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Introduction

Metabolic stress exerts a profound influence on pancreatic function, with a cen-
tral role attributed to the induction of mitochondrial dysfunction. This dysfunction
manifests in several key ways: impaired ATP production, leading to cellular energy
deficits; increased generation of reactive oxygen species (ROS), driving oxida-
tive damage; and altered calcium homeostasis, disrupting critical signaling path-
ways. Thesemitochondrial defects are not merely consequences but are integral to
the pathogenesis of various pancreatic disorders, including pancreatitis and pan-
creatic cancer. Consequently, targeting these mitochondrial pathways presents a
promising therapeutic avenue for mitigating these debilitating conditions [1].

The intricate interplay between metabolic stress and mitochondrial integrity is
paramount for the maintenance of normal pancreatic acinar cell function. Aberrant
signaling cascades, frequently initiated by inflammatory insults or excessive nu-
trient intake, can trigger oxidative damage within the mitochondria. This damage
compromises their bioenergetic capacity and can ultimately promote programmed
cell death (apoptosis), thereby contributing to the progression of both acute and
chronic pancreatitis [2].

In the context of pancreatic ductal adenocarcinoma (PDAC), metabolic reprogram-
ming and mitochondrial dysfunction emerge as hallmark characteristics that are
essential for fueling tumor growth and ensuring cancer cell survival. While PDAC
cells often exhibit a reliance on glycolysis, they also maintain a functional oxidative
phosphorylation system to satisfy their substantial energetic demands. The resul-
tant dysfunctional mitochondria in PDAC contribute to elevated ROS production,
which can further drive oncogenesis and contribute to resistance against thera-
peutic interventions [3].

Autophagy, a cellular process vital for maintaining mitochondrial quality control,
plays a crucial role in cellular health. In the context of pancreatic disorders, a com-
promised autophagic flux can lead to the accumulation of damaged mitochondria.
This accumulation exacerbates metabolic stress and actively promotes disease
progression. Therefore, a deeper understanding of how autophagy is regulated
in pancreatic cells experiencing metabolic stress could unveil novel therapeutic
targets [4].

Mitochondrial calcium signaling is intricately woven into the fabric of pancreatic
exocrine function and the cellular stress response. Dysregulation in the processes
governing mitochondrial calcium uptake and release can precipitate excessive
ROS production and trigger acinar cell death, significantly contributing to the devel-
opment of pancreatitis. Consequently, modulating mitochondrial calcium handling
emerges as a potential strategic approach for mitigating pancreatic injury [5].

Oxidative stress, a direct consequence of metabolic stress and mitochondrial dys-

function, plays a pivotal role in the pathogenesis of a spectrum of pancreatic dis-
eases. An imbalance between the production of ROS and the body’s antioxidant
defense mechanisms can precipitate cellular damage, inflammation, and fibroge-
nesis, particularly in the chronic inflammatory condition of chronic pancreatitis [6].

Mitochondrial dynamics, encompassing the processes of fission (division) and fu-
sion (merging), are indispensable for preserving mitochondrial health and ensur-
ing their proper function. Deviations in these dynamic processes, often instigated
by metabolic stress, can result in mitochondria that are either excessively frag-
mented or elongated. Such morphological alterations are associated with impaired
bioenergetic capacity and significantly contribute to the development of pancreatic
pathologies [7].

The endoplasmic reticulum (ER) stress response is intrinsically linked to mitochon-
drial dysfunction when cells are subjected to metabolic stress. Prolonged periods
of ER stress can propagate signals to the mitochondria, thereby impairing their
function and contributing to cell death observed in various pancreatic disorders.
The intricate crosstalk between the ER and mitochondria is thus a critical determi-
nant of cellular fate in these disease states [8].

Mitochondrial DNA (mtDNA) integrity and the extent of its damage are capable of
initiating potent inflammatory signaling cascades that contribute to pancreatic in-
flammation. When damaged mtDNA is released into the cytoplasm, it can activate
innate immune sensors, leading to the release of pro-inflammatory cytokines and
consequently exacerbating mitochondrial dysfunction [9].

The gut-pancreas axis represents a significant pathway influencing overall
metabolic health. Disruptions in the composition and function of the gut micro-
biota can trigger systemic inflammation and metabolic stress, which, in turn, ad-
versely affect pancreatic mitochondrial function and contribute to the development
and progression of pancreatic diseases [10].

Description

Metabolic stress significantly impacts pancreatic function, primarily through the
induction of mitochondrial dysfunction. This dysfunction is characterized by im-
paired ATP production, increased reactive oxygen species (ROS) generation, and
altered calcium homeostasis, all of which are central mechanisms in the pathogen-
esis of various pancreatic disorders, including pancreatitis and pancreatic cancer.
The targeting of mitochondrial pathways is therefore considered a promising ther-
apeutic avenue for these conditions [1].

The critical interplay between metabolic stress and mitochondrial integrity is es-
sential for maintaining the proper functioning of pancreatic acinar cells. Aberrant
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signaling pathways, often activated by inflammatory insults or excessive nutrient
loads, lead to oxidative damage within the mitochondria. This damage disrupts
their bioenergetic capacity and promotes apoptosis, thereby contributing to the
progression of acute and chronic pancreatitis [2].

Mitochondrial dysfunction and metabolic reprogramming are defining features of
pancreatic ductal adenocarcinoma (PDAC), providing the necessary energy for tu-
mor growth and survival. While PDAC cells frequently utilize glycolysis, they also
maintain a functional oxidative phosphorylation system to meet their high energy
demands. The resulting mitochondrial dysfunction contributes to heightened ROS
production, which can promote oncogenesis and therapeutic resistance [3].

Autophagy plays a critical role in preserving mitochondrial quality control. In pan-
creatic disorders, a failure in the autophagic flux can result in the accumulation of
damagedmitochondria, which exacerbatesmetabolic stress and promotes disease
progression. Investigating the regulatory mechanisms of autophagy in pancreatic
cells under metabolic stress may reveal new therapeutic targets [4].

Mitochondrial calcium signaling is closely associated with pancreatic exocrine
function and stress responses. Dysregulation of mitochondrial calcium handling,
including uptake and release, can lead to excessive ROS production and acinar
cell death, contributing to pancreatitis. Modulating these mitochondrial calcium
processes represents a potential strategy for reducing pancreatic injury [5].

Oxidative stress, a key outcome of metabolic stress andmitochondrial dysfunction,
significantly contributes to the pathogenesis of pancreatic diseases. An imbalance
between ROS production and the body’s antioxidant defenses can lead to cellular
damage, inflammation, and fibrogenesis, particularly in the context of chronic pan-
creatitis [6].

Mitochondrial dynamics, which involve fission and fusion processes, are vital for
maintaining mitochondrial health and function. Disruptions in these dynamics, of-
ten induced by metabolic stress, can lead to mitochondria with altered morphology
(fragmented or elongated) and impaired bioenergetics, ultimately contributing to
pancreatic pathologies [7].

The endoplasmic reticulum (ER) stress response is intimately linked with mito-
chondrial dysfunction when the pancreas experiences metabolic stress. Prolonged
ER stress can extend to the mitochondria, impairing their function and promoting
cell death in pancreatic disorders. The communication between the ER and mito-
chondria is therefore a crucial factor in determining cellular outcomes [8].

Mitochondrial DNA (mtDNA) integrity and associated damage can trigger inflam-
matory signaling pathways that exacerbate pancreatic inflammation. The release
of damaged mtDNA into the cytoplasm can activate pattern recognition receptors,
leading to the production of pro-inflammatory cytokines and further mitochondrial
dysfunction [9].

The gut-pancreas axis influences metabolic health. Changes in the gut microbiota
can induce systemic inflammation and metabolic stress, which subsequently im-
pact pancreatic mitochondrial function and contribute to the development of pan-
creatic diseases [10].

Conclusion

Metabolic stress profoundly impacts pancreatic function, largely through mitochon-
drial dysfunction. This dysfunction, characterized by impaired energy production,
increased reactive oxygen species (ROS), and altered calcium signaling, is a key
factor in pancreatitis and pancreatic cancer. Therapies targeting mitochondrial
pathways show promise. The interplay between metabolic stress and mitochon-
drial integrity is crucial for pancreatic acinar cell health, with disruptions leading
to damage and apoptosis in pancreatitis. In pancreatic cancer, altered mitochon-

drial metabolism fuels tumor growth, with dysfunctional mitochondria contributing
to ROS production and resistance. Autophagy is vital for mitochondrial quality
control; its impairment exacerbates disease. Mitochondrial calcium signaling dys-
regulation also contributes to pancreatitis. Oxidative stress, a consequence of mi-
tochondrial dysfunction, drives pancreatic disease progression. Mitochondrial dy-
namics (fission/fusion) are essential for health, and their disruption leads to pathol-
ogy. Endoplasmic reticulum stress is linked to mitochondrial dysfunction, impact-
ing cellular fate. Damaged mitochondrial DNA can trigger inflammatory cascades
contributing to pancreatic inflammation. The gut-pancreas axis also influences
pancreatic health via microbiota-induced metabolic stress affecting mitochondrial
function.
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