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Stem Cell Basics

Stem cells are unlike other cells due to three general properties. These properties are as follows:
1. They are capable of dividing and renewing themselves for long periods.
2. They are unspecialized.
3. They can give rise to specialized cell types.
Unlike muscle cells, blood cells, or nerve cells, stem cells may replicate many times over the duration of their
lifetime. One of the fundamental properties of all stem cells is that they do not have any specific structures
that allow them to perform specialized functions. When stem cells develop into specialized cells it occurs
through a multi-staged process called differentiation. Signals are utilized to manipulate DNA to develop
epigenetic marks whose function is to restrict gene expression and synthesize specialized cells.

Culturing Stem Cells

1. All equipment is sterilized to avoid contamination. Cells are grown at 37°C in incubators in highhumidity conditions to create a synthetic environment, similar to the human body.
2. A culture medium called a feeder layer is utilized to provide nutrients and promote cell growth.
3. Once the isolated cells divide, they begin to crowd the culture dish. Cells are transferred to another
dish until the desired amount of stem cells is obtained. Note: each sub-culturing of cells is called a
passage.
4. Stem cells are manipulated to specialize into a particular type of cell

Although there are many types of stem cells, most are derived from two common sources. Embryonic stem
cells, are obtained from embryos. Most embryonic stem cells are derived from in vitro fertilized embryos
which have been grown in a lab instead of being fertilized in a woman's body. These embryos are usually
donated to labs and hospitals for research purposes. Adult (somatic) stem cells function in a living organism to
maintain and repair the tissue in which they are found. These adult stem cells can be trans-differentiated,
which means that certain somatic stem cell types can differentiate into other cell types than those expected
from the cells’ predicted lineage.

Religious Viewpoints

Judaism
· Orthodox Jews believe that embryos do not have the same moral status as human beings. In fact,
gametes and embryos outside a human body do not have any legal status under Jewish law. Embryos
from in-vitro fertilization are not seen as having life and can be used for testing.

Embryonic stem cell harvesting and differentiation.
Picture courtesy of The American National Academy of Sciences..

A magnified image of equine umbilical cord blood stem cells
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A magnified image of mouse ovarian cancer cells.

Contributions to Stem Cell Research

Stem cells are unlike other cells due to three general properties. These properties are as follows:
1. They are capable of dividing and renewing themselves for long periods.
2. They are unspecialized.
3. They can give rise to specialized cell types.
Unlike muscle cells, blood cells, or nerve cells, stem cells may replicate many times over the duration of their
lifetime. One of the fundamental properties of all stem cells is that they do not have any specific structures
that allow them to perform specialized functions. When stem cells develop into specialized cells it occurs
through a multi-staged process called differentiation. Signals are utilized to manipulate DNA to develop
epigenetic marks whose function is to restrict gene expression and synthesize specialized cells.
Although there are many types of stem cells, most are derived from two common sources. Embryonic stem
cells are derived from in vitro fertilized embryos which have been grown in a lab instead of being fertilized in a
woman's body. These embryos are usually donated to labs and hospitals for research purposes. Adult
(somatic) stem cells function in a living organism to maintain and repair the tissue in which they are found.
These adult stem cells can be trans-differentiated, which means that certain somatic stem cell types can
differentiate into other cell types than those expected from the cells’ predicted lineage.

Harvesting stem cells through reproductive cloning involves growing a cloned child and
harvesting cells from the clone. Therapeutic cloning involves culturing stem cells, differentiating
them, and using them directly. Picture courtesy of The Nebraska Catholic .

Future Applications

1. Reviving extinct species (extracting DNA from cryogenically-preserved animals and cloning it)
2. Cloning human organs (reduce the need for organ donors and reduce chances of patient rejecting
the organ)
3. Cure spinal cord diseases (utilize stem cells to regenerate damaged nerves)
4. Clone plants that are in short supply that have medicinal applications (potentially reduce the cost
due to mass production and increase the availability of health care)
5. Cloning specific organs for research purposes to study in vivo and in vitro effects
6. Cosmetic usage (e.g., hair growth, regenerate skin in burn victims, regenerate limbs of amputees)
7. Cloning humans/animals (cloning of pets, cloning animals for food industry)
8. Designer babies (genetically modifying and cloning DNA sequences to select for a desired trait)
9.Slowing down the aging process (cloning enzymes and genomic sequences to prevent the
degradation of genetic material)

Roman Catholic and Greek Orthodox
· Although the Greek Orthodox and Roman Catholic Churches do support stem cell research using adult
stem cells, they have condemned human embryonic stem cell research as immoral and illegal, due to
their belief that life begins at conception. This means that a human embryo is regarded with the same
moral status as a human being. Therefore, any kind of experimentation which negatively impacts the
embryo goes against the view of the church.
Islam
· Embryo research policies are influenced by the religious belief that human life begins only after the
ensoulment of the fetus; the moment in which a human being gains a soul. This is generally believed by
Muslim scholars to take place at 120 days after conception; however, there is still much controversy
over whether or not embryos should be synthesized solely for research purposes.
Hinduism and Buddhism
· Hinduism and Buddhism both emphasize the importance of practicing compassion towards others.
Therefore, they support adult stem cell research for its healing potential in the medical field.

Conclusion

It is apparent that a variety of stem cells exist, which can be manipulated to differentiate into various
somatic cells. However, stem cell research has been a very controversial aspect of science due to
various religious opinions regarding the morality of utilizing stem cells for scientific advancement.
Although stem cell research is relatively new, it holds much promise for medical progress.
There are a variety of applications that could potentially change the future of medicine, such as: cloning
human organs for transplants, tissue regeneration, or cloning genetic sequences. These medical
advancements have the potential to change our way of life as we know it. Imagine if human organs
could be cloned? This would decrease the need for organ donations and save many lives.

Two Main Ways of Harvesting Stem Cells

1. Therapeutic: Stem cells are harvested from an embryo and specialized into designated types of cells.
2. Reproductive: Stem cells are harvested from an embryo and then implanted in a woman's womb where the
cells develop into a cloned child.

Canadian Laws

In March 2002, the first Canadian laws on stem cell research were created. They were introduced by the
federal granting agencies, the Canadian Institutes of Health Research, the Natural Sciences and
Engineering Research Council and the Social Sciences and Humanities Research Council. These Councils
came together and created the Stem Cell Oversight Committee which dictates what type of research
needs to be reviewed prior to being performed. For example, research that does not need to be
reviewed consists of experiments being conducted using stem cells from the umbilical cord, somatic
stem cells or stem cell derivatives, such as RNA.
The most current Canadian laws, updated as of 2010 and outlined by the Canadian Guidelines on
Pluripotent Stem Cell research (created by the Canadian Institutes of Health Research) are as follows:
1. The embryos must have been created for reproductive purposes
2. The embryonic donors must provide consent
3. The ova, sperm or embryo cannot be obtained by commercial transactions

University of Guelph Students were asked,"Based on your current
knowledge, do you support or oppose stem cell research?" These are
the results collected from the 800 participants.

Future scientists in the Reproductive Biology Research Facility, Biomedical
Sciences Department.

There is still much to learn about the potential of stem cells, but fortunately some of the leading
research institutions are located close by in the Ottawa Sprott Center for Stem Cell Research and in
Toronto at the Hospital for Sick Children. To learn more about stem cells, please visit the Canadian Stem
Cell Network website.

