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Abstract

Chemotherapy-induced cardiotoxicity is an often
fatal consequence of some cancer treatments, such
as anthracyclines like doxorubicin (DOXO), for
which there is currently no preventive treatment.
Since the cardiotoxic mechanism of DOXO is due
to its action on topoisomerase 2  (TOP2B), some
studies have described the protective effects of its
cardiomyocyte-specific inhibition. In this work we
have develop and characterized an RNA
interference (RNAI) strategy to inhibit TOP2B.
Although our preliminary results show low
inhibition of TOP2B in vitro, they encourage future
development of more efficient ShRNAs.

Introduction

Cancer and cardiovascular disease are the leading
causes of death in western countries. But in
addition, some chemotherapeutic agents used to
treat cancer also induce cardiotoxicity, a fatal side
effect that limits the use of potentially effective
therapies.

In recent years, gene silencing therapy with RNAI
has emerged as a promising treatment for several
pathologies, including cardiac diseases, with proven
efficacy in preclinical and clinical phases [1, 2].
Since chemotherapy-induced cardiotoxicity is
generally related to the drug’s mechanism of action
on cancer cells, which is also present in pathways
from non-tumor cells, its prevention and treatment

will likely require interventions that selectively
protect the heart.

DOXO is one of the most effective and widely used
chemotherapeutic treatments for cancer. DOXO
acts on topoisomerase 2 (TOP2) [3] and exerts its
antitumor effect by acting on the a isoform
(TOP2A), which is expressed on highly
proliferative cells. Unfortunately, its interaction
with the B isoform, which is expressed on post-
mitotic cells and the only isoform present on the
adult heart [4], leads to cardiotoxicity. In vivo
studies have shown that cardiomyocyte-specific
conditional knock-out of Top2b prevents DOXO-
induced cardiotoxicity [5].

Taken together, we aimed to develop an in vitro
RNAIi-mediated gene silencing strategy to inhibit
TOP2B expression so that future studies can
determine its cardioprotective effect.

Materials and Methods

To this end, we designed a short hairpin RNA
(shRNA)-based RNAIi strategy to selectively
silence TOP2B and not the highly homologous
TOP2A isoform.

First, three shRNA candidates were cloned into a
eukaryotic inducible expression vector,
downstream of a tdT fluorescent reporter gene. The
recombinant vectors were confirmed by enzymatic
digestion and Sanger sequencing.
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Next, we evaluated their activity in routine HEK293
cells by transient transfection, confirmed by
fluorescence microscopy. The effects of the
hairpins on TOP2B and TOP2A were studied at the
level of protein expression (Western blot and
immunofluorescence) and mMRNA expression
(quantitative PCR).

Results

After designing three shRNA-TOP2B candidates,
their cloning into a eucaryotic inducible expression
vector was highly efficient.

The efficiency of the transient transfection of
HEK293 cells with the confirmed recombinant
vectors was adequate. Inducible expression of the
tdT reporter gene was highly efficient, with no
signal detected by immunofluorescence on the
uninduced sample, and high expression detected on
samples induced with doxycycline. Preliminary
results show a qualitative reduction in TOP2B
expression in samples transfected with shRNA-
TOP2B candidate 3 (Fig. 1). Sadly, the protein
expression of TOP2A and TOP2B couldn’t be
determined by Western Blot due to the lack of
sensitivity of the antibody and/or the low transfer
efficiency of high molecular weight proteins on
nitrocellulose membrane. Further optimization is
needed for this technique.

After confirming the specificity of the primers to
determine RNA expression by conventional PCR,
preliminary qPCR studies showed that only
ShRNA-TOP2B candidate 3 modestly inhibited
Top2b expression, but with slight effect on Top2a.

Conclusions

Preliminary results show one shRNAs candidate
with limited inhibition of TOP2B at the mRNA and
protein levels. Further studies are required to
investigate the activity of these candidates in both
routine and cardiac cells of human origin.
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019-1191-6 Fig. 1. Transfected HEK293 with recombinant vector expressing

tdT and shRNA-TOP2B 3 by fluorescence microscopy. Note: tdT
(yellow), nuclei (blue) and TOP2B (red).
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