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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



Mitochondrial dysfunction is at the core of several human pathologies

Metabolic
diseases (obesity
and type 2
diabetes)

Mitochondrial Neurodegenerative
: diseases
e i e (Parkinson,

(MELAS, MERF, Alzheimer,
) Huntington...)

Mitochondrial

Heart
disease

Cancer




Mitochondria inside the cells




Mitochondria are very dynamic organelles

Fission: white
circle

Fusion: red
circle

t=0.000 s z=0.000

Dr. Marc Liesa



Mitochondrial dynamics regulates mitochondrial morphology

Fission

Elongated mitochondrial Fragmented mitochondrial
network network



Mitochondrial dynamics is controlled by mitochondrial fusion and fission proteins

____________________________________

| FIST  MFF

H--H H--M
! Mitochondrial Fusion | i Mitochondrial Fission i
E MFN2 | : DRP1 |
| MFNT 5 i i
| OPA1 | i :
i : | |

e e e e e e |

Sebastian et al, Trends Mol Med (2017)



Mitochondrial dynamics and the mitochondrial life cycle

MITOCHONDRIAL LIFE CYCLE

Reorganization
uestration |

Autophagy

7 | Recovery of
' Membrane
| Potential

Shirihai et al, FASEB J 2011



FIGURE 1

Molecular regulation of autophagy

1. AUTOPHAGY INITIATION

L

(ULK1 JATG13)
FIP200 | ATG101

ULK1 complex

Autophagy

2. MEMBRANE NUCLEATION AND 3. PHAGOPHORE EXPANSION 4. FUSION WITH THE LYSOSOME 5. DEGRADATION
PHAGOPHORE FORMATIOM

@ BECLIN1 Late endosome Lysosome

Class Il PI3K complex

DCFP1
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C X
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ATG9

Amphisome

Delivery of

lipids in ATG12 LG}
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containing ATG16L system Lysosome
vesicles conjugation
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Sebastian et al., Dev Cell 2020



Mitochondrial health is key in the maintenance of cellular homeostasis

Mitochondrial morphology Mitochondrial mass
and movement and quality
Mitochondrial Mitochondrial
dynamics biogenesis and
mitophagy
Drpl
Fission
a2 1 Fusion T, =
POSRR  1vifn1/2, OPAL (R -
Pink1/Parki
Elongated mitochondrial Fragmented mitochondrial @ BI|I\|’]|P3/ arkin
network network ‘
— Nix
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1 NDP52

Mitochondrial ?
fitness /



Role of mitochondrial fithess in metabolic disease



Muscle Mfn2 expression is lower in obesity and type 2 diabetes and is
correlated with insulin sensitivity

Mfn2 mRNA

(arbitrary units)

Min2 mRNA
(arbitrary units)
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Glucose Oxidation
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Mfn2 deficient mice show glucose intolerance and insulin resistance in

Glucose
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Mfn2 is essential for normal insulin sensitivity and glucose

homeostasis

Mfn2 ablation

e&_l. =

Mitochondrial
dysfunction

|

Oxidative stress/ER stress

|

JNK activation

|

Inhibition of insulin
signaling pathway

|

Insulin resistance and
impaired glucose homeostasis

Sebastian, et al. PNAS 2012



Role of mitochondrial fitness in aging



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

Young age
Physically active

Old age
Sedentary

Skeletal muscle
* Normal mass
*Normal function

Mitochondria

* Higher numbers
* Adequate function/activity

Aging skeletal muscle
* Sarcopenia (decreased mass)
* Functional impairment

Aging mitochondria
* Lower number
* Mitochondrial DNA mutations
* Morphological changes
* Increased apoptosis
* Impaired autophagy
* Impaired biogenesis

-
S

Metabolic disorders

-Glucose intolerance

-Insulin resistance

-Lower energy expenditure and
basal metabolic rate

l

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
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02 consumption

Mfn2 deficiency in skeletal muscle impairs mitochondrial quality

Mitochondrial respiration
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Mfn2 is determinant for healthy aging by controlling mitochondrial health

Sebastian et al, EMBO J 2016



Downregulation of BNIP3 in old mice exacerbates muscle atrophy, mitochondrial dysfunction and

inflammation
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BNIP3 KD

BNIP3 deficiency induces a mtDNA-TLR9 dependent inflammation
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NLRP3 protein expression
(arbitrary units)
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High muscle BNIP3 expression protects from inflammation and is associated with
healthy aging in humans
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Coordination of mitochondrial and lysosomal homeostasis mitigates inflammation
and muscle atrophy during aging

Molecular mechanism

—
Disrupted
/’ mitophagy ({ () /\
\>Lysosomal o\
dysfunction \ \/
Physiological outcome

----------------------------------------------------------------------

: BNIP3 ! BNIP3 !
expression | expression ;
E Low - : Low - E
+  Healthy : Unhealthy 5
'muscle aging muscle aging '
Inﬂammation; !
High Low- Atrophy

----------------------------------------------------------------------

Irazoki A, ..., Sebastian D. Aging Cell 2022



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



TP53INP2/DOR is a modulator of autophagy highly expressed in skeletal muscle
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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
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Acute overexpression of DOR/TP53INP2 in old mice induces mitophagy and improves muscle atrophy
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TPS3INP 2 protein
(arbitrary units)

TP53INP2/DOR expression decreases during aging and it is associated with sarcopenia
and unhealthy aging in humans
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TP53INP2-dependent activation of muscle autophagy ameliorates sarcopenia and
promotes healthy aging
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MITOCHONDRIAL DYNAMICS MITOPHAGY

Mitochondrial fitness sustains
healthy muscle aging

- Mitochondria dysfuntion
- Inflamation

- Muscle atrophy

- Sarcopena

Irazoki A, Zorzano A, Sebastian D. Aging 2023
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