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Editorial on the Research Topic
Advanced nanotechnology for reactive oxygen species-mediated
therapies

Reactive oxygen species (ROS) are oxygen-containing molecules representing high
chemical reactivity (Mattila et al., 2015; Krumova and Cosa, 2016). Due to their high
reactivity, ROS are generally known to damage nucleic acids, proteins, and lipids, leading
to a variety of inflammations, aging, and degenerative diseases (Brieger et al., 2012).
However, ROS also serve crucial physiological functions (Droge, 2002). The level of ROS
determines how precisely the body regulates immunological responses (Seifried et al.,
2007; Wink et al,, 2011). Our body needs an appropriate inflammatory response from
ROS to defend itself against viruses and cancer (Chew and Park, 2004; Seifried et al,
2007). The ROS level also significantly influences stem cell differentiation (Yanes et al.,
2010; Morimoto et al., 2013; Li et al., 2017). Stem cell differentiation is actively induced
when ROS levels are acceptable, whereas differentiation of stem cells is inhibited when
ROS levels are too high.

It is essential to accurately detect and measure ROS in vivo in order to understand the
molecular mechanism underlying its level (Woolley et al.,, 2013; McMurray et al., 2016).
On the basis of this, it will be able to create a novel notion of disease treatment if ROS can
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be accurately managed. Research that can precisely detect and
control ROS is currently in progress, thanks to the advancement
of nanotechnology (Wang et al., 2019; Yang et al., 2019). This
Research Topic has dealt with the latest ROS-related research.

On this Research Topic, four articles were submitted by
25 authors from various scientific disciplines. Both original
articles and reviews are found in this Research Topic.

In this review, Hu et al. describes the current state of
platinum-induced peripheral neuropathy (PIPN)—a condition
frequently observed in patients receiving platinum-based drugs.
The authors illustrate in detail possible mechanisms of PIPN
related to the overproduction of ROS and also outline various
strategies currently being employed to treat PIPN. The
accumulation of platinum in the dorsal root ganglia and the
role of platinum-induced ROS in cellular regulation is
highlighted as noteworthy aspects of PIPN. Furthermore, this
review describes the most recent research in nanotechnology-
based approaches to overcome PIPN and other problems
traditionally associated with the use of platinum drugs.

Yang et al. described the association between aging-related
diseases and accumulation of ROS. They explained a superoxide
dismutase (SOD), an important enzyme in defending against
oxidative damage in vivo, and focused the importance of
maintaining appropriate ROS levels. Here, the SOD@MSN
nanosystem was developed through immobilization of SOD in
MSN for efficient delivery of SOD. Finally, the authors
demonstrated the potential of SOD@MSN as an anti-aging
treatment by presenting the result of effective internalization
and protection from external stress.

In the research article, Yu et. al. presents an approach to treat
gastric cancer using a combination of sonodynamic therapy and
chemotherapy. The sonosensitizer (Chlorin e6) and drug (i.e,
tirapazamine) were both loaded into ZIF-8, a zinc-based metal
organic framework nanoparticle, and then coated with the
cytomembrane to target the cancer cells. This nanoparticle
exhibited the
cytomembrane coating, and produced a significant amount of

increased  cellular uptake owing to
ROS in an ultrasound stimulation in vitro. When it was
administered to tumor models in vivo, this combination
therapy was able to significantly inhibit tumor growth
compared to the sonosensitizer only or drug only groups.
Further investigations revealed that such cytotoxic effects were
the result of nanoparticles-mediated pyroptosis.

The review by Maddheshiya and Nara addresses the roles of
composite nanozymes as catalytic and/or pro-oxidative agents,
hence its applications as therapeutics. In this review, the
authors focus on introducing recent attempts in designing
composite nanozymes to enhance their ROS-generating or
other catalytic potentials. Various composite nanozymes
mimicking the activities of natural enzymes are introduced
as well as those with pro-oxidative potentials. The authors also

illustrate key parameters that should be considered in designing
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pro-oxidative nanozymes. Furthermore, recent applications of
ROS-mediated
antibacterial, anti-biofilm, and antitumor agents are reviewed

composite nanozymes in therapies as
in detail as well.

Future hope for the detection and treatment of a variety of
incurable diseases is projected to come from nanotechnology-

based ROS detection and treatments.

Author contributions

WP, CGP, and WL contributed to the conception and design
of the study. WP, CGP, and WL wrote the first draft of the
manuscript. D-HK and FL revised the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

Funding

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MSIT) (NRF-2022R1A4A2000776), Basic Science
Research Program through the NRF funded by the Ministry of
Education (NRF-2019R1A6A1A10073079). This work was also
supported by the Korean Fund for Regenerative Medicine
(KFRM) grant funded by the Korea government (MSIT, and
Ministry of Health and Welfare) (2021M3E5E5096420).

Acknowledgments

We appreciate the authors who submitted publications for
this Research Topic and the reviewers who conducted thorough
evaluations.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmolb.2021.770808/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.795620/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.796820/full
https://www.frontiersin.org/articles/10.3389/fbioe.2022.880214/full
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2022.1000113

Park et al.

References

Brieger, K., Schiavone, S., Miller, F. J., and Krause, K.-H. (2012). Reactive oxygen
species: from health to disease. Swiss Med. Wkly. 142, w13659. doi:10.4414/smw.
2012.13659

Chew, B. P., and Park, J. S. (2004). Carotenoid action on the immune response.
J. Nutr. 134 (1), 2575-261S. doi:10.1093/jn/134.1.257S

Droge, W. (2002). Free radicals in the physiological control of cell function.
Physiol. Rev. 82 (1), 47-95. doi:10.1152/physrev.00018.2001

Krumova, K., and Cosa, G. (2016). “Chapter 1: Overview of Reactive Oxygen
Species,” in Singlet Oxygen: Applications in Biosciences and Nanosciences.
Comprehensive Series in Photochemical and Photobiological Sciences. 1, 1-21.
doi:10.1039/9781782622208-00001

Li, J., Zhang, J., Chen, Y., Kawazoe, N,, and Chen, G. (2017). TEMPO-conjugated gold
nanoparticles for reactive oxygen species scavenging and regulation of stem cell
differentiation. ACS Appl. Mat. Interfaces 9 (41), 35683-35692. doi:10.1021/acsami.7b12486

Mattila, H., Khorobrykh, S., Havurinne, V., and Tyystjirvi, E. (2015). Reactive
oxygen species: reactions and detection from photosynthetic tissues. J. Photochem.
Photobiol. B Biol. 152, 176-214.

McMurray, F., Patten, D. A, and Harper, M. E. (2016). Reactive oxygen species
and oxidative stress in obesity—recent findings and empirical approaches. Obesity
24 (11), 2301-2310. doi:10.1002/0by.21654

Frontiers in Molecular Biosciences

03

10.3389/fmolb.2022.1000113

Morimoto, H., Iwata, K., Ogonuki, N., Inoue, K., Atsuo, O., Kanatsu-Shinohara,
M., et al. (2013). ROS are required for mouse spermatogonial stem cell self-renewal.
Cell stem Cell 12 (6), 774-786. doi:10.1016/j.stem.2013.04.001

Seifried, H. E., Anderson, D. E., Fisher, E. L., and Milner, J. A. (2007). A review of
the interaction among dietary antioxidants and reactive oxygen species. J. Nutr.
Biochem. 18 (9), 567-579. d0i:10.1016/j.jnutbio.2006.10.007

Wang, H., Wan, K., and Shi, X. (2019). Recent advances in nanozyme research.
Adv. Mat. 31 (45), 1805368. doi:10.1002/adma.201805368

Wink, D. A., Hines, H. B., Cheng, R. Y., Switzer, C. H., Flores-Santana, W., Vitek,
M. P, et al. (2011). Nitric oxide and redox mechanisms in the immune response.
J. Leukoc. Biol. 89 (6), 873-891. doi:10.1189/j1b.1010550

Woolley, J., Stanicka, J., and Cotter, T. (2013). Recent advances in reactive oxygen
species measurement in biological systems. Trends Biochem. Sci. 38 (11), 556-565.
doi:10.1016/j.tibs.2013.08.009

Yanes, O., Clark, J., Wong, D. M,, Patti, G. J., Sanchez-Ruiz, A., Benton, H. P,,
etal. (2010). Metabolic oxidation regulates embryonic stem cell differentiation. Nat.
Chem. Biol. 6 (6), 411-417. doi:10.1038/nchembio.364

Yang, B., Chen, Y., and Shi, J. (2019). Reactive oxygen species (ROS)-based
nanomedicine. Chem. Rev. 119 (8), 4881-4985. doi:10.1021/acs.chemrev.
8b00626

frontiersin.org


https://doi.org/10.4414/smw.2012.13659
https://doi.org/10.4414/smw.2012.13659
https://doi.org/10.1093/jn/134.1.257S
https://doi.org/10.1152/physrev.00018.2001
https://doi.org/10.1039/9781782622208-00001
https://doi.org/10.1021/acsami.7b12486
https://doi.org/10.1002/oby.21654
https://doi.org/10.1016/j.stem.2013.04.001
https://doi.org/10.1016/j.jnutbio.2006.10.007
https://doi.org/10.1002/adma.201805368
https://doi.org/10.1189/jlb.1010550
https://doi.org/10.1016/j.tibs.2013.08.009
https://doi.org/10.1038/nchembio.364
https://doi.org/10.1021/acs.chemrev.8b00626
https://doi.org/10.1021/acs.chemrev.8b00626
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2022.1000113

	Editorial: Advanced nanotechnology for reactive oxygen species-mediated therapies
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


