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Mitochondrial function

Mitochondria are often referred to as the “powerhouses” of the cell because their primary function is
to produce adenosine triphosphate (ATP), the molecule that provides energy for various cellular
activities. However, mitochondria are involved in several other important functions within the cell:

ATP Production: The most well-known function of mitochondria is ATP synthesis through oxidative
phosphorylation. This process involves the electron transport chain, where electrons are transferred
through a series of protein complexes, ultimately leading to the production of ATP.

Metabolism and Energy Conversion: Mitochondria are central to cellular metabolism. They play a
crucial role in breaking down nutrients such as glucose and fatty acids to generate ATP through
cellular respiration. This process involves glycolysis in the cytoplasm and the citric acid cycle (Krebs
cycle) within the mitochondrial matrix.

Calcium Regulation: Mitochondria are involved in regulating calcium ion concentrations within the cell.
They can take up and release calcium ions, which is essential for various cellular processes, including
muscle contraction and cell signaling.

Apoptosis (Cell Death): Mitochondria play a role in apoptosis, a programmed cell death process. When
certain signals trigger apoptosis, mitochondria release molecules like cytochrome c, which activates
caspase enzymes, leading to cell death.

ROS Production: While mitochondria are essential for energy production, they also generate reactive
oxygen species (ROS) as byproducts. ROS can have both beneficial and harmful effects in cells. At low
levels, they act as signaling molecules, but excessive ROS can cause oxidative stress and damage
cellular components.

Heat Production: In certain specialized cells, mitochondria can generate heat rather than ATP through
a process called thermogenesis. This is particularly important in brown adipose tissue, where it helps
maintain body temperature in mammals.

Lipid Synthesis: Mitochondria are involved in lipid metabolism and can synthesize certain lipids, such
as cardiolipin, a unique phospholipid found in the mitochondrial inner membrane.

Heme Synthesis: Mitochondria are essential for the synthesis of heme, a component of hemoglobin
and various enzymes involved in oxygen transport and metabolism.

Mitochondrial dysfunction can have severe consequences for cell and tissue health. It is associated
with various diseases, including mitochondrial disorders, neurodegenerative diseases, metabolic
disorders, and cancer. Factors such as genetic mutations, environmental toxins, and aging can all
impact mitochondrial function.

Understanding mitochondrial function is crucial for studying cellular physiology, metabolism, and
disease mechanisms. Research into mitochondria continues to uncover their role in various aspects of
biology and human health, making them a significant focus of scientific investigation.

Qin et al. employed a robust computational framework to investigate the relationship between
mitochondrial function and 18 cell death patterns in a cohort of 1467 LGG patients from six
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multicenter cohorts worldwide. A total of 10 commonly used machine learning algorithms were
collected and subsequently combined into 101 unique combinations. Ultimately, we devised the
mitochondria-associated programmed cell death index (mtPCDI) using machine learning models that
exhibited optimal performance.

Results: The mtPCDI, generated by combining 18 highly influential genes, demonstrated strong
predictive performance for prognosis in LGG patients. Biologically, mtPCDI exhibited a significant
correlation with immune and metabolic signatures. The high mtPCDI group exhibited enriched
metabolic pathways and a heightened immune activity profile. Of particular importance, our mtPCDI
maintains its status as the most potent prognostic indicator even following adjustment for potential
confounding factors, surpassing established clinical models in predictive strength.

The utilization of a robust machine learning framework highlights the significant potential of mtPCDI in
providing personalized risk assessment and tailored recommendations for metabolic and
immunotherapy interventions for individuals diagnosed with LGG. Of particular significance, the
signature features highly influential genes that present further prospects for future investigations into
the role of PCD within mitochondrial function 1).

1)

Qin H, Abulaiti A, Maimaiti A, Abulaiti Z, Fan G, Aili Y, Ji W, Wang Z, Wang Y. Integrated machine
learning survival framework develops a prognostic model based on inter-crosstalk definition of
mitochondrial function and cell death patterns in a large multicenter cohort for lower-grade glioma. J
Transl Med. 2023 Sep 2;21(1):588. doi: 10.1186/s12967-023-04468-x. PMID: 37660060.
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