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Keywords of Stem Cell Engineeringy g g
• Embryo and Fetus (Foetus)
• Adult stem cells and embryonic stem cellsy
• Omnipotent, pluripotent, and multipotent
• Blastocyst                                    Colony

h l ll d l ll ( )• Mesenchymal stem cells and Marrow Stromal Cell (MSC)
• Bone marrow transplantation 
• Cell lines• Cell lines
• Differentiation                             Feeder cells
• Somatic cell nuclear transfer (SCNT) ( )
• Parthenogenesis 
• Immune rejection                        Universal donor cell

X l i• Xenotransplantation
• Therapeutic cloning                    Reproductive cloning
• Teratoma• Teratoma                   
• Delta protein                               Dedifferentiation



The advent of Stem cell engineering

• The late 1990s was the most productive period in the history of 
biological research. The birth of Dolly, the first cloned mammal, was 
quickly followed by the first successful derivation of humanquickly followed by the first successful derivation of human 
embryonic stem cells and then, as the new millennium dawned, the 
completion of the Human Genome Project. 
Si th th di h lifi d th hi t ith th• Since then the media have amplified these achievements, with the 
enthusiastic encouragement of many of the researchers involved, to 
create intense public excitement about a new era of ‘regenerative 

di i ’medicine.’ 
• Some people imagine that within a few years it will be possible, 

through some still obscure combination of stem cells, cloning and g , g
genetic engineering, to create new cells and eventually whole organs 
to replace those that fail through disease, accident or old age. 



Ethical and religious objectionsEthical and religious objections

• That promise is counterbalanced by 
ethical and religious objections to stem 

ll h i l l h idcell research—particularly to the idea 
that embryos could be created especially 
for research and then destroyed andfor research and then destroyed—and 
fears that therapeutic cloning could open 
the door to reproductive cloning. p g



What is a stem cell?What is a stem cell?

• Stem cells serve as a biological repair system, with the 
potential to develop into many types of specialized cells in thepotential to develop into many types of specialized cells in the 
body. 

• They can theoretically divide without limit to replenish other 
llcells. 

• When a stem cell divides, each daughter can remain a stem 
cell or adopt a more specialized role such as a muscle, blood or p p ,
brain cell, depending on the presence or absence of 
biochemical signals. 

• Controlling this differentiation process is one of the biggest• Controlling this differentiation process is one of the biggest 
challenges in stem cell research. 





Pluripotent stemnessPluripotent stemness

S ll h i h b d f d d Th b k• Stem cell therapies have been used for decades. The best known 
example is ‘bone marrow transplantation’ to treat leukaemia and 
other blood disorders; this works because marrow is full of blood ;
stem cells. 

• But all therapies so far have used what are often called ‘adult stem 
ll ’ h i fi h h i ll d l bcells’—a term that is fine when the source is actually an adult but 

misleading when, as often happens, the cells come from an infant 
or foetus. 

• ‘Somatic stem cells’ may be a better name for these cells. The 
range of specialized cells that can be obtained from somatic stem 

ll i li i dcells is limited. 
• Early embryos are potentially a better source because all their 

cells are still unspecialized Embryonic stem cells are pluripotent:cells are still unspecialized. Embryonic stem cells are pluripotent: 
they can differentiate into almost any type of cell. 





Flexibility to serve as progenitors of 
several cell varieties

• A stem cell (whether adult or embryonic) must renew itself 
indefinitely through cell division, while remaining in its generic 
state and retaining its potential to give rise to daughter cells ofstate and retaining its potential to give rise to daughter cells of 
more specialized types.

• These progeny often start out only partially differentiated 
themselves, with some flexibility to serve as progenitors of several 
cell varieties within a particular organ or system. p g y

• For example, descendants of mesenchymal stem cells found in 
bone marrow can become bone as well as cartilage fat cellsbone marrow can become bone, as well as cartilage, fat cells, 
various kinds of muscle and the cells that line blood vessels. 



• Although the tissues that sprout from these bone marrow stem cells 
are seemingly diverse, they have one thing in common: when the 
human body is first forming they all originate in the middle layerhuman body is first forming, they all originate in the middle layer, 
or mesoderm, of the developing embryo. 

• This fact is at the heart of one of the most important questions 
d b d b ll i i h h d l lldebated by stem cell scientists: whether adult stem cells can 
transdifferentiate, that is, produce functional new tissues outside the 
lineage of their embryonic layer. 

• The answer could be crucial to some of the more ambitious 
regenerative therapies based on adult stem cells. 

• Traditionally, adult stem cells have been considered limited in their 
potential, able only to manufacture cell varieties within their own 
lineagelineage. 

• Hence, they are usually described as ‘multipotent’, rather than 
pluripotent like embryonic stem cells. 

• In recent years, however, many research groups have claimed to 
have made adult stem cells cross lineage lines—for example, by 
turning neural stem cells into blood vessels. 











Alternative sources of ES cells

• In an attempt to get round ethical objections to the destruction of 
human embryos for research, some scientists have been exploring 
alternative sources of ES cellsalternative sources of ES cells. 

• One approach would be to identify the least differentiated adult 
stem cells and wind back their developmental clock, so that they 
b h d l i t t ES llbehaved as pluripotent ES cells. 

• Another is through ‘parthenogenesis’—activating an unfertilised 
human egg so that it starts to divide like an early embryo. But it is gg y y
not clear whether either approach will work in practice. 



XenotransplantationXenotransplantation

• Until very recently researchers have grown human ES cells on• Until very recently, researchers have grown human ES cells on 
layers of mouse skin cells, known as feeder cells, which inhibit their 
differentiation into more specialized cells. They have also been 
nourished with blood serum derived from calf foetusesnourished with blood serum derived from calf foetuses. 

• Unfortunately, these nonhuman components carry a risk of 
contamination with animal  proteins or pathogens, as in 
xenotransplantation, which could prevent the stem cells being used 
safely in the clinic. 



• One potential source of fresh 
therapeutic stem cells is thetherapeutic stem cells is the 
donated tissue of miscarried and 
aborted foetuses. These stem 
cells are classified as “adult”cells are classified as adult  
because they are found in 
differentiated tissues. 

• Their extreme youth, however, 
gives scientists hope that when 
transplanted they will adapt p y p
easily to new surroundings and 
energetically produce new cells. 

• A major test for both foetal stemA major test for both foetal stem 
cells and the prospects of cell-
based brain therapies in general 
could come in the next year ifcould come in the next year if 
California-based StemCells, Inc., 
receives US government 
approval for its proposed clinicalapproval for its proposed clinical 
trial. 



• The company, cofounded by the Salk Institute’s Fred Gage, 
who fi rst discovered neural stem cells, plans to transplant 
f l l ll i h b i f hild i hfoetal neural stem cells into the brains of children with Batten 
disease. 

• That lethal illness arises from the failure of brain cells to 
produce an enzyme that clears away cellular wastes. If the 
stem cells manufacture healthy new brain cells that producestem cells manufacture healthy new brain cells that produce 
the missing enzyme, the treatment could alleviate the disease, 
with exciting implications for other related brain disorders. 



ES cells and teratomaES cells and teratoma

• ES cells, unlike adult stem cells, cannot be used directly in 
th b th I d d l b t t t ftherapy because they cause cancer. Indeed, one laboratory test for 
ES cells is to inject them into mice and analyse the teratoma (a 
tumour formed of foetal tissue) that arises. 

• So any therapeutic application will require scientists to drive the 
ES cells’ differentiation into particular specialised cells for 
transplantation into patients—for instance, beta cells to produce p p , p
insulin for diabetics or dopamine-producing neurones to treat 
Parkinson’s disease. 

• And rigorous screening will be required to make sure that no ES• And rigorous screening will be required to make sure that no ES 
cells are still present. 



Transplantation may work in peopleTransplantation may work in people

Al h h li i l i l f ES ll h• Although no clinical trials of ES cells have 
taken place yet, other types of cell therapy 
have shown that this kind of transplantation p
can work in people. 

• Examples, besides the ubiquitous bone 
l i l d h f lmarrow transplant, include the use of neural 

stem cells from foetuses to treat brain disease 
and insulin-producing beta cells from cadavers p g
to treat diabetes. 

• Successes with somatic cells lie behind the 
h h ES ll ill ll khope that ES cells will eventually work even 
better, but a lot more research will be needed 
to prove the point. to p ove t e po t.



How to overcome the obstacles for ES cell researchHow to overcome the obstacles for ES cell research

• The obstacles that ES cellThe obstacles that ES cell 
researchers need to overcome include 

• better ways of obtaining ES cells 
efficiently;efficiently; 

• better methods to identify ES cells 
and their true developmental 
potential; 

• ways to control their differentiation 
and growth inside the body;and growth inside the body; 

• understanding whether the immune 
system attacks ES cells or ones 
differentiated from them;differentiated from them; 

• and learning more about the 
comparative advantages of ES cells 
and somatic cells for various 
applications. 



• While direct use of stem cells in patients is what most excites 
politicians and the public, many scientists say their main medical 
benefits may be delivered indirectly, through their use in research y y, g
to advance other therapies. 

• If researchers can work out the complex chemical and genetic 
signals that control the growth and differentiation of stem cells thesignals that control the growth and differentiation of stem cells, the 
results would be enormously useful in medicine. 

• ES cells should make it possible to develop models of tissue 
d l t d f ti th t ill bl h i t t t tdevelopment and function that will enable chemists to test 
potential drugs more effectively.



Learn the language of stem cell signals!g g g

• The idea is to learn the language of signals that normally direct 
stem cells’ behaviour well enough to be able to recruit a patient’s 

t ll t k i d down stem cells to make repairs on demand. 
• Studying the cues that stem cells send and receive in their natural 

environment is also improving scientists’ basic understanding ofenvironment is also improving scientists  basic understanding of 
what gives a stem cell its potential. 

• If the secret to “stemness” were as simple as having particular genes 
active at specific times, then any cell of the body might conceivably 
be turned into a stem cell as needed. 










