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This editorial refers to ‘Novel antisense therapy targeting

microRNA-132 in patients with heart failure: results of a

first-in-human Phase 1b randomized, double-blind, pla-

cebo-controlled study’†, by T. Thum et al., on page 178.

Heart failure (HF) is frequent, lethal, and expensive.1 In spite of re-
markable progress in clinical management of patients and use of devi-
ces, the prognosis of this condition remains poor, with mortality
rates estimated at 6–7% at 1 year in patients with chronic HF and at
>_25% in those hospitalized with acute HF.2 HF is also tremendously
expensive, representing 2–3% of national health expenditures in
high-income countries3 and a projection to more than double in the
next 20 years as a result of the population ageing.4 Current drug
treatment for HF has not evolved significantly recently. Standard of
care includes drugs [angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), beta-blockers, mineralocortic-
oid receptor antagonists, ivabradin, and, more recently, combined
ARB–neprilysin inhibitors5] that have been developed based on
patho-physiological discoveries dated decades ago. Most notably, all
the available drugs are small molecules. At this present time, not a sin-
gle biological drug (recombinant protein, peptide, nucleic acid, or
monoclonal antibody) is available for a disease as prevalent as HF.

It is in this setting that the recent development of novel nucleic
acid therapeutics is most welcome news. In this issue of the European
Heart Journal, Thum and collaborators report the first-in-human data
for an antisense locked nucleic acid (LNA) oligonucleotide
(CDR132L) targeting microRNA (miR)-132-3p for HF patients.6

That non-coding nucleic acids, and miRNAs in particular, play a funda-
mental role in the pathophysiology of HF is a notion that has gained
progressive ground over the last decade. Several miRNAs are known
to be expressed in a dysregulated manner during disease progression,
hence the therapeutic opportunity of manipulating their levels
through the design of antisense molecules. An attractive mechanistic
consideration for miRNA targeting is the ability of a single interven-
tion targeting one miRNA to influence the expression of multiple
genes both within and between important pathways relevant to the
disease. This is mediated through the well-known mechanism of ac-
tion of miRNAs, by which an individual molecule can target multiple
mRNAs, inducing their degradation or blocking their translation.
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Graphical abstract Thum and co-workers6 show that inhib-
ition of miR-132, which is expressed from the miR-212-132 locus
on human chromosome 17, results in increased levels of FoxO3
and Serca2a and improved cardiac function. Inhibition is achieved by
administering a chemically modified oligonucleotide (CDR132L),
which contains locked nucleic acid (LNA) nucleotides and phospho-
nothioate (PS) linkages to increase in vivo stability.

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.
† doi:10.1093/eurheartj/ehaa898.
* Corresponding author. Centre for Cardiovascular Sciences, 47 Little France Crescent, University of Edinburgh, Edinburgh EH16 4TJ, UK. Tel: þ44 131 2426728, Email: Andy.
Baker@ed.ac.uk
Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2020. For permissions, please email: journals.permissions@oup.com.

European Heart Journal (2021) 42, 189–191 EDITORIAL
doi:10.1093/eurheartj/ehaa967

http://orcid.org/0000-0003-1441-5576
http://orcid.org/0000-0003-2927-7225


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
While the original proposal of creating an ‘antisense’

oligonucleotide-based drug to inhibit RNA dates back three deca-
des,7 the field of RNA-targeted therapeutics has now matured signifi-
cantly, with several RNA-targeting drugs already approved for
commercial use and several others in the final phases of the clinical
trial pipeline.8,9 This progress was rendered possible by significant
improvements in the chemical modification of antisense nucleic acids
to increase their pharmacological properties while maintaining
Watson–Crick base pairing. In particular, the inclusion of LNA
nucleotides in the antisense oligonucleotide increases both stability
and thermodynamic strength of duplex formation with complemen-
tary target RNAs.10 The efficacy of this approach in the cardiovascu-
lar field is also highlighted by recent evidence in humans injected with
an LNA antagonist to miR-92a-3p, an agent that is being developed
for intervention in cardiovascular disease and wound healing. At
doses up to 1.5 mg/kg, this LNA molecule showed dose-dependent
decreases in circulating miR-92a levels and target derepression in the
peripheral blood compartment. This encouraging study has provided
early evidence of target-specific activity following injection of miRNA
antagonists into humans.11

The work by Thum and collaborators on miR-132-3p inhibition in
HF has progressively built momentum from pre-clinical studies to the
first-in-human trial reported in this issue.6 First, the miR-132 stem–
loop is part of a cluster (the miR-212/132 family). This stem–loop
cluster is responsive to HF cues and its expression is activated in cells
and experimental models mimicking HF conditions. Second, two
miRNAs from this cluster (i.e. miR-212 and miR-132) both independ-
ently regulate similar target genes in the heart, in particular a member
of the FoxO gene family (both miRNAs directly target FoxO312),
which contributes antihypertrophic signals by regulating calcineurin
signalling in cardiomyocytes as well as autophagy.12–14 Third, and the
most important finding from a translational context, inhibition of
miR-132-3p alone (i.e independent of miR-212) via an antisense
oligonucleotide approach is sufficient to block the development of
cardiac hypertrophy and transition to heart failure in multiple mouse
models.12 With this is at hand, a subsequent expansive large animal
study has provided definitive pre-clinical evidence of dosing regimens,
safety, and efficacy.12 In this randomized study, which assessed both
intravenous and intracoronary delivery, medium and high doses of
the miR-132-3p LNA inhibitor (5 mg/kg and 10 mg/kg, respectively)
were effective at improving cardiac function and reducing brain natri-
uretic peptide (BNP) levels, while not affecting evolution of the fi-
brotic scar or cardiac revascularization. It was previously shown that
deletion of the same axis in mice positively affects angiogenesis
in vivo,15 thus it is important to note that this mechanism of action is
not obviously relevant in the context of revascularization in the heart
post-injury.

Now, the same team of investigators report the first-in-human
data from this antisense oligonucleotide strategy for HF patients with
New York Heart Association (NYHA) class I–III and left ventricular
ejection fraction (LVEF) >30% (Take home figure).6 The study design
was a prospective, randomized, and placebo-controlled phase 1b
dose-escalation study. The dosing regimen involving 28 patients at
four dose cohorts and placebo (5:2 design) up to a maximum of 10
mg/kg intravenously 4 weeks apart. The dosing regimen, in general,
appeared to be safe and well tolerated. The study drug was readily
detected in the plasma of all dosed patients in the absence of drug

accumulation. Critically, plasma levels of miR-132-3p were dose-
dependently reduced in patients receiving the drug. Based on predict-
ive pharmacokinetic modelling, the team pooled the placebo and low
dose groups and three higher dose groups into two pools [non-phar-
macodynamic (PD)-active and PD-active, respectively; 27 patients in
total]. Using this strategy, a number of efficacy measures were
assessed, including NT-proBNP, LVEF and NT-proBNP combined,
biomarkers of HF, and cardiac fibrosis, as well as QRS complex nar-
rowing. Although some trends and significance were noted, the study
design at this phase 1b stage was clearly underpowered for efficacy
measures. What is striking, however, is the encouraging safety, toler-
ability, and dose-dependent target reduction in the plasma observed,
supported by valuable prediction modelling of dosing from porcine
efficacy and safety studies. There is indeed great encouragement
embedded within this important dataset.

More broadly, this study is also important to the field to guide add-
itional investigations targeting miRNAs and other RNA species using
oligonucleotide approaches in cardiovascular patients. The 4-weekly
dosing regimen, the chemistry, and the pharmacokinetics all show
encouraging signs for use in humans. In summary, this first-in-human
study targeting miR-132-3p described here represents a considerable
advance in the field of miRNA therapeutics in cardiovascular disease.
While it is too early to indicate whether the strategy will be effica-
cious in human, the safety and feasibility herein described, when com-
bined with the detailed evidencing of efficacy in small and large animal
models, provides tremendous encouragement for progression of fur-
ther studies in patients with HF. The results of the next phase in this
exciting journey will be eagerly awaited by the field.
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Corrigendum doi:10.1093/eurheartj/ehaa248
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Corrigendum to: Coronavirus fulminant myocarditis saved with glucocorticoid and human immunoglobulin [Eur Heart J
2020:doi:10.1093/eurheartj/ehaa190]

The authors of the above paper wish to inform readers that minor grammatical and style errors were found to be present in the originally
published article version.

The title has been corrected from ‘Coronavirus fulminant myocarditis saved with glucocorticoid and human immunoglobulin’ to
‘Coronavirus fulminant myocarditis treated with glucocorticoid and human immunoglobulin’

The final paragraph has been corrected from the previous wording:
‘In 2020, there was a major outbreak of coronavirus infection. Unlike other coronavirus infections, which mainly cause pulmonary infec-
tions, this case of coronavirus infection was characterized by heart damage. The heart grew rapidly in a short period of time and quickly
returns to normal after treatment. This type of clinical presentation has been previously reported to be rare. This case report is helpful in
treating other similar patient. It is suggested that early glucocorticoid anti-inflammatory therapy and immunoglobulin therapy are of impor-
tant value to this type of patient.’

It now reads:
‘Unlike other coronavirus infections, which mainly cause pulmonary infections, this case of coronavirus infection was characterized by heart
damage. The cardiac chamber dimensions increased in a short period of time and quickly returned to normal after treatment. This case
report is helpful in treating other similar patients. It is suggested that early glucocorticoid anti-inflammatory therapy and immunoglobulin
therapy may be of important value to this type of patient.’

The paper has now been corrected online.

VC The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.
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