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3 BACKGROUND 
  
The term mitochondrial diseases (mitochondriopathies) includes several groups of 
symptoms that all have an underlying defect in mitochondrial energy metabolism (the 
mitochondrial respiratory chain). Symptoms appear especially in organs with a high 
 energy demand, such as muscle, brain, liver and heart. When three or more symptoms 
are present in the organ systems listed above, a mitochondrial disease should be con-
sidered. 
 
Genetic causes could be present in the nuclear (nDNA) or in the mitochondrial genome 
(mtDNA). 
 
 
 
 
 
 
 
 
 
 

 
Mitochondria carry their own genome that codes a part of the mitochondrial proteins. 
The numerous other proteins required by mitochondria are encoded by nuclear 
genes. Therefore, the genetic causes for mitochondrial disease may be both in the 
mitochondrial genome (mtgenome) and in the nuclear genome (ngenome). The 
mtgenome lies inside the mitochondria in many copies. Mutations of the mtDNA 
show the peculiarity that they often exist in a kind of mosaic status of mutated as 
well as non-mutated copies. In this case one refers to heteroplasmy. This level of 
hetero plasmy can vary between tissues. The clinical manifestation can be dependent 
on the level of heteroplasmy in different kinds of tissues. 
 

 
 
3 DIAGNOSTIC STRATEGY 
 
The many clinically distinct manifestations make a targeted diagnosis very difficult. With 
more than 300 known disease genes, or gene loci, the mitochondrial disorders, as a 
cause, are very heterogeneous. Through Next-Generation Sequencing (NGS), a panel 
diagnostic enables the parallel analysis of a multitude of nuclear genes. Ideally, the mito -
chondrial DNA will also be enriched so that changes in the mtDNA can be specifically 
examined if the results are negative. The diagnostic strategy for each case depends on 
the age and symptoms of the patient.
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Diagnostic Algorithm  

Classic Mitochondrial Symptoms of Childhood and Adulthood (mtgenome): 
 
   1  MELAS syndrome (Mitoch. encephalopathy and lactate acidosis – often MT-TL1)  
   1  MERRF syndrome (Mitoch. encephalopathy with “Ragged-Red Fibers” – MT-TK)   
   1  MNGIE (Mitoch. neurogastrointestinal encephalomyopathy – TYMP)  
   1  NARP (Neuropathy, ataxia, retinitis pigmentosa – MT-ATP6)  
   1  LHON (Leber hereditary optic neuropathy – MT-ND1/4/6)  
   1  Sporadic CPEO (Chronic progressive external ophthalmoplegia – singular 

mtDNA deletion - evidence preferably from muscle extracted DNA). 
 
Infant age: here predominantly changes of the ngenome. 
Important exception: maternally inherited Leigh syndrome (often MT-ATP6 m.8993T 
>G/C). Due to great genetic heterogeneity, the analysis of a gene group (panel diagnos-
tic) with Next-Generation Sequencing (NGS)-based methods is recommended. 



 
Advantages of NGS Technology 
 
   1  Parallel analysis of several disease-causing genes  
   1  Optimal investigation of nDNA and mtDNA in a parallel enrichment process  
   1  High sensitivity and direct determination of heteroplasmy levels of the mtDNA 

variants 
 

 
 
Mutation Detection Rate 
 
Pediatric forms: at least 40 % (mostly nDNA: 80 - 85 %)  
Adult forms: at least 70 % (mostly mtDNA: 85 %) 
 
Differential Genetic Diagnosisk 
 
If no diagnosis can be reached through the panel analysis, the diagnosis should be sub-
stantiated through further investigations. This can be done e.g. by a muscle biopsy with 
determination of mitochondrial respiratory chain activities. If mitochondrial disease is 
still suspected, an exome-wide analysis can be considered, which can also reveal genetic 
causes that were previously unknown. 
 
Clinical Utility / Clinical Value of Human Genetic Diagnostics 
 
   1  Depending on the genetic definition of the disease, different consequences with 

regard to progression, prognosis, disease-associated risks and the risk of recur-
rence for family members and offspring.  

   1  In the case of epilepsy, knowledge about a proven mitochondrial etiology influ-
ences the selection of antiepileptic drugs. With the genetic diagnosis of Alpers 
syndrome, due to the pathogenic variants in the POLG gene, the epilepsy ther-
apy with valproate is contraindicated, because of a risk of acute liver failure.  

   1  For some cases of mitochondrial diseases, genetic diagnosis opens up a specific 
therapy option. These include the antioxidant idebenone in Leber optic atrophy, 
ubiquinone in the case of coenzyme Q10 deficiency, or riboflavin in multiple 
 acylCoA defects.  

   1  Even when no causal therapy is possible, the genetic diagnosis can indicate the 
decision for a symptom-oriented therapy and risk prevention. These include 
among others, cardiac control in MELAS syndrome, early diagnosis and treatment 
of diabetes in family members, correction of ptosis, lens replacement in cataract, 
or cochlear implantation in sensorineural hearing loss. 
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3 MITOCHONDRIAL DISEASES 
 

 Leading Symptom 
 
 Multi-organ disease, “Red Flag” symptom 
 

 Genetic Causes  
 Pathogenic variants within the mitochondrial genome (mtgenome) or within the 
nuclear genome (ngenome) possible. With more than 300 disease-causing genes, 
the mitochondrial disorders are genetically very heterogeneous. 

 

 Frequency  
 The prevalence of pediatric forms is 1:5000 and of adult forms 1:4000 - 5000. 
Among the "rare diseases", they are thus relatively common. 

 

 Inheritance  
 Dependent on the type of genetic modification. All inheritance patterns possible 
(auto-somal dominant, autosomal recessive, X-linked, mitochondrial maternal). 
 

 Manifestation  
 Congenital until late adulthood possible. 
 

 Progression  
 Mitochondrial diseases encompass a large number of clinically heterogeneous 
disease patterns with variable age of onset, different progression and prognosis. 

 
 
 
 

3 SELF-HELP GROUPS/USEFUL ADDRESSES 
 
   1  Orphanet. The portal for rare diseases and orphan drugs: www.orpha.net 
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3 INFORMATION MATERIAL 
  
On our website, you will find additional information on other clinical topics as well as 
organizational information.  
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