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ABSTRACT
Knowledge of stem cell therapeutics has opened the door for a very advanced, promising and highly efficient scientific
research technique. The achievements of various paths of dividing patterns in this area open a new era of treatment.
The stem cells regeneration is followed by various lab techniques of culturing diverse types of cells. Quality control
and teratoma formation assays are the techniques used for assessing the growth kinetic properties of the stem cells
tested. Diverse culturing mediums are experimented to evaluate appropriate natural type environmental conditions for
specified differentiation. The graphene scaffolds (Porous nature structure) and the great potential of extracellular
vesicle-based therapeutics attain remarkable position in scientific era because of their versatility. This review is mainly
concerned with the finding of diverse stem cells & their potential therapeutic actions. Diverse variety of actions of stem
cells make way for highly efficient methods in recent medicine, providing alternate for not curable diseases. The aim of
this review is to attract the attention of researchers towards the therapeutic potential of stem cells.
KEYWORDS: Embryonic stem cell, Totipotent, Undifferentiated cell, Stem cell therapy

INTRODUCTION
Stem cells are highly undifferentiated cells that are present
in the embryonic, fetal, and adult/mature phases of life
and divide to generate differentiated cells/G0 stage that
are building blocks of life (Shih et al., 2007). After birth
stem cells that have tissue-specific in nature are found in
organs and have a power of repairing to injured tissues of
organ (Kolios et al., 2013). They have remarkable potential
to divide arithmetically and differentiate into functional
cell of a living organism and have capability of self-renewal
(Miotti et al., 2021). There are various synchronized steps
of specialization (Pagliari et al., 2014). With every step
developmental potency keeps on reducing, this means
that a stem cell with unipotency property is differentiate
into single type of cell (Zakrzewski et al., 2019). The chief
uniqueness in stem cells are: (a) property of self-renewal
(b) formation of clone, and (c) potency power (Rajabzadeb
et al., 2019). These properties may differ among a variety
of stem cells. such as, embryonic stem cells (ESCs)

originate from the embryonic stage of blastocyst with a
greater ability for self-renewal nature and high potency
power while stem cells found in phase of adult tissue
having limited self-renewal nature while they would not
proliferate widely and can simply differentiate into related
tissue-specific cells (Hall et al., 2009).
The organism developments start from the zygote and
further propagate through blastocyst having ESCs are
differentiate into the 3 germ layers ectoderm, mesoderm,
& endoderm (Zoldan et al., 2011). These 3 different germ
layers divide differently to give specific organs (Poh et
al., 2014). Diverse types of the progenitor cells that divide
to generate organ formation do not terminally/permanently
differentiate other than retained the power to function as
tissue stem cells and can be abundant in bursa of babricus
in bone marrow, long bones, blood cells, muscle part,
lobules of liver, brain, fat storing adipose tissue, dermal
layer of skin, and the lower region of gastrointestinal tract
(Stangler et al., 2007; Andoniadou et al., 2013). The stem
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cells in tissue may be known by the name of progenitor
cells while they divide to finally differentiated and
specialized cells present in tissue or organ (Byder et al.,
2006) These cells might be arrested in G0 stage within tissue
but would proliferate or enter in to G1 under conditional
circumstances of tissues repair and injury (Mu et al., 2011).
The growth pattern and their products of tissue stem cells
varies from tissue to tissue; such as, lobule of liver, in
bone marrow of long bone, lung, and intestinal part of gut,
stem cells frequently proliferate or divide to form
supplement cells throughout normal turnover or tissue
injury while in the other organs such as pancreas, heart,
or the nervous system they divide to substitute damaged
cells following injury (Odonoghue et al., 2004; Rana et al.,
2017; Otto et al., 2002).
In new scientific era of medicine, experiments on stem cells
therapy and organ regeneration techniques commenced
with the 1st efforts at transplantation of bone marrow in
animal during the 1950s (Martin et al., 2008). These
revolutionary achievements opened the path for human
bone marrow transplantation, a technique currently widely
applied in different blood related disorders (Chinen et al.,
2010). This innovative therapeutic approach discovered
the existence of stem cells that used to regenerate mature
tissue (Pellegrini et al., 2009). Currently, regenerative
medicine is a foremost center of research not only to find
therapeutic system other than also to understand
fundamental biology and the diseases pathogenesis
mechanism (Synder et al., 2018). Even though a number of
moral or ethical issues have arisen in research related to
stem cell, fresh achievements in isolation of stem cell and
development have assisted a scientific world to recognize
and media culture specific cell types for tissue regeneration
in a variety of disorders such as brain related Parkinson’s,
memory related Alzheimer’s, or pace maker related diseases
of the heart, muscles, lung, liver, and other organs (Zocchi
et al., 2019)
Stem Cell Classification Stem cells can be categorized on
the basis of their differentiation potential mainly into 5
groups: 1st is totipotent, 2nd is pluripotent, 3rd is multipotent,
4th is oligopotent, and 5th is unipotent (Kastenberg et al.,
2008).
Totipotent stem cells initially divide by geometric mitosis
and further by arithmetic mean of mitosis to give rise of
whole organism (Bogdan et al., 2014). They have the
highest degree of differentiation potential & dictate
dividing cells to generate both embryonic and extraembryonic features. The significant example of totipotency
is resided in human zygote or in embryo up to 8 cells stage
(Ishiuhi et al., 2013). Monozygotic twins are example of
2

totipotency. After approx 4 days or beyond 16 cells stages
the blastocyst’s inner cell mass attains pluripotent.
Pluripotent stem cells (PSCs) form a variety of types of
cells of all germ layers but are not capable to generate
extra embryonic structures, for instances the placenta (Liu
et al., 2020). Embryonic stem cells (ESCs) have a capability
to generate whole organ. The inner cell mass of preimplantation embryos is a good source of ESCs (Hall, 2008).
Self-renewal property not allow the cells from clumping or
aggregation on media having serum & leukemia inhibitory
protein/factor or media free from serum supplements with
additional 2 inhibitory drugs (“2i”), the MEK inhibitor
PD03259010 & GSK-3 inhibitor CHIR99021. Epiblast layers
of implanted embryos also even a good source of
pluripotent stem cells (iPSCs) (Dakhore et al., 2018).
Beyond pluripotency, the cells differentiates with low
potent power—multi-, oligo- or unipotent cells. Techniques
used to access their action & broadly spectrum is the
teratoma formation assay (Zakrzewski et al., 2019). Now
scientist finds a way to transformed somatic cell in to
artificially generated iPSCs, and the dividing pattern is
similarly to PSCs. Their pathways of dividing, culturing
and utilization open a new era for future regenerative
medication.
Multipotent stem cells Stem cells having Multipotency
property have a little level of differentiation as compare
with PSCs, with a property of high level of specialization
in generating discrete cells of particular cell lineages (Yoon
et al., 2011). Hematopoietic stem cell, have a property of
generating 3 types of blood cells (Giarratana et al., 2005).
After differentiation or arresting a cell in G0 stage, it
transformed in to oligopotent cell. Its differentiation
abilities are then restricted to cells of its lineage. However,
some multipotent cells are capable of conversion into
unrelated cell types, that property is known as plasticity.
Oligopotent stem cells be able to differentiate into quite a
lot of cell types (Majo et al., 2008). A myeloid stem cells
can divide mitotically into WBCs but not RBCs. Narrowest
differentiation abilities are resides in unipotent cells.
Unipotent stem cells divide to give same type of lineage
e.g. dermatocyte. The plasticity property open a new way
of therapeutic in regenerative medication (de Kreter et al.,
2007).
Neural Stem Cells Neural stem cells are multipotent
in nature along with self-replication property; they are
proliferating in specific molecular environments in
the mammalian brain of adult age. They can display
the potential role in cellular therapy of the brain (Temple,
2001).
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Gastrointestinal stem cells The gastrointestinal/gut tract
has stem cells that reside in a “niche” in the intestinal
region of crypts and salivary glands. The paths of action
of the diffusion of this converted clone in the mucosa of
gastrointestinal/gut tract are hotly disputed (Britan et al.,
2002).

Figure 1: Types of Stem Cell

Epidermal stem cells The epidermal layer is a speedily
rejuvenating tissue that has 3 types of keratinocytes with
diverse power of differentiation: 1st one is epidermis stem
cells, 2nd one is Transiently Amplified Cells (TA cells) and
3rd one is terminally/finally differentiated cells (Blanpain et
al., 2006). The stem cells present in epidermis have a power
of free self-renewal property. They are residing in the basal
layer and have a potential to maintain homeostatic
environment and power of cellular regeneration of injured
skin; capability of wound healing & power of neoplasm
development, while TA cells, newly generated cells from
the epidermal stem cells, finally go differentiation stage
following 3–5 divisions (Janes et al., 2002). After division,
TA cells migrate from basal layer to suprabasal layers to
the tissue surface, wherever they are sporadically drop as
squames (Watt et al., 2006).
Hepatic stem cells The liver has a remarkable property of
regeneration, utilizing various paths of regeneration
depending upon type and degree of the wound/injury.
Adult liver cells can divides to restore the damaged/non
functional tissue allow the regeneration of the parenchymal
tissue function. Chronic hepatic damage activates a
potential or active stem cell compartment which is
positioned in the intrahepatic biliary tree, which is known
by the name of oval cell ductular reaction mechanism
(Forbes et al., 2002).
Pancreatic stem cells Beta cells of pancreas formerly
generated from stem cells having pluripotent activity. The
proliferation of these stem cells would offer a novel cell
source for drug development and cell or tissue
transplantation/histocompatability therapy in patients
suffering from hyperglycemic conditions (Jiang et al.,
2014). Apoptosis of beta cells is happened in every 40-50
days. The stem cells of pancreatic ducts divide to
differentiation to form newly islet cells.

STEM CELL CLASSIFICATION BASED ON
DIFFERENTIATION POTENTIAL
The ability to differentiate, one of the two main
characteristics of stem cells, varies between stem cells
depending on their origin and their derivation (Figure 1)
[29].

STEM CELL CLASSIFIED ACCORDING TO
THEIR POTENTIAL AND ORIGIN OF
DIFFERENTIATION
Stem cells can be categorized into four wide categories
based on their origin: ESCs, fetal and adult stem cells, and
iPSCs (Muller et al., 2008). In general, ESCs and iPSCs are
pluripotent, whereas adult stem cells are oligopotent or
unipotent.
Em bryonic Stem Cells ESCs exhibit a property of
pluripotent, produced from the pre-implantation embryonic
blastocyst stage. ESCs can divide through arithmetically
mitosis and latter differentiate into 3 primary germ layers
but also retain undifferentiated property for a prolonged
period in culture condition among half of the cells (Bishop
et al., 2002). The 2 layers of cells are present in blastocyst
stage, i.e. the inner cell mass, which divide by mean of
arithmetically mitosis to give rise to embryo, and the
trophoblasts which is outer cell mass that also divide by
arithmetically mitosis to generate the placenta. Cells from
the inner cell layer are transferred to a culture media under
very specific microenvironments to propagate ESC lines.
ESCs presence is confirmed by Nanog and Oct4
transcription factors (Andrews, 2002). These transcription
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factors retain the stem cells in state of undifferentiation,
that’s have a property of self-renewal. During arithmetic
mitotic division of ESCs retained undifferentiated state
with significantly no genetic/chromosomal abnormalities
are propagated as an ESC line. These cells could be cryopreserved and thawed for further propagation in a culture
media for experimentation and therapeutic system. A lot of
problems are facing to maintain culture conditions to retain
cells ESCs in an undifferentiated state. The antidifferentiation cytokine leukemia inhibitory factor (LIF) is
used for culturing embryonic fibroblast cells (Martello et
al., 2014).
Adult Stem Cells Adult stem cells are isolated from adult/
mature tissue. Examples comprise MSCs derived from
amnion epithelial cells of human placental tissue. These
cells have a significant property to exhibits antiinflammatory and augment repair system of tissue injury
in animal (Young et al., 2004). Only drawback is to exhibits
limited differentiation capacity even though in vitro
conditions these cells have been potential to differentiated
into tissue from diverse germ cell layers. Benefits of
regeneration from self adult stem cells do not raise issues
of grafting rejection. Developing embryo, placenta & 3
germ layers are best source of adult stem cells.
Tissue-Resident Stem Cells During adult stages of tissue,
the ability of renew and repair injury is critically dependent
on tissue-resident stem cells that regenerate specifictissue, terminally differentiated function G0 arrested cells
(Muehlberg et al., 2009). Studies suggest that these cells
originate during ontogenesis and remain in a quiescent
state till local stimuli activate their proliferation,
differentiation or migration. Tissue-resident stem cells
inhabit in a ‘niche of stem cell’. The niche of stem cell is a
specific micro level cytoplasmic environment that put a
control over the self-renewal property and differentiation
ability of the cell. Extrinsic signals are critically influenced
the function of stem cell; so, the niche or microenvironment
plays a crucial role in homeostasis and tissue repairmen of
stem cell. The greater parts of tissue-resident stem cells
are dormant during normal conditions however show
activation by precise signals in repair and injury conditions
(Raveh et al., 2013). This dormancy of tissue-resident stem
cells is dependent on niche environment. Dormancy
property is critical to maintaining a cells size number that
do not allow performing other functions apart from
generating tissue-specific cells during tissue repairmen.
Scientific world need to study the molecular environment
that triggers stem cells to exhibit a self-renewal property
and proliferation to differentiation and to study tissue
specific signals. In addition, the types of cell division that
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a stem cell undergoes determine the cells the type of cells
generates. Symmetrical cell division by a stem cell results
in identical daughter cells, which provides new cells to
restitute damaged cells following injury. The uncontrolled
division in stem cell proliferation creates a condition of
stem cell hyperplasia or phenomena of carcinogenesis
whereas a decline in stem cells would impair in function of
organ repair; therefore, balancing in stem cell homeostatic
environment is very crucial (Pinilla et al., 2009).
Asymmetric division occurs when a stem cell generates
an identical daughter cell and a second differentiated
daughter cell. This process allows for organ repair and
regeneration while maintaining a population of stem cells.

CLINICAL APPLICATION
Stem Cells and diabetes mellitus Stem cells have
remarkable ability for regenerating injured or dead cells,
tissues and organs. Stem cell therapy has opened a new
path for glucose-responsive beta cells of pancreases to
Type 1 diabetic patients as a good option to transplantation
(Hussain et al., 2004). Mesenchymal stem cells (MSCs)
will divide and differentiate or function according to their
microenvironment. When MSCs inserted into the pancreas
organ in vivo, it is predictable that MSCs will specifically
differentiate into pancreatic cells that have property of
both exocrine and endocrine secretion and function. Thus,
MSCs transplantation from stem cells obtained from bone
marrow can property to repair the pancreas region by
imparting paracrine eff ects and other cellular
differentiation (Soejitno et al., 2011).
Stem cell therapy and Parkinson’s disease Parkinson’s
disease (PD) is a worldwide neurodegenerative condition
due to the low level of Nigrostriatal Dopamine (DA)
neurons. MSCs are remarkable ability of differentiation
into tyrosine hydroxylase-positive enzymatic system of
neurons and can ameliorate motor neuron of mice. Human
MSCs, transplantation showed an enhancement of motor
nerve function in an animal (Lindvall, 2003).
Stem cells and heart disease Cardiologist looking forward
a new way of treatment for the patients suffering from the
cardiac disorders. Transfer of stem and progenitor cells in
heart can show positive sign of improvement on tissue
perfusion and contractile motion of injured heart. Stem
cells have the ability to advancement in relieving therapy
of patients suffered from acute myocardial infarction,
coronary arterial disorders & chronic heart failure
(Janssens et al., 2010).
Autoimm une diseases Autoimmune diseases are a
condition in which our immune response attacks ourselves
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normal tissues. MSCs used for the treatment of
autoimmune diseases. Patients suffered from severe
autoimmune disorders do not counter to the regular
treatment and frequently need autologenic or allogeneic
procedure of Hematopoietic Stem Cell Transplantation
(HSCT) (Davidson et al., 2001).
Liver diseases Liver failure and cirrhosis occur as a result
of bad eating habbits along with variety of hepatic chronic
injuries. MSCs have a remarkable ability to cure liver
disorders because of their regenerative power and
immunomodulatory potentials. Experimentally found
MSCs have potentials for immuno-modulation by
producing inhibitory cytokines or inducing the expansion
of regulatory T cells. MSC therapy becomes visible in
regulating the body immune system in tissue injury,
transplantation process, and autoimmunity disorders in
liver (Kallis wt al., 2007).
Kidney disease It is experimentally proved that embryonic
renal SCs with nephrogenic potential have a little life span.
Interestingly, minimum 6000 cells originated from diverse
segments of nephron are excreting each hour through
urine; create a demand of stem cells for continuous fulfill
the space created by lost cells. Adult kidney upon chronic
injury has a potential to regenerate injured tissue and go
through various structural remodeling. These have greatly
encouraged researchers to search for resident renal stem/
progenitor cells (RSPCs). MSCs can travel to deteriorate
kidney cells or tissue where they can produce an collection
of cytokines that have anti-inflammatory in action and
also chemokines that can modify the route of the injury.
MSCs activate repairing system through endocrine or
paracrine mechanisms that repair the body immune
response ensuing repair of tissue & cellular replacement
(Hopkins et al., 2009).
Skeletal Muscle repairs using stem cells technology.
During autologous intramuscular transplantation, stem cell
is used to slow the progression rate of congenital muscular
diseases (for example Duchenne Muscular Dystrophy).
The engraftment of stem/progenitor cells in to skeletal
muscle uniquely divide to add new myonuclei and repair
the genes expression that is mutated in myopathies
condition (Gharaibeh et al., 2008) .
Restoration of sperm motility by using mesenchymal stem
cells by regulated the metabolism of glucose level in sperm.
Testicular torsion is a urological condition that might lead
to sterility caused by ischemic injury. Restoration of
spermatogenesis is performed by surgery (orchiopexy).
Mesenchymal stem cells (MSCs), insertion through local
injection upon testicular torsion-detorsion condition,

restored the spermatogenesis process
differentiation into sperm (Hsiao et al., 2019).

without

Premature ovarian treatment is done by stem cell therapy.
This new technique can result in recovery of sexual
hormonal levels, follicular cells activation, ovarian
angiogenesis, and restoration of ovarian function. The
function of stem cells is favored by paracrine actions,
which can releases multiple pretentious factors for the
promotion of ovarian angiogenesis (Sheikhansari et al.,
2018).
Lungs treatment is done by administering Mesenchymal
stem cells to patients suffered with lung diseases, for
instance emphysema, pulmonary related hypertension and
advance chronic obstructive pulmonary disease. Recently,
there are many cell therapy approaches for lung diseases
as approved clinical trials in the United States and Canada
investigating (Porzionato et al., 2019).
Traumatic brain injury (TBI) is chief reason of human
mortality and morbidity, which can stimulate serious
neurological damage. Present investigation have confirmed
that various exogenous stem cells be able to migrate to
dead or injured brain tissue, then involved in the repair of
dead brain by further divide and differentiated to replace
damaged cells, as releasing anti-inflammatory proteins and
various growth factors, thus considerably improving
neurological related function (Maegele et al., 2008).
Stem Cell-Based Therapies in Hearing Loss by inducing
the division and differentiation of multipotent endogenous
and connective tissue derived exogenous stem cells, the
implantation procedure and regulation of connective tissue
derived exogenous stem cells after implanted into the inner
ear, and it elaborates the significant sound signal pathways
of stem cells in the part of inner ear (Egger et al., 2020).
Restores smell in mice by using intranasal stem cell
therapy. Delivering of stem cell into the nose part can
restore the sense of smell in a mouse olfactory lobe
(Kurtenbach et al., 2019).

CONCLUSION
A stem cell has extraordinary potential to divide for
abundant periods of the time and to generate mature,
functional and specific cells that make framework of
organism development. Stem cells provide a way for
understanding both the pattern of organogenesis and the
continuous regenerative capability of the human body.
Stem cell helps to create a model for the analysis of
pathogenesis’ action and might support scientists to
understand the pathophysiology of a variety of diseases.

5

Rimple Khicher et al. Int. Res. J. Pharm. 2022, 13 (7)

They open a new way for developing various biological
models for the analysis of new pharmacological test doses.
Alternatively, the most significant potential of these stem
cells is to substitute injured cells, tissues and even
regenerate organs. So far, a great numeral of research
findings, preclinical trials, and clinical results has been
available, which encouraged the development of new
therapeutic potential medicine. There is ongoing various
research and development that gives optimism power to
work on regenerative medicine.
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