
Mitochondrial Diseases
Joél Smet, Bsc 

Maxime Vershoore, Bsc

Boel De Paepe, PhD 

Arnaud Vanlander, MD, PhD

Prof emeritus, Rudy Van Coster, MD, PhD

Hedwig Stepman, MD, PhD

Anniek Van Landschoot, Bsc

Department of Pediatrics

Division of Pediatric Neurology & Metabolism

Mitochondrial Research Laboratory

Ghent University Hospital 



• Present in all cells (except RBC’s)

• Multiple copies/cell

• Dynamic network

Mitochondria



Mitochondria - functions

• Calcium homeostatis

• Apoptosis

• Autophagy

• Different enzymatic pathways (e. g. Krebs cycle, urea cycle, heme synthesis)

• ATP-production

• Redox balance



Mitochondria



Mitochondria – ATP production
• Oxidative Phosphorylation (OXPHOS)



Electron transportchain



Particularities in mitochondrial disorders

• Dual genomic control: mtDNA en nDNA

• Maternal inheritance VS autosomal recessive/(autosomal dominant)

• Heteroplasmy

• Tissue specific genotype

• Depletion

• Bottleneck phenomenon



• Functions thanks to the concerted action of two genomes

Particularities
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Mitochondrial diseases

Gusic and Prokisch, 2021

36 mtDNA encoded

343 disease associated genes



Nuclear genes involved in mitochondrial
functioning: Mitocarta 2.0



• Maternal inheritage for mtDNA

Particularities



• Homoplasmy - heteroplasmy

Particularities

60-70%



Heteroplasmy



Tissue specificity

Particularities
Multisystemic diseases

targeted diagnostics
- biochemical
- molecular



Heteroplasmy – tissue specificity

Importance for diagnostics: Think of relevance of mtDNA diagnostics in leukocytes?



Depletion

Normal # mtDNA copies mtDNA depletie



Depletion associated genes

All nuclearly encoded



• Bottleneck phenomenon

Particularities



Bottleneck phenomenon



• Prevalence: >1/5000 *

• Variable age of onset (neonatal – late adulthood)

• Often multisystemic

• Progressive

• No curative treatment

Mitochondrial diseases

* Ng and Turnbull, 2016





mtDNA encoded defeciencies

Mitochondrial diseases



Mitochondrial diseases: LHON (Leber Hereditary
Optic Neuropathy)

MT-ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND4l, MT-ND5, MT-ND6, MT-CYB, MT-CO1, MT-CO3, MT-ATP6

Clinical presentation
Subacute vision loss
Male predominance
Young onset (15-35y)



Mitochondrial diseases: nonsyndromic deafness
M T - R N R 1

Clinical presentation
Deafness (isolated)
Sometimes caused by aminoglycoside treatment

m.1555A>G
m.1243T>C 
m.1291T>C

MT-RNR1



Mitochondrial diseases: Leigh syndrome
MT-ND2 , MT-ND3 , MT-ND5 , MT-ND6 , MT-ATP6 , MT-CO3 , MT-TK

Clinical presentation
Typical symmetrical basal ganglia MRI lesions

1) Childhood presentation
- subacute necrotising encephalopathy
- developmental delay
- hypotonia
- epilepsy

2) Adult onset
- psychiatric features
- headache
- movement disorders

M a n y n u c l e a r e n c o d e d g e n e s

Baldo and Vilarinho, 2020



Mitochondrial diseases: MELAS

MT-TL1 , MT-TQ , MT-TH , MT-TC , MT-TS1, MT-TS2, MT-TK , MT-ND1 , MT-ND5 , MT-ND6

mitochondrial myopathy
encephalopathy
lactic
acidosis
stroke like episodes

M
E
L
A
S

Clinical presentation
- teenage focal epilepsy
- progressive muscle weakness
- progressive cognitive decline
- cerebellar symptoms

m.3243 A>G, MT-TL1, 
22% blood
35% skin fibroblasts
37% saliva

CSF lactate: 35,7mg/dl (ref: 13,7-20,5)

Ikeda et al., 2018

Tissue specifity !



MELAS



MELAS



Mitochondrial diseases: deletions
m t D N A d e l e t i o n

Clinical presentation
- teenage onset CPEO
- pigmentary retinopathy
- heart conduction problems 
- ataxia
- deafness
- endocrine abnormalities

Kearns-Sayre syndrome

mtDNA deletion (1,0 -10 kb)

Nguyen et al., 2019



Mitochondrial diseases: deletions
m t D N A d e l e t i o n

Clinical presentation
- childhood onset  early dismiss (<3y)
- bone marrow dysfunction
- exocrine pancreas dysfunction

-  sometimes evoluting towards 
Kearns sayre

Pearson syndrome

mtDNA deletion

Nishimura et al., 2021



Mitochondrial diseases: tRNA
M T - T C

Clinical presentation
Paediatric patients with
- Dystonia

- Myoclonic epilepsy

m.5816A>G, MT-TC, 
100% muscle and blood

McFarland et al., 2007

Homoplasmy



Mitochondrial diseases: tRNA
M T - T D

Seneca et al., 2005

Clinical presentation

childhood onset
exercise intolerence
progressive

m.7526 A>G, MT-TD
100% skeletal muscle
3% blood and skin fibroblasts!

Maternal testing: undetectable mutation

Tissue specifity !



Mitochondrial diseases: tRNA
M T - T F

Clinical presentation

Adult onset exercise intolerence, progressive

Hearing loss

m.622 G>A, MT-TF
88% skeletal muscle
66% blood
36% urine

Deschauer et al., 2006

Variable age of onset!



mtDNA depletion syndromes



nDNA encoded defeciencies

Mitochondrial diseases



POLG deficiency





AARS2
• hypertrofic cardiomyopathy

• Delayed motore development

• lactate

•WES: AARS2

Götz et al., 2011



AARS2

• Progressive leuko-
encephalopathie

• Ovarian failure

• NO cardiomyopathie

Dallabona et al., 2014



DARS2

LBSLScheper et al., 2007



EARS2

LTBLSteenweg et al., 2012



FARS2

Alpers-like syndroom

Elo et al., 2012



MARS2

Bayat et al., 2012

ARSAL:

Autosomal recessive spastic ataxia with leuko-encephaloopathy



VARS2

Diodato et al., 2014

Microcephaly and epilepsy



RARS2

Edvarson et al., 2007

Pontocerebellar hypoplasie type 6



HARS2 and LARS2

-Perrault-syndrome:

overian failure

and sensironeural

deafness

Pierce et al., 2013



SARS2

Belostotsky et al., 2011

HUPRA syndroom
Hyperuricemia, pulmonary hypertension, and progressive renal failure



YARS2
MLASA

Myopathy, lactic acidosis, sideroblastic anemia

Riley et al., 2010



IARS2

Schwartzentruber et al., 2014

CAGSSS
cataracts (CA), growth hormone deficiency (G), sensory neuropathy (S), 

sensorineural hearing loss (S), and skeletal dysplasia (S)



DARS2
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GATC



Diagnostics

• Always part of your DD!



Diagnostics

• Biochemical analyses
• Lactate: CSF, serum, urine 

• Pyruvate

• OA: Krebs-intermediates

• Alanine

• FGF21



Diagnostics

• Biochemical analyses
• Tissue (muscle-liver-skin-heart) analysis for spectrophotopetric enzyme analysis



Possible results:

• Isolated complex deficiency

• Combined complex defiency (I+III+IV)

• Combined complex defciency (I+II)

Diagnostics

mtDNA complex subunit
Nuclear complex subunit
Nuclear assembly factor

mtDNA depletion
mtDNA deletion
Nuclear genes: trasncription and
translation

Interpretaion

Fe-S cluster genes



Diagnostics

• Biochemical analyses (skin)
• Oxygen consumption analysis

• More in vivo mimics



Diagnostics

• Biochemical analyses: BN-PAGE
Pat Pat

Pat



V

IVI

Diagnostics

• Biochemical analyses:
• immunocytostaining



Diagnostics

• DNA

mtDNA analysis

nDNA analysis

Affected tissue



Conclusion

• Not unfrequently occuring diseases

• All organs can be involved, at any age

• Often severely and progressive

• No cure >> prevent, if possible


