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Introduction
Cancer remains one of the leading causes of death worldwide, 
with tumor resistance posing a significant challenge to 
effective treatment. A major factor contributing to resistance 
is tumor hypoxia, a condition where cancer cells experience 
low oxygen levels. Hypoxia induces metabolic and genetic 
adaptations that enhance tumor survival and resistance to 
conventional therapies. Among the various strategies explored 
to counteract this, mitochondrial targeting has emerged as a 
promising approach in cancer therapy. Given mitochondria’s 
central role in energy production and apoptosis regulation, 
disrupting their function can selectively impair tumor cells 
while sparing normal tissues [1].

Mitochondria are essential organelles responsible for 
oxidative phosphorylation (OXPHOS) and ATP production. 
In many cancer types, tumor cells shift their metabolism from 
OXPHOS to glycolysis, even in the presence of oxygen—a 
phenomenon known as the Warburg effect. However, under 
hypoxic conditions, mitochondria still play a crucial role in 
regulating reactive oxygen species (ROS) levels and apoptosis. 
By targeting mitochondrial metabolism, researchers aim to 
disrupt cancer cell survival mechanisms, thereby increasing 
treatment efficacy [2].

Hypoxia triggers a cascade of cellular responses that enhance 
tumor progression and therapy resistance. The key driver 
of these adaptations is the hypoxia-inducible factor (HIF) 
pathway. HIF-1α, stabilized in low-oxygen conditions, 
activates genes involved in angiogenesis, metabolic 
reprogramming, and immune evasion. These changes allow 
tumors to survive in oxygen-deprived environments, resist 
chemotherapy and radiotherapy, and metastasize to other 
tissues [3].

Recent research highlights that disrupting mitochondrial 
function can sensitize tumors to treatment by increasing 
oxidative stress and inhibiting energy production. 
Mitochondrial inhibitors such as metformin, phenformin, 
and IACS-010759 have shown potential in clinical studies 
by impairing tumor metabolism. These agents reduce ATP 
generation, induce apoptosis, and enhance the effects of 
traditional chemotherapies [4].

One of the key mechanisms of mitochondrial-targeted therapy 
involves modulating ROS levels. While moderate ROS levels 
support tumor growth, excessive ROS accumulation leads 

to cellular damage and apoptosis. Drugs like elesclomol and 
β-lapachone exploit this vulnerability by increasing oxidative 
stress beyond the tumor’s adaptive capacity, leading to cell 
death [5].

Another approach to mitochondrial targeting involves 
mitochondrial uncouplers, which disrupt the proton gradient 
needed for ATP synthesis. Agents such as FCCP (carbonyl 
cyanide-p-trifluoromethoxyphenylhydrazone) interfere with 
the electron transport chain, forcing cancer cells into an 
energy crisis. This strategy weakens tumor cells, making them 
more susceptible to existing treatments [6].

Given the complexity of hypoxia-induced resistance, 
combination therapies have gained traction in cancer 
treatment. Targeting mitochondria in conjunction with 
traditional chemotherapy, immunotherapy, or radiation 
therapy can enhance therapeutic outcomes. For instance, 
combining mitochondrial inhibitors with immune checkpoint 
inhibitors has demonstrated synergistic effects in preclinical 
studies, improving the immune response against tumors [7, 8].

Despite promising advances, mitochondrial targeting faces 
challenges such as off-target toxicity, tumor heterogeneity, 
and adaptive resistance. Further research is needed to 
develop selective inhibitors that minimize side effects while 
maximizing efficacy. Advances in nanotechnology and 
precision medicine may help overcome these limitations by 
delivering mitochondrial-targeted therapies specifically to 
tumor cells [9, 10].

Conclusion 
Mitochondrial targeting offers a novel and promising approach 
to cancer therapy, particularly in addressing hypoxia-induced 
resistance. By disrupting mitochondrial function, modulating 
ROS levels, and impairing energy production, researchers 
can weaken tumor defenses and enhance treatment efficacy. 
While challenges remain, ongoing research and combination 
strategies hold great potential for improving cancer treatment 
outcomes. As our understanding of tumor metabolism deepens, 
mitochondrial-based therapies could become a cornerstone of 
future cancer treatment strategies.
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