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Abstract  

The creation of completely new agents that target the electron transport chain, the tricarboxylic 

acid (TCA) cycle, apoptotic pathways, reactive oxygen species (ROS) in recent decades 

demonstrates the acknowledgement of mitochondria's involvement in the cell life cycle. 

Molecules found on or inside mitochondria are regarded as major pharmacological targets, and 

many attempts are being made to exploit these targets in order to create tailored therapeutics for 

a variety of cancers. However, while targeting different aspects of mitochondrial functions 

appears to be a straightforward notion in principle, it has a number of subtle differences in 

practice. The goal of this essay is to bring these distinctions to light in the context of a discussion 

of the present state of different mitochondria-targeted cancer therapies. 
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Introduction 

 Cancer is defined as malignant growth due to uncontrolled cell division.  Its development 

and progression are usually linked to a series of changes in the activity of cell cycle regulators. 

Shreds of evidence have shown that mitochondria play a crucial role in tumor metastasis. 

Mitochondria are bioenergetic and biosynthetic organelles that take up substrates from the 

cytoplasm and use them to drive FAO (fatty acid oxidation), the TCA cycle (citric acid 

cycle/Krebs cycle), the electron transport chain (ETC), and respiration, as well as synthesize 

amino acids, lipids, nucleotides, heme and iron-sulfur clusters, and NADPH for their antioxidant 

defense. Moreover, the reactive oxygen species (ROS) generated in mitochondria as a byproduct 

of the ETC can activate signal transduction pathways such as MAP kinase and the HIFs. 

Functional tests for the requirement for mitochondrial activity in cancers revealed their 

importance. Inactivating the mitochondrial transcription factor Tfam that depletes mitochondria 

from tumor cells impairs K-ras lung tumor growth in autochthonous models. All known facts 

backed up by previous reports show that communication between mitochondria and the cell 

coordinates various critical functions for cell metabolism, growth, and survival. This literature 

will focus on how the mitochondria are targeted to deliver better treatments for several types of 

cancer. 

 

Mitochondrial-targeted anticancer therapy 

 Cancer claims millions of lives each year and is quickly becoming the leading cause of 

death in today's world. Because of the critical function of mitochondria in tumour development 

and progression, mitochondrial-targeted anticancer therapy has gained traction and shown some 
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success thus far. Diagnostic approaches and chemotherapeutic delivery based on 

nanotechnologies, such as nanoparticles (NPs), could be promising candidates for the next era of 

cancer research. Carbon-based nanomaterials, such as Carbon Dots (CDs), have recently 

received a lot of attention due to their diverse physical-chemical properties, which make these 

systems appealing for a variety of applications ranging from bioimaging, biosensing, nano-

carriers for drug delivery systems, to novel therapeutic agents. Many ways have recently been 

devised to improve their absorption efficiency in the NIR region -a powerful analytical technique 

to determine the optical properties (transmittance, reflectance and absorbance) of substance- 

using novel synthesis processes (Hola et al., 2014). It is believed that the developed supra-carbon 

dots (SCDs)-based subcellular targeting strategy not only opens an avenue for developing carbon 

dots (CDs)-based NIR PTT agents but also provides increasing chances for the design of more 

efficient platforms for cancer therapy. In-vitro and in-vivo investigations to determine the 

efficacy and specificity of this method can yield promising results and contribute to the 

development of competent treatment for several dreadful tumours. Little research of 

mitochondrially targeted drug delivery systems for anti-metastasis has been reported. 

Targeting supra-carbon dots 

Besides, Shen et al. (2020) prepared SCDs with visible-NIR absorption by regulating the pH of 

the smart CDs, and they further modified it with cancer cell and mitochondria-targeting peptides 

to obtain a novel cancer cell subcellular organelle-targeting and PTT -photothermal therapy- 

sensitized nano agent (SCDs-MT) for selective cancer ablation. Shen et al. (2020) concluded that 

SCDs high concentration in the mitochondria of cancer cells could efficiently destroy them through 

the hyperthermia caused by light irradiation, maintaining normal cell viability. This elaborates on 
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how when compared to current PTT, these mitochondrion-targeting SCDs might significantly 

improve therapeutic efficacy and selectivity against malignant cells.  

 

An in-silico approach of targeting mitochondrial transcriptional pathways 

In addition to that, many studies have found that elevated levels of TFAM (mitochondrial 

transcriptional factor A) actively influence cancer progression pathways by acting in the 

transcription of proteins involved in oxidative phosphorylation and the regulation and maintenance 

of mtDNA repair and copy number. Pandey and Verma’s (2020) in-silico molecular docking 

analysis of effective TFAM inhibition by violacein and silver nanoparticles revealed that the 

violacein-silver nanoparticle dyad system has a very high potential for cancer treatment by 

promoting significant structural inhibition of TFAM and dissociation of the TFAM-DNA complex.  

  

Inhibiting breast cancer metastasis with mitochondrial targeted hybrid peptide modified 

HPMA copolymer 

As mentioned by Li et al. (2020), to prevent breast cancer metastasis, a mitochondrial-targeted 

medication delivery system was developed. The unique bifunctional hybrid peptide R8MTS, 

consisting of a cell-penetrating peptide R8 and a mitochondrial targeting sequence ALD5MTS, 

corrected MTS-induced reduced cellular uptake of HPMA copolymers and endowed doxorubicin 

(DOX) with very effective mitochondrial targeting capabilities. The released model drug 

(DOXR8MTS) molecules caused mitochondrial damage, resulting in significant ROS production 

and apoptosis induction. Moreover, Li et al. (2020) added that released DOXR8MTS molecules 

inhibited metastasis and invasion in breast cancer 4T1 and MDA-MB-231 cells in vitro as well as 

4T1-bearing mice in-vivo, which was accomplished in part by down-regulation of many 
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metastasis-associated proteins. Finally, P-D-R8MTS demonstrated better anticancer and anti-

metastasis activity, Making it a promising therapeutic agent for the treatment of metastatic breast 

cancer.  

 

Mitochondria-targeting magneto thermogenic nanozyme for magnet-induced synergistic 

cancer therapy   

Furthermore, Shen et al. (2020) indicated that Ir@MnFe2O4 new psychoactive substances (NPs) 

were synthesized as mitochondria-targeting magneto thermogenic nanozymes for magnet-induced 

synergistic cancer treatment. The resulting Ir@MnFe2O4 NPs have outstanding magnetothermal 

characteristics and can be used for noninvasive and highly targeted treatment (Shen et al., 2020). 

When exposed to autocrine motility factor (AMF), Ir@MnFe2O4 NPs cause localized 

hyperthermia, which is not only harmful to the cell but also speeds up the conversion of Fe(III) to 

Fe (II). Overexpressed glutathione (GSH) in mitochondria converts Fe(III) on the surface of 

Ir@MnFe2O4 NPs to Fe(II), triggering the Fenton reaction and generating harmful •OH. 

Meanwhile, lowering Fe(III) causes GSH depletion and, as a result, a decrease in free radical 

scavenging. This, in turn, speeds up the catalysis of •OH generation while raising the rate of GSH 

consumption, disrupting intracellular redox equilibrium and amplifying the therapeutic impact. 

Furthermore, because of its superior magnetic and optical capabilities, this nanoplatform was 

employed for both two-photon microscopy (TPM) imaging in vitro and MRI in vivo. The outcomes 

of Shen et al. show that Ir@MnFe2O4 NPs integrate chemodynamic therapy (CDT), magnetic 

hyperthermia therapy (MHT), TPM imaging, and MRI in single nanoplatforms for highly effective 

and accurate cancer therapy. Previous studies provided a partial explanation of the mechanisms of 

mitochondrial-related anti-metastasis, and further studies need to be investigated in the future. 
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Conclusion 

At the moment, it is apparent that mitochondria are potent regulators of cellular life in various 

ways. Dysregulation of mitochondrial activities profoundly influences cellular signaling, 

differentiation, cell destiny, and survival, in addition to cellular metabolism. This review points 

to mitochondria's significant involvement in cellular reprogramming, leading to 

dedifferentiation, a critical component of cancer initiation and progression. As a result, 

mitochondria are an important pharmacological target for anti-cancer medication therapy that 

might effectively eliminate cancer. All in all, a better knowledge of mitochondrial function in the 

control and maintenance of cancers may aid the development of innovative mitochondria-

targeted anti-cancer therapy methods, which might significantly enhance cancer patients' long-

term survival. 
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