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Commentary
Oxidative stress defines an impaired physiological state where 

intracellular Reactive Oxygen Species (ROS) increases within the 
body [1,2]. It is essentially an imbalance between the production of 
free radicals and the ability of the body to counteract or detoxify their 
harmful effects through neutralization by endogenous antioxidants [3]. 
The severity of oxidative stress is directly proportional to the amount 
of ROS generated. ROS are chemically reactive molecules containing 
oxygen. Moderate amount of ROS present within the cells facilitates 
cell proliferation and maintains their normal homeostasis, but at 
higher concentrations it can impair different cellular functions and 
ultimately in many scenarios, leads to the development of malignancy 
or cell death [4,5]. There is an equilibrium between a free radical/ROS 
formation and endogenous antioxidant defence mechanisms, but if 
this balance is perturbed, it can produce oxidative stress phenomenon 
[6]. The modulation of oxidative stress is a determining factor in both 
the development of tumour and target of anticancer therapies. The 
molecular signalling pathways associated with tumorigenesis also 
interferes with the intracellular ROS metabolism. Cancer cells have 
impaired ROS metabolism and it exhibits a higher level of intracellular 
ROS than normal somatic cells [7]. There is a controversy in the research 
community about the exact nature and impact of oxidative stress on the 
development of cancer and its beneficial effects employed on different 
anti-cancer therapies [8].

Nearly 35 years back, in 1981, it was first reported that intracellular 
ROS metabolism is directly linked with the cellular transformation 
[9]. It is also a fact that cancer results due to the activation of several 
oncogenes and simultaneous inactivation of the tumor suppressor 
genes. At a moderate level, ROS can activate several molecular 
pathways, which induces tumor development. For instance, ROS 
can stimulate the activation and phosphorylation of several kinases 
like, mitogen-activated protein kinase (MAPK), extracellular signal-
regulated kinase (ERK), JUN N-terminal kinase (JNK) and induce 
the expression of cyclin D1, which is known to facilitate cell cycle 
progression and cell proliferation [10]. Supporting the fact that ROS 
facilitates tumorigenesis, it is observed that ROS can potentially impair 
intracellular antioxidant defence and ROS scavenging machinery by 
suppressing the phosphatase and tensin homolog (PTEN) and protein 
tyrosine phosphatases (PTPs) [11]. 

As discussed here, though the moderate level of intracellular ROS 
promotes cellular proliferation, a high concentration of ROS can cause 
severe cellular damage and even cell death. So the cancer cells develop 
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Abstract
Reactive Oxygen Species (ROS) plays a vital role in normal cellular homeostasis and development of pathophysiological conditions. 

Researches round the globe suggest that cancer cell possesses higher amount of intracellular ROS and impaired metabolic activity along 
with mitochondrial dysfunction. ROS can initiate cancer, but the primary endogenous elevation of oxidants in malignant tissues leave 
them more susceptible to secondary stresses. Despite the crucial role of ROS in the development of cancer, anticancer therapies are 
suggested both by scavenging the excessive intracellular ROS and also by inducing ROS generation through exogenous oxidative insult. 
In this commentary, we have discussed the dual effect of ROS on the development cancer and emergence of novel anti-cancer therapies 
by modulating the accumulation of ROS.
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a very strong antioxidant capacity to maintain cellular homeostasis. 
Despite the presence of a significantly powerful antioxidant system, 
it is observed that cancer cells are more prone to damage due to ROS 
accumulation than the normal somatic cells [12] (Figure 1).

There are several genes present in our body which express 
differentially under specific stress conditions. Under oxidative stress, 
some of the genes in turn regulate the expression various antioxidant 
genes and affect the intracellular redox environment. The transcription 
factor, nuclear factor erythroid 2‑related factor 2 (NRF2) is identified as 
one of the most important regulator of several anti-oxidative genes [13]. 
To be very precise, it mainly regulates the intracellular production of 
glutathione (GSH) by interfering the expression of glutamate–cysteine 
ligase (GCL) complex and NADPH-generating enzymes [13]. Other 
than GSH it is also known to alter the expression of several glutathione 
S‑transferases. Like NRF-2, the tumour suppressor p53 and forkhead 
box O (FOXO) family of transcription factors are also known to have 

Figure 1: Effect of intracellular ROS level on normal cellular homeostasis.
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significant anti-oxidative property by regulating different individual 
as well as overlapping antioxidant genes. Both of these family of genes 
promote the stabilization of NRF2 [14].

The oncogenes and tumour suppressor genes, apart from these 
genes mentioned so far, which regulate the expression of different 
antioxidant genes, has a substantial impact on tumorigenesis 
initiation, its development and progression. Unlike NRF-2 and FOXO, 
interestingly p53 is known to stimulate both pro- and anti-oxidant 
genes. The role of different tumour suppressor genes is more significant 
than the oncogenes in terms of regulation of oxidative stress. As 
mentioned earlier the tumour suppressor genes get suppressed during 
the development of cancer, but the suppression of several tumour 
suppressor genes results in upregulation or downregulation of various 
antioxidant genes [15]. 

So far we have discussed about the controversial dual nature of ROS; 
in one hand it can develop tumor and can suppress tumor formation 
on the other. For this behavioural characteristic of ROS two kinds of 
therapeutic approach have emerged, first by scavenging the elevated 
amount of intracellular ROS and the other by inducing intracellular 
ROS formation. In case where intracellular ROS induces mutagenesis 
and results in cell proliferation, exposure to various antioxidants like 
Vitamin E, selenium, various polyphenols etc. [16] have been found to 
be effective. On the other hand exogenous ROS insult, which elevates 
the intracellular ROS level, is found to be very useful in selective killing 
of cancer cells barring the normal cells. 

There are several instances where antioxidant supplementation 
results in reduction of cancer formation in gastric and hepatic cancer 
patients and increased cancer mortality in case of lung cancer patients 
[17]. At the same time, it is also reported that use of antioxidants as 
a therapeutic option for cancer, is limited to some genetic variants 
and highly metastatic carcinomas [18]. Several in vitro and animal 
experiments proved that dietary intake of different antioxidant rich 
foods (foods enriched in genistein, curcumin, etc.) are beneficial 
against cancer [16,19]. On this regard several genetically engineered 
food, designed to contain higher level of antioxidants, has gained much 
importance in combating this deadly disease.

Cancer cells resist elevated ROS induced damage and death by 
increasing their antioxidant defences. This indicates that therapies 
which induces intracellular ROS level and impair the antioxidant 
defence mechanism of the cancer cells may have better effectivity in 
terms of minimum side effect and drug resistance.

Finally, it must be underlined that ROS plays a critical role in the 
initiation, progression and metastasis of cancer. At the same time, 
accumulation of intracellular ROS can again lead to cell death. So, 
cancer can be prevented through regulating the level of ROS either 
by scavenging the intracellular ROS or by their accumulation via 
exogenous oxidative insult. So, molecules targeting ROS could be the 
upcoming therapy for cancer and anticancer drug discovery studies in 
future.
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