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For a stem cell to be pluripotent, it must express nuclear 
Octamer binding protein (OCT-4).  If the embryonic stem 
(ES) cells lose OCT-4 expression during culture, it is 
concluded that they must have differentiated and a new vial 
of frozen ES cells has to be revived for various experiments.  
Being a transcription factor, OCT-4 acts by binding to DNA 
and regulates the expression of several genes involved in 
embryonic development and also ES cells differentiation.  
Besides OCT-4, other pluripotent markers expressed by ES 
cells include SSEA-4, TRA-1-80, TRA-1-60, SOX-2, 
NANOG, REX.  In fact OCT-4, SOX-2 and NANOG are 
transcription factors together termed as the “Triumvirate of 
Pluripotency”

[1,2] 
and co-occupy promoters of at least 353 

genes in ES cells.  OCT-4 belongs to Octamer class of 
transcription factors that recognize 8 base pairs DNA site 
with the consensus ATGCAAAT.  Along with PIT and UNC 
protein, OCT defines POU class of transcription factors that 
interacts with DNA. OCT-4 is crucial for pluripotency & self-
renewal and silencing OCT-4 results in differentiation of ES 
cells

[3]
.  The work that was awarded Nobel Prize for 

Medicine in 2012 showed that OCT-4 is also crucial to re-
establish pluripotency during reprogramming of adult 
somatic cells to embryonic state while making iPS stem 
cells

[4]
. 

 
During the early embryonic development, cells comprising 
inner cell mass of blastocyst are pluripotent, express 
nuclear OCT-4 and are used  as  starting  cells  to  establish 
ES    cell   cultures   in   vitro.   Blastocyst  develops  into  an  
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Pluripotent stem cells have the potential to differentiate into 200 odd cell types present in adult body.  Pluripotent stem cells 
available for regenerative medicine include embryonic stem (ES) cells, induced pluripotent stem (iPS) cells and very small ES-like 
stem (VSELs) cells.  Nuclear OCT-4 is one of the crucial factors that dictate pluripotent state.  Compared to ES/iPS cells grown in 
Petri dish, VSELs exist in adult body organs and results are emerging to suggest that they may have better potential to regenerate 
adult organs. This is because of their distinct epigenetic status as they are closer to the primordial germ cells from the epiblast-
stage embryo compared to inner cell mass from which ES cells are obtained in vitro.  We need to make special efforts to study 
them as they are very small in size and tend to get lost during processing.  VSELs exist in adult organs, get mobilized in response 
to stress, undergo asymmetric cell divisions to give rise to tissue specific progenitors which further differentiate into various cell 
types and are possibly better candidates for regenerative medicine because they have no associated risk of tumor formation or 
immunological rejection. They are possibly also the ‘embryonic remnants’ in adult organs responsible for initiating cancer.  Thus, 
rather than not accepting VSELs because they neither form teratoma nor divide in vitro like ES cells, it is time that scientific 
community should think of revising the definition of the term ‘pluripotency’. 

epiblast stage embryo where a small number of cells termed 
primordial germ cells (PGCs) retain pluripotency and give 
rise to germ cells whereas majority of cells lose the 
pluripotent state and differentiate into somatic organs in the 
body. OCT-4 expression is thus expected to get restricted to 
the PGCs and somatic organs should ideally not express 
OCT-4.  PGCs migrate along the dorsal mesentery and reach 
the gonadal ridge where they give rise to gonocytes. 
However, seminal contribution from Prof. Ratajczak’s group 
from University of Louisville, USA has shown that PGCs 
while migrating to the gonads also migrate to all developing 
somatic organs and survive throughout life in small numbers 
and are termed as very small embryonic-like stem cells 
(VSELs)

[5,6]
. 

 
Compared to ES/iPS cells which are grown and exist in 
cultures, VSELs are true pluripotent stem cells that exist 
in body organs.  They are mobilized whenever functioning 

of any of the body organ is compromised
 [7-11]

 in an attempt to 
facilitate regeneration but normally remain quiescent and act 
as a backup pool of stem cells, undergo asymmetric cell 
division to self-renew and give rise to tissue specific 
progenitors which divide rapidly and differentiate into tissue 
specific cell types.  This is in agreement with recent 
publications describing dormant and restless stem cells in 
bone marrow, hair follicle, gut epithelium etc.

[12,13]
.  Several 

groups have reported on the differentiation potential of 
VSELs into various lineages

[14-20]
.  Interestingly,  VSELs  are 

considered  to  be  the ‘embryonic  remnants  in  adult tissue’ 
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suggested by Rudolf Virchow, Julius Cohnheim, and John 
Beard in 19

th
 and 20

th
 centuries possibly responsible for 

various cancers in adult life
[21]

. 
 
While studying OCT-4 expression in various cell types, we 
need to be aware that it exists as two major alternatively 
spliced isoforms OCT-4A and OCT-4B

[22,23]
.  Of these OCT-

4A has nuclear expression and is responsible for pluripotent 
state of a cells and once the cells initiates differentiation, 
nuclear OCT-4 is as longer required, shifts to the cytoplasm 
and eventually gets degraded as cell differentiates further.  
We have observed that immediate descendants or the tissue 
specific progenitors which arise from VSELs can be identified 
by presence of cytoplasmic OCT-4 which eventually 
disappears as cells get further differentiated.  This interesting 
OCT-4 immuno-staining pattern was first reported while 
studying human testicular tissue. Cells with nuclear OCT-4 in 
adult human testicular cell smears (Figure 1) are few in 
number whereas cells with cytoplasmic OCT-4 divide rapidly, 
undergo clonal expansion and then differentiate further to give 
rise to tissue specific cell types

[24]
.  Similarly, we have 

reported presence of VSELs in adult mammalian ovarian 
surface epithelium.  These stem cells are smaller than RBCs, 
express nuclear OCT-4 and cell surface SSEA-4 whereas the 
immediate progenitors express cytoplasmic OCT-4

[25]
.  

Occasionally, we observe the presence of germ cell nests 
with cytoplasmic OCT-4 which actually represents clonal 
expansion of progenitors and later breakdown and undergo 
further differentiation and meiosis into oocytes

[26,27]
.  We have 

proposed that VSELs may be implicated in ovarian 
cancers

[28,29] 
and also pancreatic cancers

[30]
.  

 
Then why these stem cells (VSELs) are not getting accepted 
by various investigators for regenerative medicine?  The main 
reason is their very small size because of which they have 
eluded the scientific community at large, easily lost during 
processing

[31]
 and controversy over their very existence 

erupted in 2013
[32,33]

.  But this appears to be more of a 
technical issue and was addressed by Ratajczak’s group

[34]
. 

Although presence of VSELs was denied by Weissman's 
group in 2013

[35]
, they did discuss a ‘mystery population’ of 

LIN-/SCA-1+   quiescent   cells   in  mouse   bone   marrow  in 
1998

[36]
.  However, it was Ratajczak’s group which described 

and characterized  these cells in  details  for  the  first  time  in 
 
 
 

2006
[37] 

and at present more than 100 publications exist on 
PubMed describing various aspects of VSELs biology. 
 
 
This brings us to the intricacies of pluripotency. Let us now 
examine and compare ES cells with VSELs (Figure 2).  Both 
are pluripotent and have the ability to differentiate into three 
germ layers.  However, VSELs neither form teratoma nor 
integrate in a developing embryo to form a chimera.  More 
importantly, VSELs cannot be expanded as cell lines 
implying that they remain quiescent in vitro.  They do not 
proliferate in culture like ES cells.  Due to these differences, 
scientific community does not accept VSELs as pluripotent 
stem cells like ES cells and this needs to be urgently 
discussed in various forums.  Formation of teratoma is 
considered as a gold standard test to evaluate pluripotency 
of ES cells.  We need to remember that VSELs are 
pluripotent stem cells existing in adult body organs and 
nature has provided them inherent mechanisms to remain 
quiescent

[38,39]
 otherwise adult body organs will have tumors 

all the time.  The other concern is that if they exist in very few 
numbers – how they can be used to regenerate adult 
organs? The response to this is that stem cell biologists need 
to think beyond injecting stem cells for regeneration – 
strategies need to be evolved which will allow manipulation of 
endogenous VSELs to our advantage.  Compared to ES 
cells, which have associated issues of immune-rejection and 
teratoma formation, VSELs can be isolated from autologous 
source and do not form teratoma. Once these properties of 
VSELs being better compared to ES cells are understood 
and appreciated – the need for technologies like iPS cells 
or therapeutic cloning (SCNT) for obtaining patient 
specific stem cells which will not face immune rejection 
during cell therapy will become redundant.   

 
 
Data has now emerged in our lab that VSELs have better 
differentiation ability compared to ES/iPS cells.  Firstly we 
have shown that VSELs readily differentiate into                    
gametes

[17,18] 
whereas obtaining synthetic gametes from 

ES/iPS cells still remains a distant dream
[40]

.   Secondly in 
the field of pancreas biology, ES/iPS cells are falling short as 
they   tend   to   give   rise  to    their   fetal  counterparts

[41,42] 

compared to VSELs  which  regenerate  both  beta  and  islet 
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Figure 1: Immunolocalization of OCT-4 in adult human testicular tissue smear (A) and sections (B-D) collected from a patient undergoing orchidectomy as part of 
management of prostate cancer (results published earlier, Bhartiya et al, 2010).  As evident, two distinct populations of spherical cells with nuclear and 
cytoplasmic OCT-4 were observed in the testicular cells smear (A).  Both the cell types with nuclear OCT-4 (VSEL) and with cytoplasmic OCT-4 (spermatogonial 
stem cells, SSCs) were also detected in a testicular section (B).  SSCs with cytoplasmic OCT-4 undergo clonal expansion as evident by the presence of 
cytoplasmic connectivity amongst them which appear as a chain in the sections (C&D). Magnification A&D 40X and B&C 20X. 
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cells in adult mouse pancreas after partial                                        
pancreatectomy

[18]
.  It is the distinct epigenetic state of 

VSELs which gives them better ability to differentiate 
compared to ES/iPS cells.  VSELs are the PGCs and thus 
have undergone novel imprint erasure on paternally 
imprinted DMRs (H19-Igf2, RasGRF1).  It appears difficult to 
obtain this distinct epigenetic state in vitro starting with ES 

cells and attempts to convert ES cells into PGCs have not 
been successful yet

[43]
 although attempts are ongoing since 

mES cells were reported more than 30 years ago
[44,45] 

or hES 
cells reported more than 15 years ago

[46]
 and even using the 

Nobel Prize winning iPS cells
[4]

.  
 
It becomes prudent, at this juncture, to contemplate how a 
pluripotent stem cell with open euchromatin becomes 
committed and initiates differentiation.  Majority of the 
chromatin gets inactivated and only specific genes 
responsible for the fate to which the stem cell becomes 
committed remain active and drive differentiation into that 
specific lineage.  Imagine that it is the same VSEL which in 
the testis gives rise to spermatogonial stem cells (SSCs) and 
in ovary give rise to ovary germ stem cells which in turn 
differentiate  into  sperm  and  oocytes  respectively. Similarly  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VSELs  in pancreas give rise to progenitors which co-express 
OCT-4 and PDX-1

[18]
 and further differentiate into pancreatic 

lineage.  This formation of distinct progenitors is dictated by 
the niche (microenvironment) where the VSEL is localized.  
Inducing similar epigenetic changes in vitro in ES/iPS cells 
has proved to be almost impossible and a major underlying 
road block before translation.   
 
In 1998, pluripotent stem cells were reported to be derived 
from inner cell mass (ES cells) by Thomson’s group and from 
embryonic primordial germ cells (EG cells) by Gearhart’s 
group

[47]
.  Stem cells derived by Gearhart’s group failed to 

make a dent as they did not show good expansion potential 
in vitro.  We believe VSELs are similar to EG cells and in the 
long run will prove to be the perfect candidates for 
regenerative medicine.    It was recently suggested in Focus 
Issue on Regenerative Medicine in Nature Medicine to better 
understand stem cell biology and their regulation by the niche 
before rushing to the clinics

[48]
.  This is so very true.  Let us 

first decide which are the perfect stem cell candidates for 
regenerative medicine and re-define the term ‘pluripotency’.  
Inability of VSELs to form teratoma or integrate in developing 
embryo does not lessen their regenerative ability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Schematic diagram of various pluripotent stem cells available for regenerative medicine.  As evident VSELs are pluripotent stem cells present in the 
adult body organs and are crucial for normal functioning compared to ES/iPS cells which exist only in a culture dish.  
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