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In this two-part article I shall discuss what
human germ-line engineering is as well as
the recently legalized mitochondrial transfer
procedure in the UK that results in “three-
parent embryos.” Both involve hereditary
changes, meaning that the alteration on the
individual embryo’s DNA will be passed
down to all his or her ensuing children (thus
affecting generations). | shall explain the
science behind both procedures, as well as
their pros and cons, and then raise some
typical ethical considerations.

In Part 11, I shall explore the more
fundamental issue of assisted reproductive
technologies (ARTS), which both procedures
require. Although ARTSs are now seen as
commonplace, their existential effect on the
resulting child merits a deeper examination
of this method of transmitting human life—
revealing deep implications upon the
meaning of life’s origin and destiny.

GERM-LINE EDITING

Since April 2015, the biotech world has been
exploding with media attention concerning a
more precise DNA editing technology known
as CRISPR-cas9. It is a protein and DNA
complex that is able to target and then cut
and replace a desired sequence of DNA,

enabling specific base-pair changes to be
made in ways that were not previously as
successful.! The goal of such a technology is
to edit (i.e. eliminate) disease genes for
people with devastating genetic illnesses,
such as Huntington’s, sickle-cell anemia, or
cystic fibrosis.

CRISPR technology makes it possible to
“search and replace” DNA down to the letter
so that a faulty gene could be fixed, such as
the genes of somatic cells (non-reproductive
cells, for instance, the malformed blood cells
of people with sickle-cell anemia). However,
if the DNA edits are made in germ cells (the
sperm or egg cells that constitute an
embryo’s germ-line), then the changes made
are hereditary (passed down to every
subsequent generation).

BENEFITS AND HARMS

The modification of the human genome—
“germ-line editing”—holds enormous
potential benefit for the elimination of
genetic diseases, which can be inherited in
various ways.? The benefits of CRISPR-cas9
technology include being relatively
inexpensive, easy to use, and familiar—as
it’s already in widespread use on somatic
cells.

However, there is concern even amongst
scientists who pioneered the technology that
its use for germ-line modification is currently




unacceptable, as it carries entirely unknown
consequences:

The fact is we have identified relatively
few naturally occurring alleles in the
human population with sufficient
penetrance that we would want to target
... [Essentially] germline genome editing
today would be to carry out a series of
blind human experiments.®

The reality of DNA is that internal and
external environmental factors affect the
expression of gene to protein to phenotype in
ways that are not entirely calculable or
foreseeable. This phenomenon of epigenetics
means that the very substance of our life
remains mysterious.

Currently, a major issue with the use of
CRISPR is the presence of off-target
changes, meaning that the intended allele is
not the only one altered. This could affect the
modified offspring later in life in ways that
are unknown. In addition to the
transformative changes in humanity’s
genome, the social factors of employing such
a technology would be that it’s only
accessible to the wealthy, therefore creating
“classes” or social strata of genetically
modified persons.

MITOCHONDRIAL TRANSFER AND
THREE-PARENT EMBRYOS

A similar kind of embryonic genetic
modification is the case of three-parent or
three-person embryos now legal in the UK as
of February 24, 2015.

This IVF-based technique involves
combining three sets of DNA—that of two
parents plus a donor woman’s mitochondrial

DNA (mtDNA)—resulting in a
mitochondrial (or spindle) transfer.

The procedure involves transferring the
nucleus of the mother’s ovum (egg) into an
enucleated ovum of a donor woman, which is
then fertilized by the first woman’s husband.*
This prevents the transmission of diseased
mtDNA (the cause of mitochondrial disease:
an incurable, inherited condition maternally
passed on to around 1 in 6,500 children
worldwide).®> The mitochondrial transfer
aims to re-house the genetic information of
the mother (who has faulty mtDNA in her
egqg), into a donor egg with healthy mtDNA,
so that the affected mother can have a
biological child without passing on the
disease. However, the resulting child will
carry the DNA of three parents, and will pass
down this altered DNA to ensuing
generations.

Apparently, however, transferring the genetic
information to the un-affected donor egg
prior to fertilization results in increased
chromosomal abnormalities during the
embryo’s division, which are less likely to
occur with a second method: pronuclear
transfer.®

PRONUCLEAR TRANSFER

In this method, IVF is used to create an
embryo (a fertilized egg) between the
intended parents, containing the affected
mother’s faulty mtDNA. A second “donor
embryo” is created from a donor woman’s
egg and (usually donor) sperm. At the one-
cell stage of development, the pro-nuclei of
both embryos are removed: the parents’
nucleus is transferred into the enucleated
donor embryo, and the donor embryo nucleus
(as well as the parent’s enucleated embryo) is
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destroyed.” The resulting embryo now
contains the pronuclear DNA from the
intending parents, and healthy mtDNA from
the donor egg.®

ETHICAL CONSIDERATIONS I:
WHAT IS THE PURPOSE OF
MEDICINE?

The desire to prevent the suffering of
children who inherit devastating genetic
conditions is very real. Yet treating a disease
and preventing its existence are two different
things. Much of the thrust of biotechnology
is precisely the latter aim: to prevent the
existence of genetic disease through
technological intervention. However, with
biotechnology we can go much further: not
only preventing disease via elimination, but
also “perfecting” by inserting or selecting
more desirable genetic traits. This raises a
fundamental question that has deep
implications for many practical outcomes,
and that is: what is the goal or purpose of
medicine?

A scientist who views the goal of medicine
as reducing or eliminating suffering will
come to very different conclusions about the
use of genetic technologies than a scientist
who sees the goal of medicine as healing
patients and providing care/comfort where
full healing is not possible. The questions of
what is health, suffering, healing, and
wholeness point to the broader, metaphysical
realities that underlie the biotech issues we
are facing. It makes a radical difference
whether health (the practice of medicine) has
to do with healing in terms of restoring the
body to its wholeness within the context of
life and death or whether health concerns the
prevention of untimely death and/or the

prolongation of life—as long as it’s deemed
worth living.

What is the role of technology and medicine
in terms of heritable diseases? Elimination of
disease is neither prevention nor
treatment/cure, but something “other”—a
different category than the first two—
precisely as “elimination” (eradication via
germ-line engineering). By virtue of being an
entirely different and unprecedented form of
“medical care,” its ethical meaning and
implications ought to be explored within the
greater context of what is human health, how
is it measured, and what does it mean to care
for someone who is suffering?

The questions concerning the meaning of
suffering, of life and death, and of health,
healing, and medicine are obviously big
questions that cannot be explored in the
context of one article. Yet the nature of
medicine and healing is of crucial importance
to understanding the way in which a patient
ought to be treated: what is required of
medicine and treatment based on what health
and healing are? In this way, these questions
have radical bearing on how biotechnological
discoveries ought to be used on human life.

And yet, prior to the question of medicine
and health is the more fundamental
anthropological one: who and what is the
human being to which these procedures are
performed upon? In Part 1, I will raise these
anthropological and ontological questions
latent within biotechnology, showing why
they are of utmost importance.
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