
Stem Cells and their 

Applications

by

Prof. Khaled Radad

Prof. Wolf-Dieter 

Rausch
Vienna Assiut



• What are the stem cells?

Stem cells are class of undifferentiated cells that have 

the potential to differentiate into any type of cell in the 

body.

• Unique characters of stem cells:

Can	renew	 Can	specialize









• Types of stem cells: 

Embryonic stem 
(ES) cells 

Adult stem cells Induced pluripotent 
stem cell (iPSCs)





1. Embryonic stem cells 

Derived from the 

inner cell mass of 

an in vitro 

blastocyst-stage 

embryos after the 

consent of the 

donor. 



To create an embryonic stem cell line, the inner cell-mass is removed from the
blastocyst, separated from the trophoectoderm, and cultured on a layer of
supportive cells in vitro. In the derivation of human embryonic stem cell lines, 
embryos left over from in vitro fertilization (IVF) procedures are used.

This controversy stems from the fact that derivation of human 
embryonic stem cells requires the destruction of a blastocyst-
stage, pre-implantation human embryo.



• Maintenance of ES cells:

▫ By co-culturing of ES cells with 
mouse embryonic feeder cells. 

▫ Leukemia inhibitory factor (LIF) 
plays a pivotal role in the 
maintenance of ES cells.

▫ In the presence of FCS, LIF can 
replace the function of feeder 
cells. 

▫ In the presence of LIF, BMP4 can 
replace the requirement for serum.   Mouse embryonic stem cells

ES	cell





• Differentiation:

Deprivation of the factors that 

maintain ES cells as stem cells make 

these cells differentiate and under 

appropriate conditons, generate 

progeny consisting of derivatives of 

the three embryonic germ layers: 

mesoderm, endoderm and ectoderm. 

ES	cell



Embryonic stem cell research
• contributes significantly to the scientific understanding of

adult	stem cells;	knowledge that is now being used to
research new medical treatments utilizing harvested adult	
stem cells.

An	important factor in	adult	stem cell medical treatments is
the value of using the patient’s own stem cells in	order to
create the most effective medical treatments that will	not	
be rejected by the body's immune	system. New	treatments
using adult	stem cells,	such	as those found in	teeth and
bone marrow,	are the focus of countless medical research
studies around the world.



2. Adult Stem Cells 

▫ Undifferentiated cells found among differentiated cells 
in many organs including brain, bone marrow, peripheral 
blood, blood vessels, skeletal muscle, skin, teeth, liver, 
ovarian epithelium and testes. 

▫ Adult stem cells reside in a specific area of each tissue 
called “stem cell niche”.





Stem Cells	in	Teeth
•
• The	tooth is nature's 'safe'	for your family's unique stem cells

While stem cells can be found in	most tissues of the body,	they are usually buried deep,	are few in	number and
are similar in	appearance to surrounding cells.	With the discovery of stem cells in	teeth,	an	accessible and
available source of stem cells has been identified.

The	tooth is nature's "safe"	for these valuable stem cells,	and there is an	abundance of these cells in	baby teeth,	
wisdom teeth and permanent	teeth - Tooth	Eligibility	Criteria.	

• The	stem cells contained within teeth are capable of replicating themselves and can be readily recovered at	the
time	of a	planned dental	procedure.

Living	stem cells found within extracted teeth were routinely discarded every day,	but	now,	with the knowledge
from recent medical research,	StemSave gives you the opportunity to save	these cells for future use in	developing
medical treatments for your family.

• Aside from being the most convenient stem cells to access,	dental	stem cells have significant medical benefits in	
the development of new medical therapies. Using one's own stem cells for medical treatment means a	much
lower risk of rejection by the body and decreases the need for powerful	drugs that weaken the immune	system,	
both of which are negative	but	typical realities that come into play when tissues or cells from a	donor are used to
treat patients.

• Further,	the stem cells from teeth have been observed in	research studies to be among the most powerful	stem
cells in	the human	body. Stem cells from teeth replicate at	a	faster rate	and for a	longer period of time	than do	
stem cells harvested from other tissues of the body.

• Stem cells in	the human	body age over time	and their regenerative	abilities slow down	later in	life. The	earlier in	
life that your family's stem cells are secured,	the more valuable they will	be when they are needed most.

• .





Dental	Pulp	Stem Cells	DPSCs
• They differentiate into various tissue types such	
as:

• adipocytes,	chondrocytes,	osteoblasts,	neural
progenitors,	and odontoblasts.	

• Extracting stem cells from the pulp is an	easy	way
to obtain them.	

• They exhibit excellent ex	vivo	expansion rate	and
stable transplantation potential.

•



▫ Adult stem cells renew themselves 

and differentiate to yield some or all 

of the specialized cell types of the 

tissue where they are reside. 

▫ The primary role of adult stem cells 

in a living organism is to maintain and 

repair the tissues where they are 

found. 

Why would they are promising in regard to the brain and 

heart?

renewing differentiating



• Differentiation of adult stem cells:

1. Normal differentiation: 

Adult stem cells divide when needed 

and give rise to mature cell types.

For example: 

▫ Hematopoietic stem cells give rise to 

blood cells.

▫ Mesenchymal stem cells present in 

many tissue can give rise to bone cells, 

cartilage cells and fat cells.    



2- Transdifferentiation:

▫ Differentiation of adult stem 

cells into other cell types e.g. 

differentiation of blood-forming 

cells into cardiac muscle … etc.

▫ Patient’s own adult stem cells 

would escape immune system 

surveillance. 



3- Induced pluripotent stem cells (iPSCs)

Programming of somatic cells to become embryonic stem 

cells through the introduction of embryonic genes. 

Why using iPSCs is advantageous over both 

differentiated embryonic and adult stem cells? 

As the donor and recipient of the iPSCs can be the same 

individual, the chance of compatibility increases.  



General applications of stem cells 

1- Studying cell differentiation and maturation, and 

tissue development:

This help us to better understand how birth defects develop 

and how to prevent them.

2- In vitro modelling of different diseases: 

Stem cells provide an ideal in vitro system to study 

underlying mechanisms that mediate different diseases at 

the molecular and cellular levels. 



3- Drug testing and reproductive 

toxicology:

Stem cells can used as biologically relevant 

models for the evaluating different toxic 

compounds.

4- Drug and growth factor discovery: 

Stem cell models offer new opportunities 

to improve the manner in which 

pharmaceutical companies identify lead 

candidates and brings new drugs to the 

market.   



5- Tissue engineering: 

Most current strategies for tissue 
engineering depend upon: 

i. Using autologous cells from the 
diseased organ of the host. Tissue 
biopsy may not yield enough normal 
cells for expansion and 
transplantation particularly in 
patients with end-stage organ failure.

ii- Using pluripotent embryonic stem 
cells as an alternative source of cells 
from which, the desired tissue can be 
derived.    



6- Cell-based therapies: 

▫ The most successful example in this 

context is using hematopoietic stem 

cells from the bone marrow to treat 

leukemia. 

▫ Other applications include cell 

therapy for spinal cord injury, heart 

diseases, rheumatoid arthritis and 

type I diabetes.  



7- Cancer therapy: 

▫ Killing tumor stem cells 

give a chance for tumor 

regression. 



Using a limbal stem cell to repair injured cornea

▫ Limbal stem cells are found in 

the limbus, the area located at 

the border between cornea and 

sclera. 

▫ Limbic stem cells usually heal 

damage to the corneal epithelium, 

the outer corneal layer. 



▫ Limbal stem cell deficiency as the 
result of physical or chemical burns 
to the eye can cause blindness due to 
corneal destruction and loss of the 
healing process.

▫ The therapy works by taking a tiny 
portion of the undamaged limbus and 
growing it in a laboratory using cell 
culture techniques. 

▫ This produces a sheet of cornea that can then be 

transplanted back onto the eye rstoring sight in the 

absence of deep corneal stromal damage.  





• Three approaches for ES cells differentiation:

Undifferentiated ES 
cells

Cells differentiated as 
embryiod bodies 

Cells differentiated 
as stromal cells

Cells differentiated on 
extracellular matrix 

proteins 













• Neural stem cells from the central nervous
system give rise to neurons and the myelin-
producing and support cells,	oligodendrocytes
and astrocytes,



Brain	tumour interference

























Damaged spinal	cord
For the very first time, individuals with damaged 
spinal cords have actually regained sensation in 
previously paralyzed locations 
after getting treatments of neural stem cells. 
3 individuals with paralysis got treatments 
of 20 million neural stem cells straight into the 
damaged area of their spinal cord. 
The cells, obtained from given away fetal brain 
tissue, were injected between 4 and eight months 
after the injuries occurred. 
The patients additionally obtained a short-term 
course of immunosuppressive medications to restrict 
turndown of the cell.

Brain Stem Cells Help Bring back feelings for Paralyzed
Regen Center September 5, 2012 Blog, Neural Stem Cells 1 Comment

s.





Stem cell transplants may be effective
for people with severe cases of

multiple	sclerosis (MS),	
• according to a	study published in	the February 11,	2015,	online	issue of

Neurology®,	the medical journal of the American	Academy	of Neurology.
• In	MS,	the body's immune	system attacks its own central nervous system.	

In	this phase II	study,	all	of the participants received medications to
suppress immune	system activity.	Then 12	of the participants received the
MS	drug mitoxantrone,	which reduces immune	system activity.	For the
other nine participants,	stem cells were harvested from their bone
marrow.	After	the immune	system was	suppressed,	the stem cells were
reintroduced through a	vein.	Over	time,	the cells migrate to the bone
marrow and produce new cells that become immune	cells.	The	
participants were followed for up to four years.

• "This	process appears to reset the immune	system,"	said study author
Giovanni	Mancardi,	MD,	of the University	of Genova	in	Italy.	"With these
results,	we can speculate that stem cell treatment may profoundly affect
the course of the disease."





Chances in	MS
• No approved stem cell treatments for MS	but	
there are various approaches being tested in	
clinical trials.

• Multiple	sclerosis (MS)	is thought to be an	
immune-mediated disease,	most likely auto-
immune,	in	which the immune	system attacks
the oligodendrocytes, causing damage to the
myelin sheath.	This	damage interferes with the
neurons’	ability to function properly and with
time,	results in	direct damage to the neurons,	
resulting in	permanent	disability.



Osteoarthritis



Bone marrow transplant

• Bone marrow transplantation (BMT)	or
hematopoietic stem cell transplantation
(HSCT)	is a	medical procedure in	the field of
hematology and oncology that involves
transplantation of hematopoietic stem cells
(HSC).

• It is most often performed for people with
diseases of the blood or bone marrow,	or
certain types of cancer.







HEART



What are the potential	benefits of
stem cell research?

• The	National	Institutes	of Health indicates that approximately 1.1	million
Americans	suffer a	heart attack each year,	and together cardiovascular
diseases and cancers are the top	two causes of death according to the
CDC,	with each killing over half	a	million Americans	each year.	
Regenerative	medicine holds the promise of new ways to repair
cardiovascular damage and of improved cancer treatment.	Moreover,	
there are many other diseases and afflictions that stand	to be positively
impacted by stem cell research including:	stroke,	respiratory disease,	
diabetes (respectively 3,	4	and 7	on	the CDC	list of causes of death),	
neurological disorders,	spinal	cord injuries,	and some birth defects.	

• Potential	benefits of stem cell research are numerous and range from
development and testing of new drugs to cell-based therapies in	which
stem cells are used to replace ailing or destroyed tissue or cells.	However,	
there are many technical hurdles between the promise of stem cells and
the realization of these uses,	which will	only be overcome by continued
intensive	stem cell research.























Liver transplantation









Diabetes





HOWEVER
• After	twenty years of research,	there are no approved treatments

or successful human	trials utilizing embryonic stem cells.	
• Their tendency to produce teratomas and malignant carcinomas,	

cause transplant	rejection and form	random undirected types of
cells are just	a	few of the hurdles that embryonic stem cell
researchers still	face.	

• Many nations currently have governmentally-imposed restrictions
on	either embryonic stem cell research or the production of new
embryonic stem cell lines.

• Because of their combined abilities of unlimited expansion and
pluripotency,	embryonic stem cells remain a	theoretically potential	
source for regenerative	medicine and tissue replacement after	
injury or disease.
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Underestimated complexity







RAISING	HOPES

• For beauty,	survival
• For raising research money











Thank you for your interest 


