7: Genetics and Stem Cell Research

A.Genetics

1. Introduction

The principal special feature of genetics research is that the result of the study
applies not only to the proband but also influences her lineage both in the past and
in the future. For example genetic studies demonstrated Thomas Jefferson’s sexual
relationship with his slave Sally Hemings and defined their descendants to this day.
As we all know from television, genetic studies can be done from any tissue
fragment that contains DNA so that studies of surgical specimens, biopsy materials,
hair, epithelium and blood samples can all be utilized for extensive genetic studies.

2. Sampling

Some DNA is more medically valuable than other. Samples from isolated
populations in which a particular disorder is prevalent have a much greater
probability of yielding the causal gene(s) because they have fewer genome variations
than in the general population. Once isolated, the genetic material associated with
the disorder has a good chance of yielding novel diagnostic and/or therapeutic
approaches for the disorder.

3. Property rights

A persistent question is whether the providers of the genetic material have
any rights to the products created from their genetic material. These days, most
consent forms are written explicitly to exclude intellectual property rights from the
subjects. As might be imagined, this smacks of exploitation in the developing world.
Negotiation of a monetary return to the community has sometimes been concluded.
Important and lucrative products have been derived from individuals’ genomes
without their receiving royalties or other compensation. However, the knowledge,
technical expertise, and capital needed to make a useful product from a blood or
tissue sample come from the company not the donor.

4. Informed consent

Truly informed consent remains a problem with research subjects from both
developed and developing countries. The sample providers may not understand the
implications of genetic research for their families and their community. They surely
don’t understand the many uses to which their genetic material may be applied.
They may not be aware that their genes may be used for pharmacogenetics. They
are not likely to be fully cognizant of the forensic uses to which their genetic
material might be put as our privacy rights continue to be eroded. They are putting
their trust in the research establishment and the regulatory controls effected by the



IRB managing grant or contract. Contributors to repositories may not be fully
aware of the fact that they are trusting scientifically-oriented review boards to
determine how their genetic material will be used long into the future. While
anonymization is of great help, in the future, the genome itself may serve to identify
the person, especially if they are in more than one repository.

Informed consents for genetic studies using CLIA-approved tests are usually
designed to give the subjects the option of finding out their susceptibilities or not.
Subjects are told they will not get any feedback from tests that are in the
developmental stages because the reliability of such tests is not known.

2. Insurance and stigmatization

In developed countries they might not perceive possible implications for
stigmatization and for health and life insurability. Lack of health insurability affects
Americans the most because every other developed country has a national health
program. In those countries genetic information about disease risks motivates the
system to preventive measures. In the U.S., revealing genetic information may
exclude individuals from health insurance or make them join undesirable assigned
risk pools. Thus knowing her susceptibilities may put a burden on the
patient/subject to reveal what could be considered to be a preexisting condition. In
fact, the rapidly increasing availability and declining costs of genetic information
represent among the strongest arguments for a comprehensive health insurance
program in the U.S.

3. Commoditization of genetic material

Patenting genetic material for development as medical tools raises the
question of commoditization. Individuals from many countries but especially
developing countries feel that their genome is an important component of their
selves or souls. Just as some groups feel that they lose something if a photograph is
taken of them, many feel that they may be compromised by genetic studies and the
patenting of their individuality. In some environments, communities express the
belief that there is no such thing as informed consent for genetic studies because the
individual is speaking for his ancestors and descendants.

B. Human Embryonic Stem Cell Research

1. Introduction

Human embryonic stem cell (hESC) research is thought to have great
potential in disorders in which cellular loss is known to occur. These include Type 1
diabetes mellitus, Parkinson’s disease, and the post-myocardial infarction heart.
Nevertheless, some believe that pre-implantation embryos are potential human
beings with a soul making hESC research immoral. Human embryonic stem cell
research raises other important ethical dilemmas as well. As a result of these ethical



and moral dilemmas the government has limited federally funding for hESC
research to what has turned out to be 19 pre-existing “registered” cell lines (Sept.
2005. Private sources and states have been left to determine the extent to which they
are prepared to support additional hESC research. A number of states, most
prominently California, have decided to support research in this area.

2. What are embryonic stem cells and how do you make them?

The goal is to have stem cell lines derived from embryonic stem cells. Cells
from these lines are “totipotential”” because in theory, they can be transformed into
any kind of tissue by the appropriate biological and chemical manipulations.
Without going into detail and elaborating on all the limitations and caveats,
embryonic stem cell lines can be created three ways.

a. Eggs and sperm can be obtained from donors, mixed in a Petri
dish and the egg fertilized for the purpose of producing a stem cell
line for research. The fertilized egg (zygote) divides into a
multicellular embryo. With further incubation a blastocyst, a hollow
ball of about 256 cells, is formed. The blastocyst has two kinds of cell
groups, a group on the surface that is capable of initiating
implantation into the uterus and becoming the placenta, and the inner
cell mass with the capacity to become the fetus. The inner cell mass
can be removed and encouraged to divide in culture medium. Under
carefully defined conditions, these can be induced to become a cell
line, dividing indefinitely. With proper chemical treatment the stem
cells can, in theory develop into any tissue.

b. Annually, many thousands of infertile couples create embryos
for in-vitro fertilization (IVF), by having their eggs and sperm mixed
and fertilized in a petri dish. Usually the potential mother is
stimulated with hormones and provides a number of eggs. Similarly,
the potential father has millions of sperm in his ejaculated semen.
Normally all the eggs are exposed to sperm and a number of become
fertilized and become embryos. The best looking embryos are
incubated long enough to become blastocysts. Usually three are
implanted into the potential mother’s uterus. The remaining embryos
are stored in liquid nitrogen in case of pregnancy failure or for later
use if the family wants another child. These embryos are stored in
cryobanks. Many of them eventually become available for research.
With informed donor consent from both parents, these frozen
embryos have the potential for providing most of the necessary raw
material for stem cell research.

C. Somatic cell nuclear transfer (SCNT or just NT) was
responsible for creating the sheep clone Dolly. In this process, young
women donate ova by undergoing the “superovulation” process, as do
infertile women. The egg has its nucleus containing the genetic
material removed. The nucleus of an adult cell of research interest is



placed into the enucleated egg. By a remarkable process the adult
nucleus dedifferentiates in the ovum from, say a skin cell, into a
totipotential state and the ovum proceeds to divide and become a
blastocyst. Its inner cell mass can be made into a stem cell line. This
process has a theoretical advantage in that theoretically stem cells
could be produced with any genetic condition of interest by
introducing the nucleus from a person with the condition. The major
disadvantage of NT is that a supply of human unfertilized eggs is
required to do the research. Until a reliable source of human ova can
be obtained without either a large payoff or by coercion, this process
is unlikely to become the main source of embryonic stem cells.
However, it is conceivable that mothers of individuals with a serious
disorder such as Type 1 diabetes mellitus would be willing to donate
eggs to further research progress.

A major ethical dilemma that has just grounded the highly successful
Korean Stem Cell Institute was the provision of ova by laboratory
workers who had a dependent relationship to the investigators and
were therefore susceptible to coercion.

3. Ethical Issues

a. The core issue related to hESC research is the status of the early
embryo. Is it a human being with a soul that must be protected or
is it a collection of cells that will not become part of humanity until
a later time. This issue cannot be resolved on a scientific basis but
rather plays a central role in religious and political differences
within America.

b. Unlike the use of zygotes containing the combined genetic material
from a male and a female, as in IVF, NT results in a “clone” of the
donor of the adult cell. Implanting such a blastocyst into a woman,
termed “reproductive cloning,” would result in an individual with
the exact genetic makeup of the donor of the nucleus. Agreement
has been reached that reproductive cloning of humans is unethical
and should not be permitted.

c. NT, which to date is a very inefficient process, requires large
numbers of donated ova from volunteers. In other research
settings, volunteers may be paid for their trouble but must not be
coerced into volunteering either by being dependent on the
investigators or by enticing them with compensation. These same
criteria are likely to hold for ovum donors although ovum donors
for the treament of infertility are being paid large amounts of
money for their efforts.



d. Ovum donation is not a benign procedure. A sample consent form
for ovum donation for hESC research purposes is given below.
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because germ-cell therapy affects future generations, its moral status differs from that of somatic-cell
therapy. They discuss the concepts of “playing God”, moving in the direction of “human enhancement”
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support of stem cell research. It also describes the search for lines that fulfill the requirements announced
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This news report describes the discussion over whether adult stem cells can take the place of
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cell lines will be inadequate to fulfill the needs for understanding human development. Further, he argues
that cell lines developed from discarded embryos from fertility clinics will not be effective in studying
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and useful statement that was taken very seriously by the people of the state of California.
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These are 4 thoughtful letters in reaction the Hwang scandal. The Park letter apologizes for
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or tissue samples for genetic diagnostics. and for the development of treatments for diseases. These include
the lack of informadness in the consent process, especially about the potential economic benefits, the
commodification of our bodies, which is somewhat distasteful, and the notions of exploitation and bribery
in getting samples from developing countries. There is also the question of the meaning of access to the
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