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Mitochondria: essential 
organelles in human health and 
disease

- major energy generator 
- cell signaling 
- interorganellar communication
- apoptosis
- interconversion of carbohydrates, 

lipids  and amino acids
- haem biosynthesis
- iron-sulphur cluster biogenesis
- innate immunity
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Mitochondrial dysfunction is at the core of several human pathologies



Mitochondria inside the cells
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Mitochondria are very dynamic organelles



Mitochondrial dynamics regulates mitochondrial morphology



Mitochondrial dynamics is controlled by mitochondrial fusion and fission proteins

Sebastián et al, Trends Mol Med (2017)



Mitochondrial dynamics and the mitochondrial life cycle

Shirihai et al, FASEB J 2011



Autophagy

Sebastián et al., Dev Cell 2020



Mitochondrial health is key in the maintenance of cellular homeostasis

Mitochondrial morphology 
and movement

Mitochondrial
dynamics

Mitochondrial mass 
and quality 

Mitochondrial
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Role of mitochondrial fitness in metabolic disease
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Muscle Mfn2 expression is lower in obesity and type 2 diabetes and is 
correlated with insulin sensitivity 
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Mfn2 deficiency causes defective mitochondrial metabolism 
in skeletal muscle
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Sebastián, et al. PNAS 2012

Mfn2 is essential for normal insulin sensitivity and glucose 
homeostasis

Mfn2 ablation

Mitochondrial 
dysfunction

JNK activation

Oxidative stress/ER stress

Inhibition of insulin 
signaling pathway

Insulin resistance and
impaired glucose homeostasis



Role of mitochondrial fitness in aging



Physiologic changes in skeletal muscle during aging: the role of mitochondria

Metabolic disorders
-Glucose intolerance
-Insulin resistance
-Lower energy expenditure and
basal metabolic rate

Frailty syndrome
-Weakness
-Weight loss
-Muscle loss (sarcopenia)
-Disability

Adapted from Rezus et al., 2020



Mfn2 expression in skeletal muscle decreases during aging and associates with metabolic deregulation
and sarcopenia
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Mfn2 deficiency in skeletal muscle impairs mitochondrial quality
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Mfn2 is determinant for healthy aging by controlling mitochondrial health

Sebastián et al, EMBO J 2016 
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BNIP3 deficiency induces a mtDNA-TLR9 dependent inflammation
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High muscle BNIP3 expression protects from inflammation and is associated with 
healthy aging in humans
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Irazoki A, …, Sebastián D. Aging Cell 2022

Coordination of mitochondrial and lysosomal homeostasis mitigates inflammation 
and muscle atrophy during aging



Could increased mitochondrial fitness protect from age-related metabolic 
disease and sarcopenia?



TP53INP2/DOR is a modulator of autophagy highly expressed in skeletal muscle

Mauvezin et al, EMBO Rep 2010
Sala et al, JCI 2014

Autophagosome number
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DOR/TP53INP2 overexpression enhances mitophagy and improves mitochondrial 
quality in old mice
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TP53INP2/DOR TG mice are protected from sarcopenia and age-related metabolic disease

-20

0

20

40

60

80 WT
A

ge
-in

du
ce

d
re

du
ct

io
n

in
m

us
cl

e
w

ei
gt

h
(%

) TP53inp2

Quadri Gastroc Tibialis

*

*

Age-induced reduction in muscle weight

0

10

20

30

40

50 WT

A
ge

-in
du

ce
d

re
du

ct
io

n
in

C
SA

(%
)

TP53inp2
*

Age-induced reduction in CSA

-100

-50

0

50

100 WT

Time Distance

A
ge

-in
du

ce
d

lo
ss

of
m

us
cl

e
pe

rf
or

m
an

ce
(%

vs
.y

ou
ng

)

TP53inp2* *

Age-induced reduction in muscle performance
WT
TP53inp2

0 20 40 60 80 100 120
0

50

100

150

200

250

300

350

Time (min)

G
lu

co
se

(m
g/

dl
)

*

Glucose tolerance test



Acute overexpression of DOR/TP53INP2 in old mice induces mitophagy and improves muscle atrophy



TP53INP2/DOR expression decreases during aging and it is associated with sarcopenia 
and unhealthy aging in humans

Charlson co-morbidity index



Sebastián D et al., Autophagy 2024



Mitochondrial fitness sustains 
healthy muscle aging

Irazoki A, Zorzano A, Sebastián D. Aging 2023
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