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Abstract

Administration of stem cells is a new therapy for the treatment of many diseases that
are not curable by current therapies. Stem cells are formed at different places in the
body and from the stem cells there are many other cells with specialized functions are
generated. These include two main types of stem cells: embryonic stem cells, which
are isolated from the inner cell mass of blastocysts, and adult stem cells, which are
found in various tissues. Stem cells are used for repairing the damaged tissues of the
body. Recent research suggests that stem cells especially mesenchymal stem cells have
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Introduction

Stem cells are unspecialized cells that are formed in embryos
(blastocyst stage) and in various tissues of adults. Stem cells are
found in multicellular organisms and divide mitotically. They have
the property of self renew and can differentiate into different types of
cells in appropriate conditions for specific functions. Stem cells are
used for the repair of many organ and tissue in your body.' There are
many different types of stem cells that come from different places in
the body or are formed at different times in our lives. These include
two broad types of stem cells: embryonic stem cells, which are
isolated from the inner cell mass of blastocysts, and adult stem cells,
which are found in various tissues.?

Stem cells are the cells from which all other cells with specialized
functions are generated. In the body or a laboratory, stem cells divide
to form more cells called daughter cells and these daughter cells either
become new stem cells (self-renewal) or become specialized cells
(differentiation) with a more specific function, such as blood cells,
brain cells, heart muscle or bone. They are used for purpose of repair
of damaged tissues of the body. Recent research suggests that stem
cells especially mesenchymal stem cells have immuno-modulatory
characteristics. Due to this property, transplantation of MSCs useful
in treating diseases which arise from immunological abuses.!

Due to self renewal and multi-lineage differentiation capabilities,
transplantation of stem cells has emerged as a very promising way of
treatment of many diseases. In stem cell therapy of different diseases
there is either local delivery of stem cells to infected site or their
systemic transfusion. The ability to differentiate into various lineages,
stem cells hold therapeutic potential for treatment of many infectious
and non- infectious diseases.’

Sources of stem cell
There are several sources of stem cell as under:
I. Embryonic stem cells
II. Tissue-specific stem cells

III. Mesenchymal stem cells

IV. Induced pluripotent stem cells

V. Amnoitic stem cells

Embryonic stem cells

Embryonic stem cells are obtained from the inner cell mass of the
blastocyst, a mainly hollow ball of cells that, in the human, forms
three to five days after an egg cell is fertilized by a sperm. A human
blastocyst is about the size of the dot above this “i.” The cells inside
the inner cell mass will give rise to the more specialized cells that give
rise to the entire body. However, when scientists extract the inner cell
mass and grow these cells in special laboratory conditions, they retain

the properties of embryonic stem cells.

Embryonic stem cells are pluripotent in nature and they can give
rise to every cell type in the body, but not the placenta and umbilical
cord. These cells are very important because they provide a renewable
resource for studying normal development and disease, and for testing
drugs and other therapies. Human embryonic stem cells have been
derived primarily from blastocysts created by in vitro fertilization
(IVF).#4

Tissue-specific stem cells

Tissue-specific stem cells (also referred to as somatic or adult stem
cells) are more specialized than embryonic stem cells. These stem
cells are live in specific tissue or organ and they generate different
cell types. For example, blood-forming (or hematopoietic) stem cells
in the bone marrow can give rise to red blood cells, white blood cells
and platelet. The main source of adult stem cells is bone marrow and
these cells are used for the treatment of several conditions including
spinal cord injury, liver cirrhosis, chronic limb ischemia and end stage
heart failure.®

Mesenchymal stem cells

Mesenchymal stem cell or MSC are isolated from stroma, the
connective tissue that surrounds other tissues and organs. These types
of cells are called the “stromal cells”. The first MSCs were discovered
in the bone marrow and were shown to be capable of making bone,
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cartilage and fat cells. After that, they have been grown from other
tissues, such as fat and cord blood. Mesenchymal stem cell or MSCs
have immunomodulatory properties and are useful in treating diseases
which arise from immunological abuses. MSCs also used for the
treatment of various diseases, including graft-versus-host disease,
hematologic malignancies, cardiovascular diseases, neurologic
diseases, autoimmune diseases, organ transplantation, refractory
wounds, and bone/cartilage defects.®

Induced pluripotent stem cells

Induced pluripotent stem (iPS) cells are cells that have been
derived by converting tissue-specific cells, such as skin cells, into cells
that behave like embryonic stem cells. They are useful for developing
and testing new drugs and therapies. Induced pluripotent stem cells
have the same characteristics of embryonic stem cells, including the
ability to give rise to all the cell types in the body. The first iPS cells
were produced by using viruses to insert extra copies of genes into
tissue-specific cells. Frozen blood samples can be used as a source of
induced pluripotent stem cells.”

Amnoitic stem cell

Multipotent stem cells are also found in amniotic fluid. These stem
cells are very active, expand extensively without feeders and are not
tumorigenic. Amniotic stem cells are multipotent and can differentiate
in cells of adipogenic, osteogenic, myogenic, endothelial, hepatic and
also neuronal lines® (Table 1).

Table | Stem cell and their uses

Name of stem

Uses of stem cell
cell

|. Tissue-specific
stem cells

Spinal cord injury, liver cirrhosis, chronic limb
ischemia and end stage heart failure

Graft-versus-host disease, hematologic
malignancies, cardiovascular diseases, neurologic
diseases, autoimmune diseases, organ
transplantation, refractory wounds, and bone/
cartilage defects

2. Mesenchymal
stem cells

3. Induced pluri-

Useful for developing and testing new drugs and
potent stem

therapies
cells P
. They provide a renewable resource for studyin
4. Embryonic Y P ) ving
normal development and disease, and for testing
stem cells

drugs and other therapies.

Role of stem cell in different diseases

Stem cell therapy for treatment of HIV infection

Stem cell therapy for treatment of HIV is under intensive
investigation in recent times. Scientists are trying to reconstitute
HIV-resistant lymphoid and myeloid system in experimental mice
model to combat HIV infections,” engineered human hematopoietic
cells to disrupt the CCRS receptors which are utilized by viruses for
their entry. When these engineered cells are transplanted to mice, they
confer resistance towards the HIV infections. When CCRS disrupted
stem cells transplanted in a HIV patient, patient remained free of virus
for 20 months even in absence of antiretroviral therapies.'
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Hematopoietic stem cell therapy for autoimmune di-
seases

Autoimmune disease results when the immune system fails to
recognize self cells or components and mistakenly attacks them. The
most common autoimmune diseases include rheumatoid arthritis,
systemic lupus erythematosis (lupus), type 1 diabetes, multiple
sclerosis, Sjogren’s syndrome and inflammatory bowel disease. In
lupus autoimmune disease hematopoietic stem cell therapy destroy
the mature, long-lived, and auto-reactive immune cells and develop
a new, properly functioning immune system. In most of the cases
the patient’s own stem cells have been used in a procedure known as
autologous (from “one’s self””) hematopoietic stem cell transplantation.
First, patients receive injections of a growth factor, which coaxes
large numbers of hematopoietic stem cells to be released from the
bone marrow into the blood stream. These cells are harvested from
the blood, purified away from mature immune cells, and stored. After
sufficient quantities of these cells are obtained, the patient undergoes
a regimen of cytotoxic (cell-killing) drug and/or radiation therapy,
which eliminates the mature immune cells.

Then, the hematopoietic stem cells are returned to the patient via
a blood transfusion into the circulation where they migrate to the
bone marrow and begin to differentiate to become mature immune
cells. The body’s immune system is then restored. This replacement
therapy may alter the patient’s immune system. Richard Burt and his
colleagues conducted a long-term follow-up (one to three years) of
seven lupus patients who underwent this procedure and found that
they remained free from active lupus and improved continuously
after transplantation, without the need for immunosuppressive
medications."

In rheumatoid arthritis the chondrocytes, cells that build cartilage
in joints, may provide stem cell-based treatment. These cells have
been derived from human bone marrow stromal stem cells.”> In
addition to adult bone marrow as a source for stromal stem cells,
human embryonic stem cells can differentiate into precursor cells
believed to lead ultimately to the stromal stem cells.!

Stem cell therapy for treatment of malaria

Malaria, which is characterized by invasion of erythrocytes by
Plasmodium, leads to extreme perturbation of hematopoiesis. Severe
destruction of red blood cells causes anaemia, thus posing pressure
on bone marrow to meet the requirement of myeloid cells. Scientists
from National Institute for Medical Research, UK, have identified
an atypical progenitor cells from malaria infected mice which
can give rise to a lineage of cells capable of fighting this disease.'
Transplantation of these cells into mice with severe malaria helped
mice recover from the disease. Other reports also supports stem cell
therapy for malaria treatment.'> Stem cells can also be engineered to
produce erythrocytes with modified hemoglobin as its variants are
associated with protection from malaria.

Stem cells in treatment of neurological disor-
der

Alzheimer’s disease

Alzheimer’s is a fatal disease in which progressive cell
degeneration take place that leads to the loss of brain cells that
control thought, memory and language. Stem cells transplanted from
a patient’s bone marrow to the brain will take over the functions of
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damaged cells and help in treatment of Alzheimer’s disease (AD).
Neural stem cell (NSC) grafts is a new strategy for the treatment of
many disorders of the central nervous system including AD, with the
possibility of providing a more permanent remedy than present drug
treatments. After grafting, these cells have the capacity to migrate to
lesioned regions of the brain and differentiate into the necessary type
of cells that are lacking in the diseased brain, supplying it with the cell
population needed to promote recovery.!

Parkinson’s disease

Stem cell therapy in Parkinson’s Disease include isolation of adult
stem cells from the patient’s brain, they were then cultured in vitro
and encouraged to turn into dopamine-producing neurons. As soon
as the cells were producing dopamine they were then re-injected into
the man’s brain. After the transplant, the man’s condition was seen to
improve and there is reduction in the trembling and muscle rigidity
associated with the disease. Brain scans taken 3-months after the
transplant revealed that dopamine production had increased by 58%,
however it later dropped but the Parkinson’s symptoms did not return.
This is the first human study to show that stem cell transplants can
help to treat Parkinson’s disease.!”

Stroke

During and after a stroke, certain cellular events take place that
lead to the death of brain cells. In patients with ischemic stroke, the
autologous MSCs are used for the treatment therapy. There are 30
patients with cerebral infarcts within the middle cerebral arterial
territory Serial evaluations showed no adverse cell-related, serological,
or imaging-defined effects. In patients with severe cerebral infarcts,
the intravenous infusion of autologous MSCs appears to be a feasible
and safe therapy that may improve functional recovery.'

Multiple sclerosis

Malignant multiple sclerosis (MS) is a rare but clinically important
subtype of multiple sclerosis (MS). A experiment treatment of 24
patients (14 women, 10 men) with relapsing-remitting Multiple
Sclerosis, in the course of 2-8 years was done. For treatment, the
embryonic stem cell suspensions (ESCS) containing stem cells of
mesenchymal and ectodermal origin are used. Suspensions were
administered in the amount of 1-3ml, cell count being 0,1-100x105/
ml. In the course of treatment, applied were 2-4 different suspensions,
mode of administration being intra cavitary, intravenous, and
subcutaneous. After treatment, syndrome of early post-transplant
improvement was observed in 70% of patients."”

Conclusion

Stem cell based therapies are the novel techniques that are used
for the treatment of many diseases. Mesenchymal stem cells are the
main cell type being used due to their longevity and less ethical issues.
Stem-cell-based technology is the best possibility for the future.
These include the ability to reproduce human tissues and potentially
repair damaged organs (such as the brain, spinal cord, vertebral
column the eye). The ability to differentiate into various lineages,
stem cells therapy is potential for treatment of many infectious and
non- infectious diseases.
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