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Abstract

Stem cells likely play key roles in the repair of diverse injuries or disorders in body. Recent advances
in biotechnology and regenerative medicine brought a revolutionary change in the practice of medicine.
Advancements in stem cell biology, including embryonic and postnatal somatic stem cells, have made the
prospect of tissue regeneration a potential clinical reality. Absolute concept for the use of stem cells in bone
disorders has been centered on the strategies for reconstructing segmental regions of the skeleton, lost to trauma
or surgery, and in muscle diseases, to provide normal population of cells in order to replace defective tissue.
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Introduction

Stem cells have potential to develop into many different cell types
in the body i.e., Stem cells [1] are distinguished generally by their ability
to differentiate into many types of cells in the body and to self-replicate
indefinitely during early life and growth. Stem cells [2] in many tissues
serve as a sort of internal repair system, dividing essentially without
limit to replenish other cells as long as the person or animal is still alive.
Stem cells [3] are capable of dividing and renewing themselves for long
periods unlike muscle cells, blood cells, or nerve cells which do not
normally replicate themselves stem cells [4] may replicate many times,
or proliferate. A starting population of stem cells that proliferates
for many months in the laboratory can yield millions of cells. If the
resulting cells continue to be unspecialized, like the parent stem cells,
the cells are said to be capable of long-term self-renewal [5].

Particularly Neural stem cells exist not only in the developing
mammalian nervous system but also in the adult nervous system of all
mammalian organisms, including humans. Neural stem cells can also
be derived from more primitive embryonic stem cells. The location
of the adult stem cells and the brain regions to which their progeny
migrate in order to differentiate remain unresolved, although the
number of viable locations is limited in the adult. Potential uses of stem
cells [6] in repair include transplantation to repair missing cells and the
activation of endogenous cells to provide “self-repair” [7].

Multipotent stem cells have the same basic features of all stem
cells. As with all stem cells [8] multipotent stem cells are unspecialized
cells that have the ability to: Self-renew for long periods of time and
differentiate into specialized cells with specific functions. A multipotent
stem cell can give rise to other types of cells but it is limited in its ability
to differentiate. Multipotent stem cells include those in the brain that
give rise to different neural cells and glia or hematopoietic cells [9],
which can give rise to different blood cell types, but they can’t create
brain cells. Bone marrow also contains multipotent stem cells that give
rise to all blood cell types but not other cells [10].

In general stem cells [11] are classified in three types. They are

. Embryonic stem cells,
. Adult or somatic stem cells,
. Induced pluripotent stem cells or iPSCs.

Embryonic stem cells

Embryonic stem (ES) cells are derived from totipotent cells of the
early mammalian embryo and are capable of unlimited, undifferentiated
proliferation in vitro [12].

Adult or somatic stem cells

Adult stem cells are stem cells [13] that can be derived from
different parts of the body and, depending on where they are from, have
different properties. They exist in several different tissues including
bone marrow, blood and the brain [14].

Induced pluripotent stem cells or iPSCs

Induced Pluripotent stem cells are often termed ‘true’ stem cells
[15] because they have the potential to differentiate into almost any
cell in the body. This means the induced pluripotent stem cells (iPSCs)
from somatic cells demonstrates that adult mammalian cell scan be
reprogrammed to a pluripotent state by the enforced expression of a
few embryonic transcription factors [16].

Stem cell application in medicine

Human stem cell [17] research holds an enormous potential
to contribute the understanding of fundamental human biology.
The introductions of antibiotics and vaccines, for example, have
dramatically increased life spans and improved the health of people
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all over the world. The science of stem cell therapies, potentially as
important as these other advances, is about to enter a phase of research
and development that could lead to unprecedented cures and palliative
treatments. Some Examples of Treatments for Major Diseases are
like Cancer, Type 1 Diabetes in Children, Nervous System Diseases,
Primary Immunodeficiency Diseases, Diseases of Bone and Cartilage
[18].

Stem cells in Cancer

The term “cancer” describes a group of diseases that are
characterized by uncontrolled cellular growth, cellular invasion into
adjacent tissues, and the potential to metastasize if not treated at a
sufficiently early stage [19].

These tumor-forming cells could hypothetically originate from
stem, progenitor, or differentiated cells. Several characteristics of the
leukemia-initiating cells support the stem cell [20] origin hypothesis
[21]. Cancer cells arise from Stem Cells [22]. Stem cells are distinguished
from other cells by two characteristics: They can divide to produce
copies of themselves, or self-renew, under appropriate conditions and
they are pluripotent, or able to differentiate into most, if not all, mature
cell types [23]. The differentiation pathway from a stem cell [24] to a
differentiated cell usually involves one or more intermediate cell types.
These intermediate cells, which are more abundant in adult tissue than
are stem cells [25], are called progenitor or precursor cells. They are
partly differentiated cells present in fetal and adult tissues that usually
divide to produce mature cells. However, they retain a partial capacity
for self-renewal [26].

Cancer Stem Cells [27] could support metastasis [28-30]. Metastasis
[31-33] is a complex, multi-step process that involves a specific
sequence of events; namely, cancer cells must escape from the original
tumor, migrate through the blood or lymph to a new site, adhere to the
new site, move from the circulation into the local tissue, form micro
metastases, develop a blood supply, and grow to form macroscopic and
clinically relevant metastases [34].

Recent studies in solid tumors indicate that the concept of cancer
as a hierarchy initiated and maintained by a rare population of stem
cells [35] may have larger implications beyond haematopoiesis field.
Identification in the previous years of breast cancer [36,37] stem
cells and characterization of central nervous system stem cells [38]
responsible for the maintenance of some brain tumors have increased
the evidence of the veracity of rare cancer stem cells that drive the
formation of a number of different tumors types, raising the question
of whether all cancers originate from and are maintained by cancer
stem cells.

Breast cancer stem cells (CSC) [39,40] have been postulated for
failure of breast cancer [41,42] treatment. Breast CSCs with respect to
their mechanism of resistance to conventional therapy, in molecular
biology developed treatment strategies that may improve survival of
breast cancer [43,44] patients. This was proved by many literatures in
in vitro and in vivo studies of breast CSCs. Breast CSCs over express
breast cancer [45-47] resistance protein (BCRP) which allows cancer
cells to transport actively chemotherapy agents out of the cells [48].

Skin squamous cell carcinomas [49] are the most frequent cancers.
Skin squamous cell carcinoma [50,51] like many other human cancers,
contain particular cancer cells known as cancer stem cells [52,53]

which are present in increased self-renewal potential that sustain
tumor growth[54].

Vascular endothelial growth factor (VEGF) a molecule known to
regulate the formation of new vessels is expressed at high level by skin
cancer stem cells, which are located in close contact to the blood vessels.
VEGEF and its receptors have been developed to inhibit angiogenesis in
cancer [55] patients. Angiogenesis is critical during tumor initiation
and malignant progression [56].

In adults Hepatocellular carcinoma (HCC) is the most common
carcinoma [57] or primary malignancy of the liver. The hypothetical
involvement of stem cells [58] as tumor progenitor cells led to the
idea that cancer should be treatable by forcing the differentiation of
cancer transit-amplifying cells [59]. Hepatocytes in normal adult liver
have a lifespan of over a year. In response to parenchymal cell loss, the
hepatocytes restore the liver mass by self-replication. Hepatocytes are
directly involved in carcinogenesis of Hepatocellular carcinoma [60].
Liver stem cells [61,62] harvested from the bone marrow can further
augment and accelerate the liver’s natural capacity to regenerate itself.
Although the liver [63,64] can regenerate in the body, liver failure
caused by diseases like cirrhosis and cancers eventually destroy the
liver’s regenerative ability [65,66].

Stem cells in Type 1 Diabetes in Children

Type 1 diabetes [67,68] is an autoimmune disorder characterized
by T-cell- mediated destruction of insulin [69,70] producing cells and
lifelong dependence on exogenous insulin [71] administration seen
both in children and adults. The majority of efforts seeking to ameliorate
the autoimmune process and reverse hyperglycemia have focused on
the use of immunosuppressive or immunomodulatory drugs [72].
Type 1 diabetes [73,74] accounts for only about 5-10% of all cases of
diabetes; however, its incidence continues to increase worldwide and
it has serious short-term and long-term implications. The disorder
has a strong genetic component, inherited mainly through the HLA
complex, but the factors that trigger onset of clinical disease remain
largely unknown. General complications for Type 1 Diabetes [75,76]
consist of microvascular and macrovascular disease, which account for
the major morbidity and mortality associated with type 1 diabetes [77].

Recently biological therapies for type 1 diabetes [78] had
emerged from the forefront of stem cell and islet cell biology variety
of mechanisms by which natural regeneration of pancreatic islet cells
occurs, despite the underlying autoimmune defect. Two mechanisms
in particular, B-islet cell proliferation and stem cell differentiation can
be tackled in some innovative ways in order to regenerate islets lost to
disease potential biological therapies for type 1 diabetes [79], including
the use of adult stem cells from the spleen, an organ not previously
considered a source of pancreatic stem cells. Stem cells of the spleen
have been demonstrated to home to the pancreas, where they mature
into fully functional islet cells responsible for restoring normoglycemia.
If the underlying autoimmune defect can be eradicated, stem cells of
the spleen can be used to regrow islets destroyed by type 1 diabetes
[80].

Stem cells in Nervous System Diseases

Many nervous system diseases result from loss of nerve cells. Mature
nerve cells cannot divide to replace those that are lost. Thus, without a
“new” source of functioning nerve tissue, no therapeutic possibilities

J Stem Cell Res Ther
ISSN:2157-7633 JSCRT, an open access journal

Volume 1 ¢ Issue 3 « 1000112


javascript:glosspop('pluripotent')

Citation: Arun Kumar R, Sathish Kumar D, Nishanth T (2011) A Review on Stem cell Research & Their Role in Various Diseases. J Stem Cell Res

Ther 1:112. doi:10.4172/2157-7633.1000112

Page 3 of 5

exist. In Parkinson’s disease, nerve cells that make the chemical
dopamine die. In Alzheimer’s disease, cells that are responsible for the
production of certain neurotransmitters die. In amyotrophic lateral
sclerosis, the motor nerve cells that activate muscles die. In spinal cord
injury, brain trauma, and even stroke, many different types of cells are
lost or die. In multiple sclerosis, glia, the cells that protect nerve fibers
are lost. Perhaps the only hope for treating such individuals comes
from the potential to create new nerve tissue restoring function from
pluripotent stem cells [81,82].

Bone marrow stem cells are capable of differentiating into multiple
cell types, they can migrate across the blood-brain barrier (BBB) in
many regions of the Central Nervous System (CNS). The generation
of these cells during adulthood doesn’t only depend on proliferation
of resident cells. Bone marrow-derived stem cells in the brain mostly
differentiate into perivascular microglia and rarely cross the BBB [83].

In regenerative medicine, stem cells [84] are currently considered
as ideal for the treatment of diseases and injuries of the nervous system.
The general principle involved is that the replacement of damaged
cells and the restoration of function that can be accomplished by the
transplantation of embryonic or adult stem cells [85]. Advancements
in stem cell biology were recently propelled by the ability to generate
induced pluripotent stem (iPS) cells from fibroblasts of several
neurodegenerative diseases. The general examples are Parkinson’s
and Huntington’s diseases, Amyotrophic Lateral Sclerosis and Spinal
Muscular Atrophy [86].

Stem cells in Primary Immunodeficiency Diseases

Primary cellular immunodeficiencies are a group of inherited
disorders characterized by severe impairment of the innate or
adaptive immune systems, which generally leads to early death from
infectious complications. Immunodeficiency, often associated with
malignant proliferation of the lymphoid system i.e., myeloma, chronic
lymphatic leukemia, Hodgkin’s disease. Hematopoietic stem cell [87]
transplantation is the definitive therapy for a variety of rare primary
cellular immunodeficiency syndromes diagnosed particularly in
children. All primary immunodeficiencies benefit from early diagnosis
and transplantation before the development of serious infections,
which contribute to a significant increased risk of mortality following
transplant [88]. Bone marrow transplantation can ameliorate severe
combined immunodeficiency. Severe Combined Immunodeficiency
is a rare, fatal syndrome that can be due to a variety of genetic
abnormalities causing profound deficiencies of lymphocytes [89].

Lethal graft-versus-host disease (GVHD) was a major problem
when marrow from HLA-mismatched donors was transplanted.
The defect in infants with severe combined immunodeficiency is
immunologic rather than hematologic, and because these infants cannot
reject allografts, successful marrow transplantation for the treatment
of this disease does not require chemotherapeutic conditioning before
transplantation. Moreover, prophylaxis against GVHD is not necessary
after transplantation of HLA-identical marrow or T-cell-depleted
haploidentical marrow [90].

Stem cells in Diseases of Bone and Cartilage

Cell-based bone and cartilage replacement is an evolving
therapy aiming at the treatment of humans who suffer from limb
amputation, damaged tissues and various bone and cartilage-related

disorders. Stem cells [91] are undifferentiated cells with the capability
to regenerate into one or more committed cell lineages [92]. Once
Stem cells are appropriately differentiated they could correct many
diseases and degenerative conditions in which bone or cartilage cells
are deficient in numbers or defective in function which can be used
for treatment of genetic disorders such as osteogenesis imperfecta and
chondrodysplasias [93]. Mesenchymal stem cells have been identified
in bone marrow as non-hematopoietic stem cells that may differentiate
in to tissues of mesodermal origin such as adipocytes [94,95] ostoblasts,
stromal cells, and chondrocytes. These cells can differentiate in to
tissues of ectodermal and endodermal origin such as hepatocytes [96].
These mesenchymal stem cells [97] are considered as regenerative
medicine for bone repair, cartilage repair, tendon and skeletal muscle
repair [98] which have great potential in the field of tissue engineering
and regenerative medicine where cartilage and bone conditions which
are non-treatable or show very slow improvement can be effectively
handled [99]. The post-natal bone marrow has been seen as an organ
composed of two main systems one is the hematopoietic tissue proper
and the other is associated supporting stroma [100].

Conclusion

Stem cells have the ability to differentiate into many types of cells in
the body and to self-replicate indefinitely during early life and growth.
Stem cell can self-renew for long periods of time and differentiate into
specialized cells with specific functions. A multipotent stem cell can give
rise to other types of cells but it is limited in its ability to differentiate.
The benefits to individuals and to society gained by the introduction
of new drugs or medical technologies are difficult to estimate. The
introductions of antibiotics and vaccines had increased life span and
improved the health of people all over the world. Despite these and
other advances in the prevention and treatment of human diseases
such as heart disease, diabetes, cancer, and diseases of the nervous
system such as Alzheimer’s disease present continuing challenges to
the health and well-being of people everywhere. The science leading to
the development of techniques for culturing human stem cells could
lead to unprecedented treatments and even cures for these and other
diseases.
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