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DESCRIPTION
Redox status and bioenergetics are two fundamental concepts 
that play crucial roles in both cancer and neurodegeneration. 
The redox status refers to the balance between oxidizing and 
reducing agents in the cell, while bioenergetics refers to the 
production and utilization of energy in the cell. Both these 
processes are tightly linked, and their disruption can contribute 
to the pathogenesis of cancer and neurodegenerative diseases.

Redox status and cancer

The redox status of the cell is regulated by the balance between 
reactive oxygen species (ROS) and antioxidant defense systems. 
ROS are produced during normal cellular metabolism, and their 
levels are tightly regulated by various antioxidant enzymes, such 
as superoxide dismutase, catalase, and glutathione peroxidase. 
When this balance is disrupted, excessive ROS production can 
lead to oxidative stress, which is implicated in the pathogenesis 
of cancer.

Oxidative stress can cause DNA damage, protein oxidation, lipid 
peroxidation, and other cellular damage, which can promote 
carcinogenesis. ROS can also activate various signaling pathways, 
such as the nuclear factor kappa B (NF-kB) and Mitogen-
Activated Protein Kinase (MAPK) pathways, which can 
contribute to the survival, proliferation, and invasiveness of 
cancer cells.

Bioenergetics and cancer

Bioenergetics refers to the production and utilization of energy in 
the cell, which is primarily generated by the mitochondria 
through Oxidative Phosphorylation (OXPHOS). OXPHOS 
involves the transfer of electrons from reduced cofactors, such as 
NADH and FADH2, through the Electron Transport Chain 
(ETC) to molecular oxygen, which generates a proton gradient

across the mitochondrial inner membrane. This gradient is used 
to drive the synthesis of ATP by the ATP synthase enzyme.

Cancer cells exhibit altered bioenergetics, which is characterized 
by increased glycolysis and decreased OXPHOS, even in the 
presence of oxygen, a phenomenon known as the Warburg 
effect. This shift in energy metabolism is thought to provide 
cancer cells with a metabolic advantage by promoting the 
synthesis of biosynthetic intermediates and reducing the 
production of ROS, which can be toxic to the cell.

However, recent studies have shown that cancer cells can also 
exhibit mitochondrial dysfunction, which can lead to increased 
ROS production and oxidative stress. Mitochondrial dysfunction 
can result from mutations in Mitochondrial DNA (mtDNA), 
altered expression of mitochondrial genes, or changes in 
mitochondrial dynamics, such as fission and fusion.

Redox status and bioenergetics liaison in cancer

The interplay between redox status and bioenergetics is critical in 
the pathogenesis of cancer. ROS can modulate the activity of 
various enzymes involved in energy metabolism, such as the ETC 
complexes, pyruvate dehydrogenase, and the ATP synthase. ROS 
can also affect the stability and activity of the transcription factor 
that   regulate   energy   metabolism,   such   as   Hypoxia-
Inducible Factor 1 Alpha (HIF-1 α) and  peroxisome Proliferator-
Activated Receptor Gamma Coactivator 1 alpha (PGC-1α).

Conversely, alterations in bioenergetics can affect the redox 
status of the cell by modulating the levels of ROS and 
antioxidant defense systems. For example, decreased OXPHOS 
can lead to a reduction in mitochondrial membrane potential, 
which can increase ROS production by the ETC. Moreover, 
altered energy metabolism can affect the availability of reducing 
equivalents, such as NADPH and glutathione, which are critical 
for maintaining the redox balance in the cell.
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