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Stem Cells
The classical definition of a stem cell requires that it possess two properties:
· Self-renewal - the ability to go through numerous cycles of cell division while maintaining the undifferentiated state. 
· Potency - the capacity to differentiate into specialized cell types. In the strictest sense, this requires stem cells to be either totipotent or pluripotent - to be able to give rise to any mature cell type.
Potency specifies the differentiation potential (the potential to differentiate into different cell types) of the stem cell.
· Totipotent stem cells are produced from the fusion of an egg and sperm cell. Cells produced by the first few divisions of the fertilized egg are also totipotent. These cells can differentiate into embryonic and extraembryonic cell types. 
· Pluripotent stem cells are the descendants of totipotent cells and can differentiate into skin, bone or connective cells. 
· Unipotent cells can produce only one cell type, but have the property of self-renewal which distinguishes them from non-stem cells (e.g. muscle stem cells). 
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Three main types of stem cells	
1. Embryonic stem cells (ES)
2.	Adult stem cells	
3. 	Induced Pluripotent Stem Cells (iPSC)
Embryonic Stem Cells
· Embryonic stem cells are created by means of in vitro fertilization.  They are harvested after 5-6 days from a cell know as a blastocyst. They do not come from aborted fetuses. They have the potential to change into any type of cell found in body.
· Embryonic stem cell lines (ES cell lines) are cultures of cells derived from the tissue of the inner cell mass (ICM) of a blastocyst or earlier morula stage embryos.
·  A blastocyst is an early stage embryo—approximately four to five days old in humans and consisting of 50–150 cells. 
· The embryos from which human embryonic stem cells are derived are typically five or six days old and are a hollow microscopic ball of cells called the blastocyst. 
· ES cells require very different environments in order to maintain an undifferentiated state. Mouse ES cells are grown on a layer of gelatin and require the presence of Leukemia Inhibitory Factor (LIF). 
· Human ES cells are grown on a feeder layer of mouse embryonic fibroblasts (MEFs) and require the presence of basic Fibroblast Growth Factor (bFGF or FGF-2). 
· Without optimal culture conditions or genetic manipulation, embryonic stem cells will rapidly differentiate.
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Excess fertilized eggs from IVF (in-vitro fertilization) clinics
Tens of thousands of frozen embryos are routinely destroyed when couples finish their In Vitro Fertilization treatment.
These s
urplus embryos 
can be used to produce stem cells.
Regenerative medical research aims to develop these cells into new, healthy tissue to heal severe illnesses. 
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Somatic Cell Nuclear Transfer
The nucleus of a donat
ed egg is removed and replaced 
with the nucleus of a mature, "somatic cell" (a skin cell, for example). 
No sperm is involved in this process, and no embryo is created to be implanted in a woman
’
s womb.
The resulting stem cells can potentially develop into specialized cells that are useful for treating severe illnesses.
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Adult Stem Cells
· The term adult stem cell refers to any cell which is found in a developed organism that has two properties: the ability to divide and create another cell like itself and also divide and create a cell more differentiated than itself. 
· The term adult stem cell refers to any cell which is found in a developed organism that has two properties: the ability to divide and create another cell like itself and also divide and create a cell more differentiated than itself. 
· Pluripotent adult stem cells are rare and generally small in number but can be found in a number of tissues including umbilical cord blood.
·  Adult tissues, such as bone marrow, muscle, and brain, contain adult stem cells that can generate replacements for cells that are lost through normal wear and tear, injury, or disease. 
· Can be found in bone marrow. Harvested at any time in a adult person’s life. Potential to become only a limited number of specialized cells.
· The primary roles of adult stem cell in a living organism are to maintain and repair the tissue in which they are found. 
· Some scientists now use the term “somatic stem cell” instead of adult stem cell. 
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Induced Pluripotent Stem Cells (iPSC)
In the last couple of years a potential alternative to either ESC or ASC has been developed.  These cells are called iPSC.
· They are generated from differentiated cells (commonly fibroblasts) which are de-differentiated or reprogrammed by modifying 4 genes using viral vectors.
· The resultant cells seem to have all the characteristics of SC.
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The Promise of Stem Cell use in medicine
Medical researchers believe that stem cell therapy has the potential to dramatically change the treatment of human disease. A number of adult stem cell therapies already exist, particularly bone marrow transplants that are used to treat leukemia.
In the future, medical researchers anticipate being able to use technologies derived from stem cell research to treat a wider variety of diseases including cancer, Parkinson's disease, spinal cord injuries, Amyotrophic lateral sclerosis, multiple sclerosis, and muscle damage amongst a number of other impairments and conditions.
However, there still exists a great deal of social and scientific uncertainty surrounding stem cell research, which could possibly be overcome through public debate and future research, and further education of the public.

Concerns over the use of stem cells
There still exists a great deal of social and scientific uncertainty surrounding stem cell research, which could possibly be overcome through public debate and future research, and further education of the public.
One concern of treatment is the risk that transplanted stem cells could form tumours and become cancerous if cell division continues uncontrollably.
A comparison of deriving different types of stem cells
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SUMMARY
Stem cells
· Stem cells differ from other kinds of cells in the body.  All stem cells have two important characteristics that distinguish them from other types of cells.  
· Firstly, they are unspecialized (undifferentiated) cells that renew themselves for long periods of time through cell division of at least one daughter cell. 
· Secondly, under certain physiological or experimental conditions, they can be induced to differentiate.  
· This means that they can divide into cells with special functions, such as the beating cells of the heart muscle or the insulin-producing cells of the pancreas.

Sources of stem cells (embryonic, adult, iPS cells)
· Human Embryonic Stem cells are obtained from aborted foetuses or fertilized eggs.
· This has come under ethical scrutiny since use of these procedures requires serious moral consideration by society.
· A possible way to circumvent this issue would be to use stem cells isolated from adult tissues.
· Adult stem cells are obtained from certain tissues in adult organisms but are multipotent and can become a limited range of cell types.
· Recently differentiated cells have been genetically engineered to return to stem cell status.
· Called induced pluripotent cells or iPS cells, they overcome the controversial destruction of embryos to source embryonic stem cells.

Stem cell therapies
One potential application is the generation of different types of neurons for the treatment of Alzheimer’s disease, spinal cord injuries, or Parkinson’s disease.The production of heart muscle cells for heart attack survivors may also be possible.
Stem cells could also be useful in the production of complete organs including livers, kidneys, eyes, hearts, or even parts of the brain.
 (
Intended student learning
Explain the origin of stem cells and how they can differentiate into all the different types of cells in the body.
Understand the meaning of differentiation.
State the origins of stem cells.
Understand the basis for the controversy around using some types of stem cells.
Explain the potential applications of stem cell therapy.
)
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Stem Cells From In Vitro Fertilization (IVF)

Unusad oz embry,
siatod 1 be th
\

o~ S x
Jdoie

.... Memstopoiecc Cardompoeyes  Neuro
Getcaln) o o)

Hepstocyes
e caey

Restoration of damaged
or desiroyed tissue.




image5.jpeg
Ego skin cell

Nucleus
(genetic material)
\o
AN
Enucleated egg

Skin cell genetic
material

Genetic material
removed from egg

Morula

Blastocyst

Inner cell mass removed
for stem cell culture

Image prepared by Catherine Twomey for the National Academies,
Understanding Stem Cells: An Overview of the Science and lssues

from the National Academies, htip://www.nationalacademies.org/stemcells.
Academic noncommercial use is permitted.




image6.jpeg




image7.png
iPSC Factor

@‘ @ Viruses
@' @ Here is whatyou receive:

Matched-set of iPS Cell Lines|
Transduce with PSC | in two separate vials

e nsandvazdes | ey
3 Sourcecells + iPS Cells

-
Human Foreskin Fibroblasts (HFF) or
Mouse Embryonic Fibroblasts (MEF)
Expand the best iPS Colonies
Re-plate cellson (4 weeks)
feeder cell ayers
+ES Medium

<)

iP5 Colonies (7 Wit 2uedks

S colonies
change medium
everyday





image8.png
G. Somatic Cell Nuclear Transfer (SCNT) Stict hESC. ‘SCNT pluripotent

Norleus from Cifire condiions Stom-collino
@ somato ool il actvate e
[
on
Q - — —
Nt ko vhtherthe
Q — ﬁ ST o s
uceated cocy (ega vi could gve ras toa
R =
H. SCNT Using an Embryo at Mitosis ScthEsc EsCline
e adjoced il condions e
ot aresed at i o snucea Pt o
@See —>
g dmg\«remmm« ' 2 Zyg0te 8 e
¥ ko or
- = -6 N
4 © o s (i humans) coukd
Chromosames e e 0.8 viabe
emoves Pregnancy

1. Altered Nuclear Transfer (ANT)

obogene  SycthEsc  ANT pluripotent
e timed e sondiions _ Stem-cel fine

eese — =S¢
N S\ e

| — — — e

) . o

capabke of implanting,
" S0 cannol establih
Enucleated cocyte viable pregnancy

J. Fusion of Skin Cells with hESCs
Tetraploid pluripotent

Stomellline
_ Callfudon )
=L E——
- & ) o
= e
Skin fbroblest hEsc Tetapicid
“hybrid”
K. Induced Pluripotent Stem Cells, or IPSCs
T PS coll line
~ us medated transiocton :
2. of four dfined transerton facors @
= >3
) @
Not suabl o use
L e aiaal Induced plurpotent in trnsplantation

stem cells (PSCs) mediine





image9.png
A Traditional Derivation of hESCs

ool stage Blastocyst
toner el

3-8 =

Blstrmers

Spem

B. Embryonic Germ Cells (EGCs)

Shict hESC.
culure conditions

u'>~

hESC line

@
;@

\ @
implantation

s
s

&

Primordial Gorm Coll

D,
o

Sk ~he e sperm or 203 ool
C. “Dead” Embryos Socaled Strct hESG
5 il culture condiions  MESC fine
Y efe — &t
. or
— E——
4 X Embiyo presumesd to bs
4 incapable o esiabishing
“Dead cmbryo aiablc pregnancy
D. Genetically Abnormal Embryos PGD dentiies Disoase-baaring
Remove blastomers, gensticdefect $ PESC Re
presumably wihout Y | E——
i) @ <@
"\,\\. S «®
e O — X Embryo not used o estabich
4 bregnancy o aveid gereratng
lfepring wih genete defect
E. Single-Cell Embryo Blopsy Method R —_— (20D
presumably wihout €88
Faming ‘ = ee@
embryo e¥

4

7
—

e & .

R

F. Parthenogenesls

Parthenogenstic
aciivation

T e ega v
behaving as f s
fortlzed)

‘@‘@

Shict hESC.
culure conditions

—

nesC e

@

Embryo not capable
of establishing a.
viable pregnancy





