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Abstract
Present review article emphasizes role of regeneration mechanism in various tissues and its use in
organ transplantation for wound healing and repairing. This article also explains uses of various stem
cell types in transplantation technologies and its applications in regenerative medicine and therapeutics.
This review also addresses tissue engineering methods and use of new biological scaffold materials and
promising candidates such as immunomodulators, adhesions, integrins in tissue repairing and induction
of regeneration in injured tissues. In addition, role of various molecules of immune cell system, gene
cascades and transcription specific proteins (TSPs) and growth factors in formation of microenvironment
for differentiation are also explained. Moreover, mechanism of regeneration in various tissues such as
neural, skeletal, cardiac, muscular, adipose and gonadial tissues, and bone marrow is described in detail.
This article also suggest an urgent need for development of new advanced methods, technologies, biomatrices, polymers and scaffold materials, and cell based therapies to overcome the problem of disable and
injured patients. Hence, landmark innovations are required in the field of regenerative medicine, tissue
engineering, and developmental biology for successful tissue repairing and organ transplants to serve the
human society.
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Background

Regenerative medicines belong to processes of creating
living cells, replacing or regenerating human cells, tissues or
organs. However, for repairing of age related effects, physical
or biological injuries various biological and tissue engineering
methods and stem cell therapies are used to restore the
normal function (Figure 1). For phase specific tissue repairing,
metabolites, factors and enzymes required in various pathways
of self-sustained growth are selectively used. Moreover, for
making tissue and organ transplantations successful few
promising candidates such as immune-modulators, adhesions,
integrins and new biological scaffold materials and bioactive
molecules are essentially used to replace injured or missing
tissues. However, after regeneration functional restoration
of lost or damaged tissues and organs become possible [1]
(Figure 2). It essentially needs a microenvironment or niche
[2] for induction of regeneration because microenvironment
affects and influences the cell behavior during development
or phase of repairing [3]. Therefore, to minimize the risk of
rejection of tissue and organ grafts; there remain a need of
induction molecules for graft acceptance and tissue modification,

remodeling, regeneration and replacement of tissues. However,
various bio-molecules such as inducers, transcription factors,
healers and molecules are essentially required for regeneration
of cells which also assist growing new organs in vitro mainly
in cell culture. Further, for repairing of injured organs and
tissues stem cell based therapies and reprogramming of
adult cells is being made by using pluripotent stem cells in
vitro systems [4]. Induced pluripotent stem cells, commonly
abbreviated as iPS cells or iPSCs are a type of pluripotent stem
cell artificially derived from a non-pluripotent cell, typically an
adult somatic cell. The successful induction of human iPSCs
derived from dermal fibroblasts exhibit similar traits to those
of embryonic stem cells (ESCs) but do not require the use of
embryos. Some of the similarities between ESCs and iPSCs
include pluripotency, morphology and self-renewal ability.
In principle, regenerative medicines have many advantages
and provided many options to clinical therapies. These
involve use of stem cells mainly progenitor cells, transcription
factors, biologically active molecules for immune-modulation,
transplantation and induction of regeneration in vitro for
developing organs and tissue grafts [5]. Thus stem cells are
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used to develop new organs for transplantation in cell culture
systems [6]. These are proved highly useful in repairing of
degenerated tissues, organ system failures and CNS diseases
(Figure 2).
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However, problem of shortage of organ transplants can be
solved if patients own cells and tissues are used for regeneration in vitro. Thus use of proper factors could reduce the
chance of rejection of organ transplants (Figures 3a and 3b).
However, to avoid the risk of graft rejection antigen modifications/improvements can be done for better immune
selection. It is a most promising method to replace defective
or damaged tissues or organs. In additions, by implanting
stem cells progenitors lead to development of new stem cells
that may enhance the body’s own repair system. Moreover,
clinicians can construct/regenerate small body parts from
one or several cell types in the laboratory by using totipotent
stem cells. However, disease specific source of cells or
stem progenitors can be used various tissue therapies that
may successfully change the course of chronic diseases
(Figures 3a and 3b). Regenerative medicines provide modern
therapeutics mainly to enable tissue repairing, restoration of
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Figure 1. Showing various socio clinical and therapeutic
aspects of regenerative medicine.

ACADEMIA

Heart
disease

Regenerative
Medicine

Bone
disease

Strokes

Infertility
Liver
disease

b

Stem Cell
Therapy

Regenerative
Medicine

Tissue/Organ
Engineering

INDUSTRY

Human
tissues

Endogenous
repair

Biomaterial
Technology

Regenerative
Medicine

Xeno
transplantations
HOSPITAL

Figure 2. Showing integration of stem cell therapy, tissue
engineering and biomaterial technology in regenerative
medicine for clinical management and therapeutics based on
academic researches, industry and hospitals.
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applications of regenerative medicine.
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damaged or diseased cells or tissues (Figures 3a and 3b). Thus,
mutual benefits could thrive from cell therapies and tissue
regeneration with the aid of developmental biology [7]. Present
review article aims to explain role of regenerative medicine
in cell therapies, wound healing, and regeneration of various
tissue types such as tendon and ligament, cartilage, myocytes,
heart muscles, thoracic, neurons, limbs, bone marrow, liver,
kidney, trachobranchial, and gonadial tissues with special
concern to role of various cells and its modifications in tissue
engineering for organ repair.

Review

Use in cell therapies

However, for repairing of damaged tissues and organ system
cell replacement therapy is used to induce growth and
regeneration. Therefore, stem cells are used because they
possess self-renewal property and can proliferate and
differentiate into many cell types while normal cells do not
possess this property [8]. Stem cells also show the ability to
divide asymmetrically to form one daughter stem cell identical
to it. This daughter cell show more restricted potential. Many
stem cell divisions pass on symmetric and producing two stem
cells which acquire potency only after differentiation. Thus,
after regular mitotic divisions stem cells enlarge its population
of differentiated cells to give rise normal cells. Similarly,
cancerous cells generate large population of abnormal cells
due to effect of carcinogens in microenvironment or gene
mutations occurred in the genome. For example leukemia is a
cancer of the white blood cells, which arise from differentiated
white blood cells due to its transformation in a different cell
types. However, two different cell types with different ability
generate i.e., either leukemic tumor cells with unlimited growth,
and few adult stem cells or its progenitors.
Tumor is a mixture of some cells capable of metastasis
or seeding new tumors while some cells grow normally for
a very limited time. It clears that a tumor possesses its own
stem cells which can establish new tumor. More exceptionally,
failures of programmed cell death can lead to uncontrolled
cancerous growth which can be stopped by using anticancer
molecules mainly proteins, cytokines, interferon and drugs.
But controlling the cell death pathway and its regulatory
signals can finish the tumor. Similarly, regulators of cell lineage,
activation of cell cycle, and transformation of two similar
daughter cells in two different cell types lead to development
of functional differences [9]. Thus, new cell lineage different
from parental cells starts due to genetic and environmental
reasons during embryonic stages. Hence, new tumors cells
raised place high nutritional requirements because of very
higher catabolic rate than a normal cell and utilize large portion
of body ATPs. It is the main reason that entire mechanism
of cell division requires very high energy inputs and start
catabolizing energy bearing molecules for various cellular
functions. Thus, cancerous cell divide rapidly and raise a large
population of abnormal cells, which circulate and adhere to
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new places and results in metastasis. At this stage it is very
difficult to save the cells to become cancerous. Moreover,
aged or defective, non-functional, or abnormal cells cannot
stop programmed cell death. Though selective repairing of
aged cells is possible if reprogramming is possible to send
back them to achieve revitalization. But it is very difficult to
revert the cancer cells into normal cells because most of the
metabolic changes are irreversible in nature. Once structural
changes, occur in various bio-molecules specifically lipid and
protein conjugates, receptors, signaling molecules, factors
and transcellular protein structures they cannot be reverted
and restored for their normal functions.
However, cell lineage is patterned by the asymmetric distribution of key regulators to the daughter cells after a mitotic
division. These regulators are external signals, which reach
to the daughter cells. Asymmetric division occurs after
polarization in cell that does localization and unequal
distribution of cytoplasmic components. These components
make pertinent differences in cell programming when they
pass on to maturation. Thus healing of germ line cells is
very difficult once they become cancerous due to effect of
teratogens because, succeeding generation follow same cell
lineage. There is a possibility that cell may adopt defective route,
but in initial stages, such progenitor cells can be improved
through reprogramming and will produce normal oocytes
and sperms. However, in normal condition cell programming
remain unaltered and cells follow a particular pattern for
fixing cellular determinants during differentiation. These cells
become quite distinct from the somatic cells but follow the
path of somatic cell lineage, germ line and remain as stem
cells. Stem cells have wider application in regeneration and
are used in cell replacement therapy [10]. These cells much
able do repairing of dilapidating spinal cord injuries and
regeneration of neurons, myelin sheath and nerve cells. These
are also used for drug testing in vitro system [11].
However, for repairing CNS virus generated and peripheral
trauma injuries bioengineering grafts are transplanted by using
tissue-engineering methods [12]. Similarly, adult stem cells can
be used as an ideal alternative of Schwann cells (SCs) that are
transplantable cells in bio artificial nerve grafts. Interestingly,
adipose tissue has proven one of the most primary ASCs that
can be used in nerve repairing [12]. These primary ASCs are
easily obtainable and rapidly expanding cells which display
low immunogenicity and differentiate into stem cells in vitro
[12]. Stem cells are used in cardiac therapy for repairing heart
muscles after a heart attack and in cognitive heart failures.
These are also used for cell replacement therapy in neurological
diseases. Similarly, stem cells are implanted in pancreas to
replace degenerated insulin secreting cells by using insect
cells. Stem cells are also used to grown in vitro organs for
transplantation purposes by programming and redefining
its functions [13]. However, various cell types of stem cells
such as multipotent, pluripotent and totipotent have wider
therapeutic applications and are used in organ transplants.
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Interestingly, UCB stem cells can be collected after birth from
cord blood and epithelial tissues. These stem cells can be used
for generation of various cell types and tissues in vitro. These
are also used in cell and organ therapies mainly to replace
defective, damaged or diseased organs. More often, use of
UCB transplants do not need donor matching and reduces
legal, economic and social burdens because they hinder
and delay organ transplantations. UCB stem cells are used
as an alternative to bone marrow transplants which result
in lower incidence of graft rejection and other transplant
complications. Furthermore, UCB derived HSCs are mainly
used for transplantation for treatment of blood vascular
[14] and neurological disorders. Though, it is very critical for
making UCB banking establishments because very insufficient
quantity of HSCs occurs in each Cord blood unit. Therefore,
efficient expansion methods are to be needed to maintain
stem cell characteristics of CD34 (+) CD38 (-) cells) [15] CD34(+)
CD38(-) cells). Thus, formation of various cell types from UCB
stem cells can overcome the problem of non availability of
requisite number of cord blood cells for improvement of the
stem cell transplantations. Further, role of certain transcription
factors like Wnt1 in new culture methods play important
role in stimulating hematopoietic stem/progenitor cells
expansion. It will offer a new therapeutic avenue for cord
blood transplantations and open new gateway for regenerative
medicine, stem cell banking and other clinical applications
in future [15]. With this use of MSCs in regenerative medicine
will widen, and more organ transplantations become possible
for treatment of autoimmune diseases and disorders [16].
No doubt, self-renewal and differentiation of stem cells has
great potential use in tissue healing and in cell replacement
therapies [10]. Thus, new innovations are needed to solve
fundamental problems associated with cell-cycle progression,
tissue specification, organ homeostasis, and tumorigenesis [17].

Teratomas

Teratomas consist of disorganized tissues derived either
from three embryonic germ layers or one germ cell layer
occasionally. They show a remarkable degree of organization
containing whole organs or form an encapsulated tumor
inside an organ or surface of tissue. Pathologically teratomas
are tumors, diagnosed by histological methods and named
as non-seminomatous germ cell tumors. These are resulted
from abnormal development of pluripotent stem cells, germ
cells and embryonic cells. Teratomas are formed as a cell mass
quite different from surrounding tissues and become highly
disparate. Histologically mature teratoma is a solid or cystic
mass that is formed both in hard and soft tissues such as skin,
muscle, and bone. In few cases when skin surround a cyst and
grow from the lower side of hair form a dermoid cyst and is
derived from the ectoderm. Teratomas are generated after
exposing the embryonic cells to the drug or due to effect of
certain carcinogens or teratogens. Normally teratomas are
formed in organs such as the brain, thyroid, liver, and lung

doi: 10.7243/2050-1218-4-1

but teratomas of hair, teeth, bone are formed very rarely.
Most commonly these occur in soft organ tissues like eyes
[18,19], torso, [20,21] and hands, feet, or other limbs [22]. These
are also formed in the skull sutures, tongue, nose, cervical
and coccyx. Similarly, Struma ovarii is a rare form of mature
teratoma that contains mostly thyroid tissue. Teratomas of
germ cell origin are known as gonadial teratomas which are
usually formed in adult men and women, but they may also
be found in children and infants. Encapsulated, teratomas are
benign and become malignant and occur in several forms. In
women mature teratoma occurs which becomes benign while
in men it remains immature and is less malignant. Sometimes,
these look like capsule or fluid-filled cysts either small or large
that resembles a fetus. However cysts within mature teratoma
are partially developed in organ systems mainly in cranial
bones, long bones and a rudimentary beating heart [12,13].
In addition, embryonic origin or congenital teratomas also
formed from germ cells. These are known as fetiform teratoma
which is very rarely formed and resemble a malformed fetus
upon maturation. Teratomas are highly painful and cause
heart failures and hydrops of the fetus.
Ovarian teratomas do make torsion of the ovary and causes
severe abdominal or pelvic pain or irritation of its ligaments. It
results in a multistage illness that progresses from psychosis,
memory deficits, seizures, and language disintegration into a
state of unresponsiveness with catatonic features associated
with abnormal movements, autonomic and breathing
instability [23]. Metastatic testicular teratomas also occur
which form a palpable mass in the testis. Similarly, mature
cystic teratoma [24,25] and squammouns cell carcinoma
occurs in the ovary of young patients [26,27] mainly during
childhood and adolescence [28]. Besides, extra gonadial [29]
and sacrococcygeal heart are rare forms of teratomas [30].
More exceptionally, malignant cervical teratoma [31], germ
cell tumors [32] and malignant retrobulbar and intra cranial
teratoma are more common in child and adolescence stages
[33]. Similarly, mediastinal teratomas often cause compression
of the lungs, chock airways and cause severe chest pain and/
or respiratory tract. These are small ones or appear later in
life as sacrococcygeal teratoma (Altman types I, II, and III) and
cervical (neck) teratoma.

Stem cells therapy

Stem cells are also used as drug delivery systems and can work
as living carrier system to bring chemotherapeutic agents
directly to the targeted cancerous cells. Stem cells are also
used as cellular testing system for evaluation of pharmaceutical
potential of various drugs, natural products and carcinogens
and can replace traditional animal models that are used for
drug testing. These have great application in pharmaceutical
biology and toxicology researches [11]. Moreover, cell based
drug induction mechanisms can be explored that may assist
in drug development and clinical therapeutics. There are many
stem cell types based on their origin and renewal property.
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Unipotent stem cells

Unipotent stem cells divide to form a copy of it and form
only one cell type or start one cell lineage and show self
renewal property. These are quite different from non-stem
cells or progenitor cells like muscle stem cell or any other
cell types. For example, intestinal stem cells form their own
cells and also form intestinal epithelium. These cells show
restriction to develop other cell types and are therapeutically
less usable in comparison to totipotent and pluripotent stem
cells. These cells mostly occur in adult tissues and show a
very limited ability to differentiate relative to other stem cells
such as pluripotent, totipotent or multipotent cells. Despite
their limited differentiation potential, unipotent cells have
vast therapeutic potential to treat injuries and diseases due
to their ability to self-renewal (Figures 4a and 4d). Due to its
proliferation property, or dividing repeatedly unipotent stem
cells are used to generate healthy and viable cells for transplant
purposes. For example, skin cells formed from epithelium are
one of the most abundant types of unipotent stem cells. The
epithelium is the outermost tissue layer, which in itself has
a top layer of dead squamous epithelial cells. This is quite
similar to the mucus membranes that line our mouths and
other body cavities. However, for therapeutic purposes fresh
viable cells or patient’s own undamaged skin stem cells can
be used for generation of sheets of cells for transplantation
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purposes over burned body surface area of the patient’s.
Thus, unipotent stem cells have immense use in therapeutics
of burn injuries.

Totipotent stem cells

Totipotent stem cells are master cells because they can give
rise to many specialized cell types (216) in the body except
human body and placenta. A fertilized egg or zygote is a
totiptoent cell because it shows capability to generate all the
cell types of body. But it is not a complete stem cell because
it lacks of self renewal, though it give rise different cells.
Totipotent cells can also differentiate into extra embryonic
stem cells and rarely exhibit totipotency and show pluripotency
[34]. Though, it is true that embryonic stem cells can form
any of the specialized cell types but never these turn into
extra-embryonic cells of the placenta. Totipotent primitive
stem cells occur in major organs like the stomach, intestine,
pancreas and kidney. Normally totipotent cells are generated
in human embryos at 72 hr. stage of development at 16 cell
stage. Similarly, induced iPS circulating in the blood [35] also
exhibit totipotency [34]. These cells also occur in different
organs and show their presence as primitive cells. Artificially
adult cells can be reprogrammed inside the body of animals
to make them totipotent stem cells. These could be derived in
the laboratory and form various tissues in artificial medium [36].
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Upon induction these cells form an embryo like structure
after injected in the mice. Similarly, umbilical cord blood
cells may form many other cell types which can develop into
different organs mainly bone marrow. But it is an important
question that how totipotency is regulated before finding
its way towards pluripotency even after epigenetic state of
totipotent cells [37].

Pluripotent stem cells

Pluripotent stem cells (PSCs ) also known as multipotent which
show the capacity of generating a number of different cell types
or multiple blood cell types but never generate one specific
cell type like skin cells. These are also known as somatic and
germ line stem cells, and occur in children, as well as adults
[18]. PSCs are highly specialized versatile cells that can give
rise specialized cell type in the body except cells needed for
development of fetus. These stem cells are rare and generally
found small in number. PSCs reside in a number of tissues
like umbilical cord blood [19] and bone marrow. These are
one of the rich sources of adult stem cells [20] and are used
in treating several conditions including spinal cord injury
[21], liver cirrhosis, [22] chronic limb ischemia [38] and end
stage heart failure [39]. The bone marrow stem cell quantity
has been found to be declining with age in reproductive age
group of females. Relatively it occurs lesser in males of same
age group of females [23]. In animal models, pluripotent stem
cells are directly generated from adult fibroblast cultures.
However, for obtaining adult stem cells it does not require
the destruction of an embryo.
Pluripotent stem cells are of large clinical importance and
are used for development of cell based regenerative therapy
for patients suffering from various diseases such as tumor
formation [40]. These cells are lineage-restricted and are
recognized by its tissue origin type i.e., mesenchymal stem cell,
adipose-derived stem cell, endothelial stem cell and dental
pulp stem cell [41,42]. More specifically, human pluripotent
stem cells (PSCs) offer enormous opportunities for regenerative
medicine [40] and other biological applications [4]. Adult
stem cells are also successfully used to treat leukemia and
related bone/blood cancers through bone marrow transplants.
PSCs are also found capable of producing hepatocytes and
eventually form enamel (ectoderm), dentin, periodontal
ligament, blood vessels, dental pulp, nervous tissues, and
different end organs [43]. Moreover, adult mesenchymal
stem cells are used in human [44] and veterinary regenerative
medicine to treat tendon and ligament injuries [45].
Pluripotent stem cells show importance in translational
research mainly in somatic epigenomics [46].Therefore, applying programming by using combination of transcription
factors, a normal cell can be change into a pluripotent stem
cell [40]. Few other factors such as DNA methylation, histone
modification, post-transcriptional regulation by micro-RNAs
and dozens of small molecules also play important role in
epigenetic configuration [40]. These factor and molecules are
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also used in pluripotency reprogramming [40]. Thus, induced
pluripotent stem cells are generated by ectopic expression
of defined transcription factors in somatic cells, which can
potentially provide unlimited self autologous cells for cell
therapy [35]. Similarly, UCBMC-derived iPSCs (UCB-iPSCs)
have identical characteristics to become pluripotent human
embryonic stem cells (hESCs) that could accelerate the
development of cell-based regenerative therapy for patients
suffering from various diseases [40]. Hence, for generation of
human iPSCs from UCBMCs dox-inducible lentiviral system
requires four Yamanaka factors. Interestingly, iPSCs obtained
from immunologically immature newborn umbilical cord
blood mononuclear cells (UCBMCs) is of great significance
in regenerative medicine [40].
Interestingly, disease targeting iPSCs are also generated
which have important role in regenerative medicine. These
could help in disease modeling, clinical treatment for
development of therapies for tumorogenicity, immunogenicity
and genomic instability [35]. However, to obtain target specific
cells for regenerative medicine cellular reprogramming of
human peripheral blood cells is highly needful [47]. Though it
is very difficult to achieve, but conversion of UCB blood cells
into therapeutic cells such as mesenchymal, neural, peripheral
blood stem cells or HPSc is possible both in vitro and in vivo
[47]. Therefore, for generating induced pluripotent stem cells
(iPSCs) peripheral blood or blood mononuclear cells are used.
Because a rare population of quiescent hematopoietic stem
cells [48] maintains blood homeostasis, hence, hematopoietic
stem cells if develop from a specialized subpopulation of
endothelial cells would be of immense therapeutic applications
[49]. More often, endothelial progenitor cells (EPCs) promote
angiogenesis, which can be used in clinical trials of autologous
EPC-based therapy. It may be more effective in treatment of
vascular diseases [50] because EPC dysfunction of vascular
disease (SS/Mcwi rat) exhibits impaired angiogenesis. Moreover,
screening and neutralization of cell surface proteins that
‘tag’ and impair EPC function may provide an alternative
approach to utilizing incompetent EPCs in greater numbers,
as circulating EPCs are depleted in patients having vascular
diseases. Such novel methods may be targets for repair of EPCs
by using upgraded technologies. Certainly use of EPCs and
iPSCs will do major advancement in the field of regenerative
medicine [50].
Moreover, gene targeting in human pluripotent stem cells
(hPSCs) has proven extremely difficult. For this purpose an
efficient genome manipulation technology is followed by
using RNA-guided DNase Cas9. This clustered and regularly
interspaced short palindromic repeats (CRISPR) system is
found highly efficient and useful for genome engineering
of human iPS cells [51]. However, to obtain organotypic
cells pluripotent stem cells can be selected on the basis of
expressing green fluorescent protein and puromycin resistance
under control of the Oct4 promoter. Moreover, OCT4-expressing
cells in diffe-rentiation showed two attractors of pluripotency
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with different characteristics [52]. Further, persistence of is a hallmark of HSC aging [58]. However, by employing
potentially pluripotent cells was independent of supportive induced pluripotent stem (iPS) cell reprogramming of aged
cells in embryoid body in culture (EBs). Because of their hematopoietic progenitors all age related effects can be
combined abilities of unlimited expansion and pluripotency, slow down that may provide longevity. These aged-derived
embryonic stem cells remain a theoretically potential source iPS cells are allowed to reform hematopoiesis via blastocyst
for regenerative medicine and tissue replacement after injury complementation. Similarly, iPS-derived HSCs are used for
or disease [53]. Thus, induced pluripotent stem cell lines can transplantation into new hosts to mitigate age related changes
derive from human somatic cells [54] mainly from adult mouse and diseases [59,60].
liver and stomach [55]. IPSc could also generate from brain,
human testes [56] and adult fibroblast cultures in presence Mesenchymal stem cells
of certain defined factors [57].
Mesenchymal stem/stromal cells (MSCs) are multipotent
stem/progenitor cells which showed high clinical application
Hematopoietic stem cells
and are used in various cell therapies. MSCs form several
HSCs are pluripotent stem cells that reside in the bone specialized cell types but these are limited to particular organ
marrow of adult animals [18,20]. These form two lineages or physiological system of origin. For example hematopoietic
myeloid and lymphoid progenitors and both are capable of stem cells can produce many blood cells types in the circulatory
self-renewal. These act as both stem cells and precursor cells. system but cannot differentiate into neuronal cells or brain
HSCs generate numerous extracellular growth factors known cells. MSCs are also derived from dental tissues [44]. However,
as cytokines which regulate proliferation and differentiation several blood-vessel-derived precursor cell populations
of the precursor cells for various cell lineages. Similarly, are isolated from multiple human organs that form bona
cytokines required for repairing cellular injuries and more fide MSCs. This vasculature serves as a systemic reservoir of
separate immune cell types could be generated. For example MSC-like stem/progenitor cells. Moreover, identification and
erythropoietin is generated from HSCs that induce formation characterization of perivascular MSC precursors, including
of erythrocytes. This not only acts as an erythrocyte precursor pericytes and adventitial cells is highly needful. Further, to
but also activates different intercellular signal transduction know the functional roles of MSCs in vivo therapeutics few
pathways. Similarly, another cytokine GM-CSF stimulates important cellular kinetics events such as cell adhesion,
production of granulocyes, macrophages, eosinophils and migration, engraftment, homing, and intercellular cross-talk
megakaryocytes. More specifically, in tissue transplants during tissue repair and regeneration must be well known
both GM-CSF and BFU-E activate production of terminally to figure dynamic regenerative processes [61]. MSCs express
differentiated cells, which show unique combination of cell galectin-9 which serves as an immune modulator interfering
surface protein. Moreover, activation of the Hoxb4 gene in with multiple cell types including B cells. It may also serve as
embryonic stem cells induces formation of hematopoietic a predictive indicator for clinical MSCs therapy [16]. It is also
stem cells while Bmi gene is needed for self-renewal of HSCs. essentially required to distinguish the therapeutic potency of
(HSCs) develop from a specialized subpopulation of MSCs derived from different donors and is strongly unregulated
endothelial cells known as hemogenic endothelium (HE). upon activation of cell by interferon γ [16]. Similar to Gal-9
HSCs development takes place under certain signaling CaSr is also expressed in ovine fluid mesenchymal stem cells
pathways which are maintained by certain biomolecules and (oAFMSCs0) that makes calcimimectic R-568 possible through
activation factors. Activation of retinoic acid (RA) signaling in activation on the mechanisms regulating osteogenesis
aorta-gonad-mesonephros-derived HE increase HSC potential, in oAFMCSs which is highly useful in bone regenerative
whereas conditional inactivation of the RA metabolizing medicine [62]. Thus, calcium sensing receptor G protein
enzyme retinal dehydrogenase 2 in VE-cadherin expressing coupled receptor is identified that bind calcium ions and plays
endothelial cells in vivo abrogated HSC development. Wnt a physiological role in regulating bone metabolism. Further,
signaling completely blocked the HSC inductive effects of 3D cultures are used to generate artificial tissues or organs in
RA modulators, whereas inhibition of the pathway promoted vitro model of solid tissues. It is an attractive approach that
the development of HSCs in the absence of RA signaling. can revolutionize regenerative medicine because of more
Moreover, both RA and Wnt signaling are key regulators translational possibilities in grafting tissues [63].
of HSC development. New molecular insights are needed
MSCs differentiating in hematopoietic cells (HSC) maintain
for developing new strategies for generation of HSCs from micro niche if these cells are implanted or injected into the
pluripotent stem cells [49]. Like other body cells, HSCs also show damaged tissues these show regenerative properties. Due
ageing that leads to several functional changes which affect to their differentiation in multiple cells these cells are used
self-renewal and differentiation of cells [58]. All age-induced in variety of therapeutic approaches [64]. Naturally, amniotic
changes are intrinsic to HSCs but it is unknown that how fluid maintains a specific cell niche from which many cell types
does HSCs aging is driven by the acquisition of permanent are developed. These cell types have wider application in cell
genetic mutations. Though reversible, epigenetic component therapy mainly for bone marrow transplants and repairing
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of degenerate and damaged tissues [62]. Similarly, adipocyte
cell lineage require specific cell niche that regulate stem cell
differentiation. These cells promote the ability of stromal cells
to support primitive hematopoietic cells in vitro [2]. Moreover,
due to their self-renewal and differentiation properties MSCs
are fundamentally associated with cell cycle progression to
enable tissue specification, organ homeostasis and potentially
tumorigenesis. It is determined by molecular interactions,
coordinating fate choice and cell cycle progression. Moreover,
a FUCCI reporter system works in human pluripotent stem
cells, during the progression of cell cycle. It is governed by
cell cycle regulators cyclin D1-3a that control signals of TGF-β
Smad2/3 pathway. These mechanisms follow synchronizing
differentiation during proliferation of developing tissues while
cell cycle determines cell fate propensity [17].

Embryonic stem cells

Embryonic stem cells are pluripotent cells that can proliferate
indefinitely in vitro and differentiate into cells of all three
primary germ layers ectoderm, endoderm and mesoderm.
Embryonic stem cells (ESCs) are totipotent, self-renewing,
clonogenic and differentiate into a wide variety of cell types
[65]. These cells are derived from mammalian embryos during
the transition from totipotency, when individual blastomeres
can make all cell lineages. More often, these cells differentiate
into more than 200 cell types of the adult body when given
sufficient and necessary stimulation for a specific cell type [66].
Embryonic stem (ES) cells are derived from the epiblast tissue
of the inner cell mass of a blastocyst or earlier morula stage
embryos (New Stem-Cell Procedure) [67]. These cells do not
contribute to form the extra-embryonic membranes or the
placenta. These cannot derive of neural stem cells from induced
tissue-specific stem cells. But a cocktail of cytokines and small
molecules, help to develop primitive neural stem (NS) cells
derived from mouse ES cells and rat embryos [68]. Similarly,
induced NS (iNS) cells can be generated from rat fibroblasts
by forced expression of the transcriptional factors Oct4, Sox2
and c-Myc and by using same set of cytokines and small
molecules [68]. This unique property makes them exceptionally
valuable for drug discovery and regenerative medicine.
But it is very difficult to derive and culture ESCs.
More specifically, ES cells are pluripotent cells, which
differentiate into many different cell types. They need
highly specific microenvironments specific signals for
correct and proper differentiation. Moreover, mouse
embryonic stem cells (mES) or human embryonic stem
cells (hES) both possess essential stem cell characteristics;
require very different environments in order to maintain
an undifferentiated state. CHIR99021 (CHIR) promotes selfrenewal and enhances the derivation efficiency of mouse
(m)ESCs. Its downstream targets demonstrated that CHIR
regulated genes in mESCs not only influenced the Wnt/βcatenin pathway by stabilizing β-catenin, but also modulated
several other pluripotency-related signaling pathways such as
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TGF-β, Notch and MAPK signaling pathways [ 69]. In
addition, pluripotency-maintaining transcription factors
are also up-regulated by CHIR regulated genes, while
several development-related genes are down-regulated.
CHIR also altered the expression of epigenetic regulatory
genes and long intergenic non-coding RNAs [69].
Human ES cells grow on feeder layer of mouse embryonic
fibroblasts (MEFs) and require basic fibroblast growth factor
(βFGF or FGF-2) for proliferation [70]. Similarly mouse ES cells are
grown on a layer of gelatin as an extracellular matrix for support
and require presence of leukemia inhibitory factor (LIF). Both
the stiffness of extracellular matrix (ECM) and surrounding
niche/microenvironment play pivotal roles in ESC differentiation.
Without optimal culture conditions or genetic manipulations
embryonic stem cells rapidly differentiate in to other cells
types [71] But it seems highly essential to understand the
components which regulate ESC differentiation and unlock
the regenerative potential of ESC-based therapies [65]. Stem
cells isolated from blastocysts can be used for transplantation
to find an option for the treatment of Parkinson,s disease and
other neurodegenerative disease/disorder like Alzheimer
disease. More specifically, after ablation of organ specific
genes in stem cells knockout mice are developed.
Because of regenerative capability, embryonic stem cells
(ES) show tremendous potential for treating myocardial
infarction (death of myocardial tissue) and type 1 diabetes
(death of pancreatic beta cells). These cells are maintained
in presence of inhibitors of MEK and GSK3 (2i) which keep
them in embryonically restricted ground state. However,
heterogeneous expression of the extra embryonic endoderm
marker Hex in 2i-cultured embryos, block 2i development prior
to epiblast commitment [66]. These Single Hex-positive ESCs
co-expressed epiblast and extra-embryonic genes contribute
all lineages in chimeras. Similarly, cytokine LIF, was found
necessary for ESC self-renewal, and it support the expansion
of ESC population but did not directly support Nanog-positive
epiblast-like ESCs. Similarly, 2i and LIF support a totipotent
state in embryonic stem cell transplantation [69], in comparison
to early embryonic cells that co express embryonic and extra
embryonic determinants [66]. Embryonic stem cells derived
from oligodendrocyte progenitor are used in cell transplants
for restoration of locomotion after spinal cord injury because
these cells remyelinate [72]. ESC culture and differentiation
require cell specific niche/microenvironment [65]. Niche is also
formed by spindle shaped cells found on the surface of bone
in the bone marrow. Moreover, expression of tissue inhibitor
of metalloproteinase-4 (TIMP4) in differentiating cells needs
Matrix metalloproteinase-9 (MMP9) that induces fibrosis and
causes stiffness of the ECM and impairs differentiation of
cardiac stem cells into cardiomyocytes (Figure 6b) [65]. However,
for clinical use various embryonic stem cell lines [73] have
been derived from human blastocysts without destruction
of human embryo [74,75]. These cell lines require expression
of several transcription factors and cell surface proteins for
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Reduce MI size, enhance cell
survival, reduce apoptosis,
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Figure 6. (a) Molecular signaling, cellular proliferation and trans-differentiation in
vascular tissues during repairing after having an injury. (b) Role of different factors
in tissue repairing.

differentiation. ES cells are also derived from skin cells [76] is also found suitable scaffold material and highly useful
and single hair cells [77] by using simple switch turns [78]. matrices for tissue engineering, stem cell propagation
Activated embryonic stem cells can differentiate in to various and differentiation [82]. It is a polymer that has many
cell types which show many therapeutic applications [75]. ES applications in tissue engineering mainly in tissue repairing
cells differentiation depend on the transcription factors such [82]. Similarly, fibroin is used as promising candidate for
as Nanog, Soc2 and Oct 4 and need stepwise engineering ligament tissue engineering [83]. Though sericin a protein
and micro-environments for differentiation [79].Because from silkworm also possesses more over similar properties
transcription factors Oct-4, Nanog, and Sox2 form the core but due to biocompatibility reasons and generation of
regulatory network that ensures the suppression of genes and immune responses in the human body it has been kept out
lead to differentiation and the maintenance of pluripotency [80]. of use [83]. No doubt production of scaffolds structures of
Stem cell includes many characteristic proteins, transcription fibroin has wider application in TE and regenerative medicine.
and growth factors and programming inducers, many of them
are still unknown [73]. The cell surface antigens most commonly Therapeutic approaches
used to identify hES cells are the glycolipids stage specific Stem cells are highly useful in various therapies and show wider
embryonic antigen 3 and 4 and the keratan sulfate antigens application in repairing of various tissues such as integument,
Tra-1-60 and Tra-1-81.
skeletal, cardiac, muscular, neural, adipose and gonadial tissues
No doubt stem cell transplantation shows multiple and (Figures 6a and 6b). There are stem cell therapeutic methods
much wider applications in regenerative medicine. This that can replace defective body cells such tendon, cartilage
is an emerging multidisciplinary field that focuses on the [84] and improve local tissue defects [85]. Stem cells also help
development of alternative therapies for tissue/organ repair in dental cares by inducing regeneration or differentiation
and has wider application in bioengineering and medicine [5]. of dental epithelia into enamel-producing ameloblasts [86].
Tissue engineering is based on integrative approaches using MSCs implanted in pancreas can replace defective islet beta
scaffolds, cell population, growth factors, nano-medicine cells, enhance β-cell proliferation [87], cure type 1 diabetes
gene therapy and other techniques (Figures 5a and 5b). It [88] and do its reversal [89,90,98,99] in non-obese diabetic
is a newly emerging science whose main objective is to mice [91,92]. Similarly, implantation of multipotent stem cells
induce the formation of new functional tissues, rather than implanted in bone marrow can suppress ovarian cancer and
implanting spare parts or organ transplants for replacement stop metastasis [90,92]. These are also implanted to remove
of diseased organs [5]. However, for regeneration of skeletal incurable defects like tumors by counterbalance between
muscle functions tissue engineering muscle repair (TEMR) mature BDNF and proBDNF factors that may regulate
constituents are implanted [81]. For the same purpose, chitin tumor growth [88,93]. HSCs stem cell transplantation is used in
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Figure 5. (a and b) Showing various therapeutic use and
applications of regenerative medicine.

multiple myeloma [94,96]. Endothelial cells (ECs) show wider
therapeutic potential in cardiovascular [94,95], Parkinson’s
disease [95,96], and neurological diseases [97]. These cells do
immune regulation of T lymphocyte cells [93,98] and induce
mitochondrial biogenesis in primary human endothelial cells
(ECs) and in Akt3-null mice [89,99]. MSCs are used in regenerative
medicine, for wound healing, tissue regeneration and
transplantation of organs and therapeutic care of autoimmune
diseases (Table 1).

Hair follicle regeneration

The hair follicle regeneration from follicular fragments and
dissociated cells is an important area of research in clinical
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medicine and therapy. Follicle stem cells are potential source
of hair regeneration [100]. Its trichogenic culture is maintained
in vitro and follicle cells are subsequently delivered into the
patient [100]. HFs is used as regenerative mini-organs that offer
a highly informative model system to study the regulatory
mechanisms of hair follicle stem cells (hfSCs) homeostasis and
differentiation. However, BMP signaling play pivotal role in in
hfSCs regulation and hair morphogenesis [101]. BMP signaling
governs hfSCs quiescence in the bulge and differentiation
of matrix progenitors that also distinguish non-overlapping
function of pSmad8 with pSmad1 and pSmad5.

Myo-epithelial regeneration

Myoepithelial cells also show regeneration capacity but at a
slower rate because of slow cycling occurred in several stem
cells (SCs). The MCs are identified in adult tissues including
hair follicle and cornea, in basal and luminal layers in sweat
glands (SG). Similarly, label-retaining cells (LRCs) are localized
in sweat glands. Its gene expression profile is determined SG
LRCs and non-LRCs has been determined in vivo. Moreover,
sweat gland stem cells (SGSCs) are important in SG homeostasis
and as an alternative source of cells in wound healing and
their plasticity for regenerating different skin appendages
[101]. Similarly, several Bone Morphogenetic Protein (BMP)
pathway genes to be up-regulated and confirmed a functional
requirement for BMP receptor 1A (BMPR1A)-mediated signaling
in SG formation (Figure 6a).

Tracheobranchial regeneration

Repairing of airway transplantation remains a major challenge
in the fields of thoracic surgery and regenerative medicine.
Five principal types of tracheobronchial substitutes, including
synthetic prostheses, bioprostheses, allograft, auto grafts and
bioengineered conduits are used for repairing of acute or
chronic respiratory dysfunctions [6]. But none of these methods
provided a standardized technique for the replacement of
the airways. More recently, few clinical attempts have shown
encouraging results with ex vivo or stem cell-based engineered
airways and tracheal allograft implanted after heterotopic
revascularization. Aortic grafts are used for extensive airway
reconstruction as a biological matrix. Thus, in vivo regeneration
of epithelium and cartilage could help in human tracheabronchial diseases [6]. Hence, new innovation are needed for
development of novel prognostic, diagnostic, and treatment
options that may provide major benefits for patients with
acute or chronic respiratory dysfunction, cardiac-related
disorders, esophageal problems, or other diseases in the
thorax. Though, allogeneic organ transplants are also made
but these could show very low rates of success because of its
dependency on a very limited supply of donated organs [102].
Such organ transplants also require lifelong treatment with
immunosuppressants, if these remain unavailable generate
many adverse effects. Hence, bioengineered organs and
tissues will be of wider clinical applications, but its routine
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Table 1. Various genes and factors which play important role in cell programming and regeneration.
Gene/factors family

Action

Regulatory function

References

Oct” family (Oct-3/4 Oct1 and Oct6),

Induction

Crucial transcriptional
regulators

[52]

Oct-4 (+)

Pluripotency

Differentiation

[52,68]

Sox gene family (Sox1, Sox2, Sox3, and Sox15)

Induction

[68]

Klf family Klf1, Klf2, Klf4, and Klf5

Transcription factors

Crucial transcriptional
regulators
Regulatory protein

[183]

Myc family (c-myc, L-myc, and N-myc)

Protooncogenes

Induction of iPS cells

[68]

Nanog

Promoting
pluripotency

Transcription regulatory
protein

[71,75]

LIN28*

mRNA binding protein

Factor for iPSC generation, [71,75]

Glis1

Transcription factor

Induce pluripotency.

[71]

hESC

Pluripotency factor

Lineage differentiation

[40]

Markers specific to hESC

[50]

SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, TRA-249/6E, and Nanog
SSEA-1, mESCs
CHIR99021
Oct-3/4, Sox2, Nanog, GDF3, REX1, FGF4, ESG1,
DPPA2, DPPA4, and hTERT
GCF Cytokines
IL-3, GM.CSF, IL-6,
HSC, IL-3 and IL-6 alone hematopoietic growth
factors
Epo-SCF, GMCSF, IL-3
BMP TGFb
BMP, FGF, Hedgehog, Notch, PDGF, Wnt,
periosteal-mediated bone regeneration
cTnT, cTnI and Cx43
bHLH
Drosophila BCL6 homolog Ken and Barbie
promotes somatic stem cell self-renewal in
the testis niche
Let-7-Imp axis

Inducer
Modulate TGF-β, Notch, MAPK
signaling pathways

Mouse embryonic stem cell [69]
markers
promotes self-renewal in
[69]
(m)ESCs
iPSCs expressed genes

[80]

Inflammation, cystic growth, and bone
-resorption that characterize cystic
lesions
Granulocyte (Phagocytic immature cells) Monocyte Macrophage
precursos
Tntitumor agents for solid
tumors
Erythropoietin receptor
Erythrocyte progenitor
Markers
Signaling protein
Mesenchymal cell
signaling pathways
Therapeutics

[117]

Transcription factors

[142,143]

Trancription factors MyoD, myogenin,
Myf5 and MRF4
--

[65]
[177]
[177]

[117]

Cardiac regenerative
medicine
Muscle regulator factors

[131,132]

--

[169]

Regulates aeging of Drosophila

Testis stem cell niche

[174]

pSmad8 with pSmad1 and pSmad5
Brain-derived neurotrophic factor (BDNP)/TrkB
signaling

BMP signaling hfSCs regulation
Effectuate information processing, learning, and memory

Promote bone
regeneration
proliferation of developing
tissues
Hair morphogenesis

[62]

cyclin D1-3

R-568 regulating osteogenesis in
oAFMCSs
control TGF-b Smad2/3 pathway

Pax3

Transcription factor

Calcimimectic

[17]
[101]
[88]

Alveolar
rhabdomyosarcoma
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Continuation of Table 1.
Gene/factors family

Gene/factors family

Regulatory function

References

SF/HGF Scator factor - paracrine cellular growth,
motility and morphogenic factor, promotes
proliferation, adhesion and survival of human
human hematopoietic progenitor cells (CD34+)

HPCs

paracrine cellular growth, [59,60]
motility and morphogenic
factor, promotes proliferation, adhesion and survival
of human human hematopoietic progenitor cells
(CD34+)

GDNF TGF-β Hedgehpg

Facilitates maturation

Mesenchymal stem cell

Transfering growth factor a (TGF a)
VEGF Vascular endothelial growth factor (VEGF)

Cytokine growth
signal protein stimulates vasculogenesis
and angiogenesis

development, inflammation

[163]

[147]

*Expressed in embryonic stem cells and embryonic carcinoma cells associated with differentiation and proliferation. ** Glis1 is
transcription factor that can be used with Oct-3/4, Sox2 and Klf4 to induce pluripotency. It poses numerous advantages when used instead
of C-myc. *MRFs associate with E2A and MEFs to form large transcriptional complexes that drive myogenesis and muscle specific genes.
*17 genes in the KLF family.

implementation is still very difficult. Hence, biological and
synthetic solutions, introduction of novel strategies and
technologies are required for clinical treatment of disease
and disables. Though, ethical challenges still persist which
hinder further progress of this innovative research area [102].

i.e., inflammatory, fibroblastic, and maturation [3]. Earlier these
phases were recognized as inflammatory, proliferative, and
phase of remodeling [105]. Now these have been reestablished
as homeostasis, inflammatory, proliferative or granulation, and
remodeling or maturation phase [1,106]. Moreover, wound
healing contain broad phases, which operate through complex
Neural stem cells generation from fibroblasts
and coordinated series of events that includes chemotaxis,
Stem cells have great importance in the formation of the phagocytosis, neocollagenesis, collagen degradation, and
neurons and ways to prevent neuro-degeneration. These collagen remodeling. In addition, angiogenesis, epithelization,
cells divide to form daughter stem cells, one remain stem and the production of new glycosaminoglycans (GAGs) and
cell and another form neuroblasts. Similarly, a neuroblast proteoglycans vital conjugates form wound healing milieu that
generates two daughter cells, one a neuron and one a glial plays important role. However, application of new therapeutics
cell. As most of the mammalian brain cells stop dividing may promote wound healing in patients suffering from chronic
by adulthood but stem cells in the one part of brain (sub skin wounds [107]. Moreover, it was also observed that skin
ventricular zone) continue to act as stem cells and generate of amphibians possesses a remarkable regenerative capacity
new neurons. More specifically, SVZ neural stem cells become that can be used for clinical studies. Skin cells are grown and
astrocytes a type of glial cell. Neural stem cells also possess allow regeneration of organ system in culture that will help in
the potency of astrocytes and generate glial fibrillar acidic exploration of the effects of amphibian skin-derived agents on
protein (GFAP). Like other cells neural stem cells divide in a re-epithelialisation both in frog and human skin. In this system
microenvironment that essentially need use of blend of factors thyrotropin-releasing hormone (TRH) acts as a novel stimulant
such as FGF, BMPs, IGF, VEGF, TGF alpha, and BDNF. Similarly, of epidermal regeneration and show similar effects. TRH also
by using a cocktail of cytokines and small molecules, induced stimulates wound closure and formation of neo-epidermis
NS (iNS) cells can be generated from rat fibroblasts by forced in organ-cultured human skin, accompanied by increased
expression of the transcriptional factors Oct4, Sox2 and c-Myc. keratinocyte proliferation and wound healing-associated
Thus, generation and long-term maintenance of iNS cells is differentiation and work as a neuroendocrine wound repair
also possible that may require highly specific transcriptional, promoter [107]. More often, functional recovery of spinal
translational and growth factors for maintaining micro- cord injury is also healing up by using intra-lesional bone
environment [103].Moreover, direct conversion of fibroblasts marrow mononuclear cells embedded in polymer scaffold
to functional neurons is also possible in presence of certain [21] (Figures 6a and 6b) (Table 1).
defined factors [103] (Table 1).

Wound healing

Wound healing is a complex and dynamic process of replacing
devitalized and missing cellular structures and tissue layers
[104]. Normally, this process completes in 3 or 4 distinct phases

Tendon and ligament regeneration

As dense connective tissues bone is found to connect either
to a muscle or to a bone respectively. Similarly, tendon and
ligament (T/L) arise from the somatic mesoderm [108]. There
are many challenges in restoring T/L function following an
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injury include optimal combination of biological agents as
well as their delivery to the injury site. It is only possible by
identifying molecular mechanisms involved in T/L development
and natural healing of bones [108,109]. Further, tendon and
ligament could couple with the capability of producing
complex biomaterials to deliver multiple bio-factors with
high spatiotemporal resolution and specificity. It will make
regenerative procedures more closely recapitulate T/L
morphogenesis, and regeneration but it is not possible in
simple tissue repair [108,109]. Moreover, few inductive signals
from the adjacent sclerotome and myotome which up regulate
expression of Scleraxis have been identified. Scleraxis is a key
transcription factor which is recognized essential for tenogenic
and ligamentogenic differentiation. Similarly, collagen fibers
are ubiquitous macromolecular assemblies in nature, which
form structures that support tensile mechanical loads within
the human body [110]. Thus, aligned type I collagen fibers
are considered more workable primary structural motif for
tendon and ligament regeneration. More often regenerative
approaches need easily proliferating cells, scaffold materials,
bioactive agents, and mechanical stimulation to improve the
natural healing response in injured tissues. These biomaterials
due to their structure fabrication properties are considered
more promising candidates for mediating regeneration
of these tissues. Therefore, construction of complex and
challenging biomaterials, may improve the mechanical
function of tendons and ligaments. Further, potential
for tailoring and manipulating the interactions between
collagen fibers and biological systems, as hybrid biomaterial–
biological assemblages, will help to develop novel tissue
engineering strategies for tendon and ligament regeneration
[110]. However, semitendinosus tendon can regenerate
after being harvested in its whole length and thickness for
anterior cruciate ligament (ACL) reconstruction, but it is not
applicable to make a neo-tendon. Hence both biologically
and functionally these could be used for iterative ligament
reconstruction [111] (Table 1).

Cartilage regeneration

Human cartilage progenitor cells show chondrogenic and
proliferative potential and form elastic cartilage that needs
long-term tissue maintenance. Moreover, ear derived cartilage
progenitor cells are used to reconstruct hyaline cartilage which
posseses different mechanical and histological properties
[112]. This reconstructed cartilage rich in proteoglycans show
unique histological properties to joint hyaline cartilage. It is
highly useful for repairing of degenerative arthropathies [112].
But in vitro cartilage generation using primary cell sources
is limited. Hence, to increase cell availability and expansion
potential new repair technologies are highly demanded. But
pluripotent stem cells show the capacity for chondrocytic
differentiation whose extended expansion may provide
potential solution to cell-based cartilage regeneration. More
often, producing cartilage using adult and embryonic stem
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cells, and translation of these technologies to the clinics
seems to be very limited. Therefore, clinical translation of
these products need appropriate animal models, stem cell
manufacturing, and relevant regulatory processes. Certainly,
it will increase the clinical use of stem cell-based cartilage
in tissue engineering and regenerative medicine [113].
Induction is another important factor which is needed in
tissue engineering and development of cellular healing types.
Further, induced pluripotent stem cells iPSc are promising
cell source for cartilage regeneration [114]. Hence, induction
of chondrocytes from iPSc is made by using col2a1-EGFP
factor. Further, for monitoring chondrogneic differentiation
a fluorescent indicator has been developed which show great
application in cartilage regenerative medicine. Similarly, a
RoGel is developed for long self renewal of hpSCs [46].
Contrary to this, articular cartilage in living system show
limited regenerative capacity. Because both types of cartilages,
articular cartilage and permanent hyaline cartilage show
significant differences in structure, extracellular matrix
components, gene expression profile, and mechanical property
from transient hyaline cartilage found in the epiphyseal growth
plate. Moreover, in the process of synovial joint development,
articular cartilage originates from the interzone, developing at
the edge of the cartilaginous anlagen. This establishes zonal
structure over time and supports smooth movement of the
synovial joint throughout life. Further, cascade actions of key
regulators, such as Wnts, GDF5, Erg, and PTHLH, coordinate
sequential steps of articular cartilage formation. Hence, articular
chondrocytes are restricted and controlled not to differentiate
into a hypertrophic stage by using autocrine and paracrine
factors and extracellular matrix microenvironment. But these
retain potential to undergo hypertrophy [115]. Moreover, for
increased knee cartilage volume in degenerative joint disease
cutaneously implanted autologous mesenchymal stem cells
are used [116].

Bone regeneration

Osteoarthritis (OA) is a common disease involving joint damage,
showing an inadequate healing response and progressive
deterioration of the joint architecture. It occurs in aging joints,
due to an injury or obesity (Figure 6). Its prominent disease
symptoms are joint pain and stiffness in the affected joints after
repetitive use. Pain persists throughout day and only slight
relief occurs in non-moving state after a long rest. Joint pain
increases with swelling, warmth, and creaking of the affected
joints. Similarly, pain and stiffness of the joints also occur after
pronged inactivity or non-moving for more than 3-4 hrs from
a single place. But severe osteoarthritis displays complete loss
of cartilage that increases friction between two adjoining
bones which results in a severe pain at rest or pain with
limited motion. Therefore, to remove friction and treatment
of affected joints, including the hand, wrist, neck, back, knee,
and hip, proper medication and physical exercise is required.
Unlike many other forms of arthritis, such as rheumatoid
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arthritis and systemic lupus, osteoarthritis does not affect other dition resulting in critical limb ischemia (CLI) in which viability
organs of the body. However, for repairing injury autologous of the limb is threatened. CLI patients show a poor life
blood-derived products, such as platelet-rich plasma (PRP), expectancy due to concomitant cardio and cerebrovascular
are essentially required for tissue repairing and regeneration. diseases. Moreover, stem cell population of the lower limb
These products can deliver a collection of bioactive molecules plays important role in the management of CLI (Critical Limb
that have important roles in fundamental processes, including Ischemia). Similarly, in Idiopathic small-fiber neuropathy
inflammation, angiogenesis, cell migration and metabolism in (I-SFN), patients feel burning pain in distal extremities and
pathological conditions. More specifically, in osteoarthritis PRP autonomic dysfunction. It is a disorder of small-caliber nerve
platelet-rich plasma maintain anti-inflammatory properties fibers of unknown etiology with limited treatment options.
and affect canonical nuclear factor κB signaling pathway in It arises due to effects of Nav1.8 mutation on activation and
multiple cell types including synoviocytes, macrophages ramp current become dominant over the reduced persistent
and chondrocytes [117]. PRP contains hundreds of different current. It also makes pro-excitatory gating changes that
molecules; cells within the joint, if these are added to internal confer hyper excitability on peripheral sensory neurons,
milieu by secreting additional biologically active molecules which may contribute to pain in this individual with I-SFN
in response to PRP may provide greater relief. Therefore, PRP [121]. Mesenchymal stem cells (MSCs) are one of the main
could be used to exploit its therapeutic potential, and for cell types that contribute to the recovery from ischemia
development of newer tissue-engineering methods and novel because they generate several proangiogenic paracrine
treatments for different stages of joint degeneration [117]. factors and differentiate MSCs into endothelial cells. MSCs
Furthermore, bone-regenerative potential of the periosteum showed different inductive capacities for recovering ischemic
and endosteum can also harnessed for tissue repairing by limbs [122]. However, therapeutic treatment for long bone
lineage tracing analyses. However, relative contributions of the fracture nonunion in limbs needs bone morphogenetic protein
periosteum in bone regeneration and its molecular and cellular compounds which are combined with autologous red bone
mechanisms require involvement of BMP, FGF, Hedgehog, marrow graft [123]. Therefore, for successful union bone
Notch, PDGF and Wnt factors that need further investigation graft patients should avoid smoking during the treatment
[117] (Table 1). Therefore, to foster the novel approaches for period. Other precautions are analysis of the original fracture,
bone-regenerative therapy inflammation signaling pathways aggressive treatment of infection and all treatment related
in periosteal-mediated bone regeneration should be known. disorder must be investigated. Therefore, for developing better
These approaches help dental surgeons to cure patients from surgical solutions and applying fixation methods are used to
serious bone injuries [117]. Similarly, estrogen receptor alpha reduce risk of failure of the graft [123]. In case of bone related
in osteocytes play important for trabecular bone formation diseases for example in case arthritis its level is evaluated
and show bone sparing effect that is mediated via estrogen from the degree of swelling at the peripheral joints of the
receptor alpha and encoded by the Esr 1 gene [118].
fore and hind limbs muscle lesions. Muscle wasting might
exacerbate joint swelling in a collagen-induced arthritis in
Regeneration of limbs and local tissues in invertebrates animal models like cynomolgus monkeys [124,125] (Table 1).
Limb regeneration is a multi step process related to
Lower invertebrates also show limb regeneration after
developmental biology, regenerative medicine and tissue having an injury. Some animals show lifelong ability of limb
engineering [119]. Though, this property lacks in higher animals regeneration while others lose it during development. It can
but fetuses own this property and show growth of limbs in become an important area of research area in developmental
normal course. In amphibians limb growth occurs with the biology; regenerative medicine and tissue engineering, if
blood vessels that constrict to minimize the blood supply, injury induction factors for regeneration in cells could be identified.
site is covered by skin cells which transform in the epithelial Starting from protozoans, small ciliates such as Stentor,
cap, and send signals important for re-growth. It starts as Blepharisma and Spirostomum are capable of cellular
soon as the resident fibroblasts leaving the surrounding reconstruction. Similarly, sponges possess enormous power
extracellular matrix and migrates across the ampituation to regenerate. Sponge cells, which transform into adult
surface. Later on these migratory fibroblasts proliferate, animal, are archeocytes. If any sponge is rubbed on to a rough
differentiate and dedifferentiate to form aggregations of rock, it dislodges and few cells become free i.e., pinacocytes,
stem like cells called the blastema that assists in formation chonaocytes and acheocytes that aggregate to form a new
of new limbs. Other important factors, which contribute in organism. Similarly, hydro polyp upon chopping forms a new
this process, are innervations, cell spatial memory; chemical individual from a cut off portion. In coelenterates interstitial
signals pass between cells, gene regulation, cell differentiation cells are totipontent which proliferate and repair damaged
and inflammatory cells [120] (Figure 6).
tissues after moving towards these sites and form blastema.
Peripheral arterial occlusive disease (PAOD) contributes However, it is an important area of research to understand the
decreased exercise tolerance, poor balance, impaired pro- differences between closely related regenerating and nonprioception, muscle atrophy and weakness. Its advance con- regenerating organisms, evolutionary loss of regeneration
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and its molecular mechanisms [126]. Notably, down regulation
of canonical Wnt signaling in regeneration-deficient regions
restores regenerative abilities while blastemas form new heads
in regenerate tissues that normally never regenerate. Hence,
manipulation of a single signaling pathway can reverse the
evolutionary loss of regenerative potential [126] ( Table 1).
Among invertebrate planarians possess very high regenerative ability. These are used as important models for
understanding the molecular basis of regeneration in higher
animals. It is highly important that vertebrates lack this ability
of regeneration. More exceptionally, few planarian species
possess limited regenerative abilities, when they cut in
lengthwise each part of the body will regenerate the missing
half. Interestingly, regenerative blastema repairs the missing
part, but few important reductions occur in size in regenerative
and original animal it signifies epimorphosis. Similarly,
nemertens show high regenerative ability and complete
worm is formed from a very small segment. Platyhelminthes
also possess high regenerating ability, but in nematodes this
ability is low and they could only repair superficial wounds.
Similarly, annelids both polychetes and oligochetes show
regeneration of their anterior and posterior ends, but parasitic
annelids do not show any regeneration. These animals also
show epimorphosis, and a regenerating bud is formed
which extend to form a new part. Moreover, regeneration
in annelids is concerned to the growth stimulated by both
local and systemic influences. Mollusks and arthropods show
very low grade of regeneration, and renewal of lost part is
very hard to repair. However, in crustaceans tissue damages
are only repaired during development. While echinoderms
mainly starfish, brittle stars and sea lilies show regeneration
capacity and can repair arms and parts of discs. Brittle stars
show very high tissue regeneration ability and repair lose
limbs, but the rate at which this occurs is highly variable and
species-specific. Though, a slowest rates of arm regeneration
found in Antarctic Ophionotus victoriae. This property occurs
due to presence of major gene families and pathways with
potential relevance to the regenerative processes including
the Wnt/β-catenin pathway, Hox genes, the SOX gene family
and the TGF beta signaling pathways [127].
In vertebrates regeneration, power is spectacular in the
urodale amphibians mainly in newts and salamanders. These
animals show regeneration of limbs and tail region, external
gills and even the upper and lower jaws. But in adult anuran
animals this property does not found. Other amphibians
such as tetrapods mainly newts, axolotls, and frogs also show
regeneration of lens and retina of the eye [128]. Reptiles mainly
lizards show regeneration of tail region, and in their beak
only. In mammals limbs do not regenerate spontaneously
except fetal stages and regeneration only limits to wound
healing of skeletal tissue and skin cells. Thus, invertebrates
show capacity of regeneration much higher and it diminishes
decreasingly in higher animals mainly in mammals. Mammals
possess the remarkable ability and can regenerate a lost

doi: 10.7243/2050-1218-4-1

fingertip, including the nail, nerves and even bone. In humans,
an amputated fingertip can sprout back in as little as two
months but this phenomenon is poorly understood till date.
But in other organs no regeneration occurs as it takes place
in lower animals but in vertebrates this property only occurs
in earlier stages of ontogenic cycle. For example, legs can
be regenerated in tadpoles but this ability does not exist in
adult frogs. Many fish and salamander species regenerate
amputated fins or limbs, restoring the size and shape of the
original appendage.
Regeneration requires spared cells to retain or recall information encoding pattern, a phenomenon termed positional
memory.However, few factors play important role in positional
memory during vertebrate appendage regeneration. More
exceptionally, few potential regulators of anteroposterior
(AP) pattern work together during fin regeneration in adult
Zebrafish. There might involve many genes with regionspecific expression, several of them encode transcription
factors with known AP-specific expression or function in
developing embryonic pectoral appendages [129]. Transgenic
reporter strains revealed that regulatory sequences of the
transcription factor gene alx4a showed activated expression
in fibroblasts and osteoblasts within anterior fin rays, whereas
hand2 regulatory sequences show activated expression
same cell types within posterior rays [129]. More importantly,
transgenic over expression of hand2 in all pectoral fin rays did
not affect formation of the proliferative regeneration blastema,
yet modified the lengths and widths of regenerating bones.
Hand2 also influenced the character of regenerated rays
in part by elevation of the vitamin D-inactivating enzyme
encoded by cyp24a1, it also contributes in region-specific
regulation of bone metabolism [129]. Moreover, systemic
administration of vitamin D during regeneration partially
rescued bone defects resulting from hand2 over expression.
Thus, bone-forming cells in a regenerating appendage maintain
expression throughout life of transcription factor genes that
can influence AP pattern, and differ across the AP axis in
their expression signatures of these and other genes [129].
Thus, extensive defects of the lower extremities are usually
reconstructed with micro vascular free flaps because of
inadequate local tissues and wound complexity. Though,
efforts have been made to reconstruct such defects using
the Chimeric flaps, which enable with larger surface areas to
be used while maintaining economical tissue use [130]. The
latissimus dorsi chimeric flap is one of the most useful tools
for resurfacing extensive limb defects [130].

Regeneration of skeletal myoblasts

Skeletal myoblast or myocyte is striated muscle that contains
transverse stripes and connected at either or both ends
to a bone. It is a voluntary muscle made up of elongated,
multinucleated, transversely striated muscle fibers having
principally bony attachments. It is a muscle cell that helps
in moving the parts of the skeleton. These long, tubular cells
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develop from myoblasts and form muscles in a process known
as myogenesis. These cells occur in various specialized forms
of myocytes such as cardiac, skeletal, and smooth muscle cells,
each of them show different properties. Cardiac myocytes or
skeletal myoblasts are responsible for generating electrical
impulses that control the heart rate (Figure 6). These cells
are derived from skeletal muscle satellite cells upon an
injury require cell-based cardiac repair [131,132]. Moreover,
myoblasts derived from autologous or syngeneic sources
show the ability to proliferate better than many cell types
and trans-differentiate into cardiomyocytes. More specifically,
myoblasts remain stubbornly committed to form mature
skeletal muscle in the heart [133-135] with the exception
of rare cell fusion events at the graft–host interface [136].
Skeletal muscle is one of the few cell types in the body that
does not normally express gap junction proteins and do not
form electromechanical junctions with cardiomyocytes when
engrafted into the heart [137].
Similarly, cardiomyocytes are optimal cell type to repair
an infarct. These stem cells provide an alternative curative
intervention for the infracted heart by compensating for the
cardiomyocyte loss subsequent to myocardial injury. Other
committed cell types such as fibroblasts and smooth muscle
cells, which clearly cannot contract like cardiomyocytes, but
enhance function of the injured heart (Figure 6b) [138]. However,
cell based repair mechanisms include increasing perfusion
through angiogenesis and arteriogenesis improves the infarct
connective tissue and generates less ventricular dilation and
enhance the myocyte survival. However, presence of resident
stem and progenitor cell populations in the heart, and nuclear
reprogramming of somatic cells with genetic induction of
pluripotency markers are emerging developments in stem
cell-based regenerative medicine. Further, fetal cardiomyocytes
could form stable grafts in uninjured hearts of syngeneic
recipients [139]. However, safety and feasibility of these
cells is established by extensive experimentation in vitro
and in vivo experimental models. No doubt, skeletal musclederived myoblasts, and bone marrow cells remain the most
well-studied donor cell types for myocardial regeneration
and repair. Similarly, transplantation of myoblast-based
therapeutic intervention may augment myocardial function
in the infracted heart. Therefore, new strategies which can
overcome the problem of arrhythmogenicity and failure of the
transplanted skeletal myoblasts are much needed (Figure 6)
[140].
Bone marrow derived mesenchymal stem cells (BMdMSCs)
can differentiate into cardiomyocyte-like cells induced by
different inductors individually or collectively. However, by
inducing BMdMSCs with p53 inhibitor (p-fifty three inhibitoralpha, PFT-α), 5-azacytidine (5-AZA), angiotensin-II (Ang-II) and
bone morphogenic protein-2 (BMP-2) influences four inductors
of differentiation of rat BMdMSCs into caridomyocyte likecells [141] (Figure 6b). Further, for differentiation of BMdMSCs
into cardiomyocyte-like cells combination of inductors and
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expressions of cTnT, cTnI and Cx43 are essentially needed
to develop new cardiac regenerative medicine. In addition,
constitutively activating mutation (R206H) of the BMP type
I receptor, activin-like-kinase 2 (ALK2), causes fibrodysplasia
ossificans progressive (FOP). It is characterized by extensive
ossifications within muscle tissues. However, Tmem176b
mRNA levels were found up-regulated by stable transfection
of ALK2 (R206H) in mouse myoblastic C2C12 cells (Table 1).
Similarly, transient Tmem176b overexpression also elevate
levels of osteoblast differentiation markers, such as Osterix
and alkaline phosphatase, as well as mineralization in C2C12
cells. In addition, Tmem176b over expression elevate the levels
of these markers in mouse osteoblastic MC3T3-E1 cells and
induces the differentiation of myoblasts into an osteoblast
lineage [142]. Cardiomyocyte-like cells are produced from
secondary CSs under ERK inhibitory conditions [143] while
cardiac differentiation of BMdMSCs is induced by PFT-α, 5-AZA,
Ang-II and BMP-2. But PFT-α has an advantage of differentiation
rate and electrophysiological function over other inductors
(Figure 6). Thus massive interactions occur between muscle
tissues and bone metabolism during regeneration.

Regeneration of diverse cardiac, smooth muscle and
endothelial cell lineages

Heart diseases consist of progressive condition involving loss
or defects of cardiomyocytes. Despite so many treatment
regimens, heart failure remains one of the leading causes of
morbidity and mortality worldwide. This is due to failures and
lack of adequately replacement of lost ventricular myocardium
from ischemia-induced infarct. Because adult mammalian
ventricular cardiomyocytes show limited capacity to divide,
and its proliferation is insufficient to overcome the significant
loss of myocardium from ventricular injury. Heart muscles
show low endogenous regenerative capacity (Figure 6b), hence,
there is a need of novel regenerative medicine approaches
because existing therapeutic approaches could not low down
the cases of heart failures. Therefore, new therapies that could
assist in regeneration of damaged cardiomyocytes or myocardium cells are essentially needed to improve or restore
structure and function of human heart. As the search for new
cell types for cardiovascular regeneration continues, it is equally
important to optimize ex vivo cell processing and to develop
optimal processing strategy for human cardiac progenitor
cells. Therefore, for generation of functional cardiac muscles or
cardiomyocytes in situ for cell transplantation-based therapies
direct reprogramming of endogenous cardiac fibroblastsis is
essentially needed. Interestingly, functional cardiomyocytes
can also directly generate from fibroblasts by using several
combinations of cardiac-enriched factors or could also achieve
by in vivo gene delivery of cardiac reprogramming factors
[144]. Moreover, efforts are continued for generating de novo
cardiomyocyte-like cells from terminally differentiated nonmyocytes in the heart in situ after ischemic damage (Figure 6).
For which, all essential transcriptional molecules and more
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advanced cardiac reprogramming methods and high-grade
technology are essentially required [145]. By using successful
cell programming new cardiac muscles can be generated
and implanted to improve heart functions after myocardial
infarction in man. No doubt, generation of cardiac muscles
from stem cells will prove highly useful alternative strategy to
regenerate the cardiac muscles. This will not only repair failures
of adult cardiomyocytes in adults, but also cure congenital
heart diseases and restore cardiovascular disorders (Figure 6).
Furthermore, use of cardiac stem cells (CSCs) and tissueengineering methods will be more promising for restoration
of cardiac muscle cell failures. Further, heart regeneration
studies in animal models will provide alternative ways to
find and set new therapeutic targets and opportunities. For
example, amnion is used as an ideal cell source for cardiac
muscle regeneration for therapy. More often, regenerative
therapeutics could be achieved by using differentiation
potency of the human amnion mesenchymal cells (hAMCs).
It could also improve by over expression of Oct4, a key factor
that maintains the undifferentiated state [146]. These hAMCs
activate to an undifferentiated state by over expression of Oct4,
and their cardiac differentiation potency can be improved.
Thus, the single-time transfection of the Oct4 expression
vector may be a useful strategy for effective cell therapy. No
doubt regenerative therapy is considered more promising
strategy for the end-stage heart failures.
However, by enhancing the stemness potential and promoting the secretory activity for paracrine glands cellular
potency and humoral activity can be increased [146]. Therefore,
identification of precise paracrine signals that drive the cellfate decision of multipotent progenitors is an important
aspect for development of novel approaches to deliver these
signals in vivo, and unlocking their regenerative therapeutic
potential. These signals have been identified in form of
family of human cardiac endothelial intermediates located
in outflow tract of the early human fetal hearts (OFT-ECs). It is
characterized by co expression of Isl1 and CD144/vWF factors
[147]. Furthermore, vascular endothelial growth factor (VEGF)-A
was identified as the most abundantly expressed factor, that
also showed the ability to drive endothelial specification of
human embryonic stem cell (ESC)-derived Isl1+ progenitors
in a VEGF receptor-dependent manner [147]. However, over
expression of VEGF-A promotes not only the endothelial
specification but also engraftment, proliferation and survival
(reduced apoptosis) of the human Isl1+ progenitors in vivo.
Thus, large-scale derivation of cardiac-specific human Isl1-ECs
from human pluripotent stem cells, coupled with the ability to
drive endothelial specification, engraftment, and its survival
following transplantation [147]. Such novel experiments on
vascular regeneration might possible in heart of mouse and
Zebra fish regenerative models which possess crucial genetic
and epigenetic factors that stimulate vascular regeneration
in the heart [148].
A major problem of injured heart is animal-to-animal variability
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in wound size. Therefore, cryo-models are used because
they provide an extended injury border zone that exhibits
classic markers of remodeling found in surviving cardiac tissue
at the edge of a myocardial infarction, including connexin43
(Cx43) lateralization. However, to deliver a cryo injury to
the apex of the heart of neonatal mice may be more useful
for studying myocardial regeneration in mammals [149].
Interestingly, lower vertebrates, such as the Zebra fish and
newt, have the remarkable capacity to fully regenerate their
hearts after severe injury. Thus, experiments with animal model
systems may be more useful to discover new regenerative
approaches that might be applied to injured mammalian
hearts. Among various animal model systems Zebra fish is
used because of its genetic tractability which also provides
additional mechanistic insight into cardiac regeneration [150].
Distinct families of multipotent heart progenitors play
a central role in the generation of diverse cardiac, smooth
muscle and endothelial cell lineages during mammalian
cardiogenesis (Figure 6). Few important structures like human
right ventricular tissues and primary cardiosphere (CS), primary
CS-derived cells (PCDC) and secondary cardiospheres (SCSs)
can also regenerated by reprogramming. More specifically,
during formation of secondary CS, the ERK pathway is inhibited
by using selective RTK1 and TGF-β inhibitors. But Oct4 get
increased 20 fold and VEGF decreased. Moreover, when the
ERK pathway is stimulated by addition of EGF and TGF-β, VEGF
expression get up-regulated and Oct4 down regulate (Table 1).
No doubt ERK pathway plays a directional role for maintaining
cellular potency versus paracrine capacity [143]. More often,
transplantation of PCDCs or secondary CSs into the infracted
heart of immune-compromised mouse showed significant
angiogenic effects and generate cardiomyocyte-like cells from
secondary CSs under ERK inhibitory conditions [143]. It makes
clear that combined transplantation of specifically-processed
human secondary CSs enhance infarct repair through the
complementary enhancement of cardiopoietic regenerative
and paracrine protective effect that can be maximize for
achieving higher therapeutic benefits [143].
Cardiac development is a complex process resulting in an
integrated, multi-lineage tissue with developmental corruption
in early embryogenesis leading to congenital heart disease.
Further, establishment of specific characteristics of each
embryonic cardiac chamber is very crucial for development
of a fully functional adult heart. It is well known that chamber
deformities emerge gradually during development, with a
severe collapse in the number of ventricular cardiomyocytes
and an accumulation of excess atrial cardiomyocytes as
the heart matures [151]. For this purpose, maintenance of
unique features is required both in ventricular and atrial
cardiomyocytes [151] by using regulatory mechanisms mainly
using homeodomain transcription factors Nkx2.5 and Nkx2.7.
These are necessary to sustain ventricular chamber attributes
through repression of atrial chamber identity. However, for
maintaining ventricular identity and remarkable plasticity
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in differentiated myocardium Nkx genes play a pivotal role.
Hence, mutations if occur in nkx2.5 gene in Zebra fish it may
yield embryos with diminutive ventricular and bulbous atrial
chambers [151]. Further, removal of nkx2.7 function from
nkx2.5 mutants exacerbates the loss of ventricular cells and the
gain of atrial cell. This is the main reason that nkx2.7 deficient
embryos ventricular cardiomyocytes cannot transform into
atrial cardiomyocytes. Thus, improvement of nkx2.7 gene
function may be more usable in fetal and neonatal cardiac
pathology and cardiac regenerative medicine [151] (Table 1).
Meanwhile, interrogation of individual genes play
important role in cardiac development which requires a comprehensive transcriptome derived from natural cardiogenesis
to gauge innate developmental milestones. More specifically,
differential gene expression within the pluripotent state
revealed 23 distinguishing candidate genes employed
among pluripotent cell lines with divergent cardiogenic
potentials. Moreover, a confirmed panel of 12 genes is
required for differentially expressed cardiomyocytes between
high and low cardiogenic lines. More specifically, a panel of
development-related genes allowed differential prognosis
of cardiogenic competency, and prioritizing cell lines
according to natural blueprint to streamline functional
applications [152]. This panel of genes transforms cells into
to discriminate individual iPSC lines according to relative
cardiogenic potential. Moreover, transcriptome analysis
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attuned to natural embryonic cardiogenesis provides a
robust platform to probe coordinated cardiac specification
and maturation from bioengineered stem cell-based model
systems. Interestingly, matrix metalloproteinase-9 (MMP9)
induces fibrosis that causes stiffness of the ECM and impairs
differentiation of cardiac stem cells into cardiomyocytes [65].
It clears that stem cells possess enough therapeutic potential
to cure cardiac diseases [153].

Repairing of adipose tissue damage

There are many promising treatment approaches which have
shown enormous potential in regenerative medicine for tissue
engineering and somatic nuclear transfer (SNT) (Figure 7) [154].
However, mammalian adipose tissue derived stem cells
are used for repairing tissue defects. For this purpose, preadipocytes are delivered to sites where adipose tissue
damage needs to be repaired. Hence, injectable hyaluronic
acid/adipic acid dihydrazide (HA/ADH) hydrogel an adiposetissue-like material was prepared that showed biological
compatibility as well as stiff mechanical behavior upon use.
This also supports growth, proliferation and differentiation of
3T3-L1 pre-adipocytes and serves as a vessel for protecting
pre-adipocytes for short-term after delivery to native tissues
[155]. Adipose tissue is a weight-bearing biological structure
that needs many biological molecules for explant growth.
Moreover, adipose derived stem cells are used to improve
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Figure 7. Showing cell source used for obtaining MSCs, cultivation and transplantation of
cells for therapy.
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cartilage defects and injuries. These cells show increased
proliferative and chondrogenic capabilities like platelet rich
plasma treated adipose stem cells. Adipose stem cells are
used for clinically acceptable therapies mainly for cartilage
regeneration [156]. ASCs derived from adipose explants can
differentiate along multiple lineages in vitro [157]. Though,
adipogenic differentiation of adipose-derived stem cells
(ASCs) affected by many promoting and inhibiting factors
[157] (Figure 7). It is widely concerned with surrounding
cells and extracellular matrix. However, by utilizing SFAE,
the proliferation and colony-forming efficiency of ASCs is
inhibited, while the expression of adipogenesis markers such
as C/EBPβ, PPARγ2, and LPL, as well as angiogenesis factor
VEGF-A are promoted. No doubt SFAE put beneficial influence
on adipogenesis and angiogenesis both in vitro and in vivo
[157]. Therefore, for harvesting adipose-derived stromal
cells (ASCs) suction-assisted lipoaspirate liposuction is used
for tissue engineering to avoid negative effect on ASCs [74].

epithelium regeneration may help in repairing scrotal sac
and other male gonad injuries. More often, organelle specific
gene transplantation in sperm cells may help in formation
of fully active functional acrosome, axial filament and
mitochondrial proteins to make the male gametes vital and
active. Thus, for making actively moving sperms, tail portion
can be regenerated by incorporating motility inducing protein
implants or more wisely transfer of its genes.Interestingly
in new cells mitochondrial function, energy healing and
genomic stability can be evoked and afresh by channelizing
gene functions and biological signals from sperm nucleus.
NGF might also play important role during Leydig cells (LC)
regeneration by regulating the proliferation and differentiation
of these cells at different developmental stages, from SLCs, to
PLCs and from PLCs to ILCs [160]. NGF significantly promotes
the proliferation of stem /Leydig cells and also induces
steroidegenic enzyme gene expression and 3beta –HSD protein
expression [160. DEHP increases Leydig cell proliferation but
inhibits differentiation during the regeneration of Leydig cells
Regenerative gonadial tissue damage repairing
[157]. Thus by using cell and gene based therapies functional
Embryonic stem cells or induced pluripotent stem cells are used maturation, time differences in males and female sexes can
to produce oocytes but these cells show very limited success be corrected. Stem cell-based strategies are used for ovarian
in vitro oocyte production. For this purpose, endogenous regeneration and oocyte production in infertile women.
oocyte producing or oogonial stem cells (OSCs) are obtained
Similarly, healing and repairing of ovarian follicles is also
from ovaries of adult reproductive females and seeded for possible by making transplantation of ovarian stem cells
maintenance of human female germ cell cultures. Thus, stable in infertile females (Figure 8). It can be preceded by using
and pure human female germ cell cultures are maintained progenitor cells from ovarian epithelium. It is a single layer of
by using certain growth factors and transcription factors. But poorly differentiated epithelial cells that covers the surface of
growing germ cells must show completion of meiosis in vitro the ovary and ruptures during ovulation. These cells exhibit
(Figure 8) [158] (Table 1). OSCs are also used for transplantation progenitor/ stem cell characteristics and express the stem
into adult human ovarian cortical tissue for generation cell marker lymphocyte to antigen 6 complex, LY6A which is
of functional oocytes that arrest at the diplotene stage of also known as stem cell antigen-1(SCA-1). These cells LY6A
meiosis. Thus, successful recruitment of granulosa cells allows and mouse ovarian surface epithelium progenitors may play a
formation of new primordial follicles. However, well nourished role in ovulatory wound healing [161]. However, in vitro grown
cell culture systems are used for in vitro gametogenesis from follicle cells can be implanted in sexually defective women.
stem cells mainly generation of human oocytes. These are These follicular cells transform into columnar epithelium and
used to solve the problem of sterility in reproduction deficient form membranous bound area the zona pellucida between
human females [158]. Similarly, functional male gametes i.e., the oocyte and primary follicular epithelium. Thus, cell
spermatocytes or spermatids can be generated in artificial programming factors are naturally being made available for
medium from reproductive human males by culturing Leydig follicle cell formation that helps in repairing and improvement
cells in artificial medium. But hALR content, TSPY (Testis of all-germinal defects in ovarian tissues. No doubt it will
specific protein, Y encoded) promoter are essentially required support sexual maturation in sexually deficient females. Though,
for induction of spermatogenesis in males [159], because success rate of cellular activation and adaptation in new
expression of hALR influences sperm morphology, quality environment may be below 5% but it will open new innovative
and eventual reproduction in male fertility [159]. Similarly, area in the field of reproductive biology. Further, regeneration
progenitors of Y gene specific stem cells mainly progenitor of degenerating follicles is also possible but restoration of
Leydig cells may play important role in removing male sterility cell functions needs normal supply of progesterone from
if such cells could maintain in artificial medium.
corpus luteum. Moreover, progenitors of follicles, luteal cells
Similar regeneration of Sertoli and interstitial cells may and stromal cells can help in formation of oocytes, repairing
also support the germinative cells in production of gametes. of uterine endometrium and oocyte implantation. However,
In addition, Sertoli cells can be trans-differentiated in to muscular layer and mucous membrane should be implanted in
male gamete forming cells (MGFCs). Similarly, implantation uterine endometrium to treat and remove the ovarian cancer.
of progenitors of primordial germ cells in males may help
More specifically, homologs of nanos are required for the
in formation of male gametes. Further, abdominal coelomic formation and maintenance of germ line stem cell (GSC) systems.
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These are essentially required for gametogenesis in many
metazoans. For example, planarians change their reproductive
mode seasonally, alternating between asexual and sexual
reproduction. These animals develop and maintain their
somatic stem cells (SSCs) and GCSs from pluripotent stem cells
known as neoblasts. Similarly, Dr-nanos was found essential
for the development of germ cells in the ovaries and testes
at an early stage of germ cell specification, but these do not
participate in the development of somatic sexual organs
(Figure 7) [162].
Moreover, other methods that could assist in cell and gene
therapies are nuclear transplantations and animal cloning. But
these studies are illegal and unethical and against natural laws
in case of man. Interestingly, animal clones were prepared by

nuclear transplantation of cleavage stage nuclei in ovine eggs
[163,164]. However, for nuclear transplantation unfertilized
recipient eggs are used and not the fertilized zygote. But
Campbell, Wilmut and colleagues [165] used Willadsen
technique and procure nuclei from adults to produce live
off springs. It was also followed for generation of famous
cloned sheep Dolly [166,167]. Similar nuclei transplantation
experiments were conducted by using advanced endodermal
cell nuclei from tadpoles Xenopous laevus. In addition, transspecies transplantations are also possible that may help to
decide role of sex specific genes in generation of ovarian
and testicular follicles, if they are incorporated or induced
in artificially generated somatic or mitotic cells tissues. In
addition, cross roads of sex specific programming could be
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determined but it seems impossible in near future.
Furthermore, more appropriate organ transplants can be
generated by transplantation of human genes insides stem
cell progenitors or by reprogramming cellular functions. But
for this purpose different transcription and growth factors are
to be required having specific cell types. Moreover use of these
factors can improve the cases of graft rejection because both
tissue and cell transplantations follow proper cell lineage and
growth regulatory mechanisms (Figure 8). But it seems to a
toughest job because two different cell lineages essentially
need different microenvironments during development
and differentiation stages, because in adult organism stem
cell reside in defined anatomical environment or niches.
Hence, architecturally diverse microenvironments should
be maintained to serve to balance stem cell self-renewal and
differentiation [168]. Similar, germ line stem cells are also
found in adult flies and worms which maintain their own
micro-environment or niche themselves. It is much similar to
ecological niche where every biological entity maintains its
life. Microenvironment supports the cell division in stem cells
and other biological activities. Thus, it is clear that cell feels
effect of both intrinsic and extrinsic factors mainly regulatory
proteins, which help to sustain stem cell population (Figure 7).
In Drosophila in the ovary niche is maintained by secretion
of two types of proteins namely transforming growth factor β
(TGF β), protein (Dpp and Gbb) and Hedgehog CHh) protein.
Factors Hh, Dpp, and Gbb cap maintain cell derived signals in
coordination to cell surface proteins (Figure 8). Similarly, both
Arm and Zpg direct a cell to remain stem cell. Similarly, microRNAs control the cell division properties of Drosophila female
germ line stem cells. Similarly, cyclin E-CDK complexes, Wnt
signal and Hh protein also play important role in maintainace
of micro-environment. While Drosophila BCL6 homolog Ken
and Barbie promote somatic stem cell self-renewal in the testis
niche [169] (Table 1). Notch pathway remains active during
embryogenesis prior to the development of hematopoietic
system, but hematopoietic differentiation is inhibited when
notch activity is enhanced [121]. Similarly, Notch signaling
pathway promotes mitotic union of worm germ line stem cells.
A membrane protein Delta binds to the Notch receptor on the
germ line stem cell and establishes stiffness of extracellular
matrix (ECM) and surrounding niche/microenvironment
that play pivotal roles in ESC differentiation [65]. A proper
microenvironment is required for ES cells to differentiate
to form multicellular aggregates or embryoid bodies much
similar to the early embryos. Similarly, a proper regulation
of balance is required for tissue repair and homeostasis. Any
imbalance can potentially lead to diseases such as cancer
[168]. However, a proper microenvironment is required for
ES cells to differentiate to form multicellular aggregates or
embryoid bodies much similar to the early embryos. Thus,
activated embryonic stem cells can differentiate in to various
cell types with the help of transcription factors, Nanog, Soc2
and Oct 4. However, for achieving therapeutic excellence in the
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field of clinical medicine high through put technologies and
combinatorial methods are essentially required for stepwise
engineering of stem cell microenvironments for stem cell
based therapies (Figure 8) [168].
Adult stem cells support tissue homeostasis and repair
throughout the life of an individual. But during ageing, numerous intrinsic and extrinsic changes occur that result in
altered stem-cell behavior and reduced tissue maintenance
and regeneration. In the Drosophila testis, ageing results in
a marked decrease in the self-renewal factor Unpaired (Upd),
leading to a concomitant loss of germ line stem [170]. More
specifically, a IGF-II messenger RNA binding protein (Imp)
counteracts endogenous small interfering RNAs to stabilize
Upd (also known as os) RNA. Similar to upd, Imp expression
decreases in the hub cells of older males, which is due to
the targeting of Imp by the heterochronic microRNA let-7.
In the absence of Imp, Upd, mRNA remains unprotected
and become susceptible to degradation (Table 1). Thus, for
understanding mechanistic basis for ageing-related changes
in stem-cell behavior newer strategies are required to treat
age-onset diseases and facilitate therapeutic importance of
stem-cell-based therapies in older individuals [170]. Stem
cells sustain tissue regeneration by their remarkable ability
to replenish the stem cell pool and to generate differentiating
progeny Issigonis [169].
Similarly, in Drosophila testis, a group of somatic support
cells called the hub creates a stem cell niche by locally
activating the Janus Kinase-Signal Transducer and Activator
of Transcription (JAK-STAT) pathway in two adjacent types of
stem cells: germ line stem cells (GSCs) and somatic cyst stem
cells (CySCs) [171]. In addition, both ken and barbie (ken) are
autonomously required for the self-renewal of CySCs but not
GSCs. Ken represses a subset of Stat92E targets in the embryo
[172]. It also maintains CySCs by repressing differentiation
factors. Furthermore, Ken mis expression in the CySCs lineage
induces the cell-autonomous self-renewal of somatic cells as
well as the non-autonomous self-renewal of germ cells outside
the niche. Thus, Ken, like Stat92E and its targets ZFH1[170]
and Chinmo [173] are necessary for CySCs renewal [69]
(Table 1). Contrary to this, ken is not a JAK-STAT target in the
testis, but instead acts in parallel to Stat92E to ensure CySCs
self-renewal. Thus global JAK-STAT inhibitor Protein tyrosine
phosphatase 61F (Ptp61F) is a JAK-STAT target in the testis that is
repressed by Ken. It also plays an important role in the inhibition
of CySCs differentiation [169]. The let-7-Imp axis regulates
ageing of the Drosophila testis stem-cell niche [170]. More often,
micro niche affect oocyte formation by mitotically active germ
cells obtained from ovaries of reproductive-age women [174].

Regeneration of immune power

It is very difficult to induce regeneration in immune cells
because of lineage difference and coordination of immune
response signals and behavior of immune surveillance cells
[175]. But few cells like hematopoietic, dendrocytes, Kupffer
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cells derived from embryonic stem cells and laboratoryderived cell lines of pre-implantation blastocyst-origin may,
retain some immunological properties. It is true that, immune
privilege provides protection to vital tissues or cells of the
body when foreign antigens are introduced into these sites
[176]. Moreover, variety of tissues and anatomical structures,
including the hair follicles and mucosal surfaces, and sites of
chronic inflammation and developing tumors may acquire
immune privilege by recruiting immunoregulatory effector cells,
but adult stem cells are no exception. Thus for regenerating
immune vitality in cells both pre and progenitors of different
factors and molecules are required for generation of different
cells types and lineages. Hence, all necessary genetic and
molecular factors are essentially required that is fulfilled by
stem cell microenvironment. It proceeds and establishes
immune cell reprogramming, and evokes difference between
self and non-self substances. However, it is true that immune
privilege can be developed to extend the capacity of adult and
embryonic stem cells to display both relative and acquired
immune function and to harness large therapeutic gain [176].
More specifically, embryonic stem cells and their differentiated
tissue derivatives transplanted into a recipient do not
necessarily have an ability to subvert immune responses to the
extent required to exploit their pluripotency for regenerative
medicine [176]. Therefore, a pre-implantation-stage embryo
that derives from a totipotent stem cell (i.e., a fertilized oocyte)
must be protected from maternal allo-rejection for successful
implantation and development to occur, because so many
factor work in simultaneous or in synchronizing way during
regeneration and wound healing of tissues and organs. More
often, immune perfection in implanted cells, tissues, parts may
need restoration of structural genes and transplantation and
growth factors. However, regeneration of immune cells may
start immune responses in immune deficient individuals, which
will open new gateway of autoimmune disorders and virus
generated deficiencies such as loss of CD cells and its receptors,
signal recognition molecules and adhesion molecules. Thus,
capability of immune function can be enhanced in both ways
by inducing immune cell system and by generating important
immune molecules in vitro to restore the biological functions
of the patient’s body. Furthermore, restoration of cellular and
molecular configuration of antigens may lead to the revolution
in the field of biomedicine.
Further, transplantation of mast cells, resident of several
types of tissues contains many granules rich in histamine
and heparin. These cells show very important role in wound
healing and defense against pathogen. These cells not only
restore the functions of blood vessels, but also do structural
restoration of skin cells, mucosa of lungs and digestive tract,
conjunctiva and nose. Thus, abnormalities of immune cells to
which the patients are susceptible to a variety of infections,
phagocytic and macrophages abnormalities can be improved.
Further, MHC genes and its gene products can help in
transplantation and avoid risks of graft rejection. Primarily
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some of the cells, which induce immune responses, may be
restored by programming the action of cytokines, interleukins
and complementary system. However, follicular dendritic
cells, which do not display MHC II, can be restored. Contrary
to this, precursors of mast cells, which are formed in the bone
marrow, are released in to the blood as undifferentiated cells
which maintain phagocytic function. These cells contain large
cytoplasmic granules having antibacterial substances like
histamine and may show different types of allergies. These cells
occur in wide variety of tissues i.e., skin, connective tissues of
various organs, mucosal epithelium of respiratory and digestive
system and genitourinary tract. Similarly, dendritic cells also
occur in different organs and recognized as Langerhans DCs,
interstitial, DCs, monocyte derived DCs, and plasmatocytoid
derived DCs. However, DCs present in skin cells are repairable.
Plasmatoid derived DCs which play important role in innate
immune defense and work like antigen presenting cells. If
cell culture derived DCs are released in the blood immune
compromising patient, up to some extent their immune
functions can be restored. Thus, interactions between CD4+
T lymphocytes and antigen presenting cells can be improved.
For example in vitro culture of dibetogenic CD4+ and CD8+
T cells with NOD, RAG1and culture of Islets in vitro transwell
system led to secretion of candidate cytokines/chemokines
such IL-2, IL-6,IL-10, MIP-1a and RANTES. Thus, cellular factors/
soluble factors secreted from T cells together enhance β cell
proliferation and prove potential therapeutic candidates in
controlling type 1 diabetes [177] (Figure 8) (Table 1). Hence,
restoration of immune signals may help in intercellular
recognition of self and non-self in organ transplantation and
autoimmunity. Further, it may also help to identify cellular
interactions, co-stimulated and accessory, But there are lesser
possibility in healing of innate immunity, mainly restoration
of pathogen associated molecular patterns (PAMPs) and
other receptors of innate immunity which are encoded by
host germ line.

Future clinical prospects

Regenerative medicine has wider application in the field
of tissue repairing, wound healing and transplantation
therapeutics. Moreover, by making more vital cell and
tissue transplantations repairing of cerebrum injuries due
to accidents, septal or acute syndrome shocks, mental and
conscious activities of brain and integrative function can be
restored. But, restoration of memory and intelligence are very
difficult tasks to achieve because regeneration of neurons in all
cerebral/CNS diseases is impossible. Though new innovations
in regenerative medicine gave hopes for repairing of thalamus
nuclei or small clusters of nerve cells, hypothalamic neurons,
nephrons in kidney and Malpighian Corpuscles. More often,
this could be achieved by cellular reprogramming at an
earlier stage of disease. Similarly, repairing of flattened
cells or podocytes of Bowman’s capsule may help to restore
blood supply in renal artery in kidney, glomerular capillaries,
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afferent arterioles, and peritubular network of capillaries. and a clinical challenge despite the wide acceptance of the
More espcifically, sqmuamus epithelium could also restore degenerative consequences of meniscectomy and no surgical
by regeneration of endothelium, and basement membrane of procedure has succeeded to date in regenerating a functional
the wall of glomerulus capillaries. Thus, functional restoration and long-lasting meniscal fibrocartilage. More often, none of
of secretion of ADH and aldosterone and ultra filtration the existing approaches has been completely successful for all
could maintain osmoregulation in blood circulation in micro patients, as meniscal tears require specific and patient-related
capillaries or nephrons in kidney tissues.
treatments depending on the size and type of lesion [181].
However, for development of more advanced therapies Therefore, there is an utmost requirement of new methods
fine candidate molecules responsible for cell programming or strategies for having new potential regenerative medicine
must be identified. These are also used for generation of based on cell-free scaffolds, gene therapy, intra-articular
real time micro niche to obtain highly specific cell types delivery of progenitor cells, biological glues for joining broken
that could repair structural deformities caused by viruses bones, disarticulated tendons, muscle fibers, reparable tears,
and other pathogens at cellular level. But it seems to be a partial and total tissue engineered meniscus replacement [182].
challenging task and costliest un-imaginable affair to restore
Further, regenerative medicines may also have important
ATPase receptors and other energy or electron accepting ports role in reprogramming of cells to check the ageing or maintain
located on the membrane surface. Similarly, improvement of reversal of ageing process. But, it is a greatest challenge
transmitting signals for touch, smell, vision and hearing is a because during ageing, numerous intrinsic and extrinsic
very difficult to restore, but sensory cell implantations could changes followed which influence stem-cell behavior
be possible by converging stem cells into somatic sensory cells. and reduce tissue maintenance and regeneration. Hence,
In addition, reprogramming for repairing the loss of vision in mechanistic ageing-related changes in stem-cell behavior
retinal cells, restoration of ultra filtration and ionic potentials cannot be restored. But there is a possibility for development
in neurons, and hormonal secretion in pancreatic cells could of strategies to treat age-onset diseases and facilitate stembe achieved by cell replacement therapies. Interestingly and cell-based therapies in older individuals [170]. Hence, there
spinal cord injuries and memory functions of sensory cells was felt a strong need of new reagents that could activate
can be restored through reprogramming. Similarly, soluble recruiting of intrinsic and extrinsic factors to induce implant
factors secreted from T cells are also identified as potential progenitor cells into the damaged sites for repairing of tissues
therapeutic candidate to enhance beta cell proliferation for in old age people [115]. Similarly, it is also an important area
onset of type 1 diabetes [177]. No doubt gene transfer can of research to identify and use totipotency factors in the
restore secretion of certain factors like BMP, FGF, Hedgehog, ooplasm and epigenic reprogramming of the transplanted
Notch, PDGF, Wnt and inflammation signaling that may assist genes. Does somatic epigenomic can be reprogrammed to
in bone regeneration [178]. Further, markers for regeneration achieve pluripotent state by combination of transcription
of cartilage bone, cardiac muscles, adipose tissue, neurons, factors [181]. How long individually tailored stem cells can be
skin, and hematopoietic, liver and ovarian cells can create used for therapeutic purposes will be new innovative areas of
reforms in clinical medicine and research. Though it is also future research [183]. Thus by recruitment of intrinsic stem /
impossible to find solution of brain injuries mainly (neuronal) progenitor cells in to the damaged sites can start regenerative
occurred due to effect of nerve poisons, virus toxins, electronic activity and can make disable organs functional [184]. Similarly,
shock and radiation certainly it will become a most innovative induced neural cells may restore the memory in memory
research area for the future.
related diseases. For this purpose cell cycle machinery should
Though, few successes have been obtained related to be uplifted and continued for synchronizing differentiation of
repairing of tendons, cartilages, skeletal muscles, liver tissues implanted tissues and its proliferation in recipients. Moreover,
and in bone regeneration. But new promising biomaterials RA and Wnt signaling as key regulators of HSC development
and methods are highly demanded for therapeutic purposes can provide new molecular insights for developing much
to restore organ level deformities [179]. Meanwhile stem advanced clinical therapeutics of disables [49] (Figures 7 and 8)
cells (MSCs) are implanted or injected into damaged tissue (Table 1).
while stem cell progenitors are used to replace defective cells.
It will become a boon for those who lack fertility and show
However, for development of novel treatments, newer tissue sexual disability generate functional ova or sperms. In such
repairing strategies and both biological and synthetic solutions cases degenerated spermatocytes and ovarian follicles (Graffian
are being made available for providing advanced clinical aids follicles) could be replaced by functional gonadial progenitors.
to the patients. In addition, inherently suitable scaffolds and Certainly, it will not only help in generation of sexual capacity,
matrices are to be generated for tissue engineering, stem cell but also heal various disorders related to cells of both sexes.
propagation and differentiation. Now it become possible to Further, ovarian and testis explants grown in the laboratory
use bio-engineered organs and tissues, though its replacement can be implanted in the reproduction deficient couples.
is very difficult to proceed and practiced for disables [180]. Certainly such implants may assist in generation of functional
Contrary to this, meniscus regeneration remain unsolved gametes. Thus by transplantation of regenerative tissues or
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by doing organ transplants all possible ovarian or testicular
collapses could be repaired for making them functional.
This will prove boon for anatomically and physiologically
incapable couples. Thus, complete restoration of estrus and
menustrus cycles in both sexes could possible by hormone
corrections. Moreover, stem cell based strategies would apply
for ovarian regeneration and oocyte production in females,
while in males it will restore spermatogenesis and testicular
regeneration. No doubt both trans-differentiation and cytodifferentiation may help in generation of two different cell
types by reprogramming.

Conclusion
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combinatorial methods and molecules cell programming
can be re-started in gonads of fertility deficient male and
females of humans. Further, by supplying all transcription
factors in settling micro-niche expansion of stem cells mainly
iPs cells become possible for fertility restoration in females.
Thus, stem cell transplantation will help to replace teratomas
of gonads, brain, heart, thyroid, liver, lungs, and sensory
organs. Similarly, physiological activity of tendons, spinal
cord, ligaments, cartilages, skeletal muscles and cardiac
muscles can be restored by generating regenerative tissue
transplants. Further, precursors of fibroblasts can be used
for HSc generation by functional expansion of naojan.
No doubt, regenerative medicine can fulfill the demand of
shortage of organs for transplantation, and more disease free
cell systems will made available for replacement therapies.
It will need more advanced cell system studies that may
provide better understanding about development of diseases,
disorders and valuable insights for future clinical therapeutics
of organ injuries whose repairing is impossible by using
conventional drugs or by chemotherapeutics. Hence, for
healing of defective or injured tissues need fine molecules
and products, cells, and induction factors for regeneration
of tissues in human body. Certainly by exploring molecular
mechanisms of repair, replace, restore and regeneration will
revitalize the therapeutic researches (Figure 9). Therefore, safer
scaffold materials, cell systems, methods and technologies
are essentially needed to find solution of clinical failures of
cell and tissue transplantation. Further, formation of various
cell fusion types will reduce the rate of tissue degeneration
and will assist from many glandular infections. Conceptually
cells identical in physiological and structural regeneration of
membrane surfaces and body metabolism can change the
therapeutic approach in case of cancer and tumor. Hence,
biologically active molecules for immune-modulation
and transplantation corrections in tissue grafts are to be
identified. Further, promising candidate molecules such
as immunomodulators, adhesions, integrins and new
biological scaffold materials are used for tissue repairing
and induction of regeneration in injured tissues. Further, role
of various cells and its modifications in tissue engineering
for phase specific repairing of tissues and induction of
regeneration are to be explored. No doubt development of
more advanced tissue transplantation methods based on cell
regeneration programming and use of stem cell therapies will
revolutionize the clinical therapeutics Such methods will be
highly useful to identify mutual beneficial interest in field of
developmental biology. No doubt, regenerative medicine is
most emerging inter disciplinary field having high biological,
clinical and socio-economic importance and is medicine of
future. This innovative research area needs many conceptual
improvements in neuronal and cardiovascular therapies.

Regenerative medicine is an inter-disciplinarily innovative
research area which has wider applications in the field of
oncology, embryology, immunology, physiology, cardiovascular, nephrology, anatomy and clinical biology mainly
in organ and tissue transplantation. However, by applying
biological and tissue engineering methods self-sustained
growth of degenerated or injured organ tissues could
be achieved. Truly regenerative tissue re-juvenation has
provided life to millions of accidental disabled peoples.
No doubt, limb regeneration and its replacement assisted
millions of disables to walk or those who have faced accidents
and bear brutal multiple injuries in limbs. Moreover, limb
regeneration by somatic cell induction and tissue replacement
therapies are proved boon for millions. Similarly, repairing of
chronically ischemic muscles has provided a grand success
in management of CLI (critical limb ischemia) patients. In
addition, cases of acute sciatic traction injury could be solved
by axial regeneration of nerve cell. It would be possible by
unifying growth factors and gene activities more interactive
in vivo. Further, cell programming and regenerative factors
found in few animals like newts, axolotls and frogs can
be used for clinical trials. Further, by applying positional
memory as it occurs in fishes for formation of appendages
can be used for evoking memory in degenerated tissues.
It may start signaling in regeneration deficient regions
and can restore any regenerative ability and may form
new heads. Thus by studying the regenerative abilities of
planarians and its molecular basis tissue injury restoration
and healing of wounds in vertebrates are much possible.
Conceptually cells identical in physiological and structural
regeneration of membrane surfaces, ATP enzyme ports,
signaling molecules involved in various pathways can be
revitalized by using stem cells. However, minor and major
cellular factors may evoke regeneration in deficient tissues by
transplantation of most important genes, gene products and
cells. Similarly, restoration of mitochondrial ATP production
and use of artificially-generated cardiac muscles will be more
useful in aged patients. These will also help in treatment of
chronic respiratory dysfunction, cardiac related disorders,
throat and esophageal problems, disease in the thorax. Further, List of abbreviations
by improving stem cell microenvironment, and applying TSPs: Transcription specific proteins
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Figure 9. Showing various phases followed during tissue regeneration in human body.
UCB: Umbilical cord blood
CNS: Central nervous system
SCs: Schwan cells
PSCs: Pluripotent stem cells
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