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DNA topoisomerases (topo) are essential enzymes that maintain the integrity of the
genome by regulating the topological state of DNA during replication, transcription, recom-
bination and repair [1]. These enzymes, which are found in bacteria, archaea, eukaryotes
and even some viruses, are categorized into type I and type II topoisomerases, which are
distinguished by their mechanisms of transient single- or double-strand DNA cleavage and
strand passage that allows DNA topology to be altered [2]. Due to their unique ability to
manipulate DNA topology, topoisomerases are often referred to as the “Magicians of the
DNA world”, as “in their presence, DNA strands or double helices can pass through each
other as if all physical boundaries had disappeared” [2].

The first member of this protein family, the protein w, now known as Escherichia coli
topo I, was discovered by James Wang and published in 1971 [3]. This enzyme became
the founding member of the type I topoisomerase family and marked the beginning of a
rapidly growing field of research. Since then, numerous members have been identified and
characterized, leading to vibrant research activity over the past five decades [4].

The ability to manipulate DNA topology has made topoisomerases key targets for
antibiotic and cancer therapy, and many drugs acting on them have a long history of
success in clinical practice. In the field of infectious diseases, nalidixic acid, introduced
in the 1960s, was the starting point for the development of fluoroquinolones, such as
ciprofloxacin and levofloxacin, and newer agents such as moxifloxacin, which target
bacterial DNA gyrase and topoisomerase IV. In the field of chemotherapeutics, etopo-
side and teniposide, semi-synthetic derivatives of the natural product podophyllotoxin,
were introduced in the 1980s. They inhibit human topoisomerase II by stabilizing the tran-
sient covalent complex between topo Il and DNA. Anthracyclines, including doxorubicin,
daunorubicin and epirubicin, are another established group with a similar mode of action
on topo II. Camptothecin, a natural product of Camptotheca acuminata discovered in the
1960s, led to the development of the clinically approved topo I inhibitors topotecan and
irinotecan in the 1990s, which are used to treat various types of cancer [5].

Despite decades of clinical use, these topoisomerase-targeting agents have several
limitations, including antibiotic resistance, off-target toxicity, induction of secondary ma-
lignancies, cardiotoxicity and limited tumor selectivity [5,6]. This Special Issue presents a
collection of review and research articles that highlight recent progress in overcoming these
challenges through the development of new agents targeting these established targets as
well as novel insights into the management of chemotherapy-induced toxicities.

A large portion of the review articles highlight the strategies currently being developed
for novel topoisomerase inhibitors in oncology and infectious diseases. One of these
provides a comprehensive perspective on topoisomerase inhibitors in cancer, covering both
topo I and topo II agents, and highlights novel chemical scaffolds, hybrid molecules and
clinical candidates that could overcome resistance and toxicity, supported by structural
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insights for rational drug design [7]. Complementing this, another review looks at the
development of bacterial gyrase inhibitors that circumvent fluoroquinolone resistance by
targeting either allosteric or ATP-binding sites [8]. The next review focuses on synthetic
lethality strategies that combine topoisomerase II inhibition with disruption of DNA repair
pathways or oncogenic drivers, offering improved therapeutic selectivity and efficacy [9].

The next section of the Special Issue presents original research contributions. These in-
clude 5,8-dimethyl-9H-carbazole derivatives with dual topo I/1l inhibition, which illustrates
the potential of multitarget strategies [10]. The phenotypically discovered thiocarbohy-
drazone compound, which acts as a catalytic topo II inhibitor, shows cytotoxic activity
against cancer cells [11]. Complementing these reports is a newly developed rolling circle
amplification assay for rapid, gel-free screening of topo I inhibitors, which enables efficient
identification of active compounds [12]. These and other studies in this Special Issue
demonstrate how novel chemical scaffolds and innovative screening platforms are helping
to advance the next generation of topoisomerase therapeutics.

Overall, the Special Issue Topoisomerases as Targets for Novel Drug Discovery demon-
strates that successfully tackling these established targets requires translational strategies
that combine structural biology [13], medicinal chemistry, computational science [14] and
other interdisciplinary approaches to develop next-generation topoisomerase inhibitors
that can overcome long-standing clinical challenges.

Acknowledgments: As Guest Editor of this Special Issue, I would like to thank all the authors for
their valuable contributions. I would also like to thank the reviewers for their constructive feedback
and the dedicated staff of the Pharmaceuticals Editorial Office, for their exceptional cooperation and
support throughout the publication process.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Pommier, Y.; Nussenzweig, A.; Takeda, S.; Austin, C. Human Topoisomerases and Their Roles in Genome Stability and
Organization. Nat. Rev. Mol. Cell Biol. 2022, 6, 407-427. [CrossRef] [PubMed]

2. Wang, J.C. Cellular Roles of DNA Topoisomerases: A Molecular Perspective. Nat. Rev. Mol. Cell Biol. 2002, 6, 430—440. [CrossRef]
[PubMed]

3.  Wang, J.C. Interaction Between DNA and an Escherichia coli Protein Omega. J. Mol. Biol. 1971, 55, 523-533. [CrossRef] [PubMed]

4 McKie, S.J.; Neuman, K.C.; Maxwell, A. DNA Topoisomerases: Advances in Understanding of Cellular Roles and Multi-Protein
Complexes via Structure-Function Analysis. Bioessays 2021, 43, €2000286. [CrossRef] [PubMed]

5. Bondarev, A.D.; Jonsson, J.; Chubarev, V.N.; Tarasov, V.V.; Lagunas-Rangel, F.A.; Schioth, H.B. Recent Developments of Topoiso-
merase Inhibitors: Clinical Trials, Emerging Indications, Novel Molecules, and Global Sales. Pharmacol. Res. 2024, 209, 107431.
[CrossRef] [PubMed]

6. Nitiss, K.C.; Nitiss, J.L.; Hanakahi, L.A. DNA Damage by an Essential Enzyme: A Delicate Balancing Act on the Tightrope.
DNA Repair 2019, 82, 102639. [CrossRef] [PubMed]

7. Yakkala, P.A,; Penumallu, N.R; Shafi, S.; Kamal, A. Prospects of Topoisomerase Inhibitors as Promising Anti-Cancer Agents.
Pharmaceuticals 2023, 16, 1456. [CrossRef] [PubMed]

8.  Grossman, S.; Fishwick, C.W.G.; McPhillie, M.J. Developments in Non-Intercalating Bacterial Topoisomerase Inhibitors: Allosteric
and ATPase Inhibitors of DNA Gyrase and Topoisomerase IV. Pharmaceuticals 2023, 16, 261. [CrossRef] [PubMed]

9. Matias-Barrios, V.M.; Dong, X. The Implication of Topoisomerase II Inhibitors in Synthetic Lethality for Cancer Therapy.
Pharmaceuticals 2023, 16, 94. [CrossRef] [PubMed]

10. Ceramella, J.; Iacopetta, D.; Caruso, A.; Mariconda, A.; Petrou, A.; Geronikaki, A.; Rosano, C.; Saturnino, C.; Catalano, A.; Longo,
P; et al. 5,8-Dimethyl-9H-Carbazole Derivatives Blocking hTopo I Activity and Actin Dynamics. Pharmaceuticals 2023, 16, 353.
[CrossRef] [PubMed]

11.  Cvijeti¢, LN.; Herlah, B.; Marinkovi¢, A.; Perdih, A_; Bjelogrli¢, S.K. Phenotypic Discovery of Thiocarbohydrazone with Anticancer

Properties and Catalytic Inhibition of Human DNA Topoisomerase Ile. Pharmaceuticals 2023, 16, 341. [CrossRef] [PubMed]


https://doi.org/10.1038/s41580-022-00452-3
https://www.ncbi.nlm.nih.gov/pubmed/35228717
https://doi.org/10.1038/nrm831
https://www.ncbi.nlm.nih.gov/pubmed/12042765
https://doi.org/10.1016/0022-2836(71)90334-2
https://www.ncbi.nlm.nih.gov/pubmed/4927945
https://doi.org/10.1002/bies.202000286
https://www.ncbi.nlm.nih.gov/pubmed/33480441
https://doi.org/10.1016/j.phrs.2024.107431
https://www.ncbi.nlm.nih.gov/pubmed/39307213
https://doi.org/10.1016/j.dnarep.2019.102639
https://www.ncbi.nlm.nih.gov/pubmed/31437813
https://doi.org/10.3390/ph16101456
https://www.ncbi.nlm.nih.gov/pubmed/37895927
https://doi.org/10.3390/ph16020261
https://www.ncbi.nlm.nih.gov/pubmed/37259406
https://doi.org/10.3390/ph16010094
https://www.ncbi.nlm.nih.gov/pubmed/36678591
https://doi.org/10.3390/ph16030353
https://www.ncbi.nlm.nih.gov/pubmed/36986453
https://doi.org/10.3390/ph16030341
https://www.ncbi.nlm.nih.gov/pubmed/36986441

Pharmaceuticals 2025, 18, 1693 30f3

12.  Keller, ].G.; Petersen, K.V.; Mizielinski, K.; Thiesen, C.; Bjergbaek, L.; Reguera, R.M.; Pérez-Pertejo, Y.; Balana-Fouce, R.; Trejo, A.;
Masdeu, C.; et al. Gel-Free Tools for Quick and Simple Screening of Anti-Topoisomerase 1 Compounds. Pharmaceuticals 2023,
16, 657. [CrossRef] [PubMed]

13.  O’Donnell, A.C.; Berger, ]. M. Structural Mechanisms of Topoisomerase-Targeting Drugs. Annu. Rev. Biochem. 2025, 94, 223-251.
[CrossRef] [PubMed]

14. Radaeva, M.; Dong, X.; Cherkasov, A. The Use of Methods of Computer-Aided Drug Discovery in the Development of Topoiso-
merase II Inhibitors: Applications and Future Directions. J. Chem. Inf. Model. 2020, 60, 3703-3721. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ph16050657
https://www.ncbi.nlm.nih.gov/pubmed/37242440
https://doi.org/10.1146/annurev-biochem-030122-043917
https://www.ncbi.nlm.nih.gov/pubmed/40127125
https://doi.org/10.1021/acs.jcim.0c00325
https://www.ncbi.nlm.nih.gov/pubmed/32687346

	References

