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1. Introduction

This book is entitled Pluripotent Stem Cells (PSCs) and various contributors have written on
different aspects of the PSCs. But I will fail as an editor of this book if I do not bring to the
reader’s attention the all the sources of PSCs (Figure 1).
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Figure 1. Potential sources for pluripotent stem cells

Professor Thomson and Prof Gearhart published landmark papers in 1998 wherein they
published derivation of PSCs from inner cell mass of spare human blastocyst [1] and from
early fetal germ cells [2] respectively. Recently Professor Yamanaka was awarded the Nobel
prize for medicine for establishing protocols to reprogram somatic cells to embryonic state
with the help of 4 factors [3, 4]. Besides this there are several papers which have reported
derivation of ES-like colonies from adult testicular biopsies in both mice [5, 6] and men [7-10].
Similarly Gong et al [11] reported ES-like culture using ovarian tissue. There is a huge body
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of literature suggesting that mesenchymal stem cells (MSCs) have pluripotent characteristics
and can transdifferentiate [12]. We have recently published that adult gonads [13, 14] umbilical
cord blood/tissue, bone marrow [15] etc. harbor a sub-population of similar kind of pluripotent
stem cells termed very small embryonic-like stem cells (VSELs). We also developed a case for
VSELs which may be resulting in ES-like colonies rather than de-differentiation of spermato-
gonial stem cells into pluripotent state [16]. Moreover, the VSELs have confused the field of
MSCs, since they are always present as a sub-population amongst MSCs but have remained
unnoticed and the pluripotent properties were conferred incorrectly on to the MSCs. VSELs
are not widely accepted at present, but have been shown to have promising application
towards regenerative medicine.

Thus the aim of the present chapter is to update the readers with the recent advances with
embryonic stem cells, induced pluripotent stem cells and VSELs which have been implicated
with maximum potential for use in cell-based therapies.

2. Embryonic stem cells

Embryonic stem (ES) cells, as the name suggests, are derived from embryos, more specifically
from the inner cell mass (ICM) of the blastocyst. ES cells are characterized by two hallmark
properties viz., self-renewal - ability to proliferate indefinitely and pluripotency - capacity to
give rise to cells of all the three embryonic germ lineages such as ectoderm, mesoderm and
endoderm. They possess a high nucleo-cytoplasmic ratio and telomerase activity. ES cells
display high activity of endogenous alkaline phosphatase and express several nuclear and cell-
surface markers of pluripotency. They tend to cluster together when cultured in suspension
on a non-adherent surface to form 3D aggregates known as embryoid bodies that may be
simple or cystic. Moreover, they produce teratomas on injection in immune deficient (SCID)
mice, are clonogenic and are capable of producing chimeras when injected into blastocysts in
the mouse model.

3. Mouse ES cells

ES cells were first derived from ICM of mouse blastocyst stage embryos [17, 18]. Besides ICM
of blastocyst mouse ES (mES) cells have also been derived from cleavage stage embryos and
even from biopsied individual blastomeres of two- to eight-cell stage embryos [19- 21]. In
general, mES cells can be cultured on a layer of mitotically inactive mouse embryonic fibro-
blasts (MEF) in the presence of serum and leukaemia inhibitory factor (LIF). The cytokine LIF
sustains the self-renewing and pluripotency features of mES cells. LIF, a soluble glycoprotein
of interleukin (IL)-6 family of cytokines acts via binding to heterodimers of the LIF-receptor
and the signal transducer gp130 resulting in activation of STAT3 signaling [22-24]. In absence
of serum, LIF is incapable of maintaining pluripotency of mES cells; however, in combination
with bone morphogenetic protein-4 (BMP4) prevents differentiation of mES cells [25]. BMP4
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induces expression of Id (Inhibitor of differentiation) genes via the Smad pathway. Overex-
pression of Id indeed allows proliferation of mES cells in the presence of LIF and without need
of BMP4 or serum.

4. Human ES cells

A breakthrough occurred with the derivation of human ES (hES) cells in 1998 [1]. Since the
first report on derivation of hES cell lines at least 1071 hES cell lines have been derived
worldwide [26]. Besides spare human blastocysts, hES cell lines have also been derived from
morula stage embryos [27], abnormally developing and arrested embryos [28], single blasto-
meres of 8-cell stage embryos [29] and 4-cell stage embryos [30, 31]. Mitotically inactivated
feeder cells and serum containing medium along with basic fibroblast growth factor (bFGF)
are generally used to maintain hES cells. LIF and its related cytokines fail to support hES cells
in serum-containing media that supports mES cells despite the existence of a functional LIF/
STAT3 signaling pathway in hES cells [1, 32, 33]. In contrast to mES cells, FGF and TGF/Activin/
Nodal signaling are essential for the self-renewal of hES cells [34]. Although, elements of the
BMP pathway exist in hES cells [35], but unlike mES cells, BMPs added to hES cells in
conditions that would otherwise support self-renewal, cause rapid differentiation [36]. Recent
studies have revealed multiple interactions between the FGF, TGFpB, and BMP pathways in
hES cells. Activin induces bFGF expression [37], and bFGF induces Tgf(31/TGF1 and Grem1/
GREM1 (a BMP antagonist) expression and inhibits Bmp4/BMP4 expression in both fibroblast
feeders and in hES cells [38].

Although similar in their characteristics such as expression of Oct-4, Nanog, alkaline phos-
phatase activity, formation of embryoid bodies, teratoma formation, some potential differences
exist between mES cells and hES cells. In contrast to mES cells which show expression of
SSEA-1, hES cells express SSEA-3/4, TRA-1-60/81. Further, the average population doubling
time for hES cells is longer compared to mES cells (30-35 hr vs. 12-15 hr).

5. In vitro culture and differentiation of hES cells

Although hES cell lines were first derived on MEF feeder layers, continuous efforts towards
developing xeno-free culture system has resulted in establishment of human feeders derived
from fallopian tube epithelium [39], fetal foreskin, muscle [40, 41], or amniotic epithelium [42].
Attempts have been made to derive new hES cell lines in more defined conditions including
serum-free or feeder-free conditions in the presence of extracellular matrices such as matrigel
and fibronectin [43-45]. Crook et al [46] derived six clinical-grade hES cell lines using GMP-
grade human feeder grown in a medium with GMP-quality FBS and propagated the cell lines
using a GMP formulation of Knockout Serum Replacement (KO-SR). Although not xeno-free,
the cell lines meet clinical quality. Sidhu et al [47] reported the derivation of hES cell line in
culture using human-derived collagen coated plates and KO-SR to maintain human feeder
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fibroblasts. A fully defined xeno-free medium (RegES), capable of supporting the expansion
of hES cell lines, induced pluripotent stem (iPS) cells and adipose stem cells has been described
[48]. Recently, Wang et al [49] have developed a xeno-free and feeder-cell-free culture system
for propagating hES cells and hiPS cells using human plasma and human placenta extracts.

Human ES cells have the ability to form 200 odd cell types in our body. Essentially, ES cells
can be differentiated spontaneously by embryoid body formation or by directed differentiation
using a cocktail of growth factors. Several growth factors have been shown to direct differen-
tiation of ES cells namely activin-A and transforming growth factor (TGF-31) mainly induce
mesodermal cells; retinoic acid (RA), epidermal growth factor (EGF), BMP-4, and bFGF
activate ectodermal and mesodermal cells; 3 nerve growth factor (NGF) and hepatocyte
growth factor (HGF) differentiate all three embryonic germ layers [50-53]. Directed differen-
tiation is a more controlled process involving stage specific sequential addition of growth
inducers and inhibitors which are known to effect key pathways. For e.g. activin A and BMP4
are two such growth factors which have been used widely for cardiogenic differentiation.
Various studies have shown that hES cells can be differentiated into neuronal [54], hemato-
poietic [55], endothelial [56], muscle [57], cardiac [58, 59] pancreatic [60, 61], hepatic [62]
lineages. Although hES stem cell lines are similar with respect to self-renewal and expression
of pluripotency markers, published literature however suggests that they exhibit differences
in their differentiation ability under identical culture conditions [63, 64].

6. Potential use of ES cells

The remarkable features of hES cells has served as an important breakthrough for basic
research and has great potential for regenerative medicine. ES cells may act as key research
tools for understanding the complex events that occur during embryonic development which
may explain the causes of birth defects. They are ideal candidates for studying apoptosis in
early stage of embryo, mechanism of differentiation, mutagenesis, immune rejection and
aging. Human ES cells and their derivatives may be used for testing therapeutic drug efficacy
and toxicity. They also have wide applications in tissue engineering. Following their culture
on polymer scaffold, it has been reported to coax stem cells to form tissues with characteristics
of developing human cartilage, liver, neurons and blood vessels.

Despite being associated with the risk of inducing teratomas and immune rejection, the vital
potential application of hES cells is the generation of cells and tissues that could be used for
cell-based therapies. Human ES cells directed to differentiate into specific cell types offer the
possibility of a renewable source of replacement cells and tissues to treat a myriad of diseases
and disabilities including Parkinson’s and Alzheimer’s diseases, spinal cord injury, burns,
heart failure and diabetes etc. The first FDA-approved phase-1 clinical trial for safety began
with Geron’s (Menlo Park, CA, USA) GRNOPCI derived oligodendrocyte progenitor cells to
treat complete thoracic-level spinal cord injury [65]. The trial was initially stalled for occurrence
of microscopic cysts in animal transplants but was later approved [66, 67]. However, in
November 2011 Geron dropped out of stem cell research for financial reasons and said that
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they would continue to monitor existing patients, and were attempting to find a partner that
could continue their research. The recent success of a prospective clinical study of Advanced
Cell Technology (CA and MA, USA) to establish the safety and tolerability of subretinal
transplantation of hES cell-derived retinal pigment epithelium (RPE) in patients with Star-
gardt’s Macular Dystrophy (SMD) and Dry age-related Macular Degeneration (Dry AMD)
represents an important step towards therapeutic use of hES cells [68]. Although long-term
follow up is essential and eye is an immune-privileged site; it is still encouraging to note that
there are no associated signs of hyperproliferation, tumorigenicity, ectopic tissue formation,
or immune- rejection after 4 months of transplantation.

7. Induced pluripotent stem cells

A major progress in the stem cell field was generation of induced pluripotent stem (iPS) cells
by the reprogramming of somatic cells to an embryonic stem cell state using a cocktail of
transcription factors. In 2006, Takahashi and Yamanaka reprogrammed mouse fibroblasts
through retroviral transduction with 24 candidate genes [3]. The pool of genes was gradually
reduced to four transcription factors, Oct4, Sox2, c-Myc, and Klf4. The results were rapidly
confirmed by various researchers [69-71]. Soon the technology was successfully applied to
generate iPS cells from human fibroblasts [4, 72, 73]. Concurrently, another group identified
Oct4, Sox2, Nanog, and Lin28 to be sufficient to reprogram human cells, with Oct4 and Sox2
appearing essential and the other two factors either strongly (Nanog) or modestly (Lin28)
influencing the efficiency of reprogramming [74].

The different ways for generation of mouse and human iPS cells using various reprogramming
factors has been well summarized by Maherali and Hochedlinger [75] and Kiskinis and Eggan
[76]. The choice of a gene delivery system is a key aspect for generation of iPS cells and has
been very well reviewed by Oh et al [77]. Many researchers have reported use of integrating
viral vectors such as retroviral [4, 73, 78] and lentiviral vectors [74, 79], non-integrating viral
vectors such as adenoviral [80] and Sendaiviral vectors [81], nonviral methods such as plasmid
DNA [82], piggyBac transposons [83, 84], recombinant proteins [85, 86], mRNAs [87] and small
molecules such as valproic acid [88]. Moreover, derivation of iPS cells from patients suffering
from the neurodegenerative disease amyotrophic lateral sclerosis (ALS) [89] as well as patients
with other diseases, including juvenile onset type 1 diabetes mellitus, Parkinson disease (PD)
[90], and spinal muscular atrophy (SMA) [91] has been reported.

8. Advantages and disadvantages of iPS cells

As a potential application in cell based therapy, one of the major advantages of iPS cells is the
avoidance of immune rejection, since they are derived from a patient’s own cells, as well as
ethical issues associated with the use of human embryos. Furthermore, iPS cells are similar to
ES cells in many aspects, including cell morphology, expression of pluripotency markers, long
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telomeres and capability to form embryoid bodies, teratoma, and viable chimeras [92, 93].
Apart from use in cell-based therapy, iPS cells derived from patients with disease can serve as
an effective model to understand the mechanisms of diseases.

However, use of iPS cells have several drawbacks and are mostly related to current reprog-
ramming methods. Viral vectors employed for gene delivery has led to the integration of
multiple viruses into iPS cell genomes, resulting in tumorigenesis due to genetic abnormalities
in the cells. Moreover, the efficiency of reprogramming of human iPS cells from fibroblasts is
very low, approximately less than 0.02% [94]. The use of Myc gene as a reprogramming factor
and/or the reactivation of a silenced Myc gene might cause iPS cells to become cancer cells [95].

Recently, three studies published in Nature showed that the reprogramming process and the
subsequent culture of iPS cells in vitro can induce genetic and epigenetic abnormalities in these
cells. Gore et al [96] found on an average of five point mutations in each of the iPS cell line
analyzed, with the majority of the mutations being non-synonymous, nonsense or splice
variants, and were enriched in genes mutated or having causative effects in cancers. Hussein
and colleagues [97] showed that copy number variations (CNVs) occurred at a high rate during
the process of reprogramming leading to genetic mosaicism in early-passage iPSCs. Analysis
of the CG methylation patterns by Lister et al [98] identified numerous differentially methy-
lated CG regions (CG-DMRs) between iPS cells and ES cells. The presence of a core set of CG-
DMRs in every iPS cell line suggests hotspots of failed epigenomic reprogramming. These
studies raise concerns over the implications of such aberrations for future applications of iPS
cells. A much more in-depth research is necessary to understand about the reprogramming
process and the biological consequences of these genomic and epigenomic changes needs to
be investigated.

9. Very small embryonic like stem cells

The ethical and other technical issues concerning the use of ES cells in regenerative medicine
have led to search for alternative stem cells with therapeutic potential. In this regard adult
stem cells can potentially provide a therapeutic alternative to ES or iPS cells. Though adult
stem cells are known to be tissue specific and can only differentiate into cells of their tissues
of origin, nevertheless several studies have reported that adult stem cells can differentiate in
to cells of completely different lineage. The process is termed as adult stem cell plasticity.
Wagers and Weissman proposed few potential mechanisms and explanations for the observed
adult stem cell plasticity [99]. The potential mechanisms include trans-differentiation or de-
differentiation of stem cells, presence of multiple different stem cells in a tissue, presence of
pluripotent stem cells in addition to adult stem cells and cell fusion of stem cell with cell of
different lineage. However, several lines of evidence support existence of pluripotent stem
cells in adult tissues that can differentiate into all three lineages explaining adult plasticity the
best. Many investigators have reported presence of pluripotent stem cells in adult tissues and
were defined either as mesenchymal stem cells (MSCs) [100], multipotent adult progenitor
cells (MAPCs) [101], marrow isolated adult multilineage inducible cells (MIAMI) [102],
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multipotent adult stem cells (MASCs) [103], very small embryonic like stem cells (VSELs) [104].
Although these cells may represent an overlapping type of stem cells, the most characterized
among these cells to the single cell level is VSELs and they have been isolated and identified
in several adult body organs.

VSELs are defined as epiblast derived stem cells, which are deposited early during organo-
genesis and may serve as source of tissue commited stem cells. Pluripotent VSELs (Oct4",
SSEATY, Scal, Lin’, CD45") were first reported by Ratajczak and group in various adult mice
tissues [105]; highest numbers being in brain, kidneys, muscles, pancreas and bone marrow
[106]. These are diploid cells with high telomerase activity, express other pluripotent (Rex-1,
Nanog, SSEA and Klf-4) and germ cell (Mvh, Stella, Fragilis, Nobox and Hdac-6) markers and
decrease in numbers with age [107]. An important evidence for pluripotency of VSEL:s is
hypomethylated status of OCT-4 promoter and its association with transcription promoting
histones [108] as well as presence of bivalent domains [109]. Like embryonic stem cells they
donot express MHC classI and HLA-DR antigens and are also negative for mesenchymal stem
cell markers like CD90, CD105, CD29. They are very small in size (3-5 um in mice), have a large
nucleo-cytoplasmic ratio, and open chromatin structure for OCT-4 and Nanog promoter [107].
OCT-4 expression at mRNA and protein level in VSELs has been confirmed using sequence
specific primers. VSELs have the ability to differentiate into three germ layers in vitro, however
unlike ES cells, VSELs neither complement during blastocyst development nor form teratomas
in immuno-deficient mice [110]. Attempts have been made to propagate them on feeder layers,
but they do not self-renew as easily as the established embryonic stem cell lines possibly
because of altered methylation status of some developmentally crucial genes. Similar VSELs
have also been isolated from human umbilical cord blood, mobilized peripheral blood, and
adult bone marrow by flow cytometry as CD133", lin, CD45 [104] and also by differential
centrifugation method [15, 111].

VSELs are descendants of epiblast stage pluripotent stem cells. They get deposited in various
body organs including the gonads in early stages of development, as a quiescent stem cell
population which possibly serves as a back up to the tissue committed stem cells (TCSCs) [112].
These two populations of stem cells (VSELs and TCSCs) together are responsible in bringing
about tissue renewal, homeostasis and regeneration after injury throughout life and decrease
in number with age. The co-existence of two stem cell populations (the more primitive being
quiescent and the progenitor being more rapidly dividing) has been recently proposed [113,
114]. VSELs are the DNA label-retaining (e.g. BrdU), quiescent stem cells with lower metabolic
state whereas the tissue committed stem cells actively divide and do not retain DNA label over
time. They are highly mobile, respond to the SDF-1 gradient and enter into circulation in case
of any injury to bring about regeneration and homeostasis. They are also considered as a
missing link to support the germ-line hypothesis of cancer development [115, 116].

VSELs in Umbilical Cord Blood (UCB): A population of human cells similar to murine bone
marrow derived VSELs was first reported by Kucia et al in umbilical cord blood [117]. These
UCB derived VSELs (Lin-/CD45-/CD133+) ranged between 6-8 um in size, possess large nuclei
and express nuclear embryonic transcription factors OCT-4, Nanog and cell surface SSEA-4.
The strategy of isolation of VSELs from cord blood is hampered by their small size as they get
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discarded along with debris. Recently our studies reported that VSELs settle along with RBCs
and are not enriched in interphase layer of MNCs obtained after ficoll separation of cord blood
[15].These VSELs expressed pluripotent markers OCT-4,primitive marker CD133 along with
primordial germ cell marker stella and fragilis indicating their epiblast origin. Our studies
have also shown the presence of VSELs in the discarded fractions of bone marrow and cord
blood obtained after processing [15].

VSELs in adult mammalian gonads: Initial studies by Ratajczak group have shown that mouse
testis harbor VSELs [106]. Our group has identified presence of VSELs in testis of human and
mice as well as in ovaries of human, sheep, monkey, rabbit and mice [13]. These VSELs are
localized in the basal layer of cells adjacent to the basement membrane in seminiferous tubules
[13] and were found interspersed with the ovarian surface epithelial cells [14]. The main
approach in identifying the VSELs in adult mammalian gonads involves studying differential
expression of a pluripotent marker OCT-4. OCT-4 is an octamer binding transcription factor
required for maintaining pluripotency of cell. Published literature on OCT-4 in somatic stem
cells has confused stem cell researchers [118-120] because of the presence of several pseudo-
genes and alternatively spliced transcripts [118, 121]. Thus a careful designing of primers for
RT-PCR analysis and proper selection of antibodies becomes essential to detect specific
transcripts. Also a careful selection of OCT-4 antibodies is essential to detect pluripotent stem
cells [119]. We used a polyclonal OCT-4 antibody that enabled the simultaneous identification
of VSELs with nuclear OCT-4 and tissue committed stem cells with cytoplasmic OCT-4. In
addition, careful selection of primers for OCT-4A and total OCT-4 for Q-PCR studies has
helped us generate interesting results [13-15, 122].

VSELs in Testis: We have documented that adult human testis harbors a population of
pluripotent VSELs (with nuclear OCT-4A) which are more primitive to A4, Spermatogonial
Stem Cell (§SC) (with cytoplasmic OCT-4B). The VSELs possibly give rise to A4, SSCs, which
in turn undergo clonal expansion as evident by the presence of cytoplasmic bridges between
the rapidly dividing cells [13]. OCT-4 is not immuno-localized in more differentiated male
germ cells. Based on this study a new hierarchy of testicular cells was proposed with all
testicular cells originating from VSELs and not from SSCs as generally believed. Similarly
presence of VSELs distinct from SSCs was also identified in mouse testicular tissue.

VSELs in Ovaries: The long- held dogma in female biology is that women and other mammalian
females are born with fixed and non-renewing pool of germ cells, which are enclosed in
structures called follicles. Their number decrease with age due to ovulation or atresia and their
exhaustion lead to menopause. However in last 8 years several investigators with access to
modern molecular techniques have convincingly demonstrated that adult mammalian ovaries
harbor stem cells and undergo postnatal oogeneisis and thus have challenged the central
dogma. Presence of PSCs in adult ovary has been demonstrated by many groups [11, 14, 123,
124]. Our group has identified two distinct types of stem cells in ovarian surface epithelium
(OSE) of human and other mammalian species [14, 122]. The two stem cells are VSELs that
express OCT-4 in nucleus, which are pluripotent and slightly larger progenitor committed cells
(termed Ovarian Germ Stem Cells-OGSCs) that express OCT-4 cytoplasmically. This is very
similar to reported presence of VSELs and Spermatogonial stem cells in adult mammalian
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testis as mentioned earlier. We have recently reviewed various publications on ovarian stem
cells and explained the results in the context of VSEL biology [122]. Readers are encouraged
to read the review for more details.

Based on our studies in ovarian stem cells and other literature, we have proposed a model for
oogenesis and follicular assembly in adult mammalian ovaries [122]. According to the model,
VSELs with nuclear Oct-4 that are located in the OSE undergo asymmetric cell division and
give rise to cells with cytoplasmic Oct-4 (OGSCs, which intensely stain with Haematoxylin).
The OGSCs undergo further proliferation, meiosis and differentiation to assemble into
primordial follicles in the OSE. The granulosa cells are formed by the epithelial cells through
epithelial mesenchymal transition. As the follicles grow and further mature they shift into the
ovarian medulla.

10. Clinical potential of VSELs

The clinical potential of VSELSs, isolated from cord blood or bone marrow by flow cytometry, is
justbeginningtoemerge.Invariousdiseasemodelslikemyocardialinfarct[125,126],stroke[127],
skin burn injury [128], neural regeneration [129] etc. these cells get mobilized into circulation
within24hours. Formyocardial regeneration, the VSELs are very efficienttoimprove LV ejection
fraction and attenuation of myocardial hypertrophy [126]. As they become scarce with age,
regeneration becomes inefficient resulting in age-related disease manifestations.

The identification of VSELs in gonads has far reaching implications in reproductive health
issues. Understanding the biology of VSELs in gonads may help explain the mechanisms of
different pathologies of gonads and may pave for new treatments for infertility. However,
application of VSELs to improve reproductive health needs to be researched and established.
We have recently studied the differential effect of busulphan on the relatively quiescent VSELs
versus rapidly dividing germ cells in adult mice gonads (unpublished results). The VSELs
were found to be resistant to the treatment, however were unable to differentiate probably due
to the altered niche of VSELs due to treatment. Ratajczak group recently reported that VSELs
in mouse bone marrow are resistant to total body irradiation [130]. They observed that there
was increase in proliferation of VSELs post treatment, although were unable to reconstitute
the bone marrow. These studies open up newer and exciting avenues for fertility preservation
in cancer survivors who are rendered infertile by various cancer treatments.

11. Advantages of VSELs over ES cells

VSELs can be derived easily from autologus source and do not form teratoma easily [131].
Thus both the major concerns associated with ES cells of immune-rejection and risk of teratoma
formation is taken care of.
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12. Advantages of VSELs over iPS cells

There is no need for reprogramming somatic cells (which may harbor mutations) to embryonic
state when pluripotent ES-like stem cells can be harvested from adult tissues. They may also
be superior to iPS cells since they are derived from a very quiescent stem cell population and
are thus “young’ cells with long telomeres that could be isolated from an aged body, in contrast
to iPS cells which are derived from terminally differentiated somatic skin fibroblasts (with
shortened telomeres) that tend to accumulate DNA mutations over time. In addition, VSELs
do not have epigeneticissues associated with iPS cells. Unlike iPS cells, there is no requirement
of viral vectors and hence risk of transformation of VSELs into cancer cells is avoided.

13. Future perspectives

Embryonic stem cells are considered to be ‘magic bullets” having a great potential for cell-based
therapy, however future clinical use of ES cells are still plagued by ethical issues. Hence there
is urgent need to expand research in derivation and culture of pluripotent stem cells from
alternate sources. Induced pluripotent stem cells though believed to be ideal candidates need
to be exploited further to realize their clinical potential. Considering the potential advantages
of VSELs over ES and iPS cells, the need for research to harness potentials of VSELs is high.
Currently the availability of large number of VSEL:s for effective use in clinical applications is
limited. Research is progressing towards expansion of VSELs in culture and is still in nascent
stages. Also, many key questions have to be answered before realizing the full potential of
stem cells.

Author details

Deepa Bhartiya’, Punam Nagvenkar, Kalpana Sriraman and Ambreen Shaikh
*Address all correspondence to: deepa.bhartiya@yahoo.in; bhartiyad@nirrh.res.in

Stem Cell Biology Department, National Institute for Research in Reproductive Health, Par-
el, Mumbai, India

References

[1] Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ, Marshall VS,
Jones JM (1998) Embryonic Stem Cell Lines Derived from Human Blastocysts. Sci-
ence 282:1145-1147.



[3]

[4]

[5]

[6]

[9]

[10]

[12]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

Shamblott MJ, Axelman J, Wang S, Bugg EM, Littlefield JW, Donovan PJ, Blumenthal
PD, Huggins GR, Gearhart JD (1998) Derivation of Pluripotent Stem Cells from Cul-
tured Human Primordial Germ Cells. Proc Natl Acad Sci U S A. 95:13726-13731.

Takahashi K, Yamanaka S (2006) Induction of Pluripotent Stem Cells from Mouse
Embryonic and Adult Fibroblast Cultures by Defined Factors. Cell 126: 663-676.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, Yamanaka S
(2007) Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by De-
fined Factors. Cell 131: 861-872.

Kanatsu-Shinohara M, Inoue K, Lee ], Yoshimoto M, Ogonuki N, Miki H, Baba S, Ka-
to T, Kazuki Y, Toyokuni S, Toyoshima M, Niwa O, Oshimura M, Heike T, Nakahata
T, Ishino F, Ogura A, Shinohara T (2004) Generation of pluripotent stem cells from
neonatal mouse testis. Cell 119: 1001-1012.

Guan K, Nayernia K, Maier LS, Wagner S, Dressel R, Lee JH, Nolte J, Wolf F, Li M,
Engel W, Hasenfuss G (2006) Pluripotency of spermatogonial stem cells from adult
mouse testis. Nature 440: 1199-1203.

Conrad S, Renninger M, Hennenlotter ], Wiesner T, Just L, Bonin M, Aicher W, Buhr-
ing HJ, Mattheus U, Mack A, Wagner H]J, Minger S, Matzkies M, Reppel M, Heschel-
er ], Sievert KD, Stenzl A, Skutella T (2008) Generation of pluripotent stem cells from
adult human testis. Nature 456: 344-349.

Golestaneh N, Kokkinaki M, Pant D, Jiang J, DeStefano D, Fernandez-Bueno C, Rone
JD, Haddad BR, Gallicano GI, Dym M (2009) Pluripotent stem cells derived from
adult human testes. Stem Cells Dev 18: 1115-1126.

Kossack N, Meneses ], Shefi S, Nguyen HN, Chavez S, Nicholas C, Gromoll J, Turek
PJ, Reijo-Pera RA (2009) Isolation and characterization of pluripotent human sperma-
togonial stem cell-derived cells. Stem Cells 27: 138-149.

Mizrak SC, Chikhovskaya JV, Sadri-Ardekani H, van Daalen S, Korver CM, Hovingh
SE, Roepers-Gajadien HL, Raya A, Fluiter K, de Reijke TM, de la Rosette JJ, Knegt
AC, Belmonte JC, van der Veen F, de Rooij DG, Repping S, van Pelt AM (2009) Em-
bryonic stem cell-like cells derived from adult human testis. Human Reprod 25:
158-167.

Gong SP, Lee ST, Lee EJ, Kim DY, Lee G, Chi SG, Ryu BK, Lee CH, Yum KE, Lee HJ,
Han JY, Tilly JL, Lim JM (2010) Embryonic Stem Cell-Like Cells Established by Cul-
ture of Adult Ovarian Cells in Mice. Fertil Steril 93:2594-2601.

Phinney DG, Prockop DJ (2007) Concise Review: Mesenchymal Stem/Multipotent
Stromal Cells: The State of Transdifferentiation and Modes of Tissue Repair--Current
Views. Stem Cells 25:2896-902.

Bhartiya D, Kasiviswanathan S, Unni SK, Pethe P, Dhabalia JV, Patwardhan S, Ton-
gaonkar HB (2010) Newer Insights into Premeiotic Development of Germ Cells in

13



14

Pluripotent Stem Cells

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Adult Human Testis using Oct-4 as a Stem Cell Marker. ] Histochem Cytochem
58:1093-1106.

Parte S, Bhartiya D, Telang J, Daithankar V, Salvi V, Zaveri K, Hinduja I (2011) Detec-
tion, Characterization, and Spontaneous Differentiation In Vitro of Very Small Em-
bryonic-Like Putative Stem Cells in Adult Mammalian Ovary. Stem Cells Dev
20:1451-64.

Bhartiya D, Shaikh A, Nagvenkar P, Kasiviswanathan S, Pethe P, Pawani H, Mohan-
ty S, Rao SG, Zaveri K, Hinduja I (2012) 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 21:1-6.

Bhartiya D, Kasiviswanathan S, Shaikh A (2012) Cellular Origin of Testis derived
Pluripotent Stem Cells: A Case for VSELs. Stem Cells Dev 21:670-674.

Evans M, Kaufman M (1981) Establishment in Culture of Pluripotent Cells from
Mouse Embryos. Nature 292:154-156.

Martin GR (1981) Isolation of a Pluripotent Cell Line from Early Mouse Embryos
Cultured in Medium Conditioned by Teratocarcinoma Stem Cells. Proc Natl Acad
Sci USA 78:7634-7638.

Chung Y, Klimanskaya I, Becker S, Marh ], Lu SJ, Johnson ], Meisner L, Lanza R
(2006) Embryonic and Extraembryonic Stem Cell Lines Derived from Single Mouse
Blastomeres. Nature 439: 216-219.

Wakayama S, Hikichi T, Suetsugu R, Sakaide Y, Bui HT, Mizutani E, Wakayama T
(2007) Efficient Establishment of Mouse Embryonic Stem Cell Lines from Single Blas-
tomeres and Polar Bodies. Stem Cells 25: 986-993.

Lorthongpanich C, Yang SH, Piotrowska-Nitsche K, Parnpai R, Chan AW (2008) De-
velopment of Single Mouse Blastomeres into Blastocysts, Outgrowths and the Estab-
lishment of Embryonic Stem Cells. Reproduction 135:805-813.

Smith AG, Heath JK, Donaldson DD, Wong GG, Moreau ], Stahl M, Rogers D (1988)
Inhibition of Pluripotential Embryonic Stem Cell Differentiation by Purified Polypep-
tides. Nature 336:688-690.

Williams RL, Hilton DJ, Pease S, Willson TA, Stewart CL, Gearing DP, Wagner EF,
Metcalf D, Nicola NA, Gough NM (1988) Myeloid Leukaemia Inhibitory Factor
Maintains the Developmental Potential of Embryonic Stem Cells. Nature 336:684—
687.

Yoshida K, Chambers I, Nichols J, Smith A, Saito M, Yasukawa K, Shoyab M, Taga T,
Kishimoto T (1994) Maintenance of the Pluripotential Phenotype of Embryonic Stem
Cells Through Direct Activation of gp130 Signalling Pathways. Mech Dev 45:163-
171.



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

Ying QL, Nichols J, Chambers I, Smith A (2003) BMP Induction of Id Proteins Sup-
presses Differentiation and Sustains Embryonic Stem Cell Self-Renewal in Collabora-
tion With STAT3. Cell 115:281-292.

Loser P, Schirm J, Guhr A, Wobus AM, Kurtz A (2010) Human Embryonic Stem Cell
Lines And Their Use In International Research. Stem Cells 28:240-246.

Strelchenko N, Verlinsky O, Kukharenko V, Verlisnky Y (2004) Morula-derived Em-
bryonic Stem Cells. Reprod. Biomed. Online 9: 623-629.

Zhang X, Stojkovic P, Przyborski S, Cooke M, Armstrong L, Lako M, Stojkovic M
(2006) Derivation of Human Embryonic Stem Cells From Developing And Arrested
Embryos. Stem Cells 24:2669-2676.

Klimanskaya I, Chung Y, Becker S, Lu SJ, Lanza R (2007) Derivation of Human Em-
bryonic Stem Cells from Single Blastomeres. Nat Protoc 2: 1963-1972.

Feki A, Hovatta O, Jaconi M (2008) Derivation of Human Embryonic Stem Cell Lines
from Single Cells of 4-Cell Stage Embryos: Be Aware of the Risks. Hum Reprod 23:
2874.

Geens M, Mateizel I, Sermon K, De Rycke M, Spits C, Cauffman G, Devroey P, Tour-
naye H, Liebaers I, Van de Velde H (2009) Human Embryonic Stem Cell Lines De-
rived from Single Blastomeres of Two 4-Cell Stage Embryos. Hum Reprod 24:
2709-2717.

Daheron L, Opitz SL, Zaehres H, Lensch MW, Andrews PW, Itskovitz-Eldor J, Daley
GQ (2004) LIF/STATS3 Signaling Fails to Maintain Self-Renewal of Human Embryonic
Stem Cells. Stem Cells 22: 770-778.

Humphrey RK, Beattie GM, Lopez AD, Bucay N, King CC, Firpo MT, Rose-John S,
Hayek A (2004) Maintenance of Pluripotency in Human Embryonic Stem Cells is
STAT3 Independent. Stem Cells 22:522-530.

Vallier L, Alexander M, Pedersen RA (2005) Activin/Nodal and FGF Pathways Coop-
erate to Maintain Pluripotency of Human Embryonic Stem Cells. ] Cell Sci 118:4495-
45009.

Rho JY, Yu K, Han, JS, Chae JI, Koo DB, Yoon HS, Moon SY, Lee KK, Han YM (2006)
Transcriptional Profiling of the Developmentally Important Signalling Pathways in
Human Embryonic Stem Cells. Hum Reprod 21:405-412.

Xu RH, Chen X, Li DS, Li R, Addicks GC, Glennon C, Zwaka TP Thomson JA (2002)
BMP4 Initiates Human Embryonic Stem Cell Differentiation to Trophoblast. Nat Bio-
technol 20: 1261-1264.

Xiao L, Yuan X, Sharkis SJ (2006) Activin A Maintains Self-Renewal and Regulates Fi-
broblast Growth Factor, Wnt, and Bone Morphogenic Protein Pathways in Human
Embryonic Stem Cells. Stem Cells 24: 1476-1486.

15



16

Pluripotent Stem Cells

[38]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Greber B, Lehrach H, Adjaye ] (2007) Fibroblast Growth Factor 2 Modulates Trans-
forming Growth Factor  signaling in Mouse Embryonic Fibroblasts and Human
ESCs (hESCs) to Support hESC Self-renewal. Stem Cells 25: 455-464.

Bongso A, Fong CY, Ng SC, Ratnam SS (1994) Isolation and culture of inner cell mass
cells from human blastocysts. Hum Reprod 9:2110-2117.

Amit M, Margulets V, Segev H, Shariki K, Laevsky I, Coleman R, Itskovitz-Eldor |
(2003) Human Feeder Layers for Human Embryonic Stem Cells. Biol Reprod
68:2150-2156.

Richards M, Fong CY, Chan WK, Wong PC, Bongso A (2002) Human Feeders Sup-
port Prolonged Undifferentiated Growth of Human Inner Cell Masses and Embryon-
ic Stem Cells. Nat Biotechnol 20:933-936.

Miyamoto K, Hayashi K, Suzuki T, Ichihara S, Yamada T, Kano Y, Yamabe T, Ito Y
(2004) Human placenta feeder layers support undifferentiated growth of primate em-
bryonic stem cells. Stem Cells 22:433-440.

Genbacev O, Krtolica A, Zdravkovic T, Brunette E, Powell S, Nath A, Caceres E,
McMaster M, McDonagh S, Li Y, Mandalam R, Lebkowski J, Fisher SJ (2005) Serum-
free derivation of human embryonic stem cell lines on human placental fibroblast
feeders. Fertil Steril 83:1517-1529.

Klimanskaya I, Chung Y, Meisner L, Johnson ], West MD, Lanza R (2005) Human
Embryonic Stem Cells Derived Without Feeder Cells. Lancet 365:1636-1641.

Ludwig TE, Levenstein ME, Jones JM, Berggren WT, Mitchen ER, Frane JL, Crandall
L], Daigh CA, Conard KR, Piekarczyk MS, Llanas RA, Thomson JA (2006) Derivation
of Human Embryonic Stem Cells in Defined Conditions. Nat Biotechnol 24:185-187.

Crook JM, Peura TT, Kravets L, Bosman AG, Buzzard JJ, Horne R, Hentze H, Dunn
NR, Zweigerdt R, Chua F, Upshall A, Colman A (2007) The Generation of Six Clini-
cal-Grade Human Embryonic Stem Cell Lines. Cell Stem Cell 1: 490-494.

Sidhu KS, Ryan JP, Tuch BE (2008). Derivation of a New hESC Line, Endeavour-1
and its Clonal Propagation. Stem Cells Dev 17:41-52.

Rajala K, Lindroos B, Hussein SM, Lappalainen RS, Pekkanen-Mattila M, Inzunza J,
Rozell B, Miettinen S, Narkilahti S, Kerkelad E, Aalto-Setala K, Otonkoski T, Suuronen
R, Hovatta O, Skottman H (2010) A Defined and Xeno-Free Culture Method Enabling
the Establishment of Clinical Grade Human Embryonic, Induced Pluripotent and
Adipose Stem Cells. PLoS One 5:10246.

Wang Q, Mou X, Cao H, Meng Q, Ma Y, Han P, Jiang ], Zhang H, Ma Y (2012) A
Novel Xeno-Free and Feeder-Cell-Free System for Human Pluripotent Stem Cell Cul-
ture. Protein Cell 3:51-59.



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[58]

[59]

[60]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

Slager HG, Van Inzen W, Freund E, Van der Eijnden-Van Raaij AJ, Mummery CL
(1993) Transforming Growth Factor-beta in the Early Mouse Embryo: Implications
for the Regulation of Muscle Formation and Implantation. Dev Genet 14: 212-224.

Rohwedel J, Maltsev V, Bober E, Arnold HH, Hescheler J, Wobus AM (1994) Muscle
Cell Differentiation of Embryonic Stem Cells Reflects Myogenesis in vivo: Develop-
mentally Regulated Expression of Myogenic Determination Genes and Functional
Expression of Ionic Currents. Dev Biol 164: 87-101.

Bain G, Kitchens D, Yao M, Huettner JE, Gottlieb DI (1995) Embryonic Stem Cells Ex-
press Neuronal Properties in vitro. Dev Biol 168: 342-357.

Schuldiner M, Yanuka O, Itskovitz-Eldor J, Melton DA, Benvenisty N (2000). Effects
of Eight Growth Factors on the Differentiation of Cells Derived from Human Embry-
onic Stem Cells. PNAS 97: 11307-11312.

Kirkeby A, Grealish S, Wolf DA, Nelander J, Wood ], Lundblad M, Lindvall O, Par-
mar M (2012) Generation of Regionally Specified Neural Progenitors and Functional
Neurons from Human Embryonic Stem Cells Under Defined Conditions. Cell Rep
1:703-714.

Chang KH, Bonig H, Papayannopoulou T (2011) Generation and Characterization of
Erythroid Cells from Human Embryonic Stem Cells and Induced Pluripotent Stem
Cells: An Overview. Stem Cells Int 2011:791604.

Li Z, Hu S, Ghosh Z, Han Z, Wu JC (2011) Functional Characterization and Expres-
sion Profiling of Human Induced Pluripotent Stem Cell- and Embryonic Stem Cell-
Derived Endothelial Cells. Stem Cells Dev 20:1701-1710.

Barberi T, Bradbury M, Dincer Z, Panagiotakos G, Socci ND, Studer L (2007) Deriva-
tion of Engraftable Skeletal Myoblasts from Human Embryonic Stem Cells. Nat Med
13: 642-648.

Laflamme MA, Chen KY, Naumova AV, Muskheli V, Fugate JA, Dupras SK, Rein-
ecke H, Xu C, Hassanipour M, Police S, O'Sullivan C, Collins L, Chen Y, Minami E,
Gill EA, Ueno S, Yuan C, Gold J, Murry CE (2007) Cardiomyocytes Derived from Hu-
man Embryonic Stem Cells in Pro-Survival Factors Enhance Function of Infarcted
Rat Hearts. Nat Biotechnol 25:1015-1024.

Yang L, Soonpaa MH, Adler ED, Roepke TK, Kattman S], Kennedy M, Henckaerts E,
Bonham K, Abbott GW, Linden RM, Field L]., Keller GM (2008) Human Cardiovas-
cular Progenitor Cells Develop from a KDR* Embryonic-Stem-Cell-Derived Popula-
tion. Nature 453: 524-528.

Jiang ], Au M, Lu K, Eshpeter A, Korbutt G, Fisk G, Majumdar AS (2007) Generation
of Insulin Producing Islet-Like from Human Embryonic Stem Cells. Stem Cells
25:1940-1953.

Kroon E, Martinson LA, Kadoya K, Bang AG, Kelly OG, Eliazer S, Young H, Richard-
son M, Smart NG, Cunningham J, Agulnick AD, D'Amour KA, Carpenter MK,

17



18

Pluripotent Stem Cells

[64]

[65]

[66]

[67]
[68]

[69]

[72]

[73]

Baetge EE (2008) Pancreatic Endoderm Derived from Human Embryonic Stem Cells
Generates Glucose-Responsive Insulin-Secreting Cells in vivo. Nat Biotechnol
26:443-452.

Touboul T, Hannan NR, Corbineau S, Martinez A, Martinet C, Branchereau S, Main-
ot S, Strick-Marchand H, Pedersen R, Di Santo J, Weber A, Vallier L (2010) Genera-
tion of Functional Hepatocytes from Human Embryonic Stem Cells Under
Chemically Defined Conditions that Recapitulate Liver Development. Hepatology
51:1754-1765.

Osafune K, Caron L, Borowiak M, Martinez R]J, Fitz-Gerald CS, Sato Y, Cowan CA,
Chien KR, Melton DA (2008) Marked Differences in Differentiation Propensity
among Human Embryonic Stem Cell Lines. Nat Biotechnol 26:313-315.

Tavakoli T, Xu X, Derby E, Serebryakova Y, Reid Y, Rao MS, Mattson MP, Ma W
(2009) Self-renewal and Differentiation Capabilities are Variable Between Human
Embryonic Stem Cell Lines I3, 16 and BG01V. BMC Cell Biol 10: 44.

Mayor S (2010) First Patient Enters Trial to Test Stem Cells in Spinal Injury. BM]
341:c5724.

Alper J (2009) Geron Gets Green Light for Human Trial of ES-cell Derived Product.
Nat Biotechnol 27:213-4.

De Francesco L (2009) Fits and start for Geron. Nat Biotechnol 27:877.

Schwartz SD, Hubschman JP, Heilwell G, Franco-Cardenas V, Pan CK, Ostrick RM,
Mickunas E, Gay R, Klimanskaya I, Lanza R (2012) Embryonic Stem Cell Trials for
Macular Degeneration: A Preliminary Report. Lancet 379:713-20.

Maherali N, Sridharan R, Xie W, Utikal |, Eminli S, Arnold K, Stadtfeld M, Yachech-
ko R, Tchieu ], Jaenisch R, Plath K, Hochedlinger K (2007) Directly Reprogrammed
Fibroblasts Show Global Epigenetic Remodeling and Widespread Tissue Contribu-
tion. Cell Stem Cell 1:55-70.

Okita K, Ichisaka T, Yamanaka S (2007) Generation of Germline-Competent Induced
Pluripotent Stem Cells. Nature 448: 313-317.

Wernig M, Meissner A, Foreman R, Brambrink T, Ku M, Hochedlinger K, Bernstein
BE, Jaenisch R (2007). In vitro Reprogramming of Fibroblasts into a Pluripotent ES-
Cell Like State. Nature 448: 318-324.

Lowry WE, Richter L, Yachechko R, Pyle AD, Tchieu ], Sridharan R, Clark AT, Plath
K (2008) Generation of Human Induced Pluripotent Stem Cells from Dermal Fibro-
blasts. Proc Natl Acad Sci 105: 2883-2888.

Park IH, Zhao R, West JA, Yabuuchi A, Huo H, Ince TA, Lerou PH, Lensch MW, Da-
ley GQ (2008) Reprogramming of Human Somatic Cells to Pluripotency with De-
fined Factors. Nature 451: 141-146.



[79]

[82]

[83]

[85]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget ], Frane JL, Tian S, Nie ],
Jonsdottir GA, Ruotti V, Stewart R, Slukvin II, Thomson JA (2007) Induced Pluripo-
tent Stem Cell Lines Derived from Human Somatic Cells. Science 318: 1917-1920.

Mabherali N, Hochedlinger K (2008) Guidelines and Techniques for the Generation of
Induced Pluripotent Stem Cells. Cell Stem Cell 3:595-605.

Kiskinis E, Eggan K (2010) Progress toward the clinical application of patient-specific
pluripotent stem cells. ] Clin Invest 120:51-59.

Oh S, Lee CK, Cho K], Lee KO, Cho SG, Hong S (2012) Technological Progress in
Generation of Induced Pluripotent Stem Cells for Clinical Applications. Scientific
World Journal 2012:417809.

Aasen T, Raya A, Barrero MJ, Garreta E, Consiglio A, Gonzalez F, Vassena R, Bilic ],
Pekarik V, Tiscornia G, Edel M, Boue S, Izpisua Belmonte JC (2008) Efficient and
Rapid Generation of Induced Pluripotent Stem Cells from Human Keratinocytes. Nat
Biotechnol 26:1276-1284.

Sommer CA, Stadtfeld M, Murphy GJ, Hochedlinger K, Kotton DN, Mostoslavsky G
(2009) Induced Pluripotent Stem Cell Generation Using a Single Lentiviral Stem Cell
Cassette. Stem Cells 27:543-9.

Stadtfeld M, Nagaya M, Utikal J, Weir G, Hochedlinger K (2008) Induced Pluripotent
Stem Cells Generated Without Viral Integration. Science 322:945-949.

Fusaki N, Ban H, Nishiyama A, Saeki K, Hasegawa M (2009) Efficient Induction of
Transgene-Free Human Pluripotent Stem Cells Using a Vector Based on Sendai Vi-

rus, an RNA Virus that Does Not Integrate Into the Host Genome. Proceedings of the
Japan Academy Series B 85: 348-362.

Okita K, Nakagawa M, Hyenjong H, Ichisaka T, Yamanaka S (2008) Generation of
Mouse Induced Pluripotent Stem Cells Without Viral Vectors. Science 322:949-953.

Woltjen K, Michael IP, Mohseni P, Desai R, Mileikovsky M, Hamaldinen R, Cowling
R, Wang W, Liu P, Gertsenstein M, Kaji K, Sung HK, Nagy A (2009) piggyBac Trans-
position Reprograms Fibroblasts To Induced Pluripotent Stem Cells. Nature 458:766—
770.

Yusa K, Rad R, Takeda ], Bradley A (2009) Generation of Transgene-Free Induced
Pluripotent Mouse Stem Cells by the piggyBac Transposon. Nature Methods 6: 363—
369.

Kim D, Kim CH, Moon JI, Chung YG, Chang MY, Han BS, Ko S, Yang E, Cha KY,
Lanza R, Kim KS (2009) Generation of Human Induced Pluripotent Stem Cells by Di-
rect Delivery of Reprogramming Proteins. Cell Stem Cell 4:472-476.

19



20

Pluripotent Stem Cells

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

Zhou H, Wu S, Joo JY, Zhu S, Han DW, Lin T, Trauger S, Bien G, Yao S, Zhu Y, Siuz-
dak G, Scholer HR, Duan L, Ding S (2009) Generation of Induced Pluripotent Stem
Cells Using Recombinant Proteins. Cell Stem Cell 4: 381-384.

Warren L, Manos PD, Ahfeldt T, Loh YH, Li H, Lau F, Ebina W, Mandal PK, Smith
ZD, Meissner A, Daley GQ, Brack AS, Collins JJ, Cowan C, Schlaeger TM, Rossi DJ
(2010) Highly Efficient Reprogramming to Pluripotency and Directed Differentiation
of Human Cells with Synthetic Modified mRNA. Cell Stem Cell 7: 618-630.

Huangfu D, Maehr R, Guo W, Eijkelenboom A, Snitow M, Chen AE, Melton DA
(2008) Induction of Pluripotent Stem Cells by Defined Factors is Greatly Improved by
Small-Molecule Compounds. Nature Biotechnol 26: 795-797.

Dimos JT, Rodolfa KT, Niakan KK, Weisenthal LM, Mitsumoto H, Chung W, Croft
GF, Saphier G, Leibel R, Goland R, Wichterle H, Henderson CE, Eggan K (2008) In-
duced Pluripotent Stem Cells Generated from Patients with ALS can be Differentiat-
ed into Motor Neurons Science 321:1218-1221.

Park IH, Arora N, Huo H, Maherali N, Ahfeldt T, Shimamura A, Lensch MW, Cowan
C, Hochedlinger K, Daley GQ (2008) Disease-specific induced pluripotent stem cells.
Cell 134:877-886.

Ebert AD, Yu J, Rose FF Jr, Mattis VB, Lorson CL, Thomson JA, Svendsen CN (2009).
Induced Pluripotent Stem Cells from a Spinal Muscular Atrophy Patient Nature
457:277-280.

Amabile G, Meissner A (2009) Induced pluripotent stem cells: current progress and
potential for regenerative medicine. Trends Mol Med 15:59-68.

Marion RM, Strati K, Li H, Tejera A, Schoeftner S, Ortega S, Serrano M, Blasco MA
(2009) Telomeres Acquire Embryonic Stem Cell Characteristics in Induced Pluripo-
tent Stem Cells. Cell Stem Cell 4:141-154.

Takahashi K, Okita K, Nakagawa M, Yamanaka S (2007) Induction of Pluripotent
Stem Cells from Fibroblast Cultures Nature Protocols 2: 3081-3089.

Takahashi K, Ichisaka T, Yamanaka S (2006) Identification of Genes Involved in Tu-
mor-Like Properties of Embryonic Stem Cells. Methods in Molecular Biology 329:
449-458.

Gore A, Li Z, Fung HL, Young JE, Agarwal S, Antosiewicz-Bourget ], Canto I, Gior-
getti A, Israel MA, Kiskinis E, Lee JH, Loh YH, Manos PD, Montserrat N, Panopoulos
AD, Ruiz S, Wilbert ML, Yu ], Kirkness EF, Izpisua Belmonte JC, Rossi DJ, Thomson
JA, Eggan K, Daley GQ, Goldstein LS, Zhang K (2011) Somatic Coding Mutations in
Human Induced Pluripotent Stem Cells. Nature 471:63-37.

Hussein SM, Batada NN, Vuoristo S, Ching RW, Autio R, Narva E, Ng S, Sourour M,
Hamalainen R, Olsson C, Lundin K, Mikkola M, Trokovic R, Peitz M, Brustle O, Ba-



[98]

[99]
[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

zett-Jones DP, Alitalo K, Lahesmaa R, Nagy A, Otonkoski T (2011) Copy Number
Variation and Selection During Reprogramming to Pluripotency. Nature 471:58-62.

Lister R, Pelizzola M, Kida YS, Hawkins RD, Nery JR, Hon G, Antosiewicz-Bourget J,
O'Malley R, Castanon R, Klugman S, Downes M, Yu R, Stewart R, Ren B, Thomson
JA, Evans RM, Ecker JR. Hotspots of Aberrant Epigenomic Reprogramming in Hu-
man Induced Pluripotent Stem Cells. Nature 471:68-73.

Wagers AJ, Weissman IL (2004) Plasticity of Adult Stem Cells. Cell 116:639-648.

Dominici, M., Le Blanc, K., Mueller, 1., Slaper-Cortenbach, 1., Marini, F., Krause, D.,
Deans, R., Keating, A., Prockop, D. ]J., Horwitz, E. (2006). Minimal criteria for defin-
ing multipotent mesenchymal stromal cells. The International Society for Cellular
Therapy position statement. Cytotherapy 8:315-317.

Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD, Ortiz-Gonzalez XR,
Reyes M, Lenvik T, Lund T, Blackstad M, Du ], Aldrich S, Lisberg A, Low WC, Lar-
gaespada DA, Verfaillie CM (2002) Pluripotency of Mesenchymal Stem Cells Derived
from Adult Marrow. Nature 418:41-49.

D’Ippolito G, Diabira S, Howard GA, Menei P, Roos BA, Schiller PC (2004) Marrow-
Isolated Adult Multilineage Inducible (MIAMI) Cells, A Unique Population of Post-
natal Young and Old Human Cells with Extensive Expansion and Differentiation
Potential. J Cell Sci 117:2971-2981.

Beltrami AP, Cesselli, D, Bergamin N, Marcon P, Rigo S, Puppato E, D’Aurizio F, Ve-
rardo R, Piazza S, Pignatelli A, Poz A, Baccarani U, Damiani D, Fanin R, Mariuzzi L,
Finato N, Masolini P, Burelli S, Belluzzi O, Schneider C, Beltrami CA (2007) Multipo-
tent Cells Can Be Generated In Vitro from Several Adult Human Organs (Heart, Liv-
er And Bone Marrow). Blood 110:3438-3446.

Kucia M, Reca R, Campbell FR, Zuba-Surma E, Majka M, Ratajczak ], Ratajczak MZ
(2006) A Population of Very Small Embryonic-Like (VSEL)
CXCR4(+)SSEA-1(+)Oct-4+ Stem Cells Identified in Adult Bone Marrow. Leukemia
20:857-869.

Ratajczak MZ, Kucia M, Majka M, Reca R, Ratajczak J (2004) Heterogeneous Popula-
tions of Bone Marrow Stem Cells--Are We Spotting on the Same Cells from the Dif-
ferent Angles? Folia Histochem Cytobio 42:139-146.

Zuba-Surma EK, Kucia M, Wu W, Klich [, Lillard JW Jr, Ratajczak J, Ratajczak MZ.
(2008). Very Small Embryonic-Like Stem Cells Are Present in Adult Murine Organs:

Imagestream-based Morphological Analysis and Distribution Studies. Cytometry A
73A:1116-1127.

Zuba-Surma EK, Wu W, Ratajczak ], Kucia M, Ratajczak MZ (2009) Very Small Em-
bryonic-Like Stem Cells in Adult Tissues-Potential Implications for Aging. Mech
Ageing Dev 130:58-66.

21



22

Pluripotent Stem Cells

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Shin DM, Zuba-Surma EK, Wu W, Ratajczak J, Wysoczynski M, Ratajczak MZ, Kucia
M (2009) Novel Epigenetic Mechanisms that Control Pluripotency and Quiescence of
Adult Bone Marrow Derived Oct4(+) Very Small Embryonic-Like Stem Cells. Leuke-
mia 23:2042-2051.

Shin DM, Liu R, Wu W, Waigel SJ, Zacharias W, Ratajczak MZ, Kucia M (2012) Glob-
al Gene Expression Analysis of Very Small Embryonic-Like Stem Cells Reveals That
the Ezh2-Dependent Bivalent Domain Mechanism Contributes To Their Pluripotent
State. Stem Cells Dev 21:1639-52.

Ratajczak MZ, Machalinski B, Wojakowski W, Ratajczak J, Kucia M (2007) A Hypoth-
esis for An Embryonic Origin of Pluripotent Oct-4(+) Stem Cells in Adult Bone Mar-
row and Other Tissues. Leukemia 21:860-867.

Bhartiya D (2012) Pluripotent Very Small Embryonic-Like Stem Cells Get Discarded
During Cord Blood and Bone Marrow Processing. Stem Cells Dev 21:2563-2564.

Ratajczak MZ, Zuba-Surma EK, Shin DM, Ratajczak J, Kucia M (2008) Very Small
Embryonic-Like (VSEL) Stem Cells in Adult Organs and Their Potential Role in Reju-
venation of Tissues and Longevity. ExpGerontol 43:1009-1017.

Li L, Clevers H (2010) Coexistence of Quiescent and Active Adult Stem Cells in
Mammals. Science 327:542-5.

De Rosa L, De Luca M (2012) Cell Biology Dormant and Skin Stem Cells. Nature
489:215-217.

Ratajczak MZ, Shin DM, Kucia M (2009) Very Small Embryonic/Epiblast-Like Stem
Cells: A Missing Link to Support the Germ Line Hypothesis of Cancer Development?
Am ] Path 174:1985-1992.

Ratajczak MZ, Shin DM, Liu R, Marlicz W, Tarnowski M, Ratajczak ], Kucia M.
(2010) Epiblast/Germ Line Hypothesis of Cancer Development Revisited: Lesson
from the Presence of Oct-4(1) Cells In Adult Tissues. Stem Cell Rev 6:307-316.

Kucia M, Halasa M, Wysoczynski M, Baskiewicz-Masiuk M, Moldenhawer S, Zuba-
Surma E, Czajka R, Wojakowski W, Machalinski B and Ratajczak MZ (2007) Morpho-
logical and Molecular Characterization of Novel Population of cxcr4+ SSEA-4+
Oct-4+ Very Small Embryonic-Like Cells Purified From Human Cord Blood — Pre-
liminary Report. Leukemia 21:297-303

Liedtke S, Enczmann J, Waclawczyk S, Wernet P, Kogler G (2007) Oct4 and Its Pseu-
dogenes Confuse Stem Cell Research. Cell Stem Cell 1:364-366.

Liedtke S, Stephan M, Kogler G (2008) Oct4 Expression Revisited: Potential Pitfalls
for Data Misinterpretation in Stem Cell Research. ] Biol Chem 389:845-850.

Wang X, Dai J (2010) Isoforms Of OCT4 Contribute to the Confusing Diversity in
Stem Cell Biology. Stem Cells 28:885-893.



[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

An Overview of Pluripotent Stem Cells
http://dx.doi.org/10.5772/55130

Takeda J, Seino S, Bell GI (1992) Human Oct3 Gene Family: cDNA Sequences, Alter-
native Splicing, Gene Organization, Chromosomal Location, and Expression at Low
Levels in Adult Tissues. Nucleic Acids Research 20:4613-4620.

Bhartiya D, Sriraman K, Parte S (2012) Stem Cell Interaction with Somatic Niche may
hold the Key to Fertility Restoration in Cancer Patients. Obstet and Gynec Intl 2012:
921082.

Virant-Klun I, Rozman P, Cvjeticanin B, Vrtacnik-Bokal E, Novakovic S, Riilicke T,
Dovc P, Meden-Vrtovec H (2009) Parthenogenetic Embryo-Like Structures in The
Human Ovarian Surface Epithelium Cell Culture in Postmenopausal Women with
No Naturally Present Follicles and Oocytes. Stem Cells Dev 18:137-149.

Bukovsky A, Svetlikova M, Caudle MR (2005) Oogenesis in Cultures Derived from
Adult Human Ovaries. Reprod Biol Endocrinol. 3:17.

Zuba-Surma EK, Wojakowski W, Ratajczak MZ, Dawn B (2011) Very Small Embry-
onic-Like Stem Cells: Biology and Therapeutic Potential for Heart Repair. Antiox Re-
dox Signal 15:1821-1834.

Wojakowski W, Kucia M, Zuba-Surma E, Jadczyk T, Ksiazek B, Ratajczak MZ, Ten-
dera M (2010) Very Small Embryonic-Like Stem Cells in Cardiovascular Repair.
Pharmacology & Therapeutics 129:21-28.

Paczkowska E, Kucia M, Koziarska D, Halasa M, Safranow K, Masiuk M, Karbicka A,
Nowik M, Nowacki P, Ratajczak MZ, Machalinski B (2009) Clinical Evidence that
Very Small Embryonic-Like Stem Cells are Mobilized into Peripheral Blood in Pa-
tients after Stroke. Stroke. 40(4):1237-1244.

Drukata J, Paczkowska E, Kucia M, Mtyniska E, Krajewski A, Machaliniski B, Madeja
Z, Ratajczak MZ (2012) Stem Cells, Including A Population of Very Small Embryon-
ic-Like Stem Cells, Are Mobilized into Peripheral Blood in Patients After Skin Burn
Injury. Stem Cell Review 8:184-194.

Ratajczak J, Zuba-Surma E, Paczkowska E, Kucia M, Nowacki P, Ratajczak MZ (2011)
Stem Cells for Neural Regeneration--A Potential Application of Very Small Embry-
onic-Like Stem Cells. Journal of Physiology and Pharmacology 62:3-12.

Ratajczak J, Wysoczynski M, Zuba-Surma E, Wan W, Kucia M, Yoder MC, Ratajczak
MZ (2011). Adult Murine Bone Marrow-Derived Very Small Embryonic-Like Stem

Cells Differentiate into the Hematopoietic Lineage after Coculture over OP9 Stromal
Cells. Exp Hematol 39:225-237.

Ratajczak MZ, Liu R, Marlicz W, Blogowski W, Starzynska T, Wojakowski W, Zuba-
Surma E (2011) Identification of Very Small Embryonic/Epiblast-Like Stem Cells
(Vsels) Circulating in Peripheral Blood During Organ/Tissue Injuries. Methods Cell
Biol 103:31- 54.

23



ntechOpen

ntechOpen



