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Editorial on the Research Topic


Revealing the role of mitochondrial gene defects in tumor progression and developing mitochondrial-targeted drugs


In recent years, mitochondria have emerged as key pharmacological targets in the fight against cancer, owing to their pivotal roles in cell proliferation, apoptosis, and the tumor immune microenvironment. Mitochondrial dysfunction is increasingly recognized as a hallmark of cancer progression, with alterations in mitochondrial DNA (mtDNA), energy metabolism, and dynamics significantly contributing to tumorigenesis and therapeutic resistance (1). The concept that mitochondrial defects drive tumor progression has evolved beyond the simple notion of metabolic reprogramming (e.g., the Warburg effect), to encompass more complex mechanisms, such as mitochondrial dynamics, retrograde signaling, and mitochondrial-nuclear crosstalk (2, 3). These processes are central to the adaptation of cancer cells to the stressful microenvironment and their ability to evade therapeutic interventions. For instance, mitochondrial dysfunction can lead to the accumulation of reactive oxygen species (ROS), which further alters cellular signaling and promotes mutations (4). This Research Topic, titled “Revealing the Role of Mitochondrial Gene Defects in Tumor Progression and Developing Mitochondrial-Targeted Drugs,” offers a comprehensive and up-to-date collection of studies that provide insights into the multifaceted roles of mitochondria in cancer and highlight the potential of targeting mitochondrial dysfunction as a therapeutic strategy (5).



1 Mitochondria and tumor progression: from metabolic reprogramming to tumor escape

Mitochondria are essential organelles that regulate vital processes such as energy production, cell death, and stress responses. In cancer cells, mitochondrial dysfunction is often associated with altered metabolic pathways that meet the high energy demands of rapidly proliferating tumor cells (6). The reprogramming of mitochondrial metabolism is best exemplified by the Warburg effect, where even in the presence of oxygen, cancer cells predominantly rely on glycolysis for energy production, leading to the accumulation of lactate. This metabolic shift supports tumor growth and survival, but it also renders mitochondria central to the pathophysiology of cancer (7).

However, the role of mitochondria in tumor progression extends beyond metabolic alterations. Recent research has shown that changes in mitochondrial DNA copy number, mutations, and defects in respiratory chain complexes can trigger mitochondria-to-nucleus retrograde signaling (8). This process can initiate metabolic reprogramming by altering nuclear gene expression, thereby contributing to tumorigenesis and influencing the tumor microenvironment (TME). The communication between mitochondria and the nucleus thus represents a critical mechanism that governs cancer cell behavior, immune escape, and drug resistance. Studies presented in this Research Topic further support the idea that targeting mitochondrial functions—ranging from energy metabolism to mitochondrial dynamics—could disrupt these processes and provide new therapeutic opportunities for treating various malignancies.




2 Mitochondrial heat shock proteins: a potential target in cancer therapy

One of the pivotal articles in this Research Topic focuses on the role of mitochondrial heat shock protein 90 (mtHSP90) in cancer. Heat shock proteins (HSPs) function as molecular chaperones, helping to stabilize and refold proteins that are damaged under stressful conditions. In the context of cancer, mtHSP90 is crucial for maintaining mitochondrial integrity and the proper folding of mitochondrial proteins under stress, such as during rapid tumor growth or under conditions of hypoxia and nutrient deprivation (9). Recent studies indicate that inhibiting mtHSP90 can impair mitochondrial function and reduce tumor cell survival. The article discusses the therapeutic potential of targeting mtHSP90, highlighting preclinical evidence suggesting that mtHSP90 inhibitors could sensitize tumors to existing therapies and help overcome drug resistance.




3 Mitochondrial DNA mutations and biomarker development in endometrial cancer

Another critical area of exploration presented in this Research Topic is the role of mtDNA mutations in cancer, specifically in endometrial cancer. MtDNA mutations are common in various cancer types and are believed to contribute to the reprogramming of mitochondrial metabolism that supports tumor growth and survival (10). The article in this Research Topic delves into the potential use of mtDNA mutations as biomarkers for early diagnosis and prognosis in endometrial cancer. These mutations could serve as predictive markers for therapeutic response, enabling clinicians to adopt personalized treatment approaches. Moreover, understanding the role of mtDNA mutations in cancer progression could open new avenues for targeted therapies aimed at correcting mitochondrial dysfunction.




4 Mitochondrial permeability transition and long non-coding RNAs in clear cell renal carcinoma

A particularly intriguing study in this Research Topic investigates the role of MPT-driven necrosis-linked long non-coding RNAs (lncRNAs) in clear cell renal carcinoma (ccRCC). Mitochondrial permeability transition (MPT) refers to the opening of the mitochondrial permeability transition pore, which leads to mitochondrial swelling, rupture, and necrotic cell death. In ccRCC, MPT is implicated in promoting cell death resistance and altering the tumor microenvironment (11). The study explores how specific lncRNAs regulate MPT-driven necrosis and influence the sensitivity of ccRCC cells to chemotherapy and immunotherapy. By targeting these lncRNAs, it may be possible to enhance the effectiveness of current cancer therapies, providing a novel strategy for treating ccRCC and other cancers that exhibit MPT dysregulation.




5 Mitochondrial inhibitors and synergistic therapies

The Research Topic also includes a review on mitochondrial inhibitors as promising agents in cancer therapy, particularly in breast cancer. Mitochondrial inhibitors target mitochondrial metabolic pathways, such as oxidative phosphorylation, and have shown potential in preclinical studies for overcoming chemotherapy resistance and sensitizing cancer cells to treatment (12). However, clinical trials have yet to demonstrate significant benefits from mitochondrial inhibitors alone, highlighting the challenges of targeting mitochondrial functions in isolation. One emerging strategy is the synergistic use of mitochondrial inhibitors with immunotherapy, which could enhance the anti-tumor immune response and improve clinical outcomes. Combining mitochondrial inhibitors with immune checkpoint inhibitors or other immunomodulatory agents may help overcome the immune evasion mechanisms facilitated by mitochondrial dysfunction, thereby boosting the efficacy of cancer treatments.




6 Mitochondrial transplantation and personalized cancer therapy

In addition to direct inhibition, mitochondrial transplantation has emerged as a novel therapeutic strategy. This approach involves the transfer of healthy mitochondria into damaged or dysfunctional cells, potentially restoring normal mitochondrial function and reversing the effects of mitochondrial mutations. While this strategy is still in its infancy and faces significant technical and ethical challenges, it offers a promising direction for personalized cancer therapy, particularly for tumors driven by mitochondrial defects (13).




7 Future directions: a multi-omics approach

Finally, the rapid advancements in transcriptomics, single-cell sequencing, and multi-omics analysis are providing new opportunities to better understand the complex role of mitochondria in cancer. By integrating transcriptomic data with genomic, proteomic, and metabolomic profiles, researchers can identify tumor subtypes with specific mitochondrial dysfunctions and tailor therapies to target these vulnerabilities. These technologies are likely to play a crucial role in the development of mitochondrial-targeted therapies and the personalization of cancer treatment strategies (14).




8 Conclusion

In conclusion, this Research Topic provides valuable insights into the role of mitochondria in cancer progression and highlights the potential of mitochondrial-targeted therapies. From metabolic reprogramming to mitochondrial dynamics, mitochondria are central to tumorigenesis, immune evasion, and resistance to treatment. The studies presented in this Research Topic emphasize the need for innovative strategies that target mitochondrial dysfunction in cancer, including the development of novel mitochondrial inhibitors, the synergistic use of these inhibitors with immunotherapy, and the exploration of mitochondrial transplantation. With the continued advancement of multi-omics technologies, we are entering an exciting era of precision cancer therapy that targets the mitochondria, potentially transforming the way we treat cancer in the future.





Author contributions

LL: Writing – original draft, Writing – review & editing. YG: Writing – original draft, Writing – review & editing.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Vander Heiden, MG, Cantley, LC, and Thompson, CB. Understanding the warburg effect: the metabolic requirements of cell proliferation. Science. (2009) 324:1029–33. doi: 10.1126/science.1160809

2. Bock, FJ, and Tait, SWG. Mitochondria as multifaceted regulators of cell death. Nat Rev Mol Cell Biol. (2020) 21:85–100. doi: 10.1038/s41580-019-0173-8

3. Keerthiga, R, Pei, DS, and Fu, A. Mitochondrial dysfunction, UPRmt signaling, and targeted therapy in metastasis tumor. Cell Biosci. (2021) 11:186. doi: 10.1186/s13578-021-00696-0

4. Trachootham, D, Lu, W, Ogasawara, MA, Nilsa, RD, and Huang, P. Redox regulation of cell survival. Antioxid Redox Signal. (2008) 10:1343–74. doi: 10.1089/ars.2007.1957

5. Li, HY, Feng, YH, Lin, CL, and Hsu, TI. Mitochondrial mechanisms in temozolomide resistance: unraveling the complex interplay and therapeutic strategies in glioblastoma. Mitochondrion. (2024) 75:101836. doi: 10.1016/j.mito.2023.101836

6. Trosko, JE. On the potential origin and characteristics of cancer stem cells. Carcinogenesis. (2021) 42:905–12. doi: 10.1093/carcin/bgab042

7. Gandhi, N, and Das, GM. Metabolic reprogramming in breast cancer and its therapeutic implications. Cells. (2019) 8:89. doi: 10.3390/cells8020089

8. Liu, Z, and Butow, RA. Mitochondrial retrograde signaling. Annu Rev Genet. (2006) 40:159–85. doi: 10.1146/annurev.genet.40.110405.090613

9. Pagliarone, AC, Castañeda, ED, Santana, JPP, de Oliveira, CAB, Robeldo, TA, Teixeira, FR, et al. Mitochondrial heat shock protein mortalin as potential target for therapies based on oxidative stress. Photodiagnosis Photodyn Ther. (2021) 34:102256. doi: 10.1016/j.pdpdt.2021.102256

10. Shan, J, Geng, R, Zhang, Y, Wei, J, Liu, J, and Bai, J. Identification of cuproptosis-related subtypes, establishment of a prognostic model and tumor immune landscape in endometrial carcinoma. Comput Biol Med. (2022) 149:105988. doi: 10.1016/j.compbiomed.2022.105988

11. Huang, J, Liu, M, Chen, H, Zhang, J, Xie, X, Jiang, L, et al. Elucidating the Influence of MPT-driven necrosis-linked LncRNAs on immunotherapy outcomes, sensitivity to chemotherapy, and mechanisms of cell death in clear cell renal carcinoma. Front Oncol. (2023) 13:1276715. doi: 10.3389/fonc.2023.1276715

12. Song, R, Qiao, W, He, J, Huang, J, Luo, Y, and Yang, T. Proteases and their modulators in cancer therapy: challenges and opportunities. J Med Chem. (2021) 64:2851–77. doi: 10.1021/acs.jmedchem.0c01640

13. Zong, Y, Li, H, Liao, P, Chen, L, Pan, Y, Zheng, Y, et al. Mitochondrial dysfunction: mechanisms and advances in therapy. Signal Transduct Target Ther. (2024) 9:124. doi: 10.1038/s41392-024-01839-8

14. Labory, J, Fierville, M, Ait-El-Mkadem, S, Bannwarth, S, Paquis-Flucklinger, V, and Bottini, S. Multi-omics approaches to improve mitochondrial disease diagnosis: challenges, advances, and perspectives. Front Mol Biosci. (2020) 7:590842. doi: 10.3389/fmolb.2020.590842




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Liang and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2025.1553496_cover.jpg
& frontiers | Frontiers in Oncology

Editorial: Revealing the role of mitochondrial
gene defects in tumor progression and
developing mitochondrial-targeted drugs





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Revealing the role of mitochondrial gene defects in tumor progression and developing mitochondrial-targeted drugs

      

        		

          1 Mitochondria and tumor progression: from metabolic reprogramming to tumor escape

        



        		

          2 Mitochondrial heat shock proteins: a potential target in cancer therapy

        



        		

          3 Mitochondrial DNA mutations and biomarker development in endometrial cancer

        



        		

          4 Mitochondrial permeability transition and long non-coding RNAs in clear cell renal carcinoma

        



        		

          5 Mitochondrial inhibitors and synergistic therapies

        



        		

          6 Mitochondrial transplantation and personalized cancer therapy

        



        		

          7 Future directions: a multi-omics approach

        



        		

          8 Conclusion

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





