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Atorvastatin inhibits miR-143 expression: A protective mechanism
against oxidative stress in cardiomyocytes
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Statins are unequivocally the most widely prescribed drug for the
primary and secondary prevention of coronary artery disease world-
wide [1]. Atorvastatin is the most commonly prescribed statin drug
due to its lower therapeutic dose compared to others. The well-
tolerated and high benefit–risk ration of atorvastatin has been demon-
strated in clinical trials [2]. Atorvastatin reduces the risk of myocardial
infarction, stroke, and death, primarily inhibiting reactive oxygen spe-
cies (ROS) [3].

The epigenetic mechanisms postulated to be responsible for these
changes included DNA methylation and histone modification [4]. To
date, there is limited evidence available on the effects of statins on a
third, recently described arm of epigenetics: microRNA (miRNA) ex-
pression. It has been established that miRNAs coordinate cell death by
directly affecting the transcriptome, modulate multiple target tran-
scripts and thus heavily influence gene expression patterns [5–7]. Re-
cent studies found that miR-143 may be key to controlling cell death
via repression of multiple anti-apoptosis targets, such as Bcl-2 and Fas
[8–10]. In a separate study miR-143 was found to influence phenotypic
modulation of vascular smooth muscle cells regulated by cardiac tran-
scriptional factor, SRF (serum response factor) and Nkx2–5 (cardiac
NK-2 transcription factor) [11].

A growing number of evidence has demonstrated the existence and
functional role of FoxO1 in themyocardium. FoxO1 is themain target of
insulin signaling and regulates metabolic homeostasis in response to

oxidative stress [12,13]. While the previous efforts focused on FoxO-
dependent regulation of protein-coding genes, non-coding RNA genes
have emerged as equally important targets of many transcription fac-
tors. Very recently, a research group supported this view by showing
that knock-down FoxO1 using siRNA triggered a significant increase in
miR-143 level [14]. However, the effect of statins on FoxO1/miR-143
axis in the heart has not been investigated to date. Limited data is avail-
able on the effects of atorvastatin on miRNAs involved in the regulation
of specific biological pathways.

The use of animals was in accordance with the regulations of the
ethic committees of Harbin Medical University. All experimental proce-
dureswere confirmedwith the Guide for the Care andUse of Laboratory
Animals published by the US National Institutes of Health (NIH Publica-
tion No. 85-23, revised 1996). Firstly, we established oxidative stress in-
jury model in vitro by treating hydrogen peroxide (H2O2) in neonatal
rat ventricular myocytes (NRVMs). The cardiomyocytes were isolated
and treated with H2O2 (100 μM) for 4 h as previously described. MTT
analysis showed that cell viability was significantly decreased in the
H2O2 treated group (Fig. 1A). Interestingly, the effect of H2O2was allevi-
ated upon pre-treatmentwith atorvastatin (10 μM) for 0.5 h. Moreover,
pre-treatmentwith atorvastatin also increased FoxO1mRNA level com-
pared with H2O2 alone treated group (Fig. 1B). In contrast, miR-143 ex-
pression was significantly lower in atorvastatin/H2O2 co-treated group
than that in H2O2 alone treated group (Fig. 1C). These results suggest
that atorvastatin protects cardiomyocytes from oxidative stress and
may involve the regulation of FoxO1/miR-143 axis.

In line with previous studies [15], we confirmed that miR-143 ex-
pression was up-regulated during oxidative stress stimuli both in vitro
(Fig. 2A) and in vivo (Fig. 2B). The result indicates that miR-143 is the
key regulator of core apoptosis pathways in the heart. Our strategy of
inhibited miR-143 expression using anti-microRNA oligonucleotides
(AMO) resulted in significantly lower miR-143 level as compared with
either H2O2 treated group or H2O2/negative control co-treated group
(Fig. 3A). Down-regulation of miR-143 enhanced cell viability after
H2O2 treated (Fig. 3B). Importantly, inhibition of endogenous miR-143
rescued cardiomyocytes from oxidative stress induced apoptosis
(Fig. 3C,D). A plausible mechanism of atorvastatin protected against ox-
idative stress in cardiomyocytes is presented. So we proposed that ator-
vastatin promoted FoxO1 and then triggered a decreased in miR-143
expression, which alleviated miR-143-dependent apoptosis. It should
be noted that there is no evidence to prove how atorvastatin directly
or indirectly regulates FoxO1, which is interesting to research in future
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study. In summary, this is the first study to demonstrate a potential
mechanism by which atorvastatin decreases miR-143 level which was
regulated by FoxO1. The down-regulation ofmiR-143 level in cardiovas-
cular disease patients on statins may thus be a compensatory mecha-
nism to protect the heart.
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Fig. 1.Atorvastatin restored cell viability and regulated FoxO1 andmiR-143 expression levels inH2O2-induced cardiomyocytes. (A) Cell viabilitywas significantly increased in atorvastatin/
H2O2 co-treated group (n = 4). (B) The level of FoxO1 mRNA expression was significantly increased in atorvastatin/H2O2 co-treated group (n = 4). (C) The level of miR-143 expression
was significantly lower in atorvastatin/H2O2 co-treated group (n = 4). The data were represented as means ± SEM. *p b 0.05; **p b 0.01.
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