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“In 1959, the first biochemical studies of a cell organelle in humans were undertaken,

following observations made at the bedside of a patient with striking symptoms, never

before encountered. These clinical observations, first, led to an idea about the origin of the

symptoms and, second, to studies of the particular organelle: the mitochondrion”

Luft R. The development of mitochondrial medicine. PNAS 1994.

Mitochondrial Medicine

Rolf Luft, MD, PhD (1914-2007)

Chinnery PF, EMBO Molecular Medicine 2015
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Nikkanen J, et al. Cell Metbolism 2016
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Mitochondrial stress responses are 
• only partially conserved in species 
• not generalizable between organisms or even mammalian 

cell types
• FGF21 is a key mediator of metabolic remodeling and 

progression of ISRmt locally and systemically
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Biomarkers



Lin Y, et al. 2020
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Biomarkers

• 24 patients with TK2 
defciency

• Signifcant correlation 
between basal GDF-15 and 
6MWT

• During treatments with oral 
deoxynucleosides, GDF15 
significantly declined



• 194 suspected mitochondrial disorders (88 children and 106 adults)

• FGF21 and GDF15 identified 62% of patients with genetically verified MD (82% muscle manifesting)

• Serum biomarkers pointed to mitochondrial disease in 69% patients who had no diagnostic findings in the 

muscle sample

• FGF21 and GDF15 was highly restricted to muscle-manifesting mitochondrial diseases caused by 

mitochondrial translation defect or mtDNA deletions 

• FGF21 and GDF15 together as first-line diagnostic tools in patients with muscle involvement; they can be 

used in all patients with a suspicion of mitochondrial disease, although in pure encephalopathies biomarkers 

often remain normal

• Analysis of serum biomarkers complement but do not entirely remove the need for muscle biopsy

• Biomarkers might be useful in evaluation of genetic findings, for example, variants of unknown significance

Biomarkers
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Biomarkers

Comparison of 1310 proteins and 376 targeted metabolites in plasma of patients with 
MELAS and controls.



Sharma R, et al. 2021

Biomarkers

Biomarker discovery from untargeted metabolic profiling

Correlations among most discriminating analytes and validation of top metabolites



Biomarkers

Sharma R, et al. 2021

NADH-reductive stress drives the metabolic signature in MELAS.



Classical mitochondrial syndromes 

MERRF

PEO spectrum/Kearns–
Sayre syndrome

MIDDMELAS

Leigh Syndrome
MNGIE

LHON

Carelli V, et al. 2019



Laocoonte and His Sons, Vatican Museums

Classical mitochondrial syndromes 
“The first time I was in Rome when I 
was very young, the Pope [Julius II] 
was told about the discovery of 
some very beautiful statues in a 
vineyard near Santa Maria 
Maggiore [on the Esquiline Hill].  The 
pope ordered one of his officers to 
run and tell Giuliano da Sangallo to 
go and see them... Since 
Michelangelo Buonarroti was 
always to be found at our house, my 
father having summoned him and 
having assigned him the commission 
of the Pope's tomb, my father wanted 
him to come along too... I had climbed 
down to where the statues were, 
when immediately my father said, 
'That is the Laocoon, which Pliny  
mentions.'  Then they dug the hole 
wider so that that they could pull  
the statue out.  As soon as it  was 
visible everyone started  to draw, 
all the while discoursing on ancient 
things, chatting about the ones 
[ancient statues owned by the Medici] 
in Florence."

Letter of Francesco da Sangallo, quoted in 
Leonard Barkan, Unearthing the Past: 
Archaeology and Aestheticsin the Making of 
Renaissance Culture (1999)
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The Massacre of the Innocents, Scrovegni Chapel, Padova, Italy 



Refined phenotypes

Human Phenotype Ontology (HPO) terms in patients with mitochondrial diagnoses.



Refined phenotypes

• 89 mtDNA variants, spanning 27 genes

• 676/1352 publications

• Data from 6688 individuals in 1424 

families

www.mitophen.org



Refined phenotypes

• The mean number of terms 

per proband was 11.4

• HPO terms: nervous system, 

musculature, metabolism, 

cardiovascular, ear and eye
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• LIG3 is the only ligase responsible 
for mitochondrial DNA (mtDNA) 
replication and maintenance

• Seven affected individuals
• neurogastrointestinal

encephalomyopathy characterized 
by CIPO, neurogenic bladder, 
myopathic changes, and 
neurological impairment with 
stroke-like episodes, epilepsy and 
leukoencephalopathy

New Phenotypes
LIG3
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Primiano G., et al. Neurology:Genetics 2022

Rosalba Carrozzo
Alessandra Torraco
Daniela Verrigni
Enrico Bertini

New Phenotypes
TOP3A



mtDNA depletion Multiple mtDNA deletions

Bloom syndrome-like disorder PMM/PEO Plus

• Similarities: short stature, dilated cardiomyopathy, narrow face with prominent nose for 

paucity of subcutaneous fat, absence of malignancies 

• Differences: a late onset of disease, no cafe´-au-lait macules

New Phenotypes
TOP3A



Expanding phenotypes
Movement disorders

POLG c.428C>T [Ala143Val], 2956T>G [Tyr986Asp]



• 9,8%, 5/51 patients

Expanding phenotypes
Spinal cord involvement

AJNR Am J Neuroradiol 42:389–96 Feb 2021

• 54.5%, 6/11

• 58%, 19/33
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Emerging clinical aspects

• Seventy-nine PMDs from 10 countries (mean age 41.5 ± 18 years);

• 25 (32%) were hospitalized, 48 (61%) recovered fully, 28 (35%) improved with sequelae, and 3 (4%) died;

• Statistically significant differences in hospitalization status were observed in baseline status, including the NMDAS score 

(p = 0.003) and mRS (p = 0.001), presence of respiratory dysfunction (p < 0.001), neurologic involvement (p = 0.003), 

and more than 4 comorbidities (p = 0.002).

• Respiratory dysfunction is an independent risk factor for severe COVID-19 in PMDs while high disease burden and 

coexisting comorbidities contribute toward COVID-19–related hospitalization. 



Neuropathological investigations
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Mitochondrial diseases



Medicina mitocondriale

• guidoalessandro.primiano@policlinicogemelli.it

Serenella Servidei
Cristina Sancricca
Andrea Sabino
Manuela Papacci

Enrico Bertini
Rosalba Carrozzo
Alessandra Torraco
Daniela Verrigni

Italian Network of Mitochondrial Diseases


