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It can be challenging to find efficient therapy for cancer due to its biological diversity. One of
the factors that contribute to its biological diversity are free radicals. Evolutionary, aerobic organisms
evolve in an oxygen atmosphere, improving the energy production system by using oxygen. Oxygen
is beneficial, but it can also be detrimental if free radicals are formed [1]. Free radicals, as well as some
non-radical species that have oxygen, are reactive oxygen species (ROS). ROS can damage DNA leading
to mutations, single, or double-strand breaks [2]. These events, if the cell is unable to repair the damage,
are deleterious. If not fatal, these changes in genetic material result in tumor development by losing
cell cycle control. Further, these mutations create genetic instability that result in tumor heterogeneity,
and thereby increase the possibility of surviving stress conditions. In addition to direct interaction with
DNA, proteins, and lipids, ROS are also signaling molecules that take an active part in regulating cellular
processes [3,4]. It was previously thought that ROS only damage cells, but we now know that some
enzymes primarily produce ROS, and they are not by-products [3]. These are NAD(P)H oxidases (NOX)
and they produce ROS in response to inflammatory signaling. This planned production of ROS may play
a role in proliferation, as ROS are able to activate signaling pathways, such as mitogen activated-protein
kinase (MAPK)/extracellular-regulated kinase 1/2 (ERK1/2), phosphoinositide-3-kinase (PI3K)/protein
kinase (Akt), and more, thoroughly reviewed in [3]. An important factor in surviving ROS is the
antioxidant system of the cell. The main role of this complex system is to remove the excess ROS.
As there are many ROS, there are many different parts of this system acting in a similar or unique way
in removing ROS, such as the glutathione system, superoxide dismutase-catalase catalase, thioredoxin
system, and small molecules (e.g. vitamin C, vitamin E). In order to ensure the right levels of
these enzymes and small molecules, ROS activate several antioxidative transcription factors, such
as Nrf2 and the FoxO family. These transcription factors are responsible for activating the majority
of antioxidative genes [5–7]. Generally, cancer cells have increased amounts of ROS; consequently,
they adapt by increasing the antioxidative defense system [8], thereby, strongly linking ROS and
antioxidative research.

Nevertheless, ROS were at first considered detrimental, and this was used as a therapeutic strategy
in fighting cancer. Most of the conventional types of chemotherapy, as well as radiotherapy, are based
on ROS production. Unfortunately, this strategy has to eradicate the tumor completely, otherwise
the surviving cells adapt and build up their antioxidant systems, as well as other mechanisms (e.g.,
drug transporters) making themselves resistant. Strategies involving activation/inhibition of signaling
pathways (and here, Nrf2 was certainly an attractive target) turned out to be a double-edged sword [9].

This Special Issue aims to provide different approaches to study the role of free radicals in cancer.
Recent findings are presented within eight original papers and four review papers, spanning from
cancer therapy and resistance development to side effects of cancer therapy, with its effects on human
health, in a process governed by free radicals.
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The focus of the review papers is on free radicals, ROS, and cancer therapy. As mentioned above,
ROS modulate cellular signaling pathways and are therefore important to maintain redox homeostasis.
A review by Kim et al. [10] provides an overview of cellular ROS production, both controlled and
uncontrolled, as well as ROS elimination (keeping in mind the importance of this homeostasis). Further,
redox changes in cancer are described, with emphasis on chemotherapy based on ROS production.
The paradox of chemotherapy is discussed: the chemotherapy resistance can be acquired through
either increased proliferation (leading to resistance) or by changing to a cancer stem-like cell phenotype,
with a low proliferation rate. In hand with this review is the work of Mendes and Serpa [11], which
discusses metabolic remodeling of lung cancer. These metabolic changes occur via several mechanisms,
which include mutations, as well as responses to oxidative or alkylating treatments. These events
lead to chemotherapy resistance that occur because of changes in drug transporters, as well as in
antioxidants. Metabolic remodeling is therefore a challenge in cancer therapy, and can be used—if the
changes are well monitored and defined—to adapt to clinical therapy, in order to avoid recurrence.

The review papers by Clavo et al. [12], and Prasad and Srivastava [13], discuss adjuvant cancer
therapy by reduction of ROS. Natural compounds, such as Triphala and Ayurvedic medicine, have
antioxidative properties, and prevent free radical formation and lipid peroxidation. In addition to
antioxidative properties, the authors also discuss the chemopreventive and chemotherapeutic effects
of Triphala, which are encouraged by the results of three clinical studies. Another strategy in fighting
cancer, described by Clavo et al. [12], is the use of ozone as an adjuvant therapy to conventional
chemotherapy. The authors present evidence of beneficial effects of ozone therapy on animal models
and describe possible mechanisms by which these effect may occur.

Mechanisms, by which cellular processes are changed in cancer, spread on different molecules
(such as enzymes, transcription factors, or ion channels). An example of an ion channel is the transient
receptor potential melastatin 2 (TRPM2), a Ca2+ channel that can be activated by H2O2 [14]. A study
presented by Hack et al. [14] showed parallel expression of NOX4 and TRPM2 in human granulosa
cell tumor samples, suggesting that induction of oxidative stress could be beneficial for the therapy,
as activation of this channel by H2O2 increased Ca2+ levels and apoptotic cell death.

Acquired resistance was a model in two papers and was achieved through growth of cells
under conditions of chronic oxidative stress. Both models used breast cancer cell lines in their
study. In a study by Glorieux and Calderon [15], NQO1 affected cancer redox homeostasis and
sensitivity to drugs. Consequently, NQO1 polymorphism may be used as an important factor if
quinone-based chemotherapeutic drugs are considered as cancer therapy. Interestingly, NQO1 is a
target gene for NRF2, an antioxidative transcription factor. Using breast cancer cell lines stimulated
for cancer-stem-like phenotypes under chronic oxidative stress, we showed an increase in NRF2, but
also in some epithelial-mesenchymal transition markers, indicating that NRF2 can play a role in breast
cancer resistance [16].

In addition to breast cancer, ROS and NRF2 were studied in regards to the androgen receptor
and its splice-variant AR-V7 [17]. As therapy for prostate cancer, a triterpenoid antioxidant drug was
tested for its ability to regulate androgen receptor expression. This drug proved to enhance efficacy of
clinically approved anti-androgen, but also decreased ROS and increased NRF2, indicating possible
mechanisms of action. There are numerous consequences of prostate cancer therapy due to ROS
production, but effects on sperm are not fully investigated. Takeshima et al. [18] show evidence that
cancer chemotherapy has similar effects on semen as idiopathic infertility, suggesting antioxidant
therapy to reduce ROS.

As mentioned, many conventional cancer therapies are based on free radical/ROS production.
Photodynamic therapy is also a cancer therapy that uses chemosensitizers to generate free radicals,
which then act against the tumor. Such a photosensitizer, a tailored boron-dipyrromethene (BODIPY)
derivative, was used on A375 and SKMEL28 cancer cell lines [19]. Authors show positive effects of this
compound by inducing singlet oxygen and NO to cause cell death.
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Finally, Rodríguez-García et al. [20] studied protein carbonylation in patients with myelodysplastic
syndromes. These patients had increased protein carbonyls, but levels decreased after treatment with
an iron chelator (deferasirox). Analysis of the p21 gene expression in bone marrow cells revealed
correlation between high protein carbonyls and increased expression, and vice versa. The paper
suggests that the fine-tuning of oxidative stress levels in bone marrow can determine the disease
progression in these patients.

Conflicts of Interest: The authors declare no conflict of interest.
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Balic, M. Chronic Oxidative Stress Promotes Molecular Changes Associated with Epithelial Mesenchymal
Transition, NRF2, and Breast Cancer Stem Cell Phenotype. Antioxidants 2019, 8, 633. [CrossRef] [PubMed]

17. Khurana, N.; Chandra, P.K.; Kim, H.; Abdel-Mageed, A.B.; Mondal, D.; Sikka, S.C. Bardoxolone-Methyl
(CDDO-Me) Suppresses Androgen Receptor and Its Splice-Variant AR-V7 and Enhances Efficacy of
Enzalutamide in Prostate Cancer Cells. Antioxidants 2020, 9, 68. [CrossRef] [PubMed]

18. Takeshima, T.; Kuroda, S.; Yumura, Y. Cancer Chemotherapy and Chemiluminescence Detection of Reactive
Oxygen Species in Human Semen. Antioxidants 2019, 8, 449. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/0065-2571(85)90049-4
http://dx.doi.org/10.1016/j.dnarep.2004.03.002
http://www.ncbi.nlm.nih.gov/pubmed/15279799
http://dx.doi.org/10.1016/j.semcdb.2017.05.023
http://www.ncbi.nlm.nih.gov/pubmed/28587975
http://dx.doi.org/10.1155/2016/4350965
http://www.ncbi.nlm.nih.gov/pubmed/26998193
http://dx.doi.org/10.1016/j.redox.2018.05.002
http://www.ncbi.nlm.nih.gov/pubmed/29775961
http://dx.doi.org/10.1128/MCB.00868-15
http://www.ncbi.nlm.nih.gov/pubmed/26527616
http://dx.doi.org/10.1186/s12943-019-0938-x
http://www.ncbi.nlm.nih.gov/pubmed/30621735
http://dx.doi.org/10.1155/2019/5381692
http://www.ncbi.nlm.nih.gov/pubmed/31929855
http://dx.doi.org/10.1016/j.redox.2017.04.013
http://www.ncbi.nlm.nih.gov/pubmed/28411557
http://dx.doi.org/10.3390/antiox8100471
http://www.ncbi.nlm.nih.gov/pubmed/31658599
http://dx.doi.org/10.3390/antiox8120603
http://www.ncbi.nlm.nih.gov/pubmed/31795465
http://dx.doi.org/10.3390/antiox8120588
http://www.ncbi.nlm.nih.gov/pubmed/31779159
http://dx.doi.org/10.3390/antiox9010072
http://www.ncbi.nlm.nih.gov/pubmed/31941067
http://dx.doi.org/10.3390/antiox8110518
http://www.ncbi.nlm.nih.gov/pubmed/31671815
http://dx.doi.org/10.3390/antiox8090369
http://www.ncbi.nlm.nih.gov/pubmed/31480790
http://dx.doi.org/10.3390/antiox8120633
http://www.ncbi.nlm.nih.gov/pubmed/31835715
http://dx.doi.org/10.3390/antiox9010068
http://www.ncbi.nlm.nih.gov/pubmed/31940946
http://dx.doi.org/10.3390/antiox8100449
http://www.ncbi.nlm.nih.gov/pubmed/31581582


Antioxidants 2020, 9, 157 4 of 4

19. Lazzarato, L.; Gazzano, E.; Blangetti, M.; Fraix, A.; Sodano, F.; Picone, G.M.; Fruttero, R.; Gasco, A.; Riganti, C.;
Sortino, S. Combination of PDT and NOPDT with a Tailored BODIPY Derivative. Antioxidants 2019, 8, 531.
[CrossRef] [PubMed]

20. Rodríguez-García, A.; Morales, M.L.; Garrido-García, V.; García-Baquero, I.; Leivas, A.; Carreño-Tarragona, G.;
Sánchez, R.; Arenas, A.; Cedena, T.; Ayala, R.M.; et al. Protein Carbonylation in Patients with Myelodysplastic
Syndrome: An Opportunity for Deferasirox Therapy. Antioxidants 2019, 8, 508. [CrossRef] [PubMed]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/antiox8110531
http://www.ncbi.nlm.nih.gov/pubmed/31703295
http://dx.doi.org/10.3390/antiox8110508
http://www.ncbi.nlm.nih.gov/pubmed/31652983
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

