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Abstract 
Introduction: Stem cells have an interesting history, it traces from mid of 1800 to the date, 
and it remains the most controversial issue of research even today. The ability of stem cells to 
self-renew and give rise to generations with variable degrees of differentiation capacities, 
offers significant potential for generation of tissues that can replace diseased and damaged 
ones. 
Aim of the work: Aim of this essay to clarify different types and sources of stem cells and 
their potential uses to treat many diseases. 
Conclusion: The potency of the stem cell specifies the differentiation potential and is an 
important factor that is responsible for the characteristic nature of the stem cells because of 
this tissue renewing capacity, stem cell researches are now one of the important cornerstones 
for medical research and development.  
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Introduction  

Stem cells (SC) have an 
interesting history, it traces from mid 
of 1800 to the date, and it remains the 
most controversial issue of research 
even today (1). 

The ability of SC to self-renew 
and give rise to siblings with different 
degrees of differentiation capabilities, 
offers important chance for generation 
of tissues to replace diseased or 
damaged tissues in the body, with no 
or minimal side effects, complications 
or risk of rejection (2). 

Stem cell therapy is an amazing 
medical advancement that goes straight 
to the source of the problem and treats 
different disorders like muscular 
dystrophy, Alzheimer’s disease, 
atherosclerosis, diabetes, spinal cord 
injury, Parkinson’s disease, 
Rheumatoid Arthritis, leukemia and 
many others (3).  
Aim of the work:  

Aim of this essay was to clarify 
different types and sources of stem 
cells and their potential uses to treat 
many diseases. 

 
 
What are stem cells?   

There are three basic categories 
of cells that make-up the human body: 
germ cells, somatic cells and SC. Germ 
cells are cells that give rise to gametes, 
i.e. eggs and sperm while somatic cells 
include the bulk of the cells making-up 
the human adult and each of these cells 
in its differentiated state has its own 
copy, or copies of the genome; the only 
exception being cells without nuclei, 
i.e. red blood cells (4, 5). 

SC are cells found in nearly all 
body organisms that can divide and 
differentiate into differentiated cells 
and can self-renew to produce more 
SC. They have the extraordinary 
potential to develop into many other 
different cell types in the body during 
early life and growth. In many tissues 
SC serve as a sort of internal repair 
system and dividing essentially 
without limit to replenish other cells (1). 

SC can be divided into two 
types, non-definitive and definitive SC. 
Non-definitive SC have the capacity of 
developing into any organ or tissue of 
the body. The best example is the 
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fertilized egg, but the most commonly 
known are embryonic SC (ESC) and 
induced pluripotent stem (iPS) cells. 
Definitive SC are derived from non-
definitive SC and are organ or tissue 
specific. They are responsible for 
maintaining the organ or tissue (6). 

 Definitive SC can be divided 
into two types; those that maintain 
continuously proliferating cell systems 
and those that maintain partially 
proliferating cell systems (7, 8). 
Stem cell therapy 
Stem cells with hematological 
diseases: 

SC are the key ingredient of 
hematopoietic cell grafts. They have 
been used clinically since 1968 when 
the first successful bone marrow 
transplant (BMT) was performed at the 
University of Minnesota. 
Hematopoietic cell transplantation 
(HCT) has become a well-established 
treatment modality for malignant and 
nonmalignant diseases. Hematopoietic 
SC (HSCs), the best-described SC, are 
categorized as multipotent SC because 
they self-renew, differentiate into all 
the cells of the blood lineage, and 
reconstitute the hematolymphoid 
system for the life of an individual (9). 

Whether sourced from bone 
marrow, umbilical cord blood or, 
predominantly today from mobilized 
peripheral blood, the hematopoietic 
stem cell has developed into the most 
common source of cells for cell-based 
therapies for both hematological and 
non-hematological diseases (10). 
Stem cell treatment for non-
malignant blood disorders:- 

Allogenic BMT/HSCT is a 
curable treatment for groups of non 
malignant blood disorders if an 
adequate donor is available. The first 
group of disorders includes sickle cell 
anemia, thalassemia, Fanconi anemia 
and other genetic diseases affecting 
blood and immune cells (both of which 
are generated from HSCs). The target 

of these transplantations is to replace 
the patient’s defective HSCs with 
normal HSCs from an allogenic donor. 
The second group of blood and 
immune diseases, such as aplastic 
anemia or other forms of autoimmune 
diseases, the patient’s HSCs either 
become defective later in life or 
destroyed by other aberrant cells. 
Allogenic BMT/HSCT Will help to 
replace or rebuild the pool of 
functional HSCs (11). 

In sickle cell disease (SCD), The 
goal of SCT is removal of the sickle 
RBCs along with its cellular 
progenitors and replacement with 
donor hematopoietic pluripotent SC 
which give rise to normal RBCs 
expressing no sickle hemoglobin 
(HbS). This will lead to reduce HbS 
levels to those associated with the trait 
condition. It can prevent many serious 
complications from SCD which can 
cause widespread morbidity and early 
mortality (12).   

Myeloablative allogeneic hema-
topoietic stem-cell transplantation 
(HSCT) is the possible curative option 
for patients with SCD or thalassemia 
major.  Successful allogeneic SCT not 
only eliminates the sickle-cell-induced 
vaso-occlusive symptomatology, but 
also can induce reversal of some end 
organ damage which might had 
occurred before SCT (13). Moreover, 
the new advances in stem cell gene 
therapy may provide a safer therapy for 
SCD in the near future (14, 15). 
Stem Cell Treatment for blood 
cancers 

Over the past half century, One 
of the most commonly used stem cell 
applications was the transplantation of 
healthy bone marrow into a patient 
who was suffering from a disease that 
destroys the body’s immune system 
such as leukemia (16). 

Leukemia and other diseases like 
it result in an immunodeficiency 
disorder caused by improperly 
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functioning bone marrow. Leukemia is 
a type of cancer that is commonly 
associated with children and young 
adults destroying the bone marrow, 
which is the tissue that contains HSCs. 
These cells are responsible for making 
all the cellular components of blood 
such as white blood cells, red blood 
cells, and platelets. Leukemia results in 
the body having a high level of 
immature white blood cells, which in 
turn can lead to the likelihood of the 
patient becoming increasingly 
susceptible to infections and weakness 
as the illness progresses (16). 

One way is to throw out all the 
abnormal WBCS, thus allowing 
healthy WBCs to grow in their place; 
this can be done by chemotherapy (16). 
The usual doses of chemotherapy 
drugs may induce many significant and 
even dangerous side effects to all 
quickly dividing tissues such as the 
bone marrow or gonads. Higher doses 
of these drugs might be more effective, 
but they are not given because they 
could severely damage the bone 
marrow. This could lead to life-
threatening infections, bleeding, and 
other problems due to low blood cell 
counts (17). 

The other way is to carry out the 
bone marrow transplant. To do this, all 
patient’s existing bone marrow cells 
and abnormal WBCs are first killed 
using a combination of chemotherapy 
and radiotherapy. Then, donor bone 
marrow containing healthy SC is 
introduced into the patient’s blood. If 
the transplantation is successful, the 
SC will migrate into the patient’s bone 
marrow and begin producing healthy 
WBCs to replace abnormal ones (17, 18). 
Complications of hematopoietic 
stem cell transplantation  

The risk and the type of 
complications depend on the 
preparative regimen received prior to 
HSCT, the age of the patient at time of 
HSCT, the presence of comorbid 

conditions, and the time between the 
treatment and follow-up (16). 
Stem cells with Cardiovascular 
diseases (CVDs):        

Cardiovascular disease is a 
leading cause of death worldwide and 
becomes increasingly prevalent in the 
elderly population. Irrespective of the 
etiology, most cardiovascular diseases 
eventually lead to heart failure (HF), 
which is progressive and irreversible. 
Furthermore, despite modern advances 
in therapy and management, the 
number of annual deaths due to CVDs 
worldwide continues to increase; by 
2030, it is expected that nearly 23.6 
million people will die from heart 
diseases including HF (19-21). 

In the last decade, a variety of 
stem cell types, including skeletal 
myoblasts, bone marrow-derived SC 
(e.g., bone marrow mononuclear cells), 
circulating progenitor cells and 
mesenchymal SC, have been utilized in 
the treatment of patients with acute 
myocardial infarction(AMI) or chronic 
ischemic cardiomyopathy in clinical 
trials (22, 23). 
Stem cells with diabetes 
mellitus: 

Diabetes mellitus is a metabolic 
disorder characterized by 
hyperglycemia due to reduced insulin 
production or insulin resistance in the 
body. Specifically in type 1 diabetes 
insulin production is markedly reduced 
due to the destruction of insulin 
producing b cells as a result of 
autoimmunity. On the other hand, type 
2 diabetes results from a combined 
effect of insulin resistance and reduced 
insulin secretion by b cells. While type 
2 diabetes can be sometimes managed 
through the use of oral hypoglycemic 
agents or lifestyle changes, type 1 
patients are exclusively dependent on 
insulin injections for their whole life 
span (24).  

In the progression of type 2 
diabetes, β cells undergo many 
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complex changes and β cell mass 
declines gradually: β cells first 
compensate to hyperglycemia by 
secreting more insulin; once fail, β 
cells become dysfunction with the 
marked impairment of insulin secretion 
and phenotypic changes; finally, β 
cells become apoptotic. Current data 
suggested that 72 % recipients of islets 
transplantation became insulin-
independent (24). 

To overcome the shortage of 
available pancreas or islets for 
transplantation, several types of SC 
have been used to make pancreatic β 
cells, including human embryonic SC 
(hESCs)/induced pluripotent SC 
(iPSCs), pancreatic stem/progenitor 
cells, and non-pancreatic SC. There is 
also evidence of adult β cells 
regeneration through β cell replication 
and cellular reprogramming (25). 
Stem cells with ocular diseases: 

Cornea: LESC deficiency is 
pathological, either partially or 
completely, caused by mechanical 
injury, chemical exposure, burns or 
may be developed by some diseases 
such as Stevens Johnson syndrome. 
Treatment of such conditions may be 
done by SCT using LESC 
transplantation therapy (26). 

Lens: Lens predecessor cells 
have been derived from human ESCs 
as well as iPSCs. Lens SC may have a 
role in maintaining the lens 
transparency and might be important in 
the pathogenesis of cataract or other 
lens abnormalities (27). 

Retina: Most therapeutic studies 
have been done on animal retinal 
disease models. Diseases in the inner 
retina include ischemic retinopathy and 
optic neuropathy, which cause 
irreversible damage in the retinal 
ganglion cells and amacrine cells (28). 
Stem Cells: Ethical Issues 

 Stem cell technology is speedily 
increasing within the field of 
regenerative medicine, granting DE 

novo production of functional tissue 
and providing for brand new diagnostic 
and therapeutic capabilities that will 
surpass the risk benefit ratio of typical 
existing reparative treatment 
modalities e.g. organ transplantation, 
rejuvenation of tissues (29). 

The use of human embryonic 
tissues for research has a moral 
problem as it brings two highly valued 
but conflicting moral principles: the 
inherent duty to provide treatment to 
ease pain and suffering on one hand 
and the value of human life and dignity 
on the other. Extraction of SC from 
human embryos violates the second 
principle as it leads to destruction of 
potential human life. Both principles 
cannot coexist together, but which 
principle takes precedence is a rather 
contentious issue. How the embryo 
should be considered from moral or 
legal point of view is the main 
debatable issue associated with Human 
Embryonic SC research (30). 

The moral status that the human 
embryo is given varies. Three different 
main positions with variations can be 
separated: 

1- Having full moral status after 
fertilization of the egg. 

2- Having a moral status that 
begins with deserving protection and 
increases as the fertilized egg becomes 
more human-like. 

  3-Having no moral status at all, 
regarded as organic material, with a 
status no different from other body 
parts (30). 
Conclusion: 

Cells are long-lived cells in the 
body that have the ability to 
differentiate into a specialized cell to 
create new tissues. The potency of the 
stem cell specifies the differentiation 
potential and is an important factor that 
is responsible for the characteristic 
nature of the stem cells because of this 
tissue renewing capacity, stem cell 
researches are now one of the 
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important cornerstones for medical 
research and development. 
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