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Notch1 suppression by microRNA-34a: a new

mechanism of calcific aortic valve disease
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This editorial refers to ‘Therapeutic inhibition of microRNA-

34a ameliorates aortic valve calcification via modulation of

Notch1-Runx2 signalling’, by T. Toshima et al., pp. 983–994.

Calcific aortic valve disease (CAVD) affects one in four people over
65 years of age, but decades of mechanistic investigation of CAVD have
yielded little change in management.1 One reason for this is that transla-
tional research has largely been limited to ex vivo analysis of diseased tis-
sues or end-stage phenotypes of the valve interstitial cells (VICs) in vitro.2

At these endpoints, the eponymous calcification of CAVD is classified by
the transition of VICs into either osteoblast-like or myofibroblast-like
cells, but early signals that instigate the typically quiescent VICs to transi-
tion from fibroblasts to one of these disease-associated phenotypes are
unknown.3 This lack of a unifying pathogenic theory has stymied work to
find either a biomarker for the disease or an effective pharmacological
target. However, one signalling pathway continually resurfaces as
researchers look for early molecular drivers of CAVD: Notch1.

Notch1, a transmembrane receptor involved in intercellular signalling
and cellular differentiation, rose to prominence in the valve field when it
was discovered that mutations in the human gene (i.e. NOTCH1) caused
CAVD.4 Notch1 signalling normally represses Runx2 expression, but
when NOTCH1 is mutated, Runx2 increases, leading to osteoblast-like
differentiation of VICs. Suppression of Notch1 expression and the ensu-
ing signalling pathways has been found in nearly all in vitro and in vivo mod-
els of CAVD, and is sufficient to cause calcification.5 However, while
CAVD is highly prevalent, we have learned in the years since that
NOTCH1 mutations are very rare. In 2016, a pathophysiological mecha-
nism for Notch1 suppression was described when Hadji et al.6 found
that the long non-coding RNA, H19, was increased in CAVD and able to
suppress Notch1 expression by outcompeting p53 for NOTCH1’s pro-
moter region. These findings highlighted the possibility of biologically rel-
evant pathogenic mechanisms upstream of NOTCH1.

In the current paper by Toshima et al.,7 microRNA-34a (miR-34a)
appears to similarly suppress Notch1 expression in VICs by binding its
mRNA. Like H19, miR-34a is increased in human CAVD specimens, and
in porcine VICs treated with osteogenic medium. Administration of miR-
34a mimic additionally replicates the CAVD phenotype associated with
Notch1 suppression, while a locked nucleic acid (LNA) miR-34a inhibi-
tor rescues a murine wire-injury model of CAVD, mitigating

haemodynamic (peak jet velocity), histological (valve thickening), and
molecular changes. These new findings provide a more complete picture
of Notch1-related calcification in which H19 and miR-34a mimic the ge-
netic mutation of Notch1 through pre- and post-transcriptional mecha-
nisms (Figure 1).

In addition to new mechanistic understanding of non-genetic Notch1
dysfunction in VICs leading to CAVD, the finding that miR-34a binds
Notch1 mRNA in the valve and prevents translation of the receptor pro-
vides a host of new areas of exploration for preventing CAVD. First,
these findings add another potential biomarker for CAVD.
Unfortunately, miR-34a is implicated in a variety of cardiovascular dis-
eases and is therefore not specific enough for diagnosis in isolation, but
in combination with currently available markers of CAVD, this new tar-
get may be of use.8 Additionally, as the field of nucleic acid therapies
expands, miR-34a may be a potential target in those with progressive
aortic stenosis (AS) due to CAVD. Results in the current work demon-
strated the utility of LNA-based inhibition of miR-34a, and several other
studies show early signs of efficacy in utilizing LNAs, antagomirs, or other
anti-sense-based strategies to target miRNA species in cardiovascular dis-
ease.9 As with concerns about diagnostic specificity, therapeutic targeting
may necessitate tissue- or cell type-specific drug delivery, and earlier
results targeting miR-34a in moderate dilated cardiomyopathy indicated
sex-based differences in therapeutic efficacy.10 Nevertheless, RNA-based
therapeutics seem poised to enter into clinical use, and targets such as
these are attractive candidates for previously untreatable diseases.

Second, this set of findings regarding miR-34a highlights the role of
p53 signalling in CAVD. These two molecules have a well-established in-
teraction in early oncogenic events where they collaboratively influence
apoptosis and inflammation. P53 is a master regulator of the cell cycle
and prevents cellular proliferation, while miR-34a expression is pro-
moted by p53 and serves an auto-regulatory function by modulating
p53-associated transcripts.11 This relationship between p53 and miR-34a
coincides nicely with the previously reported findings regarding H19
which outcompetes p53 for the promoter region of the NOTCH1 gene.
Although it is well-established that p53 acts downstream to promote
NOTCH1 transcription which suppresses calcification, these ‘two hits’ on
the p53 pathway (H19 and miR-34a) highlight the possible role of other
molecules in the p53 pathway in CAVD, a disease in which apoptosis
and cell cycle checkpoints have previously been implicated.
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..Finally, and perhaps most promisingly, this finding of an alternative
mechanism underlying Notch1-associated calcification reinforces the po-
tential of current work targeting proteins downstream of suppressed
Notch1 signalling. Currently, there are no pharmacological therapies for
patients with AS due to CAVD, and the only trials in humans have
attempted unsuccessfully to repurpose antihypertensive and lipid-
lowering agents. However, promising work has outlined the potential
for alternative targets downstream of suppressed Notch1 like that seen
by Toshima et al. Among these is cadherin-11, a cell–cell junction protein
that is upregulated with Notch1 suppression and is necessary for calcifi-
cation in vitro.12,13 Administration of a monoclonal antibody against
cadherin-11 has been shown to mitigate the CAVD phenotype in mice
with Notch1 haploinsufficiency,14 and the small molecule celecoxib ana-
logue dimethyl celecoxib, which binds cadherin-11, has been shown to
prevent calcification in vitro.15 The findings by Toshima et al. suggest that
this therapeutic strategy may have promise in instances of CAVD not
caused by direct NOTCH1 mutation, and encourage future work to iden-
tify additional targets associated with Notch1 suppression.

Although the management of AS has changed rapidly, the need
remains for pharmacological approaches to CAVD as an alternative to
surgical intervention. This work by Toshima et al. provides a novel ap-
proach for targeting aortic valve calcification and provides insight for an

abundance of new studies to understand the progression and treatment
of CAVD.
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