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Over the past decade, numerous 
scientific advances have led 
to improvements in the care 
of patients with mitochondrial 
diseases. However, further studies 

are required to fully understand 
the heterogeneity and tissue 
specificity of these diseases, in 
addition to finding new treatments 
and preventive measures. 

Other proteins involved in mitochondrial function 
include those involved in phospholipid metabolism, 
the disulfide relay system, solute carriers of 
thiamine and phosphate and Fe–S protein assembly
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Mitochondrial diseases are a  
group of genetic disorders caused  

by mutations in genes in the mitochondrial 
(mtDNA) and nuclear (nDNA) genomes 
that encode proteins involved in 
mitochondrial function, resulting in defects 
in oxidative phosphorylation.

Over ~1,500 
proteins are 

required for normal 
mitochondrial structure 

and function: mtDNA 
encodes 13 structural proteins 

and 24 RNAs involved in 
mitochondrial protein 

synthesis, whereas 
nDNA encodes all 

the others

Mutations in 
genes encoding 

any of these proteins 
can lead to defective 

oxidative phosphorylation, 
deficits in essential enzyme 

intermediates and/
or end products, and 
the accumulation of 

toxic compounds

MITOCHONDRIAL DISEASES

The diagnosis of mitochondrial diseases is 
complex as the conditions can manifest at 
any age and patients can present with a 
wide range of symptoms that can involve 
dysfunction of almost any organ or 

tissue. Symptoms frequently manifest 
in tissues with high energy 
demand, including muscle, eyes 
and the central nervous system. 
Confirmation of a mitochondrial 
disease requires genetic testing, 

biochemical tests and 
histochemistry.

Management of mitochondrial diseases 
is challenging owing to their heterogeneity 
and the involvement of multiple systems. 
Supportive care and early treatment of organ-
specific disease complications are essential. 
Available targeted treatments include enzyme 
replacement therapy (for example, with 
thymidine phosphorylase), pharmacological 
agents aimed at scavenging toxic compounds 
and the replacement of deficient proteins 
(such as coenzyme Q10).

Patients with mitochondrial disease have several 
reproductive options to prevent or minimize the 
risk of passing on their condition to their children. 
Patients with nDNA mutations can consider 
preimplantation or prenatal genetic diagnosis.  
For women with mtDNA mutations, genetic advice is 
more complicated, but can include preimplantation 
genetic diagnosis to identify 
embryos with the lowest 
level of heteroplasmy. 
Mitochondrial 
donation — the 
transfer of nDNA 
from a woman with 
mtDNA mutations 
into an enucleated 
donor oocyte or 
zygote — might provide 
further reproductive  
options for women 
with mitochondrial 
disease. Mitochondrial 
donation has been 
approved in the 
United Kingdom 
and is under 
investigation 
in other countries.

Childhood-onset mitochondrial diseases 
have a prevalence of 5–15 cases per 100,000 
individuals; the estimates for adult-onset disease 
vary between 2.9 and 9.6 per 100,000 individuals. 
Prevalence can vary in certain populations, such 
as those with genetic founder mutations or those 
with high consanguinity. mtDNA mutations are 
responsible for ~80% of mitochondrial diseases in 
adults, whereas they are only found in 20–25% of 
childhood-onset diseases.
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Many patients with mtDNA-driven 
diseases have both mutated and wild-
type mtDNA, known as heteroplasmy; 
the proportion of mutated mtDNA is 
key for determining the severity of 
cellular dysfunction. 

 
Some clinical 
features can 

be grouped into 
specific syndromes; 
Leigh syndrome, for 

example, can be caused 
by mutations in 

>75 genes
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mtDNA is strictly 
maternally inherited
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