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Topoisomerase enzymes are meticulously researched and targeted through their interaction mechanisms in the 
development of anticancer and antibiotic drugs. The reasons underlying this unique priority are that 
topoisomerase enzymes are indispensable for the cell's own life dynamics, in the synthesis of RNA and proteins 
in the cell, or more importantly, for the preservation of genetic material. These enzymes are similar in terms of 
structure and functionality in many living groups, and by having relatively similar activities, they enable the 
creation of controlled DNA breaks and the reunification of DNA fragments in the cell. In fact, they are a kind of 
problem solver regarding the use of narrow spaces with their activities that enable the separation of long DNA 
molecules, which can be considered as gigantic in size, depending on the cell area in which they are located. 
Topoisomerase inhibitors are widely used and highly valuable in clinical practice. However, there remains an 
urgent need to identify new molecules targeting these enzymes. To address this, diverse methodological 
approaches should be explored and evaluated. Drug repurposing has become an increasingly valuable approach 
in modern therapeutics, as it allows existing drugs to be evaluated for new targets and disease applications, 
potentially reducing development time and costs. Roxithromycin, a well-established antibiotic, shows promising 
potential for repurposing as an anticancer agent due to its ability to interact with multiple molecular targets. Its 
pharmacological properties and safety profile make it an attractive candidate for investigation, and emerging 
evidence suggests that it may exert direct effects on key cellular enzymes involved in DNA replication and cell 
survival, supporting its potential application in cancer therapy. Given the growing body of evidence supporting 
the anticancer properties of certain antibiotics, we evaluated whether Roxithromycin has different targets than 
those known through its potential anticancer effects and interactions with topoisomerase enzymes. Here, we 
present the first evidence that Roxithromycin directly inhibits topoisomerase II, as confirmed through detailed 
topoisomerase enzyme assay analyses, highlighting a previously unrecognized mechanism that may contribute 
to its potential anticancer activity. 
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Introduction 
 

In the biological vaults called cells, our existence, 
encoded by DNA strands, determines our resistance to 
various diseases. By storing and transferring those traces 
of self, we transfer our unique hereditary memories to 
new cells. DNA topoisomerase enzymes are the power 
elements that manage the diplomatic relations of DNA 
molecules that break and then combine in the narrow 
space in the cell. The mechanisms of action of 
topoisomerase enzymes that govern conformational 
changes on DNA have long been of interest in the medical 
field. These enzymes are targets for antibiotic and 
anticancer drug development due to their unique abilities 
to act as transcription factors under specific conditions, in 
addition to their direct replication dependence. The 
breaking-joining activities of DNA topoisomerase enzymes 
help to create superhelical structures in the DNA molecule 
and, when necessary, to relax these structures and to 
create various cellular events such as replication and 
transcription. Preventing these enzymes from creating 
temporary breaks on DNA can have a devastating effect 

on the cell [1, 2]. While antibiotics can be developed by 
inhibiting bacterial topoisomerases for various bacterial 
infections, anticancer drugs are designed by inhibiting 
human topoisomerase enzymes in a similar way. Most 
importantly, the use of drugs such as the type 2 
topoisomerase enzyme inhibitor etoposide, especially for 
the regression of aggressive tumors, shows how critically 
important the inhibition of topoisomerase enzymes is [3]. 
Anticancer drugs such as Topotecan, a topoisomerase 
inhibitor whose medical use is increasingly widespread, 
are promising. Topotecan has been reported to be 
effective in the treatment of pediatric tumors such as 
retinoblastoma [4]. A study investigating the long-term 
efficacy of topotecan in the treatment of eye 
retinoblastoma reported that the drug provided vitreous 
seed regression and eye salvage [5]. According to a phase 
study report in which Bevacizumab, Irinotecan or 
Topotecan were tested together with Temozolomide in 
patients with neuroblastoma, an improvement in 
progression-free survival was observed when irinotecan 
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or topotecan was added [6]. Convection-enhanced 
delivery of topotecan has shown positive results in phase 
studies for the treatment of glioma [7]. Carboplatin, when 
administered in combination with etoposide, has been 
offered as a second-line chemotherapy option in patients 
with recurrent small cell lung cancer [8]. 

However, these drugs can also have dual or multiple 
targets. As an example, Doxorubicin can inhibit both 
topoisomerase enzymes and the pathways of some other 
enzymes at the same time [9, 10]. Doxorubicin is used in 
breast cancer, sarcomas and hematological malignancies, 
and it not only creates DNA breaks by intercalating DNA, 
but also affects the production of reactive oxygen species, 
apoptosis, senescence and autophagy in the cell, which 
will play a role in the DNA damage response by affecting 
the interactions of various enzymes [10]. Some 
topoisomerase inhibitor drugs are used for some types of 
cancer that have no cure and alternatives are few or not 
possible. The topoisomerase 2 inhibitor etoposide is 
frequently used, despite its toxic properties, to treat types 
of cancer such as malignant ovarian, testicular and small 
cell lung cancer, leukemia and lymphoma [11]. 

Topoisomerase inhibitors may also exhibit 
intercalative effects. It is possible with compounds that 
can create a relaxation effect similar to topoisomerase 
enzyme activity by showing intercalative effect in DNA 
structure [12]. These compounds can also show various 
therapeutic effects by interacting with DNA. In order to 
determine the interactions of topoisomerase enzymes 
with DNA substrate, it should also be determined whether 
the compounds show intercalative effects. In this way, it 
can be shown to what extent the compound interacts with 
DNA or DNA-enzyme complexes. Molecules that interact 
with DNA-enzyme complexes are also called 
topoisomerase poisons. However, many compounds that 
can form both intercalative and reversible DNA-enzyme-
compound complexes have anticancer properties and 
their activities are considered quite successful [13, 14].  

One of the most appropriate approaches to evaluate 
drugs in clinical use can also be seen as investigating their 
as yet unknown indications. It is no longer surprising to 
come across articles where this approach is referred to as 
repurposing or repositioning. Fluoroquinolones have long 
been used as antibiotics, and the repositioning of 
fluoroquinolones into anticancer molecules has attracted 
considerable attention due to their anti-metastatic 
potential [15]. A variety of antibiotic compounds act as 
antitumor agents and therefore there is a growing interest 
in the literature to control antibiotics for cancer 
treatments [15, 16]. Since molecular docking studies are 
very helpful in identifying these molecules, a study in this 
conceptual approach analyzed the interactions of 138 
antibiotics with human topoisomerase II enzyme and 
reported that the most promising candidates were 
investigated for their antitumor activity against three 
cancer cell lines. Consequently, while azithromycin, 
spiramycin, and clarithromycin are predicted to have 
anticancer properties, Topoisomerase II enzyme inhibition 
testing was performed to determine whether they have 

specific targeting properties, and Topoisomerase II 
inhibition was observed for erythromycin and 
roxithromycin [17]. 

Roxithromycin (ROX), a macrolide antibiotic 
structurally and pharmacologically similar to 
erythromycin, has demonstrated potential anticancer 
properties through multiple mechanisms, including anti-
angiogenic effects and modulation of key signaling 
pathways involved in tumor progression. Notably, 
roxithromycin has been reported to inhibit the 
Raf/MEK/ERK pathway and suppress the constitutive 
activation of nuclear factor kappa B (NF-κB) in 
hepatocellular carcinoma models[18-20] . However, 
although roxithromycin is reported to be better tolerated, 
it is considered to have a lower potential for clinically 
significant drug interactions compared to erythromycin 
[21, 22]. In recent years, the potential of roxithromycin as 
an anticancer agent has garnered increasing scientific 
interest, particularly in the context of cancers such as 
hepatocellular carcinoma, breast cancer, and melanoma, 
with studies focusing on its anti-angiogenic effects, 
modulation of oncogenic signaling pathways, and 
inhibition of tumor growth and metastasis [19]. Within 
this framework, the interaction between roxithromycin 
and topoisomerase enzymes constitutes the primary 
focus of our investigation. Our findings highlight not only 
the versatility of existing drugs but also the critical role of 
systematic evaluation in uncovering novel therapeutic 
opportunities. 

 
Methods 

 
All of the compounds used in our experiments were 

purchased in lyophilized form. Roxithromycin and 
Camptothecin (Sigma-Aldrich) were dissolved in 100% 
Dimethyl Sulfoxide (Sigma-Aldrich).  
 

DNA Intercalation Analyses 
Intercalating compounds, which insert between DNA 

base pairs, can alter the superhelical conformation of the 
DNA helix. Therefore, the ability of a compound to 
generate relaxed DNA forms-mimicking the relaxation 
activity of topoisomerase enzymes-can be used as an 
indicator of its intercalating properties. In our study, in 
order to evaluate the interactions of compounds with 
topoisomerase I-II enzymes more accurately, the 
interactions of the compound with the substrate DNA 
used in optimized experiments were examined in the 
presence and absence of the enzyme [23].  
 

Topoisomerase I Enzyme/Relaxation Tests 
Topoisomerase enzymes create controlled breaks in a 

way that will relax supercoiled DNA, and thus the relaxed 
DNA in different topological forms is observed as a band 
left behind in the agarose gel. Since inhibitory compounds 
do not allow the enzyme to work, DNA molecules in a 
relaxed form cannot be formed at the end of the reaction. 
With this approach, we examined how the applied 
compound affects the enzyme activity. In the presence 
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and absence of the test compound, 1 unit of human 
topoisomerase I enzyme (Inspiralis) relaxed 0.5 µg of 
supercoiled plasmid DNA (Inspiralis) in a total volume of 
20 μL of buffer (72 mM KCl, 5 mM MgCl2, 5 mM DTT, 5 mM 
spermidine and 0.1% bovine serum albumin (BSA)). One 
unit of enzyme activity is defined as the amount required 
to relax 0.5 µg of supercoiled plasmid DNA substrate at 
37°C for 30 minutes. This assay was conducted using 
supercoiled plasmid DNA as the substrate to evaluate 
topoisomerase I activity [23-25]. 
 

Topoisomerase II Enzyme/Decatenation 
Analyses 

Topoisomerase II enzyme activity can be assessed by 
monitoring the structural differences between catenated 
and decatenated DNA products generated upon 
completion of the reaction. The presence of inhibitory 
compounds in the reaction mixture results in reduced 
enzyme activity, thereby enabling the identification of 
compounds that inhibit topoisomerase II. In decatenation 
assays, the enzymatic activity of 1 unit of human 

topoisomerase II  (Inspiralis) was evaluated in the 
presence and absence of the test compound by incubating 
the enzyme with 0.2 μg of catenated kinetoplast DNA 
(kDNA) (Inspiralis) substrate at 37 °C for 30 minutes, in a 
final reaction volume of 20 μl containing 50 mM Tris-HCl 
(pH 8.0), 120 mM KCl, 10 mM MgCl₂, 0.5 mM ATP, and 
0.5 mM dithiothreitol [23, 26]. 
 
Results  
 

DNA Intercalation Tests 
Comparative analysis of the compound’s interaction 

with supercoiled DNA in the presence and absence of the 
enzyme confirmed that the compound did not inhibit 
supercoiled DNA in the absence of enzymatic activity. Our 
results demonstrated that the compound did not induce 
DNA intercalation and the absence of DNA-compound 
interaction suggests that the compound exerts its effects 
specifically through interaction with the enzyme in the 
topoisomerase enzyme assays (Figure 1, lane 5). 

 

 

Figure 1. DNA intercalation property of roxithromycin and its inhibitory effects on topoisomerase I enzyme. 
 
Supercoiled plasmid DNA was incubated with 

Roxithromycin in the absence (lanes 2, 8) and presence 
(lanes 1, 7) of topoisomerase I enzyme. Roxithromycin did 
not induce relaxation of supercoiled DNA in the absence 
of enzyme (lane 5), indicating no DNA intercalation. 
Camptothecin (CPT) was used as a positive control for 
enzyme inhibition (lane 6). Roxithromycin was tested at 1 
mM and 0.1 mM for its effect on topoisomerase I 
relaxation activity (lanes 3, 4, respectively). 
 

Topoisomerase I Enzyme Relaxation Analyses 
Our analyses demonstrated that Roxithromycin, at a 

concentration of 1 mM (Figure 1, lane 3), did not inhibit 
the relaxation activity of topoisomerase I under the tested 
experimental conditions, as evidenced by the persistence 

of relaxed DNA bands comparable to those observed in 
the positive enzyme control. In contrast, under identical 
assay conditions, the control compound camptothecin 
(CPT) exhibited a pronounced inhibitory effect on 
topoisomerase I activity at the same concentration (Figure 
1, lane 6), resulting in the retention of supercoiled DNA, 
which reflects effective enzyme inhibition.  

 
Topoisomerase II Enzyme Decatenation Assays 
The inhibitory effect of Roxithromycin on 

topoisomerase II enzyme activity was evaluated using 
decatenation assays, in which kinetoplast DNA (kDNA) 
was employed as the substrate. The results demonstrated 
that Roxithromycin significantly reduced the enzymatic 
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activity of topoisomerase II by approximately 50% under 
the tested conditions (Figure 2).  

This partial inhibition suggests that Roxithromycin 
interferes with the enzyme’s ability to decatenate DNA, 
thereby preventing the resolution of intertwined DNA 
strands. These findings highlight the potential of 
Roxithromycin as a moderate inhibitor of topoisomerase 
II, warranting further investigation into its mechanism of 
action and possible therapeutic applications. 

 

 

Figure 2. Inhibition of the Roxithromycin on DNA 
topoisomerase II enzymes.  
 
Application of Roxithromycin in the absence of 

enzyme (negative control, lane 1); in the presence of 
enzyme and kDNA (positive control, lane 2); in the 
presence of enzyme with 0.1 mM Roxithromycin (lane 3); 
and in the presence of enzyme with 1 mM Roxithromycin 
(lane 4). 
 
Discussion  
 

Drug repurposing has become an increasingly valuable 
strategy in modern medicine. Many drugs, originally 
developed for specific diseases, possess diverse chemical 
and biological properties that allow them to interact with 
multiple molecular targets. This multiplicity of targets 
means that a single compound may have therapeutic 
potential beyond its original use. Therefore, 
systematically evaluating existing drugs across different 
targets and disease contexts can uncover new 

applications, accelerate drug development, and reduce 
the time and cost associated with bringing effective 
therapies to patients. In light of the findings of this study, 
roxithromycin was shown to inhibit topoisomerase 
enzymes. Topoisomerase enzyme activities were assessed 
through a series of inhibition assays, utilizing plasmid DNA 
as the substrate in topoisomerase I relaxation assays and 
kinetoplast DNA (kDNA) from Crithidia fasciculata in 
topoisomerase II decatenation assays, selected for its 
knotted double-stranded DNA structure analogous to 
human DNA. This strategic use of structurally relevant 
model DNA not only facilitated the evaluation of enzyme–
drug interactions but also provides a valuable framework 
for identifying and characterizing novel topoisomerase 
inhibitors. The inhibitory effect of roxithromycin on 
topoisomerase II has previously been investigated in a 
single study [17] although the researchers employed a 
different DNA substrate from the structurally relevant 
model DNA used in our experiments. Importantly, despite 
this difference, our findings are consistent with and 
further support the results of that study, while also 
demonstrating the advantage of employing a DNA model 
closely resembling human DNA to enhance the biological 
relevance of enzyme inhibition analyses. This approach 
not only strengthens the translational potential of our 
findings but also provides a methodological framework for 
future studies aiming to evaluate novel topoisomerase 
inhibitors with greater clinical applicability. These findings 
highlight the potential of roxithromycin derivatives as 
candidates for anticancer drug development, particularly 
in malignancies dependent on topoisomerase II activity or 
exhibiting resistance to current topoisomerase-targeting 
therapies. Future research should focus on elucidating the 
molecular mechanisms underlying roxithromycin’s 
enzyme inhibition, optimizing derivative compounds for 
improved potency and selectivity, and evaluating their 
therapeutic efficacy and safety in preclinical cancer 
models. In line with these results, the anticancer potential 
of roxithromycin was further supported by its inhibitory 
effects on topoisomerase enzymes, suggesting a 
mechanism of action distinct from its established 
antibacterial properties. The development of more potent 
roxithromycin derivatives targeting topoisomerase II may 
represent a promising strategy for the discovery and 
synthesis of novel anticancer therapeutics, particularly for 
malignancies such as breast cancer and leukemia, which 
are characterized by topoisomerase II overexpression or 
resistance to existing inhibitors.  
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