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Mitochondrial replacement therapy (MRT) is a novel
reproductive technique with the potential to help families
have genetically related children born free of devastating
mitochondrial DNA (mtDNA) disease that would otherwise
be inherited. While the bulk of genetic material lies inside
the nuclei of cells, a small amount exists in tiny structures
called mitochondria that are only passed to the child from
the mother. The genes here do not affect characteristics
such as appearance, height, or intelligence. Rather they
support the function of mitochondria, to use oxygen to turn
the body’s food into energy. Cells need energy to survive
so without healthy mitochondria a broad spectrum of
progressive and debilitating diseases of the brain, muscles,
liver, heart, and kidneys can result. A national charity
estimates that at least one in 5000 Canadians have some
form of mtDNA disease’.
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its parents but the mitochondrial DNA from a donor
woman. Proposed methods include repairing the embryo
(figure 1) and repairing the egg (figure 2)**. Both result in
a permanent change that would be passed on throughout
the generations.

Safety, Risk, and Ethical concerns

Because science has yet to understand how nuclear
and mitochondrial genomes interact with one another,
the benefits and risks of MRT are unclear. Like all new
technologies, these questions cannot be answered until
human trials are conducted and several generations are
followed. How much evidence is needed before moving
forward has been rigorously debated in the UK. The
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MRT is an innovative in-vitro
fertilization (IVF) technique
where an embryo is created
with the nucleus DNA from

Figure 1. Step 1: Two eggs are fertilised with sperm, creating an embryo from the intended parents and
another from the donors. Step 2: The pronuclei, which contain genetic information, are removed from both
embryos but only the parents’ are kept. Step 3: A healthy embryo is created by adding the parents’ pronuclei
to the donor embryo, which is finally implanted into the womb?.
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third scientific review by the Human
Fertilisation and Embryology Authority
(HFEA) concludes that nothing indicates
MRT is unsafe®, but the unknown
carries a degree of risk. A degree that
supporters of MRT argue that, with
informed consent, is outweighed by the
need for the procedure in preventing
cruel and life-shortening inherited
diseases.

Mitochondrial replacement therapy
raises several ethical questions.
Religious opinions vary depending
on affiliation, ranging from strong
objections on the claim that embryos
and adults have equal moral status,
to acceptance since the purpose of
MRT is to ease human suffering. Fears
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Figure 2. Step 1: Eggs from a mother with damaged mitochondria and a donor with healthy
mitochondria are collected. Step 2: The majority of the genetic material is removed from both

eggs. Step 3: The mother’s genetic material is inserted into the donor egg, which can be fertilised

by sperm?.

similar to the IVF debate in the 1970s
exist surrounding the potential for the
technology to be used to enhance and create babies with
desirable traits. A review by the London-based Nuffield
Council on Bioethics asserts that MRT is ethical’ and clear
guidelines and regulations have been drafted to calm
“designer baby” concerns, explicitly stating that mtDNA
disease is the only indication for oocyte modification®. The
potential for MRT is huge and ideas are circulating on how
the technique may be useful in other treatments, such
as age-related infertility. What about heritable diseases
affecting the nuclear genome? Current draft regulations
do not consider these possibilities. The need for ethical
debate concerning the bounds and regulation of MRT must
continue.

Social concerns

The reference to MRT in the media as three-person babies or
three-parent babies does not accurately reflect the resulting
offspring’s genes and stimulates legal fears over parenting.
A more accurate description would be 2.001-person IVF
since the DNA from the donor egg amounts to less than
one-tenth of one percent of the resulting embryo’s genes®.
Draft regulations in the UK recommend considering the
mitochondrial donor akin to an organ donor and not legally
a parent®, Just like sperm and egg regulations, the parents
are the people raising the child and the donor woman
would remain anonymous.

MRT in Canada

In Canada human trials of MRT are illegal and there s little,
if any, discussion on the matter. Developed to discourage
misuse of reproductive technology, the Assisted Human
Reproduction Act of 2004 prohibits any gene altercations in
a cell or embryo that may be transmitted to descendants®.
How this legislation has influenced the lack of debate is
unclear but Canada will likely be forced into the discussion
once data returns on the safety and efficacy of the UK trials.

Conclusion

Genetic intervention studies will soon be a reality in the
UK. The vertical transmission of donor mtDNA has sparked
heated debate concerning heritable genetic modification
and requires close monitoring of human trials. Canada
appears to be waiting on the results of these trials before
initiating any ethical or regulatory discussion, an approach
that may hinder rapid access to modern advances that
may prevent progressive and often brutal inherited mtDNA
disease in Canadian children. ™
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