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Abstract

Chemotherapy-induced cardiotoxicity is a major
limitation of anthracycline-based treatments such as
doxorubicin. Since TOP2B has been identified as a
key mediator of DOXO-induced cardiotoxicity, this
work explores and optimizes shRNA- and ASO-
based silencing strategies targeting TOP2B.
Preliminary results support the development of
chemically modified ASOs with improved
therapeutic potential.

Introduction

Cancer and cardiovascular disease are among the
leading causes of death worldwide. However, several
chemotherapeutic agents, including doxorubicin
(DOXO), can induce cardiotoxicity, a severe side
effect that limits their clinical use. DOXO exerts its
antitumor  activity through interaction with
topoisomerase 2o (TOP2A) [1], whereas interaction
with the P isoform (TOP2B), predominantly
expressed in cardiac tissue [2], has been associated
with  chemotherapy-induced cardiac damage.
Importantly, previous in vivo studies demonstrated
that cardiomyocyte-specific deletion of Top2b
protects against DOXO-induced cardiotoxicity [3].

In recent years, oligonucleotide-based therapies have
emerged as promising therapeutic tools due to their
specificity and versatility, including applications in
cardiovascular  diseases [4]. Among the

oligonucleotide-based approaches, antisense
oligonucleotides (ASOs) offer important advantages
such as improved stability (compared to RNA) and
compatibility with non-viral vector delivery
approaches.

Therefore, the aim of this work was to develop and
optimize oligonucleotide-based silencing strategies
targeting TOP2B using both shRNA- and ASO-based
approaches.

Materials and Methods

We designed two types of RNAIi strategies to
selectively silence 7TOP2B mRNA while avoiding
inhibition of the highly homologous TOP24 isoform:
three short hairpin RNA (shRNA) candidates and
nine ASOs.

shRNA candidates were cloned into an inducible
eukaryotic expression vector and evaluated in
HEK293 cells following transient transfection
(Lipofectamine 2000, Thermo), confirmed by
fluorescence microscopy. TOP2B and TOP2A
expression was assessed by immunofluorescence and
quantitative PCR (qPCR).

ASO candidates were evaluated in transiently
transfected =~ HEK293  cells and  induced
cardiomyocytes derived from pluripotent stem cells
(iCMs). Silencing efficiency was assessed by
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immunofluorescence, fluorescence

analysis and qPCR.

quantitative

Results

Cloning and validation of the shRNA expression
vectors were successfully achieved. Transient
transfection assays in HEK293 cells showed efficient
inducible tdTomato expression. Preliminary analyses
revealed modest TOP2B inhibition for one shRNA
candidate, although none achieved robust silencing
efficiency.

Based on these results, ASO-based approaches were
explored as an alternative. Initial evaluation of
first-generation ASOs in HEK293 cells showed
successful delivery and variable inhibitory effects
among candidates. Immunofluorescence analyses
revealed partial reductions in TOP2B protein
expression up to 28% silencing (Fig. 1), whereas
gPCR analyses revealed limited mRNA silencing,
reaching a maximum reduction of 8%.

Subsequent evaluation in iCMs revealed differences
in candidate performance between non-cardiac and
cardiac cellular models, highlighting the importance
of physiologically relevant systems (Fig. 1).
Although some candidates performed better than
others, none achieved efficient TOP2B inhibition.
Consequently, a second  generation  of
phosphorothioate-modified ASOs was designed and
is currently under evaluation.

Conclusions

This work supports the continued optimization and
development of oligonucleotide-based strategies
targeting TOP2B for the prevention of anthracycline-
induced cardiotoxicity. Although initial sShRNA and
ASO candidates showed limited silencing efficiency,
the results obtained guided the rational design of a
new generation of chemically modified ASOs with
improved therapeutic potential.
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Fig 1. TOP2B expression after ASO treatment in HEK293 cells
(grey) and iCMs (pink). TOP2B protein expression was

normalized relative to scramble-treated cells. Quantification was
performed by immunofluorescence analysis.
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