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Importance of Stem Cell Research

“Science has presented us with a hope called stem-cell research, which may provide our
scientists with answers that have so long been beyond our grasp.”

Nancy Reagan

"If the potential of stem cell research is realized, it would mean an end to the suffering of
millions of people. If stem cell research succeeds, there isn't a person in the country who
won't benefit, or know somebody who will."

Michael J. Fox
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Unique Characteristics of Stem Cells
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What are Stem Cells?

A cell that has the ability:
 to continuously divide and give rise to new copy of itself (self-renew)
 and other specialized ( differentiated ) cells/tissues.

Stem cells divide to new cell that has the potential to either remain a stem
cell or become another type of cell with a more specialized function as
cells of the blood, heart, bones, skin, muscles, brain etc, serving as a sort
of repair system for the body.




The History of Stem Cells

2015...Great promise for the use of stem cells )
in drug discovery and regenerative medicine

2014 EBISC — The first European Bank for iPSC

2012 Nobel Prize in Physiology or Medicine is awarded jointly to"
Sir John B. Gurdon and Shinya Yamanaka "for the discovery that
mature cells can be reprogrammed to become pluripotent” ‘

2007 iPS cells derived from mature human fibroblasts

2006 Induced pluripotent stem cells (iPS cells) derived
from mouse somatic cells (Takahashi and Yamanaka) ,}

1998 First human ES Cells derived from the ICM (Thomson)

1988 First umbilical cord blood transplantation (Gluckmann) )

1981 First ES Cells derived from mouse embryos (Evans & Kaufman). "
Evans is awarded the Nobel Prize for Physiology or Medicine in 2007

1960’s HSC from bone marrow used for treatment of leukemia.

1951 First line of human cells (HeLa cells) to survive in vitro established by George Gey )

1908 The term "stem cell” proposed by the Russian histologist Alexander Maksimov (blood cells)

)
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Potential of Stem Cells

e Totipotent (Total)

* Total potential to differentiate into any adult
cell type “entire organism” (from early
embryos)

* Pluripotent (Plural)

e Potential to form all differentiated cell types
(ESC) except placenta

 Multipotent (Multiple)

* [imited potential to form only multiple adult
cell types (ASC)



Types of Stem Cells

* Embryonic Stem Cells (ESC)
W IVF embryos
W Aborted embryos

W cloned embryos

*¥  Adult Stem Cells (ASC):
‘;fBone Marrow
*Placental Cord

*Mesenchymal Stem cells




Embryonic Stem Cells Adult Stem Cells
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ASC

Pluripotent

large number can be
harvested

May cause immune rejection
Ethical concerns

Multipotent

Limited numbers and more
difficult to isolate

No immune rejection

No Ethical concerns



Generation of embryonic stem cells

* derived from 4-5 day old embryo

(BlaStO CySt): Morula: Morula:
8 cells 16 cells Section of
1
_ TrOphOblaSt (21/2 days) (3 days) blastocyst
— Blastocoel

— Inner Cell Mass (ICS)
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Inner cell mass

Irradiated feeder cells

Embryonic stem cells




Generation of embryonic stem cells

Isolate and transfer of ICS into culture dish in culture

media
Culture at 37c and 5% CO,

Inner surface of culture dish is coated with inactivated

MEFs as a feeder layer:

* provides sticky surface for attachment

* release nutrients
Cells divide and spread over the dish

ESCs are removed gently and plated into several different

culture plates.



Human Embryonic Stem Cell Colony




Embryonic stem cells in the dish
What do cultured ES cells look like?




Beating cardiomyocytes derived from hESCs




Challenges with Embryonic Stem Cells

* Recently, abnormalities in chromosome number and structure
were found in some human ESC lines.

* Stem cell development or proliferation must be controlled once
placed into patients.

* Stem cells need to be differentiated to the appropriate cell types
before they can be used clinically.

* The use of mouse “feeder” cells to grow ESC could result in
problems due to xenotransplantation.

* Possibility of rejection of stem cell transplants as foreign tissues
is very high.




Somatic Cell Nuclear Transfer
SCNT
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Therapeutic Cloning

* Therapeutic cloning
uses stem cells to
correct diseases and
other health problem
that someone may
encounter.

* Therapeutic cloning
does not cloned to m:
full humans but rathe
used for the stem cell
of embryo

Therapeutic Cloning Strategies
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COMPARISON OF THE DIFFERENT SOURCES OF STEM CELLS

Embryonic Stem Cells

Adult Stem Cells

3 p '
Eg= 7

In Vitro Fertilization Nuclear Transier Adulf Tissues

Attributes can produce all cell types can produce all cell types demonstrated success In

relatively easy to Identify, relatively easy to Identify, some freatments

Isolate, malntaln, and lsolate, maintaln, and grow stem cells may be genetlcally

arow In the laboratory In the laboratory matched to patient

large source of “excess” stem cells may be genetically

blastocysts from IVF clinics matched to patient
Limitafions limited number of cell not yet achleved with human cells produce limited number of

lines avallable for federally tisk of C[eoﬂng teratomas cell types

funded research (tumors) from Implanting not found In all tlssues

risk of creating teratomas undifferentiated stem cells difficult to Identify, lsolate,

(turmors) from Implanting maintain, and grow In the

undifferentlated stem cells laboratory

destruction of human destruction of human no major ethical concerns
Ethical blastocysts blastocysts have been ralsed
Concerns donation of blastocysts donatlon of eggs requires

requlres Informed consent

Informed consent

concern about misapplication
for reproductive cloning
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The first iPSCs

In late 2006 the group of Takahashi and Yamanaka

rennrted the <timiilationon of celle of adinilt and emhrvaonic
iPS-MEF4-7 IPS-MEF10-6 iPS-MEF3-3 t

*Contact: yamanaka@ frontiar kyoto-u.ac. jp
DO 10.10164.call. 2006.07 024



http://upload.wikimedia.org/wikipedia/commons/7/7f/Shinya_Yamanaka.jpg
http://upload.wikimedia.org/wikipedia/commons/7/7f/Shinya_Yamanaka.jpg

Sir John B. Gurdon

Shinya Yamanaka
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Induced Pluripotent Stem Cell
(iPS) cells

The method was described by Yamanaka

in which the skin cells of laboratory mice > { T | 2009 | Tociue

were genetically manipulated and
returned back to their embryonic state. Retrovis Witho ‘V o Factor

iPS are somatic cells that have been
reprogrammed to a pluripotent state
(embryonic stem cell like state).

Several difficulties are to be overcome
before iPS cells can be considered as a
potential patient-specific cell therapy.

It will be crucial to characterize the
development potential of human iPS cell
line in the future.




Induced Pluripotent Stem Cell

(iPS) cells

Skin cells were taken
from the tail tip of a
sickle-cell model
mouse.

The cells were
differentiated into
hematopoietic cells.

The produced cells
were transfused back
into the sick mouse

Mouse with

sickle cell anemia
T e

Transplant

Collect skin cells , J
900

Differentiate into
blood stem cells ‘) J
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,/(j;/ﬁ\'ﬁA< ¢ Genetically
—E= 1) o) e, Recovered mouse corrected iPS cells
ol 1 Oct4, Sox2
Klf4, c-Myc
Reprogram Viruses
into ES like-
iPS cells

Genetically identical

iPS cells »—/

Hanna J. et.al., 2007



Embryonic Stem Cells
from Embryos created by Fertilization or by Cloning (Somatic Cell Nuclear Transfer)

Fertilization finished

Egg
cell
Fertlllzatlon
Sperm
Single-cell Fertilized embryo Embryonic Stem Cells
Egg cell . Embryo
‘Remove or 6
inactivate egg ~—~—.
BycICarhoaent Insert donor Embryonic Stem Cells
nuclear Cloned embryo
* material
=7 —_— . Cloning ﬁmshcd
isolate donor

Donor cell nuclear material
Induced Pluripotent Stem Cells (iPS cells)
from Normal Cells that are Reprogrammed to behave like Embryonic Stem Cells
Add genes + chemicals 77 & & . % ', -

> e
Cells behave like

embryonic stem cells

Target cell
Adult Stem Cells

Stem Cells normally found in body tissues from birth onward, as well as umbilical cord, etc.

and
other
» ¥ tissues s, %
Umbilical = %
Cord Blood. Adult Stem Cells §
Placenta a
Bone Marrow

Amniotic Fluid



Goal of Stem Cell Therapies

The goal of stem cell therapies is to
promote cell replacement in organs that
are damaged and do not have the
ability for self repair




The Promise of Stem Cell Technology

. *» Replacement of tissues/organs
e Repair of defective cell types
* Study cell differentiation
* Toxicity testing.

* Understanding prevention and
treatment of birth defects.

e Study of development and gene
control.

e Study of drugs therapeutic
potential.




Potential uses of

Stem ceIIs
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People in the US affected by diseases that may be
helped by stem cell research

Condition Number of Persons Affected
Cardiovascular diseases 58 Million

Autoimmune diseases 30 Million
Diabetes 16 Million
Osteoporosis 10 Million

Cancer 8.2 Million
Alzheimer's disease 4 Million
Parkinson's disease 1.5 Million

Burns (severe) 0.3 Million

Spinal cord injuries 0.25 Million

Birth defects 150,000 (per year)
Total 128.4 Million

Data from the Patients' Coalition for Urgent Research, Washington, DC
(according to Perry, Ref. 267).



Obstacles of Stem Cell Research

* How to find the right type of stem cells?

* How to completely differentiate Stem Cells to desired cell
type?

* How to put the stem cells into the right place?

* Will the stem cells perform the desired function in the body?

* Differentiation protocols for many cell types have not been
developed.
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Question 1

* Which of the following are pluripotent stem
cells?

d.

Cells has the potential to differentiate into any adult
cell type forming an entire organism

Cells that has limited potential to form only multiple
adult cell types

Cells that don’t have the ability for self renewal

. Cells has the Potential to form all differentiated cell

types except placenta



Question 2

* Important limitation of using cloned ESCs
(SCNT-ESCs) clinically:

d.

b.

Immune rejection
Produce limited number of cell types
Destruction of human embryos

Difficult to grow and culture in the laboratory



Question 3

 What are Yamanaka factors?
a. OCT3/4, SOX2, KLF4, c-Myc
b. Growth factors
c. Cytokines
d. OCT3/4, SOX2, Nanog



Question 4

* Mesenchymal stem cells are examples of:

a. Pluripotent stem cells
b. Multipotent stem cells
c. Totipotent stem cells

d. Induced pluripotent stem cells (iPS cells)



Dr Abdullah Al Dahmash
Founder and Chairman of
Stem Cell Unit
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