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Anthracycline cardiotoxicity: new actors on the stage
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Anthracyclines, including doxorubicin that was
discovered in Italy over a half century ago, are widely
used chemotherapeutics for the treatment of many
human cancers (1). Shortly after their introduction, the
cardiovascular toxicity has been reported (2), but despite
decades of research, the pathogenesis of cardiotoxicity is
still incompletely understood.

Contrary to the common perception, the dimension of
anthracycline cardiotoxicity is by no means small. A recent
analysis, conducted on patients treated with anthracyclines
with a follow-up of 9 years, reported a rate of 17.9% and
6.3% of subclinical and overt cardiotoxicity, respectively (3).
The use of alternative echocardiographic parameters such
as myocardial strain, documented even higher incidence
of anthracycline-induced cardiac dysfunction, rating about
30% in adult survivors of childhood cancer (4). Given the
growing population of cancer survivors exposed to the
treatment as children or adults, cardiotoxicity has attracted
more attention in the new discipline of cardio-oncology.
This recent initiative aims at promoting research of
mechanisms driving cardiotoxicity and bringing uniformity
to the guidelines regarding diagnosis, management and
monitoring (5).

In a recently published Circulation Research paper,
Gupta and colleagues reported a previously unrecognized
phenomenon involved in the pathogenesis of anthracycline
cardiotoxicity (6). By global transcriptional profiling
approach, the researchers identified doxorubicin-induced
alterations in the levels of several cardiac RNA-binding
proteins (RBPs). In particular, the downregulation of
Quaking isoform 5 (Qki5) was observed. RBPs are known
to control the function of coding and noncoding RNAs.
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Regulatory function of RNA is a relatively late-studied
aspect of cell biology, given that more than 98% of the
transcriptional output of the human genome is noncoding
RNA (7,8). Qki was shown to regulate the formation
of circular RNAs and its pro-survival properties on
cardiomyocytes has been previously reported in ischemic
myocardium (9). By using iz vivo and in vitro overexpression
of Qki5, Gupta and colleagues documented a protective role
of this protein against doxorubicin-induced cell death and
cardiac dysfunction. The effects of Qki5 were dependent
on the dose and subcellular localization. Several circular
RNAs, controlled by overexpression of Qki5, were also
downregulated in response to doxorubicin. Interestingly,
inhibition of Ttn-derived circular RNA increased the
susceptibility of cardiomyocytes to doxorubicin. Thus, an
extensive transcriptomic approach by Gupta and colleagues
identified Qki5 as an important mediator of doxorubicin
cardiotoxicity and highlighted the role circular RNAs in this
pathology (Figure I).

"The doxorubicin-induced cardiotoxicity involves multiple
molecular mechanisms and, up to date, the formulation of a
unified model of pathogenesis has not clearly been defined.
To properly maintain hemodynamic function, the human
heart requires an adequate supply of oxidative energy in
each one of billion cardiomyocytes. In this regard, reactive
oxygen species (ROS) accumulation and involvement of
mitochondria as a subcellular target of doxorubicin have
been studied in the context of a cardiomyocyte as a cell type
particularly rich in mitochondria. It is generally recognized
that oxidative stress leads to the activation of necrotic and
apoptotic pathways causing cardiomyocyte loss (10).

A series of strategies have been used in attempt to reduce
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Figure 1 Newly identified mechanism underlying doxorubicin cardiotoxicity and potential cardioprotective strategy. The role of RBPs

and circular RNAs in other cardiac cell types (smooth muscle cells, endothelial cells, cardiac fibroblasts and progenitor cells) awaits further

investigation. RBPs, RNA-binding proteins.

harmful effects that anthracyclines have on myocardial
structure and function. The first approach to diminish
the incidence of cardiotoxicity is to use a therapeutic dose
lower than 450 mg/m’. However, lowering the cumulative
dose of doxorubicin causes a significant reduction of
on-treatment events, but has no impact on late-onset
complications, indicating that no dose of doxorubicin that
can be considered safe (11). For example, hearts of children
exposed to a dose of doxorubicin below 100 mg/m’, show
structural abnormalities in 30% of survivors several years
after cancer diagnosis (12). Pharmacokinetics-based method
consists of changing administration schedule by replacing
bolus with slow infusion and switching from conventional
to liposomal formulations, although inconclusive results and
elevated costs limit their use. Additionally, less cardiotoxic
anthracycline derivatives, such as epirubicin or idarubicin,
are not routinely used in current practice (13).

Dexrazoxane is the only approved cardioprotective agent
against anthracycline cardiotoxicity, with a documented
efficacy in both children and adult patients (14,15). As an
iron chelating agent, it interferes with iron-dependent
redox reactions thereby decreasing ROS production and
tissue damage. Recently, as additional mode of action,
dexrazoxane was shown to deplete DNA topoisomerase I,
thus preventing anthracycline-induced DNA double strand
breaks (16). The clinical use of dexrazoxane was limited
by regulatory agencies following a concern, subsequently
disproven, regarding the potential risk of a second

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

malignancy in paediatric patients (17). Other compounds
with anti-oxidant properties, such as probucol, vitamin E,
L-carnitine, coenzyme Q, glutathione and N-acetylcysteine
were tested in experimental and clinical settings with
inconclusive findings (18). Although supported by a strong
rationale, the antioxidant therapy targeting redox signalling
in anthracycline cardiomyopathy has failed to give a
significant impact to protect form cardiotoxic risk. Now it
is clear that subcellular compartmentalization of ROS and
ROS-mediated signalling is central for both cardiovascular
physiology and response to stress (19). This should pave
the way for the development of new intervention strategies
targeting antioxidants to specific compartments, interfering
with a specific ROS-dependent subcellular pathway, thus
favouring beneficial effects over the location-unspecific
action.

The treatment, as for patients with heart failure,
includes a combination of B-blockers, ACE-inhibitors,
angiotensin receptor blockers (ARBs), diuretics, nitrates and
hydralazine (20). In particular, ACE-inhibitors and
B-blockers have showed a significant cardiac protection
in patients under anthracycline treatment. Recently, ESC
Committee for Practice Guidelines has recommended the
use of ACE-inhibitors (or ARBs) and B-blockers in patients
with heart failure or asymptomatic cardiac dysfunction (21).
Overall, available cardioprotective measures has not solved
the clinical problem. Therefore, the work of Gupta and
colleagues regarding the possibility to target RBPs in the
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cardio-oncologic setting offers an alternative scenario that
is worth deepening.

Similar to the myriad of studies aiming to explore
cellular and molecular phenomena, the study of Gupta
and colleagues focused on cardiomyocytes that account for
less than one third of the total number of cells within the
heart. However, other cell types such as cardiac fibroblasts,
endothelial cells, undifferentiated cells and vascular
smooth muscle cells are also present and are involved
in the homeostasis of the heart. Because these entities
dynamically interact in response to changes in homeostatic
and pathological stimuli, the structural and functional
relationship between different cellular components cannot
be dismissed (22-24). In fact, Gupta and colleagues detected
the expression of Qki5, 6 and 7 in cardiac fibroblasts and
endothelial cells raising a possibility that the role of Qki
family may extend beyond cardiomyocyte compartment.

In summary, the novel work of Gupta and colleagues
reveals previously unrecognized aspects of cardiotoxicity.
Adding a new level of complexity to myocardial
pathophysiology, this study not only significantly
contributes to new specialized field of research but also
calls for follow up research aiming at extending our
understanding of the role of noncoding RNA biology in
other cardiovascular diseases.
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