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Abstract
Mitochondria are essential for the metabolism of energy, regulation of apoptosis, and signalling of cells.  The double membrane Mitochondria and its dynamic morphology are essential sites for adenosine triphosphate (ATP) synthesis, running the citric acid cycle, performing fatty acid oxidation and metabolic pathways. Mitochondrial dynamics refers the changing process of fission, fusion, mitophagy and transport, which is crucial for optimal function in signal transduction and metabolism. An imbalance in the dynamics can disrupt mitochondrial function, leading to abnormal cellular fates, and a range of human diseases. In malignant cells, mitochondria differ structurally and functionally from those in normal cells and actively take part in metabolic reprogramming. Mitochondrial targeting in cancer treatment offers various benefits as evidenced by ongoing research. The present review is aimed to provide an overview of these mechanisms in detail with focus on Cancer. The core machineries of mitochondrial fusion and division including the membranes, tether and transport proteins are altered and involve in process deviating from normal cells. Understanding these mechanisms, processes and signalling mechanisms will provide deeper insights into their role in cancer.
Keywords- Mitochondrial dynamics, reactive oxygen species (ROS), oxidative phosphorylation (OXPHOS), proliferator-activated receptor-γ (PPARγ).
1.0.  Introduction
Mitochondria are essential for the metabolism of energy, regulation of apoptosis, and signalling of cells.  In malignant cells, mitochondria differ structurally and functionally from those in normal cells and actively take part in metabolic reprogramming. The overproduction of reactive oxygen species (ROS), which causes genomic instability, modifying the gene expression, and participation in signalling pathways, are the characteristic of mitochondria in cancer cells (Bhatti et al., 2021). Mitochondrial cristae architecture and membrane dynamics are central determinants of cellular bioenergetics, apoptosis and innate immune signaling. This review synthesizes recent advances describing how the mitochondrial contact site and crista organizing system (MICOS)  MICOS??? complex, OPA1 (OPA1 Mitochondrial Dynamin Like GTPase), which is a Protein Coding gene and ATP synthase oligomers cooperate to shape cristae; how cristae disorganization leads to mitochondrial DNA (mtDNA) release and inflammation and how these structural changes are repurposed in cancer to support metabolic rewiring, metastasis and therapy resistance. Emphasis is placed on DRP1-driven mitochondrial fragmentation and OPA1-mediated cristae integrity in the context of the Warburg effect and tumour bioenergetics.(Need a reference)?
2.0. [bookmark: _Hlk213968766] Overview of mitochondria as regulators of bioenergetics, apoptosis and signalling.
Mitochondria harbor multiple copies of mitochondrial DNA (mtDNA) in the matrix close to the inner membrane. The genes encoding 2 rRNAs, 22 tRNAs, and 13 polypeptides code for the subunits of the electron transport chain (ETC) and ATP synthase in the OXPHOS system found in Human mtDNA (Taanman, 1999; Wang et al., 2023). The import of proteins into mitochondria and the coordinated regulation of gene expression between the mitochondrial and nuclear genomes are essential for mitochondrial biogenesis and maintenance because the majority of mitochondrial proteins are encoded by nuclear genes (van den Heuvel et al., 2001; Wang et al., 2023). It is now acknowledged that mitochondria play a bioenergetic role in cells which is the key to life and death. A crucial function of mitochondria is to produce adenosine triphosphate (ATP) through oxidative phosphorylation (OXPHOS). At the membrane of the mitochondria electron transport chain (ETC) complexes transform the chemical energy stored in nutrients into an electrochemical gradient across the inner mitochondrial membrane. The outer membrane of mitochondria becomes permeable enough to release the soluble hemeprotein cytochrome C (cytc), along with Smac/Diablo, endonuclease G, and other intermembrane space proteins, in response to certain cell death signals (such as reactive oxygen species (ROS), DNA damage, etc.). Need a reference???These proteins irreversibly activate downstream caspases to carry out the apoptosis process (Burke, 2017). Mitochondria, with their double membrane and dynamic morphology, are essential sites for adenosine triphosphate (ATP) synthesis and metabolic pathways like the citric acid cycle and fatty acid oxidation. Thus, maintaining mitochondrial integrity and function in response to cellular energy demands and stresses depends on the intricate processes of mitochondrial biogenesis, fusion, and fission. Gene expression and cellular responses to environmental changes are regulated by signalling pathways, protein import mechanisms, and mitochondrial DNA (Garg et al., 2026). Deregulation of cellular energetics has been recognized as a cancer characteristic (Hanahan et al., 2011). Any up-dated reference???
3.0.  Mitochondrial Dynamics: Balance between Division and Fusion 
Mitochondrial dynamics refers to the changing process of fission, fusion, mitophagy and transport, which is crucial for optimal function in signal transduction and metabolism. An imbalance in mitochondrial dynamics can disrupt mitochondrial function, leading to abnormal cellular fate, and a range of diseases, including neurodegenerative disorders, metabolic diseases, cardiovascular diseases and cancers (Chen et al., 2023). Mitochondria are highly dynamic and constantly undergo fusion and division, processes essential for maintaining their function, bioenergetic capacity, and cellular homeostasis (Pernas et al., 2016; Kraus et al., 2017; Ramachandran, 2018). Cristae form specialized architectures inside the inner membrane that are essential for apoptotic signalling and oxidative phosphorylation (Caron et al., 2024; Kondadi et al., 2024; Daumke et al., 2025). In cancer, aberrant mitochondrial dynamics such as excessive fragmentation and cristae remodelling have been implicated in cell proliferation, survival, and metastatic potential. Mitochondrial morphology is determined by the balance between fusion and division. Excessive division produces smaller, fragmented mitochondria, whereas increased fusion results in more elongated, interconnected networks. Cells sense changes in mitochondrial size and adjust this balance accordingly (Iwata et al., 2025).
3.1. Mitochondrial fusion and division
Mitochondrial division is initiated by the recruitment of cytosolic DRP1 to the mitochondrial outer membrane by DRP1 receptors. On the mitochondria, DRP1 assembles into helical filaments, wrapping around mitochondrial tubules. DRP1 filaments constrict and divide mitochondria, working together with ER tubules and actomyosin filaments. Mitochondrial fusion consists of outer membrane fusion and inner membrane fusion. Outer membrane fusion is mediated by mitofusin while inner membrane fusion is mediated by OPA1. Mitochondrial fusion is regulated by proteosomal degradation of mitofusins, proteolytic processing of OPA1 and production of GTP. Mitochondrial morphology is regulated by a balance between fusion and division; imbalanced dynamics result in altered morphology, which is associated with a variety of pathological conditions. When fusion is reduced, mitochondria fragment into tiny, spherical mitochondria that are often characterized by swollen cristae and impaired respiratory functions. When division is inhibited, tubular mitochondria fuse, generating elongated mitochondrial tubules with increased connectivity. When this delicate balance between division and fusion is lost, mitochondrial function, metabolism, and signalling are altered (Roy et al., 2016). Need more up-dated references???
3.2. Core machineries of mitochondrial fusion and division
Dynamin-related GTPases feature prominently in mitochondrial fusion and division. Complexes of mitofusin 1 and 2 (Fzo1) control outer membrane fusion, while OPA1 (Mgm1) mediates inner membrane fusion. In addition to its role in fusion, OPA1 (Mgm1) has been implicated in direct control of cristae junctions. For mitochondrial division, DRP1 (Dnm1) is recruited to the organelle surface where it assembles into spiral filaments that are thought to generate mechanical force, constricting and pinching off the mitochondria (Tamura et al., 2011). The fusion proteins are the outer mitochondrial membrane (OMM) proteins, mitofusin 1 (MFN1) and mitofusin 2 (MFN2), and the inner mitochondrial membrane (IMM) protein, optic atrophy factor 1 (OPA1). These proteins hydrolyze GTP to fuse two neighbouring mitochondria together to allow sharing of mitochondrial DNA, proteins and metabolites. MFN1 and MFN2 coordinate OMM fusion through the formation of either heterodimers (i.e. MFN1 binding to MFN2, and the most efficient method of fusion (Hoppins et al., 2011)) or homodimers (MFN2 binding to MFN2) (Chen et al., 2003; Koshiba et al., 2004). Fusion of IMM is mediated by OPA1 (Malka et al., 2005; Song et al., 2009), which itself is regulated by nuclease cleavage at the mRNA level, and proteolytic cleavage at the protein level (Song et al., 2007). In the absence of OPA1, MFN1 and MFN2 mediate only superficial mitochondrial fusion with the IMMs remaining unfused. This lack of IMM fusion and matrix content amalgamation result in loss of mitochondrial heterogeneity and the occurrence of metabolic disturbances, confirming that a key role of mitochondrial fusion is the mixing of matrix contents (mitochondrial DNA, metabolites and proteins) (Chen et al., 2005; Song et al., 2009). Most references e old.
3.3. Mitochondrial fission proteins	
There are two interconnected processes that lead to mitochondrial fission. The first is the inhibition of the mitochondrial fusion proteins, and the second is the recruitment of the mitochondrial fission protein, dynamin-related protein 1 (DRP1), from the cytosol, where it is mainly found, to the OMM, where it mediates mitochondrial scission by interacting with other mitochondrial fission proteins, such as human fission factor-1 (Fis1), mitochondrial fission factor (MFF), and mitochondrial dynamics proteins of 49 and 51 kDa (MiD49 and MiD51, respectively) (Otera et al., 2010; Palmer et al., 2011; Loson et al., 2013). 
4.0. Regulatory signalling pathways and their effects on mitochondrial dynamics
A primary function of mitochondria is to allow cells to adjust to cues originating from both extracellular and intracellular milieu. To carry out his function, mitochondria need to be sensitive to changes in signalling pathway activations through modifications in metabolism and morphology which then feedback to regulate activity of other signalling pathways. AMP-activated protein kinase (AMPK) directly phosphorylates mitochondrial fission factor (MFF) to regulate mitochondrial fission through dynamin-like protein DRP1 and activates ULK1, the upstream kinase in autophagy and mitophagy. Mitochondrial fission is required for mitophagy and allows damaged mitochondria to be degraded by mitophagy. During energy stress, AMPK also activates peroxisome proliferator-activated receptor-γ (PPARγ) co-activator 1α (PGC1α), which activates mitochondrial biogenesis genes through interaction with PPARγ or oestrogen-related receptors (ERRs). (Herzig et al., 2017).
The RAS-MAPK axis is a well-annotated pathway with regard to its effects on mitochondrial dynamics and spans many cellular model systems. Multiple groups have identified that ERK directly phosphorylates DRP1 on serine 616 to potentiate DRP1-mediated mitochondrial fission (Fonseca et al., 2019; Serasinghem et al., 2015). Since ERK activation lies downstream of RAS, RAF, and MEK activity, increased flux through any part of this cascade increases DRP1 fission activity and decreases mitochondrial size. ERK-mediated phosphorylation of DRP1 has been demonstrated as a requirement for RAS-mediated tumorigenesis in multiple cancer types (Kashatus et al., 2015; Serasinghe et al., 2015). Also, for nuclear reprogramming of MEFs into epithelial-like colonies through overexpression of pluripotency factors (Prieto et al., 2016). Moreover, ERK kinase has been found to directly phosphorylate T562 of MFN1, decreasing its ability to tether mitochondria together and therefore preventing mitochondrial fusion (Pyakurel et al., 2015).
Multiple groups have implicated the PI3K-AKT pathway as a pro-mitochondrial fission pathway. Tondera et al. 2004 found that in PC3 prostate cancer cells, the mitochondrial protein MTP18 (MTFP1) promotes mitochondrial fission and cellular proliferation, and that its expression is upregulated with increased PI3K activity, independent of AKT activity. They also describe an anti-apoptotic role for MTP18 in HaCaT keratinocytes evidenced by increased cleaved PARP following UVB exposure in MTP18 knockdown conditions. Conversely, in neurons treated with Amyloid β, calcium influx stimulates CaMKII-mediated phosphorylation and activation of AKT which itself directly phosphorylates DRP1 S616 to increase mitochondrial fission (Kim et al., 2016). It therefore seems that PI3K-AKT governance of mitochondrial morphology stems from multiple nodes in this pathway and demonstrates the complexity of signal integration on mitochondrial dynamics.
Execution of mitochondrial fission is also achieved through activation of the cellular stress sensor AMP-activated protein kinase (AMPK). In studies of U2OS cells, AMPK expression is necessary for mitochondrial fragmentation following introduction of mitochondrial stressors antimycin-A and rotenone. Further, chemical activation of AMPK in the absence of these stressors produces significant mitochondrial fission mediated by direct phosphorylation at S155 and S172 of Mitochondrial Fission Factor (MFF) which serves as a receptor to recruit DRP1 to mitochondria (Toyama et al., 2016). Additionally, signaling pathway strength, including that of AMPK, can be influenced by mitochondrial dynamics as well. In a model of glioblastoma, Xie et al. 2015 report that knockdown of DRP1 expression decreases oxygen consumption rate and increases cell stress, activating AMPK. 
5.0. Role of mitochondrial structure and dynamics in cancer progression.
Mitochondria are plastic organelles that change morphologically and functionally in response to cellular requirements, and regulate synaptic function and plasticity through multiple mechanisms, including ATP generation, calcium (Ca2+) homeostasis, and biogenesis. The accumulation of damaged mitochondria exacerbates oxidative stress and disrupts cellular homeostasis, further accelerating the progression of several pathological states (Sayehmiri et al., 2024). Mitochondrial dynamics are important regulators of various cancer cell phenotypes, including proliferation and metabolism (Chen et al., 2017). Numerous cancer cell characteristics, such as proliferation, metabolism, signalling, and metastasis, have been found to be significantly influenced by mitochondrial structure, which is regulated by division, fusion, and cristae formation. Mitochondrial morphology and function are determined by the balance between fusion and division; excessive division results in fragmentation, which can accelerate the tumor progression by reprogramming energy metabolism and promoting cellular adaptation to stress and migration (Madan et al., 2022). However, mutations in oncogenes and tumor suppressor genes are the main causes of tumor growth and progression, not alterations in mitochondrial dynamics alone. Rather, alterations in mitochondrial dynamics enable cancer cells to remodel metabolism to adapt to hypoxic environments, enhance migration during metastasis and acquire resistance to cell death during chemotherapy (Iwata et al., 2025).

6.0. Cristae Remodeling and Mitochondrial Architecture
MICOS Complex & Inner Membrane Organization
[bookmark: _Hlk214307316][bookmark: _Hlk214307350]The mitochondrial contact site and cristae organizing system (MICOS) complex maintains cristae junctions and the architectural integrity of the inner mitochondrial membrane. MICOS subunits such as MIC60 (Mitofilin) and MIC19 are critical for inner–outer membrane tethering through interactions with the sorting and assembly machinery (SAM) complex (Barbot et al., 2015; Iwata et al., 2025). Loss of MICOS function causes aberrant cristae morphology and impaired oxidative phosphorylation, with potential implications in tumorigenesis through altered mitochondrial signaling and metabolite exchange (Harner et al., 2011; von der Malsburg et al., 2011).
[bookmark: _Hlk214307394][bookmark: _Hlk214307475][bookmark: _Hlk214307539][bookmark: _Hlk214307573]OPA1, a dynamin-related GTPase localized to the inner membrane, governs both mitochondrial inner membrane fusion and cristae junction stability. OPA1 oligomerization sustains tight cristae junctions and prevents cytochrome c release, while its proteolytic cleavage by OMA1 and YME1L regulates stress-induced remodeling (Anand et al., 2014; MacVicar et al., 2016). The dual function of OPA1 underscores its role as a critical determinant of both mitochondrial dynamics and metabolic efficiency. Dysregulation of OPA1 function has been linked to altered apoptosis sensitivity and tumour progression (Iwata et al., 2025; Song et al., 2017). ATP synthase forms dimers and higher-order oligomers that shape cristae curvature, anchoring the highly folded architecture of the inner membrane. Disruption of ATP synthase dimerization impairs membrane curvature and respiratory chain super complex stability (Davies et al., 2012; Hahn et al., 2016). The interplay between ATP synthase oligomerization, OPA1, and MICOS suggests an integrated structural network maintaining cristae architecture (Gomes et al., 2011; Iwata et al., 2025). Cristae disruption often precedes mtDNA release into the cytosol, activating the cGAS–STING pathway and promoting inflammation (West et al., 2015; Riley et al., 2020). Loss of OPA1 or MICOS integrity facilitates outer membrane permeabilization through BAX/BAK pore formation, triggering innate immune signaling. In the cancer context, this inflammatory signaling may have dual effects—enhancing immune surveillance or fostering a pro-tumorigenic inflammatory milieu depending on the tumor microenvironment (Sprenger et al., 2021; Iwata et al., 2025).
7.0. Mitochondrial Remodeling in Cancer Metabolism
Warburg Effect and Mitochondrial Adaptation
The Warburg effect, first described by Warburg, O. (1956), refers to the preference of cancer cells for aerobic glycolysis even in the presence of sufficient oxygen. This metabolic reprogramming supports rapid biomass synthesis by providing glycolytic intermediates for nucleotide, lipid, and amino acid production (Heiden et al., 2009). However, modern research has demonstrated that mitochondrial oxidative phosphorylation (OXPHOS) remains functional and indispensable in many tumors (Vyas et al., 2016; Porporato et al., 2018). Rather than a simple glycolytic switch, cancer cells exhibit metabolic plasticity, dynamically adjusting between glycolysis and OXPHOS depending on oxygen and nutrient availability. Mitochondrial remodeling underpins this adaptability. Altered cristae morphology, shifts in fusion–fission balance, and spatial redistribution of mitochondria modulate both bioenergetic efficiency and reactive oxygen species (ROS) generation (Iwata et al., 2025). For example, elongated mitochondria with dense cristae support OXPHOS in slow-proliferating tumor regions, whereas fragmented mitochondria predominate in invasive fronts or hypoxic niches favoring glycolysis (Zhao et al., 2021). This dual capacity allows tumors to survive metabolic stress, sustain proliferation, and resist therapy — highlighting mitochondria not as defective, but as adaptively restructured organelles in cancer.
DRP1-Driven Fragmentation and Metabolic Shifts
[bookmark: _Hlk214308002]Dynamin-related protein 1 (DRP1) is a GTPase central to mitochondrial fission. In many cancers, DRP1 activity is enhanced by oncogenic kinases such as ERK and CDK1, which phosphorylate DRP1 at Ser616 to promote fragmentation (Kashatus et al., 2015; Rehman et al., 2012). This fragmentation correlates with increased glycolytic flux, resistance to apoptosis, and enhanced metastatic behavior (Xie et al., 2015; Serasinghe et al., 2015). Mechanistically, fragmented mitochondria enable localized ATP delivery to areas of high energy demand, such as the leading edge of migrating cancer cells, facilitating invasion and metastasis (Zhao et al., 2021). For instance, in lung adenocarcinoma and glioblastoma models, DRP1 inhibition reduced tumor growth and restored apoptotic sensitivity (Rehman et al., 2012). Conversely, hyperactive DRP1 signaling supports metabolic adaptation to hypoxia, sustaining cell viability by maintaining NAD+/NADH balance when oxidative metabolism is constrained. Collectively, these findings establish DRP1-mediated fission as a molecular switch coupling mitochondrial structure to oncogenic metabolism. Opposing DRP1, the inner membrane GTPase optic atrophy 1 (OPA1) preserves cristae architecture and promotes mitochondrial fusion. OPA1 stabilizes electron transport chain (ETC) super complexes, optimizing OXPHOS efficiency and minimizing ROS leakage (Anand et al., 2014; Iwata et al., 2025). Elevated OPA1 levels have been reported in breast, colon, and pancreatic cancers, correlating with enhanced oxidative metabolism and tumor aggressiveness (Dotto et al., 2018). Inhibition or knockdown of OPA1 disrupts cristae junctions, leading to decreased ATP synthesis and increased susceptibility to apoptosis (MacVicar et al., 2016). In hypoxic tumor regions, activation of the stress protease OMA1 cleaves OPA1, producing a shift toward fragmented mitochondria and glycolytic reprogramming (Vyas et al., 2016). This OMA1–OPA1 axis thereby fine-tunes cristae architecture according to metabolic demands, enabling cancer cells to oscillate between OXPHOS-dependent and glycolytic states - a hallmark of metabolic flexibility in malignancy.
8.0. Therapeutic targeting of Mitochondria dynamics in Cancer
There are various benefits to using mitochondrial targeting in cancer treatment. Anti-tumor efficacy is increased while resistance is overcome when mitochondrial dynamics modification is combined with immunotherapy or inhibitors of oncogenic signalling (e.g., KRAS or ERK). The mitochondrial-targeting molecules may sensitize or enhance the existing therapies, such as metabolic inhibitors and immune checkpoint blockade. Additionally, structural alterations may lead to an imbalance between fusion and division, encourage the release of mtDNA, and activate the immune system, all of which might result in strong anti-tumor reactions. Need a reference?
[bookmark: _Hlk214308136] 
DRP1 activation is linked to poor prognosis, metastasis, and chemoresistance in a variety of cancer types, according to a substantial body of in vitro and in vivo data (Huang et al., 2022). DRP1 is therefore the most promising and practical treatment option for cancer. Reduced tumor development and metastasis are the outcomes of DRP1 genetic deletion or pharmacological suppression. Accordingly, preclinical research has showed promise for small molecule DRP1 inhibitors (Deng et al., 2022). Examples include the Mdivi-1, a quinazolinone derivative that inhibits mitochondrial fission by selectively blocking GTPase activity and DRP1 oligomerization. It is then demonstrated that the strong DRP1 inhibitor Drpitor1 and its congener Drpitor1a selectively block the DRP1 GTPase activity, which in turn inhibits cancer cell line proliferation and leads to apoptosis. Finally, by lowering DRP1 expression, Silibinin demonstrated anticancer efficacy. However, the toxicity profiles, bioavailability, and specificity of compounds are still issues which have to be addressed. OPA1 promotes tumor survival and metabolism, especially through its impact on cristae integrity. While lymph angiogenesis aids in the spread of metastases, angiogenesis is the process by which tumors develop exponentially. By focusing on endothelial OPA1, a particular OPA1 inhibitor (MYLS22) has been reported by Herkenne et al. (2020) to limit tumor growth. Because of its dual role in angiogenesis and lymph angiogenesis, endothelial OPA1 deletion inhibits the growth of tumors as well as the spread of metastases. By reducing mitochondrial function and morphology through the STAT3/OPA1/P65 pathway, the phytochemical celastrol is said to prevent tumor angiogenesis, offering a fresh perspective on mitochondrion-targeted cancer treatment (Li et al., 2022). A key component of cristae construction is the MIC60 protein. MIC60 depletion results in a collapsed mitochondrial state (also known as "ghost mitochondria") that paradoxically encourages metastasis and immune evasion while slowing proliferation (Ghosh et al., 2022). Targeting cristae organizers is difficult, though, as seen by the pleiotropic and occasionally paradoxical behaviors that are seen upon MIC60 reduction (Ghosh et al., 2024). Blocking the stress-survival mechanisms that make up for MIC60 loss, in particular, may offer a novel therapeutic approach for aggressive malignancies. This approach is supported by Ikeda et al. (2020), who report that Miclxin, a MIC60 inhibitor, causes death via mitochondrial stress in tumor cells with β-catenin mutations. OMA1, a stress-responsive protease is indispensable in healthy tissues and elevated in hypoxic tumor settings. In animal studies, OMA1 deletion specifically hinders tumor growth and cristae remodeling without being harmful. According to Chen et al. (2024), OMA1 has roles in the development of osteosarcoma (OS) and may be useful prognostic indicator and potential target for OS treatment. A new class of compounds, BTM-3528 and BTM-3566, are reported by Schwarzer et al. (2022) to activate the stress response via the mitochondrial protease OMA1.Triple-negative breast cancer (TNBC) patients are typically treated with a variety of chemotherapeutic drugs as a neoadjuvant. Mitochondrial adaptation in chemo-resistant TNBC is a frequent issue. It is observed that the mitochondrial inner membrane fusion protein 1 (OPA1) is necessary for the mitochondrial effects of chemotherapy treatments that damage DNA. According to Baek et al. (2023), MYLS22, a particular inhibitor of OPA1, was able to significantly prevent the regrowth of remaining tumor cells and reduce mitochondrial fusion and OXPHOS. 
A key step in mitochondrial apoptosis is the permeabilization of mitochondrial membranes. The B-cell lymphoma protein 2 (BCL-2) protein family modulators, metabolic inhibitors, agents that target voltage-dependent anion channels (VDAC) and adenine nucleotide translocase (ANT), redox-active molecules, retinoids, heat-shock protein 90 (HSP90) inhibitors, and natural compounds are among the various classes of pharmacological compounds that have been found to affect mitochondrial membrane permeabilization (Fulda et al., 2010). Suppressing mitochondrial inner membrane protein (IMMT) inhibits the proliferation of BC through mitochondrial remodeling and metabolic regulation. Thus, the IMMT is proposed as a prognostic marker in BC, underscoring its prospective utility as a novel target for metabolic therapy (Liu et al., 2024). 

Discussion 
The characteristics of mitochondria in cancer cells are overproduction of reactive oxygen species (ROS), leading to genomic instability, gene expression changes, and aberrant signalling pathways. Coordinated regulations of gene expression between the mitochondrial and nuclear genomes are essential for mitochondrial biogenesis and maintenance. Maintaining mitochondrial integrity and function in response to cellular energy demands and stresses depends on the intricate processes of mitochondrial biogenesis, fusion, and fission. Core machineries of the mitochondrial fusion and division include Dynamin-related GTPases features. Complexes of mitofusin 1 and 2 (Fzo1) control outer membrane fusion, while OPA1 (Mgm1) mediates inner membrane fusion. DRP1 (Dnm1) assembles into spiral filaments that are thought to generate mechanical force. Other The fusion proteins are the outer mitochondrial membrane (OMM) proteins, mitofusin 1 (MFN1) and mitofusin 2 (MFN2), and the inner mitochondrial membrane (IMM) proteins. Regulatory signalling pathways such as AMP-activated protein kinase (AMPK) RAS-MAPK axis and PI3K-AKT pathway affect the mitochondrial dynamics. Mitochondria are plastic organelles that change morphologically and functionally in response to cellular requirements such as synaptic functions and plasticity through multiple mechanisms, including ATP generation, calcium (Ca2+) homeostasis, and biogenesis. The accumulation of damaged mitochondria exacerbates this plasticity further accelerating the progression ending in pathological states. Numerous cancer cell characteristics, such as proliferation, metabolism, signalling, and metastasis, have been found to be significantly influenced by mitochondrial structure. The collective evidences from cellular, biochemical and imaging studies combined with animal and human studies implicate mitochondria and mitochondria nuclear interactions in human diseases. In depth studies of Cristae remodeling and mitochondrial architecture remodeling in Cancer metabolism has implicating for basic biology also enable its applications in Cancer therapy. Chemo-resistant is a frequent issue in Cancer. The mitochondrial proteins are necessary for the mitochondrial effects of chemotherapy treatment. The present review through its detailed insights has unravelled several interlinked mechanisms in the mitochondria-Cancer nexus. 
Conclusion
Mitochondria function as the cell's signaling hubs, connecting with other organelles through direct contact sites and signaling routes. Numerous tether proteins, transport proteins, and signaling pathways enable retrograde signaling, which is the signaling from the mitochondria to the nucleus, as was covered in the review are the players in the process. It is reasonable to assume that disruption of retrograde signalling, dynamics and structure would disproportionately affect the tissues in disease states. Hence, it is important to carry out such basic studies of the mitochondria and mitochondria - nuclear nexus and dynamics studies since they enable gleaning insights into the basic cell biology and cellular physiology and in human pathology.
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Table.1. Overview of Mitochondrial Dynamics Proteins in Cancer and Their Potential as Therapeutic Targets
	Protein
	Normal Functions
	Alterations in Cancer
	Treatment Approach
	Reference

	DRP1 (DNM1L)
	Mediates mitochondrial fission
	Hyperactivation increases fragmentation and metastasis
	DRP1 inhibitors (Mdivi‑1, Drpitor1a) 
	Kashatus et al., 2015; Rehman et al., 2012

	MFN1 / MFN2
	Outer membrane fusion GTPases
	Reduced fusion; imbalance toward fragmentation
	Fusion‑restoring strategies 
	Chen et al., 2003; Pyakurel et al., 2015

	OPA1
	IMM fusion , cristae maintenance
	Overexpression supports OXPHOS and survival
	OPA1 inhibitors (MYLS22) 
	Herkenne et al., 2020; Anand et al., 2014

	MFF
	Recruits DRP1 to mitochondria
	Promotes stress‑induced fission
	Indirect targeting via AMPK/DRP1
	Toyama et al., 2016

	Fis1
	Fission adaptor on OMM
	Supports DRP1 recruitment; increases fission
	Targeting Fis1–DRP1 interface 
	Yoon et al., 2003; Loson et al., 2013

	MiD49 / MiD51
	DRP1‑recruiting adaptors
	Overexpression enhances fission
	Fission blockade via DRP1 inhibition
	Palmer et al., 2011

	MIC60 (Mitofilin)
	Cristae junction organization
	Dysregulation promotes metastasis or growth defects
	MIC60 inhibitors (Miclxin) 
	Ghosh et al., 2022; Ikeda et al., 2020

	OMA1 / YME1L
	OPA1-processing proteases
	Altered OPA1 cleavage; remodeling aiding tumor stress
	OMA1 inhibitors/activators 
	Chen et al., 2024; Schwarzer et al., 2022

	ATP synthase (oligomer)
	ATP generation ,cristae shaping
	Disrupted oligomers alter metabolism and apoptosis
	Metabolic modulation targeting OXPHOS partners
	Davies et al., 2012

	IMMT / MIC60
	IMM structure,  cristae organization
	Overexpression supports cancer proliferation
	IMMT suppression as metabolic target 
	Liu et al., 2024
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