Stem Cells

· Unspecialised cells

· Able to reproduce indefinitely ( Undergo extensive proliferation and self renewal

· Daughter cells possess the same developmental and reproductive potential as parent cell

· Able to differentiation to produce specialised cells upon appropriate molecular signals
Two types of stem cells: Embryonic stem cells and Adult stem cells

Embryonic stem cells

· Obtained from blastocyst

· Blastocyst consists of trophoblast (which develops to form the placenta and other supporting tissues), blastocyst cavity and inner cell mass (which develops to form the foetus).

· Embryonic stem cells are obtained from the inner cell mass

· During the development of the embryo,

· Before the zygote develops to form a blastocyst, cells are TOTIPOTENT – they have the ability to form the entire organism

· At the blastocyst stage, cells are PLURIPOTENT – they have the ability to differentiate into all the various cell types that form the organism but not form the entire organism itself

Adult stem cells

· They are MULTIPOTENT – the cells have the ability to differentiate only into a particular lineage of cell types and tissues in an organism
· Found in small numbers
· Function
· To ensure a constant pool of stem cells
· To renew the population of specialised cells in specific tissues
Examples of adult stem cells:

Neural stem cells (central nervous system)
· Give rise to neurons and glial cells to replace those that died

· The process by which neurons are created is known as neurogenesis. This process is associated with memory and learning in mammals

· Provides hope for neurodegenerative diseases like Parkinson’s disease

Hematopoietic stem cells (bone marrow)

· Give rise to the following:
· Red blood cells, which transport oxygen
· Various types of white blood cells, which fight infection
· Platelets, which play a crucial role in blood clotting
· Ensure constant replacement of the short-lived specialised cells
· Bone marrow transplantation
· Commonly used to treat blood diseases like leukaemia and Hodgkin’s disease
· Might lead to fatal complications due to the graft-versus-host disease (GVHD), where the donor’s immune cells, produced by the transplanted bone marrow, start to attack the recipient cells
Epidermal stem cells

· The epidermis is the outer protective layer of the skin. Its outer layers are often shed from the surface, hence the need for replacement
· Epidermal cells give rise to keratinocytes, which then migrate to the surface of the skin to replace damaged or shed epidermal cells.
Intestinal stem cells (epithelium of intestine)
· Gives rise to the following:

· Absorptive cells, which have densely packed microvilli on their exposed surface

· Globet cells, which secrete mucus

· Paneth cells, which are part of the innate immune system

· Enteroendocrine cells, which secrete hormones for signalling

· Found deep in the crypts of the epithelium

· Constant replacement of the lining of the gut needed due to unintentional enzymatic digestion of the gut lining, despite preventive measures such as the secretion of mucus
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· Adult stem cells

· Research can lead to a greater understanding of cancer due to cancer stem cells

· In general, use is approved. Most extensively used to treat blood diseases like leukaemia and Hodgkin’s disease (bone marrow transplants)

· However, difficulty in extracting and culturing adult stem cells (found in small numbers)

· Also, limited use. However, with reports of the plasticity of stem cells, this may change

· Complications such as GVHD may arise
· Embryonic stem cells
· Ethical issues concerning destruction of embryos to obtain stem cells

· However, some discussed the possibilities of using extra embryos from fertility clinics

· However, embryonic stem cell research may open up possibilities of treatment for more diseases

· Also will improve understanding of developmental biology

