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Abstract: In recent years we have witnessed mounting evidences on how a normal cell changes its cellular signaling and 

metabolic pathways to become highly proliferative cancer cell. Since mitochondrion is a major hub of energy production and 

several metabolic pathways, it is taking the center stage in defining alterations in energy homeostasis and metabolic rerouting of 

cancer cell proliferation. Similarly, mutations in the mitochondrial genome in cancer are providing new insights on how these 

mutations affect mitochondrial functions and change the oncogenic signaling and apoptosis mechanism. In this review, we will 

summarize these important mitochondrial mechanisms that contribute significantly in the progression of cancer. Further 

therapeutic approaches targeted to these altered mitochondrial mechanism in cancer are discussed. This review is a part of special 

issue on Mitochondria: implications in human health and diseases.  
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1. Introduction 

Mitochondria are central to cellular energy production and 

metabolism. Their role in regulating cellular signaling such 

as cell growth and proliferation and cell death pathways is 

expanding. As a consequence, mitochondrial dysfunctions 

have been implicated in a variety of clinical manifestations 

related to high energy requiring organs including heart, 

muscle, and brain [1]. Mitochondrial electron transport chain 

produces Reactive Oxygen Species (ROS), which are 

involved in the regulation of several physiological processes 

including cellular signaling, cell cycle, apoptosis and 

autophagy. Since these free radicals are highly active 

signaling molecules they can damage cellular components 

including mitochondrial DNA (mtDNA), proteins and lipids 

[2, 3]. Specifically, if the damaged mtDNA is not repaired 

properly, it can incorporate mutations in mtDNA that could 

initiate tumorigenesis and sustain cancer development. To 

support the above notion, in recent years mtDNA mutations 

and dysfunctions have been reported in various cancers and 

provide us to further explore novel mitochondrial 

mechanisms in cancer progression [4]. Therefore how 

changes in mitochondrial metabolism and function affects the 

basic biology of cancer or determine the clinical outcome for 

cancer patients stands out as having unexplored diagnostic 

and therapeutic potential. In the following sections we will 

briefly discuss these different mitochondrial mechanisms and 

their potential usage for developing mitochondrial targeted 

therapeutic approaches.  

2. Alterations in Glycolytic Mechanism  

The significance of mitochondria in cancer came to 

highlight in early 20
th

 century, when Otto Warburg first 

proposed that origin of cancer was from non-neoplastic cells 

that adopted anaerobic metabolic conditions for their survival 

after defects in mitochondrial respiration [5]. It gave the idea 

that tumors were initiated by continuous damage to the 

mitochondria [6]. Subsequently, changes in the number, 

shape and function of mitochondria have been reported in 

various cancers [7]. However, several years later, it was 

found that mitochondrial defects are not common and most 

tumors retain normal oxidative phosphorylation and oxygen 

consumption capacity similar to normal tissues [8]. In fact, 

mitochondrial functions such as ROS generation are crucial 

for transformation in some systems [9]. Moreover some 

tumors, such as skin melanomas, lung carcinoma and breast 

cancer mostly rely on oxidative phosphorylation for fulfilling 

cellular demands in ATP [10]. Altered expression of 

phosphoglycerate dehydrogenase, phosphoglycerate mutase 1, 



 Cell Biology 2015; 3(2-1): 8-16  9 

 

and pyruvate kinase M2 has been shown to reduce the rate of 

glycolytic flux to pyruvate and increase flux to biosynthetic 

pathways [11], such as serine biosynthesis [12] and the 

pentose phosphate pathway [13]. Several transcription factors 

(MYC and HIF1-α), oncogenes (PI3K/AKT) and loss of 

tumor suppressor gene (P53) positively regulate glycolysis by 

up-regulating key glycolytic enzymes [14-16]. Therefore it is 

now broadly accepted that glycolytic mechanism evolved as 

an adaptation to hypoxic environment to fulfill ATP demand 

during the early avascular phase of tumor progression. 

Adaptation to the resulting acidic microenvironment that is 

caused by excess lactate production, may further drive the 

evolution of the glycolytic phenotype and allows effective 

shunting of carbon to key subsidiary biosynthetic pathways 

[17]. Several metabolic intermediates of TCA cycle are 

rerouted toward macromolecular synthesis that is critical to 

supplying enough nucleotides, proteins, and lipids for cell 

proliferation rather than providing ATP. Therefore, contrary 

to Warburg hypothesis, it is now becoming clearer that cancer 

cells do not inactivate mitochondrial energy metabolism, 

rather alter mitochondrial bioenergetics and biosynthesis rate. 

 

Figure 1. Schematic representation of metabolic alterations linked to mitochondria and cancer cell proliferation: The diagram shows some of the prominent 

aspects of metabolism in proliferating cell, including glycolysis; lactate production and changes in mitochondrial metabolic pathways. Resulting pyruvate from 

glycolysis is converted to lactate, which regenerates NAD+ from NADH and allows glycolysis to continue (Warburg). Lactate is secreted from the cell that 

provides acidic environment which support cell growth and proliferation. TCA cycle intermediates such as citrate serve as precursors for biosynthesis of lipids. 

TCA cycle replenishment (anaplerosis) is derived from the metabolism of glutamine to glutamate. Somatic mutation in TCA enzymes (as shown with *) such as 

IDH, SDH and FH may cause accumulation of intermediates or gain of a novel enzymatic activity. For example: IDH mutations causes the formation of 

oncometabolite 2-hydroxyglutarate (2-HG) instead of α-ketoglutarate (αKG). The PI3K, mTOR, p53, MYC and HIF1 participate in various steps of this 

metabolic phenotype by altering glycolysis and TCA cycle intermdiate/enzymes. Reactive oxygen species genetared through electron transfer may cause 

mutations in mitochondrial genome perticularily in different genes encoding subunits of respiratory complexes. (i.e. ND subunits for complex I, COX for complex 

IV, and D-loop region) and cause further ROS elevation, oncogenic activation or mitochondrial mediated apoptosis. Abbreviations: HK: Hexokinase, PFK: 

Phosphofructokinase, PKM-2: Pyruvate Kinase isoform M-2, PDK: Pyruvate dehydrogenase kinase, PDH: Pyruvate Dehydrogenase, LDH: Lactate 

dehydrogenase, MCT: Monocarboxylate transporters, G-6-P: Glucose-6-phosphate, 3-PGA: 3-Phosphoglyceric acid, NAD: Nicotinamide Adenine Dinucleotide 

(Oxidized), NADH: Nicotinamide adenine dinucleotide (Reduced), FAS: Fatty acid synthase, ACL: ATP citrate lyase, IDH: Isocitrate Dehydrogenase, SCS: 

Succinyl coenzyme A synthetase, SDH: Succinate Dhydrogenase, FH: Fumarate hydratase , MDH: Malate dehydrogenase, FADH: Flavin adenine dinucleotide 

(Reduced), HIF1:Hypoxia-inducible factor 1-alpha, EGr1: Early growth response protein 1, CaMKIV: Calcium/calmodulin dependent protein kinase type IV, 

PKC: Protein Kinase C, cMyc: Retroviral v- myconcogene. Upside red arrow shows up-regulation of respective enzyme/molecule/signaling.  
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3. Alterations in Mitochondrial Metabolic 

Pathways 

As discussed earlier, the link between mitochondria and 

cancer has historically focused on metabolism. In addition to 

the increase in the glycolytic metabolism, mitochondrial 

tricarboxylic acid (TCA) cycle has recently gained 

significant attention in the field of cancer metabolism. The 

end product of glycolysis pyruvate is converted to 

acetyl-CoA in the TCA cycle, is trans-aminated to alanine, 

or becomes lactate, particularly under hypoxic conditions. 

Citrate formation from acetyl-CoA and oxaloacetate allows 

TCA re-cycling, for generating electrons, CO2, and carbon 

skeletons for biosynthesis or anaplerosis. Citrate itself could 

be released into the cytosol and then changed to acetyl-CoA 

by an enzyme ATP citrate lyase (ACLY) for fatty acid 

synthesis and generation of bio-membranes. Major role of 

TCA cyle enzymes in cancer were first highlighted when 

mutations in nuclear genes of several key enzymes of TCA 

cycle including Isocitrate dehydrogenase (IDH), Succinate 

dehydrogenase (SDH) and Fumarate hydratase (FH) have 

identified in various tumors [18-20]. As a result alterations 

in their immediate or upstream metabolic products have 

been observed. For examples: oncogenic mutations confer a 

neomorphic activity to IDHs, which instead of converting 

isocitrate in 2-oxoglutarate (OG), reduce OG into 

2-hydroxyglutarate (R-2HG), which accumulates in cancer 

cells and shown to be an onco-metabolite [21]. Similarly, in 

FH deficient cells glutamine derived mitochondrial 

2-oxoglutarate is metabolized in the reverse direction of the 

canonical TCA cycle to produce citrate by reductive 

carboxylation [22]. Not only the mutations in TCA cycle 

enzymes, cancer cells with respiratory complex III 

(cytochrome b-c1 complex) mutation also utilize similar 

glutamine-dependent reductive carboxylation rather than 

oxidative metabolism as the major pathway of citrate 

formation [23]. Glutamine addiction is one the other 

features of cancer cells where glutamine serve as a amino 

group donor for many biosynthetic pathways, including 

being the precursor for the synthesis of proline, ornithine, 

and arginine [24]. Similarly, glycine consumption and 

expression of the mitochondrial glycine biosynthetic 

pathway were strongly correlated with rates of proliferation 

across different cancer cell types [25]. In addition, fatty acid 

(FA) synthesis occurs at very high rates in tumor cells, 

which supports cancer growth by increasing availability of 

building blocks for cell membranes and for lipids 

containing molecules involved in cell signaling [26]. In 

conclusion, cells reprogram their metabolism to generate 

macromolecules or intermediates required for proliferation, 

whether it is by oxidative mitochondrial metabolism in 

normal cells or through alternative pathways. 

 

4. Mitochondrial DNA Mutation and 

Cancer 

The mammalian mitochondrial genome is a double 

stranded circular DNA of approximately 16 kb in size [27]. It 

contains 37 genes encoding 13 peptides for the respiratory 

chain complexes, 22 tRNAs and 2 rRNAs essential for 

protein synthesis within mitochondria. Besides these coding 

regions, a regulatory element known as displacement loop 

(D-loop) is also present which regulates mtDNA replication 

and transcription. The location of mtDNA is thought to be 

close to the electron transport chain or ROS generation site. 

Since mitochondria have relatively less sophisticated DNA 

protection or repair systems, mtDNA is more vulnerable to 

oxidative damage and results in somatic mutation. The 

mtDNA within a cell could be a blend of wild type and 

mutant, a condition called ‘heteroplasmy’. One of the first 

comprehensive studies of mtDNA in cancer cells 

demonstrated that among 10 colorectal cancer lines, seven of 

them exhibited somatic mutations in their mtDNA encoded 

genes of respiratory complexes and rRNA genes [28]. 

Subsequently presence of different somatic mt-DNA 

mutations in wide array of human cancers including tumors 

of colon, breast, lung, prostate, liver, pancreas, kidney, 

thyroid, brain, gastric carcinoma and ovarian cancer, and 

nicely reviewed else ware [4, 29].  

The significance of these mtDNA mutations on 

tumorigenesis has been tested with the cybrid (cytoplasmic 

hybrid) system, where mtDNA is singled out for analysis [30]. 

Cybrids carrying pathogenic mutations i.e. in ATP synthase 

subunit 6 gene (ATP6), conferred an advantage in the early 

stage of tumor growth [31, 32]. The contribution of these 

mtDNA mutations at early stage is critically important as in 

the beginning phase, cancer cell encounter more oxidative 

insult and start accumulating mutation in mitochondrial DNA 

(heteroplasmy). It was confirmed in a unique study where 

heteroplasmic mutations in complex I subunit gene was shown 

to contribute significantly in increasing tumorigenic potential 

than homoplasmic mutation [33]. When mitochondrial 

functions were analyzed in heteroplasmic vs homoplasmic 

mtDNA mutant conditions, homoplasmic appeared to be 

severely impaired. However heteroplasmic mutation 

contributed in increased tumorigenic potential that is mediated 

through elevated mitochondrial ROS mediated AKT 

activation and apoptosis resistance [34]. Not only the mtDNA 

mutations enhance the tumorigenicity, such mutations are also 

capable of enhancing metastatic potential of poorly metastatic 

cells and can metastasize to other organs such as bone by 

increasing growth factors and affecting tumor 

microenvironment [35, 36].  

The major link between mtDNA mutations to tumorigenesis 

is the alteration of ROS level, however it is highly 

controversial as ROS are involved in various cellular signaling 

in normal cells as well. Since mtDNA less cells (Rho-Zero) 
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cells do not generate elevated ROS they do not grow in an 

anchor-independent way as cancer cells [9]. Similarly, 

heteroplasmic mutations in ND5 mitochondrial gene (complex 

I) show higher ROS production and tumor growth than the 

same mutations in a homoplasmic state [33]. Further 

overproduction of ROS was observed in cells with mutation in 

ND6 subunit of complex I and contributed in enhancing 

metastasis potential [35, 37]. Overall these studies support the 

idea of ROS involvement in tumorigenesis and metastasis. 

However, in some cases no enhanced ROS and high metastatic 

potential was also observed for the cells with large mtDNA 

deletion in cybrid system [38]. This effect could be explain for 

the fact that as the respiratory chain is a ROS producer, when it 

is completely inhibited, ROS levels are not elevated and do 

not influence tumor formation and metastasis. It is also worth 

mentioning that partial inhibition not complete inhibition of 

respiratory chain supports the enhanced tumorigenic potential 

as discussed for heteroplasmic mtDNA mutation induced 

oncogenic activation and tumorigenesis earlier [33, 34]. 

5. Mitochondrial Signaling Mechanisms 

Mitochondria exhibit both vital and harmful functions in 

physiological and pathological conditions respectively. 

Mitochondria contribute in cellular signaling via three core 

functions; those are ATP production through oxidative 

phosphorylation, generation of ROS which serve as 

important signaling molecules, and apoptosis regulation. 

Since cancer cells are highly proliferative, they consume more 

oxygen to up-regulate TCA cycle for ATP requirement and 

thus, tumor tissues suffer from hypoxia. The transcription 

factor, HIF-1(Hypoxia inducible factor-1), is one of the key 

mediators of the hypoxia response through regulating genes 

involved in metabolism, angiogenesis, cell cycle and 

apoptosis [39]. In addition to up-regulating the glycolytic 

pathway, HIF-1 was also shown to inhibit mitochondrial 

biogenesis and respiration in a renal cell carcinoma model by 

repression of C-MYC activity [40]. Importantly, C-MYC is 

required for the expression of co-activator PGC-1, which is a 

key regulator of mitochondrial biogenesis [41]. Alternatively, 

HIF-1 down regulates oxidative phosphorylation through 

regulating pyruvate dehydrogenase, which converts pyruvate 

to acetyl-CoA [42, 43]. Interestingly, it was also demonstrated 

that HIF-1 regulates complex IV subunits and alters 

respiration efficiency in hypoxic cells [44]. Such regulation 

has important implications in ATP production, oxygen 

consumption and ROS generation. HIF1 is shown to be 

activated by alterations in ROS levels due to mtDNA 

mutations and regulates tumorigenesis and metastasis [34, 35]. 

Studies have indicated that mitochondrial respiration defects 

led to elevated levels of redox molecules such as NADH, 

which could subsequently inactivate PTEN [45]. Inhibition of 

PTEN could activate protein kinase B (Akt), and Akt was 

shown to enhance glycolysis, possibly through the effects on 

its key rate-limiting step, phosphorylation of newly acquired 

glucose by hexokinases [46]. Akt alone is sufficient to up 

regulate glycolysis and also triggers an increase in cell 

survival which is commonly observed in cancer cells [16]. 

The tumor suppressor p53 favors ATP production by 

OXPHOS and decreases the cellular ROS production by 

inducing TP53 Induced Glycolysis and Apoptosis Regulator 

(TIGAR) [47]. p53 also up-regulates OXPHOS complex IV 

by the induction of the Cytochrome c Oxidase (COX) Cu2+ 

chaperone, SCO2 [48]. 

Defects in the respiratory chain could either promote or 

inhibit cell death, depending on the specific alteration in 

electron flow [49]. It is primarily regulated by ROS level; 

however the role of ROS in cancer is still highly debatable. 

On one hand defective mitochondrial functions may 

up-regulate ROS levels which in turn can activate oncogenic 

signaling as discussed earlier. On the other hand these free 

radicals can easily diffuse to cytosol it can damage various 

cellular components such as lipid, protein and DNA [50]. 

Therefore, excessive ROS levels may also induce apoptosis 

through activation of death receptor, Caspases dependent and 

independent pathways [51]. Recently altered levels of redox 

molecules such as NAD and NADH have shown to regulate 

tumor metastasis through mTOR and autophagy [52].  

The communication pathway from the mitochondria to the 

nucleus is known as retrograde signaling that is used to 

describe the cellular response to the changes in the functions 

of mitochondria as mentioned above. One of the mechanisms 

suggested to play a role in the retrograde response is 

mitochondrial stress, which is supported by changes in 

mitochondrial membrane potential and elevation of calcium 

levels [53]. This increased calcium level results in the 

activation of calcium responsive genes/proteins such as 

CaMKIV (calcium/ calmodulin kinase IV) and CREB 

(cAMP-responsive element-binding protein) and Egr1 (early 

growth response gene-1) through PKC-mediated 

phosphorylation [54, 55]. Retrograde signaling induces the 

expression of a number of tumor-specific marker genes, such 

as extracellular matrix protease, TGF-β and epiregulin, as 

well as other genes that control cell growth and proliferation, 

such as PKC, JNK/MAPK, CREB and NF-κB [53]. On the 

other side, mitochondrial calcium accumulation also causes 

cell death which is implicated in neuro-degenerative diseases 

[56]. 

Overall, molecular damages elicited by altered signaling 

molecules through mitochondria in cancer determine the fate 

of cells to either repair the damage or, lead to activate the cell 

death program. 

6. Mitochondrial Therapeutics 

6.1. Metabolic Targets 

Mitochondria are attractive targets in developing 

approaches for cancer therapy due to their involvement in 

variety of functions. Considering Warburg effect as a major 

driving force of glucose utilization and ATP production for 

proliferating cells, inhibition of glycolysis has been found 

useful for preventing cancer cell proliferation [57]. Various 

enzymatic inhibitors of glycolysis inhibitors of HK such as 
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2-deoxyglucose (2-DG), lonidamine (LON, 1- 

[(2,4-dichlorophenyl)methyl] -1H-indazole- 3-carboxylic 

acid) and 3-bromopyruvate (3-BrPA) are currently in 

pre-clinical and early phase clinical trials. Hexokinase is 

frequently overexpressed in human tumours and HK binds to 

vDAC more tightly in cancer cells than in normal cells. 

Disrupting the interactions of HK and vDAC have shown 

preferential killing of tumor cells and therefore it offers 

another intriguing target to selectively trigger cancer cell 

death [58]. Similarly pharmacological and genetic inhibition 

of other metabolic enzymes such as pyruvate dehydrogenase 

by dicholoroacetate, Lactate dehydrogenase (LDGH-A) by 

shRNA and ATP citrate Lyase (ACL) by SB-204990 have 

shown promising results on cancer regression in different 

models [59-61]. Since glutamine addiction is one of the 

features of cancer cells, modulation of glutaminase 

(glutamine to glutamate) and glutamate dehydrogenase 

(glutamate to α-KG) activities that affect glutamine 

metabolism, have been proposed to inhibit tumor growth [62]. 

MYC is also one of the important transcription factors which 

up regulates several key enzymes involved glycolysis and 

TCA cycle, and increases mitochondrial OXPHOS and 

biogenesis [63, 64]. It could be a potential therapeutic target 

in cancer therapy and therefore several small molecule 

inhibitors are known to inhibit MYC expression and shown 

to be effective against tumor growth [65].  

6.2. Targeting Reactive Oxygen Species 

Since cancer cells experience deregulated ROS levels, it 

serves as a dual edge sword. ROS level may activate 

oncogenic signaling however beyond threshold it may cause 

cell death. Targeting ROS level above the threshold has been 

central in various cancer therapies and therefore, it has been 

exploited experimentally in many studies to target cancer 

cells [66]. In fact, some current genotoxic agents used in the 

clinic, such as Cisplatin and certain alkaloids rely on ROS 

production for their efficacy [67]. However, existing 

anti-cancer therapies shows deleterious side effects on 

normal tissues, partially triggered by ROS, which limit the 

applicability and their anti-tumor activity. Alternatively, the 

antioxidant therapy has shown promising results in 

laboratory animals however in clinical trials it gave mixed 

results (http:// www.cancer.gov/ cancertopics/ factsheet/ 

prevention/ antioxidants). Natural compounds have gain 

significant attention in recent years due to their low side 

effects and cost effectiveness. Majority of these compounds 

target mitochondrial metabolism and induces alteration in 

ROS and mitochondrial mediated apoptosis [68]. Further 

studies indicated their role in inducing apoptosis via 

inhibition of mitochondrial respiration and increased ROS 

production [69]. Ongoing researches are focused on 

overcoming these side-effects, combining with radiotherapy 

or chemotherapy without altering the efficacy of the therapy. 

Conversely, several intracellular molecules and enzymes such 

as glutathione, glutathione peroxidase, glutathione transferase, 

catalase, superoxide dismutase, and a variety of other 

antioxidants regulates the ROS levels that allows cells to 

maintain homeostasis and to prevent oxidative stress [70]. 

Therefore use of antioxidants which targets specifically 

normal or cancer cell mitochondria such as (SS-31 and 

Mito-Q) may be useful to reduce oxidative stress in normal 

cell before their transformation to cancer cells. 

6.3. Targating Mitochondrial Functions 

A proper mitochondrial membrane potential is required for 

exchange of small molecules through mitochondrial 

trans-membrane pore complex (PTPC), ATP generation and 

for Calcium regulation. However when it is deregulated it 

causes membrane permeability transition (MPT) and 

subsequently cytosolic calcium overload, release of apoptotic 

protein and apoptosis induction. Therefore targeting PTPC in 

particular Adenine nucleotide translocase (ANT) may cause 

inhibition of ATP/ADP transport, ATP depletion, ROS 

overproduction, mitochondrial depolarization and induction 

of mitochondrial mediated apoptosis pathway. These ANT 

ligands (i.e. 4- (N- (S-glutathionylacetyl) amino) 

phenylarsenoxide (GSAO) and lonidamine) could be useful 

for mediating apoptosis through mitochondria [71, 72]. As 

discussed in previous sections that specific mtDNA 

mutations in respiratory chain complexes cause 

mitochondrial dysfunctions and enhance tumorigenesis. 

These mitochondrial dysfunctions could be corrected using 

genetic approaches such as introducing alternative enzymes 

complementing defective respiratory enzymes. For example, 

Yeast NDI1 has shown promising results in restoring 

mitochondrial functions in CI defective systems [73]. In 

particular this Yeast NDI1 has shown significant inhibition in 

tumorigenesis in mitochondrial models of cancer [34, 52]. 

Overall, balance of mitochondrial functions could be 

exploited to develop therapeutic approaches targeting cancer 

cell mitochondria.  

6.4. Targeting Autophagy 

Autophagy is a cellular degradation pathway for the 

clearance and recycling of damaged organelles including 

mitochondria (mitophagy). Selective elimination of damaged 

mitochondria by mitophagy was found to be an important 

mitochondrial quality control mechanism [74]. It is also one 

of the cell death mechanisms other than apoptosis. The role 

of autophagy in cancer is complex and it can act to either 

promote or inhibit tumorigenesis depending on tumor type, 

stage, and genetic context (Ref). Knockdown of essential 

autophagy genes in tumor cells has been shown to induce cell 

death suggesting its role in tumor cell survival [75]. ROS can 

trigger mitochondrial dysfunctions and subsequently 

autophagy/mitophagy to provide high energy metabolites for 

tumor microenvironment that helps in cancer cell proliferation 

[76]. Oncogene such as RAS has shown to activate mitophagy 

for cancer cell survival by enhancing glycolysis [77]. 

Therefore, targeting autophagy / mitophagy in such cases may 

provide a potential therapeutic approach. Inhibition of 

autophagy in certain cancer cell lines (i.e. pancreatic) led to 

tumor regression and extended survival in pancreatic cancer 
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xenografts and genetic mouse models [78]. It is perticulariy 

important in cases where cancer cell survive after 

chemotherapy and/or radiation, and activation of autophagy 

may enable a state of dormancy in residual cancer cells that 

may contribute to tumor recurrence and progression later. 

Some of the autophagy inhibitors (i.e. cholorquinone and 

hydrochloroquinone) in combination with radiation or other 

chemotherapies are under clinical trials for various cancers 

[79]. Since autophagy can act as a cell death mechanism, it is 

also worth mentioning that in some cases defect in autophagic 

pathway increases tumorigenesis. For example during 

autophagy inhibition, one of the markers of autophaguc flux 

p62/SQSTM 1 protein aggregates, causes mitochondrial 

damge, and misfolded proteins lead to the production of ROS 

and genomic instability [80]. In such cases induction of 

autophagy can serve as an anti-cancer mechanism. For a 

number of drugs, combining ROS and autophagy inducers 

could facilitate tumor killing activity [81]. Overall, most of 

the preclinical evidence supports autophagy as a novel 

therapeutic target whose modulation presents new 

opportunities for cancer treatment. 

 

Figure 2. Potential of mitochondria as a target for anti-cancer therapy. Different factors linked to mitochondria may be used as direct or indirect target for 

cancer cell mitochondria. Metabolic targets involve inhibitors of various metabolic pathways enzymes. ROS activation may be useful in inducing mitochondrial 

mediated cell death in cancer cells and conversely antioxidant treatment in normal cells may limit the ROS level below threshold required for oncogene 

activation. Similarily targeting mitochondrial functions such as altering the membrane permeability or inhibiting respiration may lead to mitochondrial 

mediated apoptosis. Functional complementation of defective RC complexes through genetic approaches (i.e. single subunit enzyme of Yeast NDI1 for complex I) 

may provide alternative approach to rescue mitochondrial functions in cancer cells. Since autophagy functions both ways, therefore accordingly it’s inducers or 

inhibitors could be utilized to develop therapeutic approaches. Abbreviations: 2DG: 2-Deoxy-D-glucose, 3BrPA: 3-bromo-2-oxopropanoic acid, DCA: 

Dichloroacetate, CQ: chloroquine, HCQ: hydroxychloroquine, Baf-A1: Bafilomycin A1, SS-31: d-Arg-2′, 6′-dimethyltyrosine-Lys-Phe-NH2, PST: Pancratistatin,  

7. Perspective  

In summary, ongoing researches on mitochondrial 

mechanisms and metabolism in cancer have provided 

immense potential for the development of targeted 

therapeutics. However, many mysteries remain unsolved in 

our understanding of the role of mitochondria in normal vs. 

cancer cells. Analysis of the physiological consequences of 

these mitochondrial alterations may further provide new 

insight into how changes in mitochondrial metabolism can 

alter cell fate.  
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