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Abstract

Mitochondria are the powerhouses of the cell. These organelles are vital in the 
cell’s production of adenosine triphosphate (ATP) through cellular respiration. As living 
organisms, we need energy in the form of ATP to survive each and every day. 
Mitochondrial dysfunction can result in disorders that affect the entire body, and an 
affected woman will pass that dysfunctional mitochondria along to her offspring. 
Whether it is from a genetic mutation or a change in mitochondrial function, 
mitochondria that are functioning less than optimally can have a variety of negative 
effects on the body. If less ATP is produced throughout the body, muscles get weak, the 
body gets tired easily, and begins to shut down. In this literature review I will discuss 
healthy mitochondrial inheritance and embryonic development, mitochondrial 
dysfunction and its effects on fertility, emerging therapies to address infertility due to 
mitochondrial dysfunction, the ethics behind a “three-parent” baby, as well as the future 
perspectives and conclusions.
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BACKGROUND

Mitochondria are the powerhouses of the
cell. These organelles are vital in the 
cell’s production of adenosine 
triphosphate (ATP) through cellular 
respiration. As living organisms, we 
need energy in the form of ATP to 
survive each and every day. If the 
mitochondria are not functioning 
correctly, there can be a variety of 
consequences. Mitochondrial 
dysfunction can result in disorders that 
affect the entire body, and an affected 
woman will pass that dysfunctional 
mitochondria along to her offspring. 
Whether it is from a genetic mutation or 
a change in mitochondrial function, 
mitochondria that are functioning less 
than optimally can have a variety of 
negative effects on the body. If less ATP
is produced throughout the body, 
muscles get weak, the body gets tired 
easily, and begins to shut down.

Mitochondria are organelles that 
act like a digestive system. They first 
take in nutrients, breaks them down, and 
creates energy rich molecules for the 
cell. The mitochondria are a part of a 
biochemical processes known as cellular
respiration. Many of the reactions that 
are involved in cellular respiration 
happen within the mitochondria. 
Mitochondria are small organelles that 
float throughout the cell. Some cells 
have several thousand mitochondria 
while others have none. If a cell feels it 
is not getting enough energy to survive, 
more mitochondria can be created. 
Sometimes a mitochondria can grow 
larger or combine with other 
mitochondria. It all depends on the needs
of the cell. The mitochondria are 
composed of two membranes, the outer 
and inner, as well as the fluid within 
those membranes known as the matrix. 

Within the matrix, that is where the 
mitochondria’s ribosomes DNA, and 
granules are located. The granules are 
proposed to control to the concentration 
of ions within the cell. More specifically,
they work with the endoplasmic 
reticulum to aid in controlling of calcium
ions particularly in the cytosol. The 
inner membrane is folded over again and
again to increase the surface area inside 
the mitochondria. These folds are known
as the cristae. The cristae allow for the 
chemical reactions to occur 
simultaneously rather than one at a time. 
For instance, the Krebs cycle is the 
second stage of three stages of cellular 
respiration. It is within this stage where 
fatty acids, glucose, and certain amino 
acids are oxidized. The oxidation from 
these different molecules are used to 
help convert ADP to energy-rich ATP.

There has been much progress in 
recent years on understanding the 
mitochondria and what it does for the 
body. As scientists understand the 
structure and function of mitochondria, 
the better chance they have of finding a 
way to treat mitochondrial disorders that 
effect every human system, organ, or 
cell.  One of the symptoms of 
dysfunctional mitochondria can be 
infertility. Studies show different 
mitochondrial DNA (mtDNA) mutations
will result in similar negative effects on 
the body, including infertility (Lu et al., 
2008). There are couples, who are 
infertile from dysfunctional 
mitochondria and want to have the 
opportunity to conceive a healthy child. 
As new technology and research 
develops, scientists are getting the 
chance to advance the field of fertility 
and reproduction.

So far, scientists have developed 
two techniques to allow couples with 
mitochondrial disorders to have healthy 
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children. The first way is known as 
maternal spindle transfer (MST). This 
involves taking out the nucleus of an egg
cell from a woman with the 
mitochondrial disorder. The nucleus is 
then transferred to a donated enucleated 
egg, which contains healthy 
mitochondria. The other technique is 
called pro-nuclear transfer (PNT). The 
difference between MST and PNT is that
PNT occurs after fertilization has taken 
place. PNT technique is similar to the 
MST because the donated mtDNA could
be passed down to future generations.  
These techniques will be discussed at 
greater lengths later on.

Mitochondrial donation is a very 
controversial topic, regarding whether or
not scientists should be able to alter a 
mother’s embryo by taking out her 
dysfunctional mitochondria and 
replacing it with donor mitochondria. If 
performed, this results in a “three-
parent” baby. The child will have 
genetic information from three different 
humans. To many people this may be a 
shock, this paper will address the ethical 
concerns behind a “three-parent” baby. 
With much progress in the field of 
genetics and mitochondria, more and 
more studies show progress towards 
treating mitochondrial dysfunction and 
helping women affected by 
mitochondrial dysfunction to be able to 
have healthy, genetically related 
children. This review will address 
mitochondrial inheritance and healthy 
embryonic development, dysfunctional 
mitochondria and its effect on fertility, 
emerging therapeutic treatments for 
those suffering with mitochondrial 
disorders, the ethics behind a 3-parent 
baby, and future perspectives.

 

SECTION 1 
Healthy mitochondrial 
inheritance and embryonic 
development

Mitochondria have been identified as 
key factors in female reproductive 
system. These unique organelles have 
encoded proteins from both mtDNA as 
well as nuclear DNA. The mtDNA is 
solely inherited from the mother, with 
rare exceptions to this inheritance (Song 
et al., 2014). Mitochondrial DNA does 
not follow a Mendelian inheritance 
pattern. In fact, studies have shown in 
animals as well as humans the paternal 
mtDNA does not appear after 
fertilization once the embryo has passed 
the four cell stage (Cummins, 2000). The
reason for this is not yet fully 
understood. The most supported 
hypothesis to explain this links multiple 
mechanisms together: the ubiquitin-
based proteolytic mechanism and 
fertilization-triggered ooplasmic 
lysosomal mitophagy (Cecchino et al., 
2018). The production of the mature 
spermatozoa during meiosis I, the 
secondary spermatocyte expresses 
ubiquitin in the mitochondria. Ubiquitin 
promotes progression through the cell 
cycle by targeting the degradation of 
substrates through the proteasome. 
Although the secondary spermatocyte’s 
mitochondria express ubiquitin, its 
expression is hidden by the sperm’s 
natural exposure to substances that 
induce the formation of a disulfide bond 
before reaching the Vas Deferens 
(Cecchino et al., 2018). The ubiquitin is 
detected once fertilization occurs. Once 
the mitochondria in the sperm is tagged 
with the ubiquitin, it will then be brought
to the proteasome for degradation. This 
leaves just the maternal mtDNA in the 
fertilized egg. The other hypothesis for 
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paternal mtDNA degradation comes 
from a study in Caenorhabditis elegans, 
a nematode species. They demonstrate 
that after immediate sperm entry, the 
induction of autophagosomes begins to 
form. After the formation of the 
autophagosomes, the mitochondria in the
sperm is targeted by lysosomal 
degradation within the early embryo 
(Sato and Sato, 2011). They also 
discovered that the embryo survival rates
decreased along with an increase in 
abnormal embryonic development both 
correlated to the deletion or mutation of 
autophagy receptors (Sato and Sato, 
2011). Now that the egg is fertilized with
the sperm, the creation of new cells 
begins.

Before the egg can be fertilized, 
it must undergo development in the body
to make sure it is ready. Before puberty, 
female eggs are known as primary 
oocytes. The primary oocyte undergoes 
mitosis producing another primary 
oocyte. This cycle continues to happen 
until females reach puberty. Through the
adolescent stages all the way up until 
menopause, the primary oocytes undergo
meiosis I. This produces a secondary 
oocyte and the first polar body. The first 
polar body dies, and so will the 
secondary oocyte unless it is fertilized 
with sperm. Through a period of 
ovulation, the secondary oocyte and the 
second polar body are both released 
from the ovary and into the fallopian 
tubes. The secondary oocyte will 
undergo meiosis II to become the mature
ovum. If the ovum becomes fertilized 
with sperm, this results in a zygote 
which will later on develop into an 
embryo. The mitochondria within the 
oocytes are responsible for calcium 
wave regulation which are essential in 
the developing zygote (Reeve and 
Lightowlers, 2012). According to Elnur 

Babayez and Emre Seli from the 
Department of Obstetrics, Gynecology, 
and Reproductive Sciences at the Yale 
School of Medicine, there are about 
100,000 mitochondria per fully-grown 
human oocyte. This number actually 
increases to about 5 million 
mitochondria when the oocyte reaches 
the mature ovum stage. This is known to
be the highest count of mitochondria in 
any cell (Demain et al., 2016). 

The mitochondria are then evenly
distributed during embryonic 
development to each blastomere. The 
number of mitochondria and their 
activity levels are relatively stable before
the blastocyst stage (St. John et al., 
2010). At this time, the embryo has 
reached the uterine cavity and has a high
chance of implantation. The 
mitochondria in the embryo has about 20
weeks for their mitochondria count to 
keep increasing to an approximate peak 
of 7 million mitochondria. After 20 
weeks of embryonic development, the 
number of oocytes begins to decrease 
rapidly and continuously. If the embryo 
develops into a female, then throughout 
the female’s life the majority of the 
oocytes in her will be depleted over 
time. It is hypothesized that the 
mitochondria play a vital role in the 
depletion of the oocytes by apoptosis 
(Jansen, 2000). 

The mitochondria also have an 
important role in the development and 
function of the male reproductive 
system. We have seen that mitochondria 
are essential in the maturation of the 
oocytes, fertilization, and development 
of the embryo. More specifically, the 
mitochondria derived from the oocyte 
are responsible for providing ATP 
during preimplantation as well as 
embryonic development (Babayez and 
Seli, 2016). When mitochondria do not 
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function properly, it can be detrimental 
to our organs and in extreme cases may 
result in death.

SECTION 2
Mitochondrial dysfunction and 
its effects on fertility

Studies that show a wide phenotypic 
spectrum for mitochondrial disorders, 
affecting individual organs or an entire 
system depending on the severity of the 
disorder. There are many overlapping 
phenotypes in different mitochondrial 
disorders, which can cause problems 
when trying to diagnose the patient 
(Demain et al., 2016). The mitochondrial
disorders to be discussed are those that 
have been linked to infertility. One 
aspect embryo viability depends on is 
the oocyte mitochondria’s ATP 
production. Low levels of ATP in 
oocytes are directly related to reduce the 
embryo viability and implantation 
potential (Quinn and Wales, 2006). If the
mitochondria are not functioning 
properly, it cannot produce the levels of 
ATP needed to keep a healthy embryo 
alive. Not only are the ATP levels 
affected, but there are other negative 
effects that the dysfunctional 
mitochondria can bring about. 

One study conducted by Dr. 
Baisong Lu, PhD et al. at Wake Forest 
University in North Carolina discovered 
the implications of a specific mutation in
the inner mitochondrial membrane. It 
was found that with the disruption of 
Immp2l (inner mitochondrial membrane 
peptidase 2 like) resulted in fertility 
defects in the mice of both sexes. 
IMMP2L gene encodes Immp2l protein, 
which cleaves sorting signal molecules 
that are a part of the inner membrane of 
the mitochondrial peptidase complex. 
The inner membrane peptidase involves 

the processing of both nuclear- and 
mitochondrially-encoded proteins 
targeted to the intermembrane space. It 
is a more specific pathway that processes
specific subsets of precursor proteins 
whereas the mitochondrial processing 
peptidase cleaves the vast majority of 
mitochondrial proteins. These mice 
originally had a mutation, which resulted
in undetectable levels of the protein 
Immp2l. The study concluded that the 
homozygous female mice were infertile 
and had defects in folliculogenesis and 
ovulation (Lu et al., 2008). A different 
study conducted by Gispert et al. in 
Düsseldorf, Germany at University 
Hospital in the Neurology Department, 
where the loss of mitochondrial 
peptidase CLPP (Caseinolytic 
Mitochondrial Matrix Peptidase 
Proteolytic Subunit) resulted in 
infertility in both sexes of the mice as 
well as other defects. CLPP encodes a 
subunit of CLPXP, a mitochondrial 
protease. They discovered that the 
mouse model mirrors the human 
phenotype of Perrault Syndrome caused 
by variants in CLPP and other nuclear-
encoded mitochondrial genes (Gispert et 
al., 2013). 

There was another study by Dr. 
Aleksandra Trifunovic et al. conducted 
at the Karolinska Institute in Stockholm, 
Sweden that dealt with PolgA protein. 
PolgA function is to proofread the 
mtDNA polymerase subunit. With the 
ablation of PolgA the mice increased 
point mutations and deletions in 
mtDNA. In this study, the mice with the 
knock-in mutation were found to have a 
premature aging phenotype, including 
reduced fertility. It was found that after 
20 weeks the females become 
completely infertile (Trifunovic et al., 
2004), compared to mice with the PolgA
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protein who stay fertile during this time. 
Two other studies have been able to link 
female infertility with mtDNA depletion.
In both women with primary ovarian 
insufficiency (POI) and impaired ovarian
reserves, the mitochondrial copy number
was found to be notably less than those 
in controls (Bonomi et al., 2012; May-
Panloup et al., 2005). The scientists were
not able to identify the cause of the 
mtDNA depletion and further studies 
must be conducted to further support this
data.

According to Leigh Demain from
the University of Manchester, 
“mitochondrial proteins encoded by both
mitochondrial and nuclear DNA are 
good candidates to cause infertility” 
(Demain et al., 2016). She continues on 
to say, “whether the deletions are the 
primary cause of infertility in these 
subjects or are secondary to other 
mitochondrial dysfunction is unknown. 
It is clear although from these studies 
that damage to mitochondrial DNA 
correlates with infertility” (Demain et 
al., 2016). Even though all of these 
studies are looking at different parts of 
the mitochondria, they all result in 
decreased fertility or complete infertility.
It is clear that the function of the 
mitochondria has an important role in 
fertility. The sparsity of these genetic 
studies in regard to infertility that are 
associated with mitochondrial 
dysfunction inhibit the ability to fully 
conclude that dysfunctional 
mitochondria are the sole cause of the 
infertility. Many of the reported cases of 
infertility associated with mitochondrial 
syndromes have not been genetically 
confirmed. With the science behind 
mitochondrial dysfunction and infertility

being relatively new, the treatments for 
such disorders are also fairly new.

SECTION 3
Emerging therapies to address 
infertility due to mitochondrial 
dysfunction

One novel treatment is mitochondrial 
donation, a highly debated topic and the 
research that has been done is still 
sparse. There are different forms of in 
vitro fertilization (IVF) which can take 
donor mitochondria and implant it in the 
egg at different stages. IVF is a multi-
step procedure that helps create an 
embryo if one cannot conceive a healthy 
embryo the traditional way (Mayo 
Clinic, 2019). It begins with the 
collection of mature eggs from the 
ovaries and is fertilized by the sperm in 
the lab. The fertilized egg is then 
implanted into the woman’s uterus. IVF 
is the most effective form of assisted 
reproductive technology. 

With that being said, 
mitochondrial replacement therapy 
(MRT) is IVF with an extra step. The 
two most common types of MRT are 
maternal spindle transfer (MST) and 
pro-nuclear transfer (PNT). As stated 
earlier in this review, MST involves 
extracting the patient’s (with 
mitochondrial dysfunction) nuclear 
genome from the egg(s) and transferring 
it to a donated enucleated egg, which 
contains healthy mitochondria (see Fig 
1). Likewise, PNT also involves a 
transfer of the nuclear genome. The only
difference is that it happens after 
fertilization to the patient’s egg as well 
as the donor egg have taken place (see 
Fig 2).  



6

Figure 1: Maternal Spindle Transfer (from Dimond, 2015).

Figure 2: Pronuclear Transfer (from Dimond, 2015).
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There are advantages and disadvantages 
to both forms of MRT as well as other 
forms that are not discussed here. One of
the MST advantages comes from the 
transfer of the nuclear material during 
MII in oocytes. The MII spindle is 
actually entirely lacking mitochondria 
which helps to reduce the risk of 
transferring the dysfunctional mtDNA. 
Studies have also shown that PNT 
“results in minimal carry-over of donor 
zygote mtDNA and is compatible with 
onward development to the blastocyst 
stage in vitro” (Craven et al., 2010).
Another advantage that MST shares with
PNT is that the oocytes are ready for 
fertilization, unlike some other forms of 
MRT not discussed. MST also can be 
argued for having an ethical advantage 
over PNT. MST involves the destruction
of gametes, unlike PNT that requires the 
destruction of a normally fertilized 
zygote (Tachibana et al., 2018). That is 
still a highly debated topic in the realm 
of assisted reproductive techniques, 
regarding the viability of the zygote at 
that stage. These two variations of the 
current IVF procedure provide a way to 
eliminate the transference of 
dysfunctional mtDNA to children. This 
allows for the affected mother to 
produce a healthy child and not worry 
about it inheriting the mitochondrial 
disease (Schatten et al., 2019).

There are many positives that 
come from MRT even though it may 
have its complications here and there. 
One complication specifically noted was
that the source of the donor’s cytoplasm 
plays a key role in the embryonic 
success rate. The cell type used for the 
donor transfer is of concern due to the 
functional dependency the mitochondria 
has with the nuclear genome. The donor 
egg should have tests done in order to 
solidify the similarity to the patient’s egg

to make sure the mtDNA and the nuclear
DNA will not reject one another. 
Another way to think of this is like an 
organ transplant. Doctors have to match 
up the blood type (A, B, AB, O) as well 
as the Rh factor (positive or negative). In
doing so, this helps limit the risk of 
rejection from the recipient’s body.

Another complication that may 
arise during MRT is heteroplasmy (the 
mixing of different mtDNA genotypes). 
Heteroplasmy can occur either in the 
IVF experiments or within the body 
itself. There are millions of mitochondria
within the body, so that if one or two 
mutate trying to clone themselves, that 
would also be considered heteroplasmy.
There are different views on whether or 
not heteroplasmy could result in 
negative side effects. A study conducted 
in Tokyo, Japan at the Advanced 
Medical Research Institute of Fertility 
experimented the effects that 
heteroplasmy has on the body. No 
negative side effects are observed in 
women with 3% or less mtDNA 
heteroplasmy (Yabuuchi et al., 2012). A 
woman must undergo various testing 
before she can go through with any kind 
of MRT. 

There are many laws that 
prohibit this kind of “treatment” due to 
ethical concerns. In 2015, the House of 
Parliament in the United Kingdom was 
the first country to pass regulations 
allowing the use of MST and PNT. The 
Human Fertilization and Embryology 
Authority (HFEA) located in the UK 
was the first in the world to begin 
granting licenses to use these techniques 
in March 2017 (Tachibana et al., 2018). 
The world is always evolving and as 
more research and evidence appears, we 
can better understand these diseases and 
how to better our treatments. 
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THE ETHICS

  The term “three-parent” baby can be 
very controversial. Some may think it is 
a way to help couples have healthy 
children. Others may see it as a way to 
modify genes and create "designer 
babies". Whatever the case may be, there
is research to support both sides. Due to 
the fact that mitochondrial donation is 
still a fairly new technique in the 
medical world, most of the laws in place 
cannot keep up with the fast-pacing 
scientific techniques. With all new, 
scientific techniques, especially when a 
human is involved, there is typically a 
debate about the ethics of the technique. 
Many questions arise about having a 
“three-parent” baby, including but not 
limited to: Is it safe? How is a “three-
parent” baby created? How will this 
affect the child? How will it impact 
society? What defines genetic 
modification? Who decides a woman’s 
reproductive choice? All of these are 
questions that will be discussed at 
greater lengths later on.

The main point that people do 
agree on is that “mitochondrial donation 
offers women with mitochondrial 
disease an opportunity to have healthy, 
genetically related children” (Dimond 
2015). Those who have mitochondrial 
disease should have the choice, if they 
wish, to have “healthy, genetically 
related children.” The first and only 
country to have legalized mitochondrial 
donation is the United Kingdom. After 
many, many years of back and forth 
deliberation, the UK passed a law stating
what is considered “genetic 
modification” and mitochondrial 
donation does not fall under that 
definition (Herbert and Turnbull 2017).

“There is no universally agreed definition of
‘genetic modification’ in humans – people 
who have organ transplants, blood 
donations or even gene therapy are not 
generally regarded as being ‘genetically 
modified’. While there is no universally 
agreed definition, the Government has 
decided to adopt a working definition for the
purpose of taking forward these regulations.
The working definition that we have adopted
is that genetic modification involves the 
germ- line modification of nuclear DNA (in 
the chromosomes) that can be passed on to 
future generations. This will be kept under 
review.”

-Department of Health

After coming to an agreement and 
legalizing mitochondrial donation in the 
UK, it is under strict regulations and 
used very cautiously (Bredenoord and 
Appleby 2017). For example, women 
who are diagnosed with a mitochondrial 
disease and are at risk of passing that 
along to their offspring are eligible for 
the donation. Other couples that just 
want to enhance their fertility (Smith 
2015) or lesbian couples who want their 
child to have a genetic contribution from
both parents would not be allowed 
(Dimond 2015).

Even though the UK has 
legalized the process of mitochondrial 
donation, there is still much protest 
around the world against it. There have 
been many animal trials done to figure 
out whether or not this technique is 
really safe for humans and how effective
it is. The Human Fertilisation and 
Embryology Authority (HFEA) 
conducted three separate extensive 
reviews (Greenfield et al. 2017) and 
concluded that there was “no evidence to
suggest that mitochondrial donation was 
unsafe for clinical use but proposed 
additional experiments that would help 
support this conclusion” (Craven 2018). 
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People also raised the question if the 
technique was safe for the embryos. 
What would happen if there was a 
mismatch in mitochondrial DNA 
(mtDNA) of the donor with the soon-to-
be mother? Would there be any chance 
that the malfunctioning mitochondria 
would stay attached during the transfer 
process? The HFEA put these questions 
to rest. They dismissed the concerns 
about the former question; however, they
did acknowledge the lack of research 
evidence. They told clinics to be 
cautious of a mismatching mtDNA. 
Mismatching the mtDNA can cause 
dysfunction of the cell or less efficient 
functioning cells. In either case, both 
would have an innate stress response 
causing the cell to become more 
inefficient or to stop working all 
together. The HFEA also reviewed the 
latter question and explained that there 
was a possibility of malfunctioning 
mitochondria being transferred over to 
the new embryo. Due to the fact that the 
percentage of the ‘possibility’ of 
crossing-over actually occurring is so 
small that there would unlikely be 
problems. The HFEA deemed the 
process of donating mitochondria to be 
“not unsafe” neither to the mother-to-be 
nor to the embryo. If a woman were to 
have a baby using mitochondrial 
donation, it is recommended by the 
Department of Health that the baby 
would have to be monitored throughout 
its life. This leads to another ethical 
debate about whether or not testing 
children is ethically okay (Bredenoord 
and Braude 2013).

There are many questions that 
stem off from a baby being born after 
going through the process of 
mitochondrial donation. Since the baby 
will genetically have DNA from three 
different individuals, as opposed to two, 

the baby can choose whether or not they 
want to know about the donor mtDNA. 
As for the implication to society, a child 
with three parents due to shared DNA 
should be no different to another child 
with three or four parents via step-
families or adoption. These types of 
families are not unusual in society, so 
why should a child conceived through 
IVF be any different? Another question 
that comes from having three genetically
related parents is if the child should even
know the woman that donated her 
mitochondria. According to the 
Department of Health, even though the 
child will have DNA from three different
individuals, their personal traits and 
characteristics “come solely from the 
nuclear DNA, which will only come 
from the proposed child’s mother and 
father. The donated mitochondrial DNA 
will not affect those characteristics” 
(DoH, 2014). In best interest of the 
child, the proposed parents should 
explain to the child how she was brought
into this world. That way the child can 
decide if she wants to know more about 
the donor. As long as there is a healthy 
line of communication established 
between the child and the parents, there 
should be no added problem to this 
child’s life. In fact, receiving the donated
mtDNA from another woman helped 
save the life this child would have had if 
born with a mitochondrial disease.

As with most procedures 
regarding transplants or donations, there 
is risk of rejection. This risk, however, 
can be mitigated through all the tests the 
donor has to go through before matching
with the patient. There is genetic 
counselling provided specifically for 
women who have a mitochondrial 
disease and they can discuss different 
reproductive options. If a woman wants 
to have a child genetically related to 
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herself, she should have the right to do 
so. If she wants to adopt a child, she 
should have the right to do that as well. 
The debate on whether or not women 
with this disease can make a healthy, 
genetically related child has “challenged 
our understanding of the symbolic 
importance of genetic material” 
(Diamond 2015). While the United 
States has still not legalized the process 
of mitochondrial donation, hopefully it 
will not be long before it follows in the 
footsteps of the United Kingdom. The 
most important thing to keep in mind is 
how we (individuals, families, society, 
etc.) respond to mitochondrial donation, 
just as if it were an organ transplant, in 
hopes that it will soon be a new kind of 
normal.

FUTURE PERSPECTIVES 
AND CONCLUSION

All in all, this review raises awareness 
about mitochondrial disease and how it 
impacts fertility. Even though the 
research is still scarce in this field, the 
new up and coming research will inform 
how we take the next steps. Once we 
know the specific defects of the 
dysfunctional mitochondria, it is 
possible to develop new strategies for 
therapeutic intervention since 
mitochondria are very versatile and can 
be experimentally manipulated (Smith et
al., 2012). As of right now this is no cure
for mitochondrial disease. There is, 
however, the chance to still have a 
perfectly healthy child using 
mitochondrial replacement therapies. 
These treatment therapies have the 
power to get rid of such disease at no 
negative effect to the child. In 2015, in 
the United Kingdom alone there were 
roughly 2,500 women with the 
opportunity to have a child, but still pass

the mitochondrial disease along (Saxena 
et al., 2018). These numbers are 
expected to increase around the world 
causing more and more problems for 
women and their children. If MRT could
be implemented around the globe in 
countries where the medical technology 
is up to date, it could help thousands of 
lives. For those that do not agree with 
this form of treatment, there is really no 
reason not to. In regard to a “three-
parent” baby, the science is strongly in 
favor of the child. It has been determined
that the mtDNA does not affect the 
appearance of the baby, which many 
people worry about. A “three-parent” 
baby would just be like a child with a 
step-parent or adopted parents. Socially 
we will just have to get used to this as 
another normality. We know that the 
function of the mitochondria has an 
important role in fertility, but more 
research is needed. Due to the fact that 
the research in this field is still fairly 
new, further research must be done in 
order to really grasp the other affects the 
dysfunctional mitochondria has on 
fertility as well as the long-term effects 
it has on the child. It is becoming very 
important that doctors properly assess 
the fertility of patients with 
mitochondrial disorders (Demain et al., 
2016) so that we can get a better 
understanding of what is happening. 
Many families will benefit from these 
techniques in order to improve the 
quality of life for their children so that 
they will experience a life without a 
mitochondrial disease.
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