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ABSTRACT

Recent studies in the field of regenerative medicines suggesting the potential benefits of
iPS cells have made the scientists to develop novel techniques which can produce iPS
cells from terminally differentiated cells. The current review looks into the different
factors involved in reprogramming a differentiated cell and also gives a brief overview of
different approaches.
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INTRODUCTION

In sexual reproduction, when the male &
female gamete fuse, they give rise to a
totipotent cell (zygote) which have the unique
ability of giving rise to all the cells of an
organism including the extraembryonic
tissues [1]. During its development, it
repeatedly divides and gives more totipotent
cells and its due course gets more and more
specialized. Totipotent cells first give rise to
the pluripotent cells which can give rise to all
the cells except the extraembryonic tissue.
As this process continues, pluripotent cells
give rise to multipotent, then oligopotent,
unipotent and finally the terminal fully
differentiated cell of a system. In the past,
efforts had been made to reverse the process
of differentiation and thereby reprogramming
fully differentiated cells to pluripotency. The
approach of reprogramming a cell to its
pluripotent stage is called as induced
pluripotency and the cells obtained are called
as induced pluripotent stem cells (iPSCs).
This would help us find a solution to various
diseases[1]. Studies showed that the number
of cell divisions is a key parameter driving
epigenetic reprogramming to pluripotency.
Almost all donor cells eventually give rise to
iPSCs upon continued growth and
transcription factor expression the stability of
which is regulated by endogenous genetic
determinants and can be modified by
exogenous factors [2], [3].

KEY FACTORS
CHALLENGES

Somatic cells can be reprogrammed into
induced pluripotent stem (iPS) cells by over
expressing combinations of factors such as
Oct4, Sox2, Klif4, and c-Myc in stoichiometric
requirements [4]. Another study shows that
different functional moieties of the Myc proto-
oncogene products are involved in the
transformation and promotion of directed
reprogramming rather than one [5]. It was
also found that along with the 4 main
reprogramming factors, the Spalt
transcription factor, Sall4 can enhance the
rate of reprogramming [6]. Reprogramming is
slow, stochastic and has a low frequency
suggesting the existence of barriers limiting

AND ASSOCIATED

its efficiency. Studies show that senescence,
DNA methylations are some of the barriers
[7-9]. Suppressing the p53 pathway involved
in senescence increases the no. of iPSCs
formed [10]. Efficient reprogramming requires
chromatin remodeling, translational
regulation, RNA inhibition of transcription
factors and efficient degradation of no longer
needed proteins and RNAs [11-13]. Foxd3
forkhead transcription factor and mir-302
microRNA (miRNA) family (mir-302s) are
found to be a key factor [14], [15]. Pol-lI-
based intronic mMiRNA expression system
was used to transgenically transfect the mir-
302s and was found that the cell had a highly
demethylated genome [14]. G; signaling plays
a critical role in the morphology and
organization of pluripotent colonies [16]. A
major impediment to the use of iPS cells for
therapeutic purposes has been the viral-
based delivery of the reprogramming factors
because multiple proviral integrations pose
the danger of insertional mutagenesis [17].
The delivery of reprogrammable factors to
terminally differentiated cells helped in
gaining induced pluripotency in the cells
either by exogenous or endogenous means.
But, the reprogramming factors tend to
segregate in subsequent passaging thereby
losing a subset of the signature
reprogramming factors. Drug treatment of the
cells resulted in “secondary” iPS cell
derivation only when the missing factor was
introduced. This creates a defined platform
for studying reprogramming mechanisms and
allows screening of genetically homogenous
cells for compounds that replace any
transcription factor required for iPS cell
derivation [18].

CURRENT SCENARIO AND PROGRESS

Several approaches had been adopted to
reprogram the cell in various cells like
fibroblast, adipose tissue, cardiac cells,
blastocyst embryos, etc. in various organisms
like mouse, rat, primate as well as in human
[19-22]. An experiment carried out in 2008
used extracts of mouse embryonic stem (ES)
cells and human somatic 293T cells to
achieve pluripotent state [23]. Initially, only
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non-terminally  differentiated cells like
fibroblast cells were used to produce iPSCs
but in the year 2008, iPSCs were obtained
from terminally differentiated B cells [24],
[25]. Similarly, iPSCs were derived from
patients with a variety of genetic diseases
[26-28]. A year later, another paper
demonstrated the use of fused mouse
embryonic stem (ES) cells and human
fibroblasts thereby achieving iPSCs rapidly (1
day) and efficiently (70%) [8].

REVERSING THE
ENDOGENOUS APPROACH
Somatic cells from adult primates was
reprogrammed into a pluripotent state with 3
fold increased in the pluripotent cells by using
somatic cell nuclear transfer into oocytes
using different nuclear donor cells [20]. Short
interfering RNA (siRNA)-mediated
knockdown showed that activation-induced
cytidine deaminase (AID, also known as
AICDA) is required for promoter
demethylation and induction of OCT4 (also
known as POUSF1) and NANOG gene
expression [8] and thereby nuclear
reprogramming. In the same year, another
study showed that the cells expressing the
pluripotency marker stage specific embryonic
antigen 3 (SSEA3) have enhanced iPSC
generation efficiency [29]. Protein induced
human iPS (p-hiPS) cells were obtained from
human fibroblasts by directly delivering four
reprogramming proteins fused with a cell
penetrating peptide (CPP) [30]. This paves
the way for a safer reprogramming strategy.
Studies have shown that small molecules
offer an alternative to replace virally
transduced transcription factors with chemical
signaling cues responsible for
reprogramming. In such an attempt, KIf4 was
replaced by a small molecule, kenpaullone
and it was observed that iPSCs were
generated in lieu of Kif4 [31]. Another novel
method devised in the year 2010 used low
oxygen tension and a novel anti-oxidant, 4-
(3,4- dihydroxy-phenyl)-derivative (DHP-d) to
directly induce adipose tissue stromal cells
(ATSC) to de-differentiate into more primitive
stem cells [32].

FATE-USING

REVERSING THE FATE-USING VECTOR
APPROACH

A completely different approach for nuclear
reprogramming was achieved by using
exogenous vector means. These include use
of various vectors like plasmids and viruses.
iPSCs from mouse embryonic fibroblasts
were obtained by transducing transcription
factors expressed from doxycycline (dox)
inducible lentiviral vectors and found that
transgene silencing is a prerequisite for
normal cell differentiation [33], [34]. This was
followed by another similar research showing
the wuse of retroviral transduction of
reprogramming factors to blood cells in order
to find cure for somatic mutation of
hematopoietic lineages [35]. A single virus
supporting efficient polycistronic expression
from a single promoter for up to four
reprogramming factors was used in another
study [17], [36]. Months later, a single vector
plasmid based reprogramming system was
combined with a piggyBac transposon to
achieve robust iPSCs were obtained [37],
[38]. In the same year, another experiment
suggested the use of episomal vectors which
are non viral or which do not integrate in the
host genome was found to be safer than the
former integrative vectors. This study also
showed the maintenance of donor cell’s gene
expression along with efficient generation of
iPSCs [36], [39]. All the hype around the
iPSCs is due to its possibility in changing the
current scenario of regenerative medicine.
Using lentiviral constructs, it was seen that 3-
regrogrammable factor based iPS progeny
generated without the c¢-MYC enhances
production of pluripotent stem cells with
innate cardiogenic potential [40], [41].

FUTURE AHEAD

Though the iPSCs have immense potential,
its use for various clinical and regenerative
medicinal purposes haven't gained much
pace due to low frequency and inefficient
generation. Various ways have been
developed but none have proved their worth.
Better understanding of the molecular
machinery involved in the differentiation and
cell division will enable the development of
more efficient techniques.
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