [16] have reviewed published literature
that when b-cells are destroyed in adults, a-cells cantransdifferentiate directly into functional b-cells whereas in
juvenile, islets d-cells first de-differentiate into neurogenein expressing progenitors and then re-differentiate into
b-cells. Concepts like endo-reduplication of pre-existing
islets [34] or trans-differentiation of ductal epithelial cells
[35] into islets also exists. In addition, a novel population of
pluripotent VSELs was first reported in pancreas in 2006 by
Ratajczak’s group [36]. We demonstrated involvement of
OCT-4 expressing VSELs during pancreatic regeneration
after partial pancreatectomy [37]. A total of 0.6  0.06% of
LIN /CD45 /SCA-1C cells comprise of VSELs in adult
J Cancer Stem Cell Res  http://cancerstemcellsresearch.com

mouse pancreas cells which are also clearly visualized in
cell smears. Two distinct size cells with nuclear and
cytoplasmic OCT-4 have been observed in human pancreas
[38, 39]. VSELs were mobilized from bone marrow and
en route differentiated into OCT-4 and PDX-1 co-expressing progenitors which further differentiated into various
cell types [37]. Poly-hormonal status of developing endocrine cells is well reported in fetal pancreas and also during
ES cells differentiation into islets in vitro [40]. Possibly a
common precursor stem cell (multipotent progenitor)
exists for various cell types that later gets specialized and
becomes mono-hormonal. Thus presence of polyhormonal
cells rather than suggesting trans-differentiation, represent
differentiation of pluripotent VSEL into islet cells in vivo.
We have also discussed earlier how stem cells in the
pancreas have eluded the scientific community in various
studies [41]. Ratajczak’s group reported that VSELs and
MSCs selectively get mobilized (HSCs and EPCs are not
affected) into circulation in patients with pancreatic cancer
compared to normal subjects [42].
To conclude, rather than proposing de-differentiation of
adult somatic cells to pluripotent state as pancreatic cancer
stem cells and during regeneration – it is possible that
uncontrolled proliferation of OCT-4, NANOG and SOX2
expressing VSELs result in pancreatic cancer and that
these pluripotent VSELs are involved in formation of new
islets throughout life.
HEMATOPOIETIC STEM CELLS BIOLOGY AND
LUKEMIA
There was a lot of excitement in early 2000 when several
groups reported plasticity of bone marrow cells and reviews
were published with provocative titles like ‘HSCs are
‘pluripotent’ and not just ‘hematopoietic’ [43, 44]! Various
methods like trans-differentiation/de-differentiation, cell
fusion or a sub-population of pluripotent stem cells could
be responsible for the plasticity. Based on this intriguing
‘plasticity’ of bone marrow cells and safety of bone marrow transplantation, a large number autologus bone marrow
trials to regenerate other body organs were undertaken– but
have failed globally as no significant efficacy was demonstrated and a study by Nowbar et al [45] is an eye-opener.
More than 600 discrepancies were found in 133 reports
from 49 trials and the only 5 trials that were without any
error showed no improvement of cardiac function.
Interestingly, Krause’s group earlier explained plasticity of stem cells on basis of cell fusion but later reported
non-hematopoietic, rare, pluripotent VSELs in the bone
marrow to give rise to lung epithelial cells [46]. The
reason why the autologus bone marrow trials failed to
give promising results globally is because HSCs are
committed hematopoietic progenitors (hence will successfully cure blood disorders) and not pluripotent (do not
undergo de-differentiation/trans-differentiation or fusion
to show plasticity). VSELs truly explain the pluripotent
nature or ‘plasticity’ of bone marrow and their ability to
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differentiate into HSCs [47] and all 3 lineages [48, 49] has
been reported in vitro. They also participate in regeneration of mouse bone marrow after treating mice with
5-fluorouracil [50].
The existing controversy that LSCs do not express
Thy-1 and cKit which are specific markers for HSCs
(discussed above) is easily explained because LSCs are
indeed Thy-1 and cKit negative VSELs which exists as a
sub-population among HSCs. Oct-4 (Oct-3, Oct-3/4, and
POU5F1) is a gatekeeper for early embryonic development, plays an important role in maintenance of pluripotent
state, propagation of mammalian germline, marker for
germ cell tumors and is also a key factor for reprogramming
somatic cells to iPS cells. It is even expressed in several
different kinds of cancers however, various studies failed to
discriminate between Oct-4A and Oct-4B which are alternatively spliced isoforms and only nuclear Oct-4A is
responsible for pluripotent state. We have earlier shown
that Oct-4A is expressed by VSELs and Oct-4B by the
HSCs and is gradually lost as cells further differentiate in
mouse BM and human cord blood [50, 51]. Besides the
presence of alternatively spliced isoforms of OCT-4 that
has confused scientific community, VSELs are invariably discarded while processing samples for various
experiments [23, 52]. Guo and Tang [53] carried out a
very detailed analysis of bone marrow samples from
patients with leukemia using RT-PCR, flow cytometry,
PCR product sequencing and alignment with NCBI
BLAST and DNAMAN software. They concluded that
OCT4 protein is rarely detected with flow cytometry in
leukemia cells. However, contrary to well established
data on the presence of OCT-4 expressing VSELs in cord
blood [51]; they were unable to detect Oct-4A in normal
cord blood samples. Thus evidently it was the methodology of processing samples for various experiments that
possibly resulted in their negative results. In contrast,
Zhao et al [54] have recently reported that OCT-4A
expression is significantly increased in the BM nucleated
cells of patients with active leukemia compared to
individuals in complete remission/chronic phase leukemia and normal controls whereas no significant
difference was observed in Oct-4B expression. Thus it
becomes evident that selective expansion of Oct-4A
VSELs results in leukemia. OCT-4A may play an important role in the pathogenesis of leukemia and may serve
as a molecular target for the development of novel
diagnostic and treatment strategies in leukemia. More
studies are required to further substantiate these findings.
GONADAL STEM CELLS AND GERM CELL
TUMORS
Most strong evidence to support the notion that preexisting pluripotent VSELs in normal adult somatic tissues could give rise to cancers comes from the germ cell
tumors. Nuclear OCT-4A positive VSELs have been
reported in normal mouse and human testes [55–57], ovary

[58–61]. VSELs expressing nuclear OCT-4A co-exist
with OSCs expressing cytoplasmic OCT-4B in ovary
surface epithelium [62] and spontaneously give rise to
oocyte-like structures in vitro [59, 61]. These VSELs
survive chemotherapy [61, 63, 64] and self-renew in
response to stress and undergo asymmetric cell division
[57, 60] to give rise to tissue specific progenitors including spermatogonial (SSCs) and ovarian (OSCs) stem
cells expressing cytoplasmic OCT-4B. Gidekel et al [65]
suggested that Oct-3/4 is not only a distinctive marker
for germ cell tumors, but also plays a critical role in the
genesis of these tumors. Nuclear OCT-4A is also a very
sensitive and specific marker for testicular germ cell
tumors [66–68] and also Oct-4A positive stem cells have
been reported in ovarian cancer ascites fluid [69].
It is well known that more than 90% of ovarian cancers
arise in ovary surface epithelium [70], CSCs exist in ovary
surface epithelium [71]. Virant-Klun’s group is leading
the field to show that similar VSELs observed in normal
ovary are also visualized in ovarian cancer samples. Small
round cells (2–4 mm) expressing NANOG, SOX2 and
SSEA4 were detected in surface epithelium of ovarian
cancer samples [72]. VSELs in ovary surface epithelium
are best candidates that could undergo malignant transformation into CSCs [73]. The small sized CSCs in ovarian
cancers divided rapidly and spontaneously formed tumorlike structures in vitro as well as in vivo [74].
Under normal circumstances, VSELs in testes and
ovaries give rise to sperm and oocyte-like structures and
under certain conditions get transformed into CSCs
giving rise to tumors. Underlying reasons that lead to
such malignant transformation of VSELs needs to be
investigated further.
CONCLUSIONS
Similar VSELs expressing pluripotent markers (OCT-4,
NANOG, SOX2), CD133 and FSHR exist in various
adult organs, maintain homeostasis throughout life, are
responsible for plasticity, have regenerative potential
and possibly due to certain (yet not well understood)
changes in the micro-environment (with advanced age)
undergo uncontrolled proliferation to initiate cancer in
various organs.
ACKNOWLEDGEMENTS
DB acknowledges work done in the lab by her students
over past decade which has resulted in this understanding. RG acknowledges Department of Science and
Technology, Government of India under Woman Scientist Scheme-A SR/WOSA/LS-1318 for fellowship.
Authors also acknowledge institutional core support
provided by Indian Council of Medical Research, Government of India, New Delhi. NIRRH manuscript number is REV/425/10-2016.
CONFLICT OF INTEREST
Authors declare no conflict of interest.
J Cancer Stem Cell Res  http://cancerstemcellsresearch.com

6

REFERENCES
[1] Friedmann-Morvinski D, Verma IM. Dedifferentiation and
reprogramming: origins of cancer stem cells. EMBO Rep
2014;15:244–53.
[2] Gross CP, Emanuel EJ. A call for value in cancer research. JAMA
Oncol 2016;2:11–2.
[3] Bonnet D, Dick JE. Human acute myeloid leukemia is organized
as a hierarchy that originates from a primitive hematopoietic cell.
Nat Med 1997;3:730–37.
[4] Blair A, Hogge DE, Ailles LE, Lansdorp PM, Sutherland HJ.
Lack of expression of Thy-1 (CD90) on acute myeloid leukemia
cells with long-term proliferative ability in vitro and in vivo.
Blood 1997;89:3104–12.
[5] Blair A, Sutherland HJ. Primitive acute myeloid leukemia cells
with long-term proliferative ability in vitro and in vivo lack surface
expression of c-kit (CD117). Exp Hematol 2000;28:660–71.
[6] Guo W, Lasky JL, Chang CJ, Mosessian S, Lewis X, Xiao Y, Yeh
JE, Chen JY, Iruela-Arispe ML, Varella-Garcia M, Wu H. Multigenetic events collaboratively contribute to Pten-null leukaemia
stem-cell formation. Nature 2008;453:529–33.
[7] Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke
MF. Prospective identification of tumorigenic breast cancer cells.
ProcNatl Acad Sci U S A 2003;100:3983–88.
[8] Hu Y, Fu L. Targeting cancer stem cells: a new therapy to cure
cancer patients. Am J Cancer Res 2012;2:340–56.
[9] Herschkowitz JI. Breast cancer stem cells: initiating a new sort of
thinking. Dis Model Mech 2010;3:257–58.
[10] Liu Y, Nenutil R, Appleyard MV, Murray K, Boylan M, Thompson AM, Coates PJ. Lack of correlation of stem cell markers in
breast cancer stem cells. Br J Cancer 2014;110:2063–71.
[11] Nakshatri H, Srour EF, Badve S. Breast cancer stem cells and
intrinsic subtypes: controversies rage on. Curr Stem Cell Res
Ther 2009;4:50–60.
[12] Monk M, Holding C. Human embryonic genes re-expressed in
cancer cells. Oncogene 2001;20:8085–91.
[13] Abate-shen C. Homeobox genes and cancer: new OCTaves for an
old tune. Cancer Cell 2003;4:329–30.
[14] Bhartiya D. Stem cells, progenitors & regenerative medicine: A
retrospection. J Med Res 2015;141:154–61.
[15] Bhartiya D, Patel H. Very small embryonic-like stem cells are
involved in pancreatic regeneration and their dysfunction with age
may lead to diabetes and cancer. Stem Cell Res Ther 2015;6:96–103.
[16] Merrell AJ, Stanger BZ. Adult cell plasticity in vivo: de-differentiation and Trans differentiation are back in style. Nat Rev Mol
Cell Biol 2016;17:413–25.
[17] Wakao S, Kitada M, Kuroda Y, Shigemoto T, Matsuse D, Akashi
H, Tanimura Y, Tsuchiyama K, Kikuchi T, Goda M, Nakahata T,
Fujiyoshi Y, Dezawa M. Multilineage differentiating stressenduring (Muse) cells are a primary source of induced pluripotent
stem cells in human fibroblasts. Proc Natl Acad Sci U S A
2011;108:9875–980.
[18] Wakao S, Akashi H, Kushida Y, Dezawa M. Muse cells, newly
found non-tumorigenic pluripotent stem cells, resides in human
mesenchymal tissues. Pathol Int 2014;64:1–9.
[19] Trosko JE. Induction of iPS cells and of cancer stem cells: the
stem cell or reprogramming hypothesis of cancer? Anat Rec
(Hoboken) 2014;297:161–73.
[20] Yamanaka S. Elite and stochastic models for induced pluripotent
stem cell generation. Nature 2009;460:49–52.
[21] Pan S, Chen W, Liu X, Xiao J, Wang Y, Liu J, Du Y, Wang Y,
Zhang Y. Application of a novel population of multipotent stem
cells derived from skin fibroblasts as donor cells in bovine SCNT.
PLoS One 2015;10:e0114423.

J Cancer Stem Cell Res  http://cancerstemcellsresearch.com

D. Bhartiya and R. Ganguly
[22] Ratajczak MZ, Ratajczak J, Suszynska M, Miller DM, Kucia M,
Shin DM. A novel view of the adult stem cell compartment from the
perspective of a quiescent population of very small embryonic-like
stem cells. Circulation Research 2016; Accepted for publication.
[23] 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, therapeutic potential and a look ahead. Hum
Reprod Update 2016. DOI: 10.1093/humupd/dmw030.
[24] Bhartiya D. Are mesenchymal cells indeed pluripotent stem cells
or just stromal cells? OCT-4 and VSELs biology has led to better
understanding. Stem Cells Int 2013;2013: http://dx.doi.org/
10.1155/2013/547501.
[25] Ratajczak MZ, Shin D-M, Kucia M. Very small embryonic/
epiblast-like stem cells: a missing link to support the germ line
hypothesis of cancer development? Am J Pathol 2009;174:1985–92.
[26] Ratajczak MZ, Shin DM, Liu R, Marlicz W, Tarnowski M,
Ratajczak J, Kucia M. Epiblast/germ line hypothesis of cancer
development revisited: lesson from the presence of Oct-4C cells
in adult tissues. Stem Cell Rev 2010;6:307–16.
[27] Ratajczak MZ, Schneider G, Sellers ZP, Kucia M, Kakar SS. The
embryonic rest hypothesis of cancer development – an old XIX
century theory revisited. J Cancer Stem Cell Res 2014;2:e1001.
[28] Herreros-Villanueva M, Bujanda L, Billadeau DD, Zhang JS.
Embryonic stem cell factors and pancreatic cancer. World J
Gastroenterol 2014;20:2247–54.
[29] Assadollahi V, Gholami M, Zendedel A, Afsartala Z, Jahanmardi
F. Pancreatic cancer cell lines and human pancreatic tumor
express Oct4, Sox2 and Nanog. Zahedan J Res Med Sci 2015;
X(X):XX–XX.
[30] Wen J, Park JY, Park KH, Chung HW, Bang S, Park SW, Song
SY. Oct4 and Nanog expression is associated with early stages of
pancreatic carcinogenesis. Pancreas 2010;39:622–26.
[31] Lu Y, Zhu H, Shan H, Lu J, Chang X, Li X, Lu J, Fan X, Zhu S,
Wang Y, Guo Q, Wang L, Huang Y, Zhu M, Wang Z. Knockdown
of Oct4 and Nanog expression inhibits the stemness of pancreatic
cancer cells. Cancer Lett 2013;340:113–23.
[32] Gao L, Yang Y, Xu H, Liu R, Li D, Hong H, Qin M, Wang Y.
MiR-335 functions as a tumor suppressor in pancreatic cancer by
targeting OCT4. Tumour Biol 2014;35:8309–18.
[33] Lin H, Sun LH, Han W, He TY, Xu XJ, Cheng K, Geng C, Su LD,
Wen H, Wang XY, Chen QL. Knockdown of OCT4 suppresses
the growth and invasion of pancreatic cancer cells through
inhibition of the AKT pathway. Mol Med Rep 2014;10:1335–42.
[34] Dor Y, Brown J, Martinez OI, Melton DA. Adult pancreatic betacells are formed by self-duplication rather than stem-cell differentiation. Nature 2004;429:41–6.
[35] Bonner-Weir S, Sharma A. Are there pancreatic progenitor cells
from which new islets form after birth? Nat Clin Pract Endocrinol
Metab 2006;2:240–41.
[36] Kucia M, Reca R, Campbell FR, Zuba-Surma E, Majka M,
Ratajczak J, Ratajczak MZ. A population of very small embryonic-like (VSEL) CXCR4(C) SSEA-1(C) Oct-4C stem cells
identified in adult bone marrow. Leukemia 2006;20:857–69.
[37] Bhartiya D, Mundekar A, Mahale V, Patel H. Very small embryonic-like stem cells are involved in regeneration of mouse pancreas post-pancreatectomy. Stem Cell Res Ther 2014:5;106–17.
[38] Zhao M, Amiel SA, Christie MR, Muiesan P, Srinivasan P,
Littlejohn W, Rela M, Arno M, Heaton N, Huang GC. Evidence
for the presence of stem cell-like progenitor cells in human adult
pancreas. J Endocrinol 2007;195:407–14.
[39] White MG, Al-Turaifi HR, Holliman GN, Aldibbiat A, Mahmoud
A, Shaw JA. Pluripotency-associated stem cell marker expression
in proliferative cell cultures derived from adult human pancreas. J
Endocrinol 2011;211:169–76.

7
[40] Bruin JE, Erener S, Vela J, Hu X, Johnson JD, Kurata HT, Lynn
FC, Piret JM, Asadi A, Rezania A, Kieffer TJ. Characterization of
polyhormonal insulin-producing cells derived in vitro from
human embryonic stem cells. Stem Cell Res 2014;12:194–208.
[41] Bhartiya D, Patel H. Very small embryonic-like stem cells are
involved in pancreatic regeneration and their dysfunction with
age may lead to diabetes and cancer. Stem Cell Res Ther
2015;6:96–102.
[42] Starzynska T, D˛a bkowski K, Błogowski W, Zuba-Surma E,
Budkowska M, Sałata D, Dołęgowska B, Marlicz W, Lubikowski
J, Ratajczak MZ. An intensified systemic trafficking of bone
marrow-derived stem/progenitor cells in patients with pancreatic
cancer. J Cell Mol Med 2013;17:792–99.
[43] Ogawa M, LaRue AC, Mehrotra M. Hematopoietic stem cells are
pluripotent and not just "hematopoietic". Blood Cells Mol Dis
2013;51:3–8.
[44] Ogawa M, LaRue AC, Mehrotra M. Plasticity of hematopoietic
stem cells. Best Pract Res Clin Haematol 2015;28:73–80.
[45] Nowbar AN, Mielewczik M, Karavassilis M, Dehbi HM, ShunShin MJ, Jones S, Howard JP, Cole GD, Francis DP. Discrepancies in autologous bone marrow stem cell trials and enhancement of ejection fraction (DAMASCENE): weighted regression
and meta-analysis. BMJ 2014;28:348:g2688.
[46] Kassmer SH, Krause DS. Very small embryonic-like cells:
biology and function of these potential endogenous pluripotent
stem cells in adult tissues. Mol Reprod Dev 2013;80:677–90.
[47] Ratajczak J, Wysoczynski M, Zuba-Surma E, Wan W, Kucia M,
Yoder MC, Ratajczak MZ. Adult murine bone marrow-derived
very small embryonic-like stem cells differentiate into the
hematopoietic lineage after coculture over OP9 stromal cells.
Exp Hematol 2011;39:225–37.
[48] Kucia M, Reca R, Campbell FR, et al. A population of very
small embryonic-like (VSEL) CXCR4 (C) SSEA-1(C) Oct-4C
stem cells identified in adult bone marrow. Leukemia
2006;20:857–69.
[49] Havens AM, Sun H, Shiozawa Y, Jung Y, Wang J, Mishra A,
Jiang Y, O’Neill DW, Krebsbach PH, Rodgerson DO, Taichman
RS. Human and murine very small embryonic-like cells represent
multipotent tissue progenitors, in vitro and in vivo. Stem Cells
Dev 2014;23:689–701.
[50] Shaikh A, Bhartiya D, Kapoor S, Nimkar H. Delineating the
effects of 5-fluorouracil and follicle-stimulating hormone on
mouse bone marrow stem/progenitor cells. Stem Cell Res Ther
2016;7:59–73.
[51] Shaikh A, Nagvenkar P, Pethe P, Hinduja I, Bhartiya D. Molecular and phenotypic characterization of CD133 and SSEA4
enriched very small embryonic-like stem cells in human cord
blood. Leukemia 2015;29:1909–17.
[52] Bhartiya D, Shaikh A, Nagvenkar P, Kasiviswanathan S, Pethe P,
Pawani H, Mohanty S, Rao SG, Zaveri K, Hinduja I. Very small
embryonic-like stem cells with maximum regenerative potential
get discarded during cord blood banking and bone marrow
processing for autologous stem cell therapy. Stem Cells Dev
2012;21:1–6.
[53] Guo X, Tang Y. OCT4 pseudogenes present in human leukemia
cells. Clin Exp Med 2012;12:207–16.
[54] Zhao Q, Ren H, Feng S, Chi Y, He Y, Yang D, Ma F, Li J, Lu S,
Chen F, Xu J, Yang S, Han Z. Aberrant expression and significance of OCT-4A transcription factor in leukemia cells. Blood
Cells Mol Dis 2015;54:90–6.
[55] Bhartiya D, Kasiviswanathan S, Unni SK, Pethe P, Dhabalia JV,
Patwardhan S, Tongaonkar HB. Newer insights into premeiotic
development of germ cells in adult human testis using Oct-4 as a
stem cell marker. J Histochem Cytochem 2010;58:1093–106.

[56] Anand S, Bhartiya D, Sriraman K, Patel H, Manjramkar DD. Very
small embryonic-like stem cells survive and restore spermatogenesis after busulphan treatment in mouse testis. J Stem Cell Res
Ther 2014;4:216–31.
[57] Patel H,, Bhartiya D. Testicular stem cells express follicle
stimulating hormone receptors and are directly modulated by
FSH. Reprod Sci 2016;23:1493–08.
[58] Virant-Klun I, Zech N, Rozman P, Vogler A, Cvjeticanin B,
Klemenc P, Malicev E, Meden-Vrtovec H. Putative stem cells
with an embryonic character isolated from the ovarian surface
epithelium of women with no naturally present follicles and
oocytes. Differentiation 2008;76:843–56.
[59] Parte S, Bhartiya D, Telang J, Daithankar V, Salvi V, Zaveri K,
Hinduja I. Detection, characterization, and spontaneous differentiation in vitro of very small embryonic-like putative stem cells
in adult mammalian ovary. Stem Cells Dev 2011;20:1451–64.
[60] Patel H, Bhartiya D, Parte S, Gunjal P, Yedurkar S, Bhatt M.
Follicle stimulating hormone modulates ovarian stem cells
through alternately spliced receptor variant FSH-R3. J Ovarian
Res 2013;6:52–66.
[61] Sriraman K, Bhartiya D, Anand S, Bhutda S. Mouse ovarian very
small embryonic-like stem cells resist chemotherapy and retain
ability to initiate oocyte-specific differentiation. ReprodSci
2015;22:884–03.
[62] Bhartiya D. Ovarian stem cells are always accompanied by very
small embryonic-like stem cells in adult mammalian ovary. J
Ovarian Res 2015;8:70–3.
[63] Kurkure P, Prasad M, Dhamankar V, Bakshi G. Very small
embryonic-like stem cells (VSELs) detected in azoospermic
testicular biopsies of adult survivors of childhood cancer. Reprod
Biol Endocrinol 2015;13:122–30.
[64] Anand S, Bhartiya D, Sriraman K, Mallick A. Underlying
mechanisms that restore spermatogenesis on transplanting
healthy niche cells in busulphan treated mouse testis. Stem Cell
Rev and Rep 2016;12:682–97.
[65] Gidekel S, Pizov G, Bergman Y, Pikarsky E. Oct-3/4 is a dosedependent oncogenic fate determinant. Cancer Cell 2003;4:361–70.
[66] Looijenga LH, Stoop H, Biermann K. Testicular cancer: biology
and biomarkers. Virchows Arch 2014;464:301–13.
[67] Cao D, Allan RW, Cheng L, Peng Y, Guo CC, Dahiya N, Akhi S,
Li J. RNA-binding protein LIN28 is a marker for testicular germ
cell tumors. Hum Pathol 2011;42:710–8.
[68] Jones TD, Ulbright TM, Eble JN, Cheng L. OCT4: A sensitive
and specific biomarker for intratubular germ cell neoplasia of the
testis. Clin Cancer Res 2004;10:8544–547.
[69] Samardzija C, Quinn M, Findlay JK, Ahmed N. Attributes of
Oct4 in stem cell biology: perspectives on cancer stem cells of the
ovary. J Ovarian Res 2012;5:37–48.
[70] Auersperg N. Ovarian surface epithelium as a source of ovarian
cancers: unwarranted speculation or evidence-based hypothesis?
Gynecol Oncol 2013;130:246–51.
[71] Flesken-Nikitin A, Hwang CI, Cheng CY, Michurina TV, Enikolopov G, Nikitin AY. Ovarian surface epithelium at the junction area contains a cancer-prone stem cell niche. Nature 2013;
495:241–45.
[72] Virant-Klun I, Kenda-Suster N, Smrkolj S. Small putative
NANOG, SOX2, and SSEA-4-positive stem cells resembling
very small embryonic-like stem cells in sections of ovarian tissue
in patients with ovarian cancer. J Ovarian Res 2016;9:12–26.
[73] Stimpfela M, Virant-Klun I. The role of stem cells in ovarian
cancer. J Cancer Stem Cell Res 2016;4:1003–17.
[74] Virant-Klun I, Stimpfel M. Novel population of small tumourinitiating stem cells in the ovaries of women with borderline
ovarian cancer. Sci Rep 2016;6:34730–52.
J Cancer Stem Cell Res  http://cancerstemcellsresearch.com

