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Abstract Alcohol abuse is a risk factor for a distinct form of
congestive heart failure, known as alcoholic cardiomyopathy
(ACM). Here, we investigate how microRNAs may partici-
pate in the induction of cardiomyocyte apoptosis associated
with ethanol exposure in vitro. Increasing the concentrations
of ethanol to primary rat cardiomyocytes resulted in elevated
apoptosis assessed by annexin V and propidium iodide stain-
ing, and reduced expression of an enzyme for alcohol detox-
ification aldehyde dehydrogenase 2 (ALDH2). These ethanol
effects were accompanied by a substantial elevation of miR-
378a-5p. Driving miR-378a-5p overexpression in
cardiomyocytes decreased ALDH2. The specific interaction
of miR-378a-5p with the 3’UTR of ALDH2 was examined
by luciferase reporter assays, and we found that miR-378a-5p
activity depends on a complementary base pairing at the 3′-
UTR region of ALDH2 mRNA. Finally, ethanol-induced ap-
optosis in cardiomyocytes was attenuated in the presence of
anti-miR378a-5p. Collectively, these data implicate a likely
involvement of miR-378a-5p in the stimulation of cardiomyo-
cyte apoptosis through ALDH2 gene suppression, which
might play a potential role in the pathogenesis of ACM.
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Introduction

Alcoholic cardiomyopathy (ACM), which is characterized by
cardiac hypertrophy and compromised myocardial contractil-
ity associated with chronic alcohol consumption, has long
been recognized as one of the major toxicological effects of
ethanol in the cardiovascular system (Guzzo-Merello et al.
2015; Piano and Phillips 2014). The link between alcoholism
and left ventricle dysfunction has been reported in heart dis-
ease (Guzzo-Merello et al. 2014; Guzzo-Merello et al. 2015;
Piano and Phillips 2014). For instance, the incidence of con-
gestive cardiomyopathy is greatly enhanced in populations of
patients involved with ethanol addiction (Fernandez-Sola
2015). Some of the cardiotoxicity of alcohol have been attrib-
uted to acetaldehyde, an oxidized product of ethanol in the
human body, which can impair cardiac excitation-
contraction coupling and inhibit sarco/endoplasmic-
reticulum calcium release (O’Brien et al. 2005; Ren and
Wold 2008). Additionally, acetaldehyde is far more toxic
and reactive than ethanol in terms of induced tissue and cell
injury. By directly interacting with DNA, protein, or lipid,
acetaldehyde elicits its cell-damaging effects including muta-
genesis, oxidative stress, pro-inflammatory reactions, and cell
death (Dey and Cederbaum 2006; Setshedi et al. 2010). Under
normal conditions, acetaldehyde is rapidly metabolized in the
liver; whereas the levels of acetaldehyde such as in the blood
can increase significantly following alcohol intake (Balbo and
Brooks 2015; Brooks and Theruvathu 2005). Thus, the re-
search for the mechanisms underlying alcohol-induced myo-
cardial damage has been mainly focused on the toxicity of
acetaldehyde (Ren 2007; Ren and Wold 2008). The main en-
zyme removing acetaldehyde is a family of proteins known as
aldehyde dehydrogenase (ALDH) (Edenberg 2007), which
catalyze the oxidation of acetaldehyde in the presence of
nicotinamide-adenine dinucleotide (NAD). Perhaps the most
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promising data to support the significance of the acetaldehyde
hypothesis come from the animal studies in which the manip-
ulations of acetaldehyde-metabolizing enzymes including
ALDH can attenuate or exacerbate cardiac hypertrophy and
contractile defect after alcohol exposure (Doser et al. 2009; Li
and Ren 2008; Ma et al. 2010).

Aldehyde dehydrogenase 2 (ALDH2) is a crucial ALDH
family member in the mitochondria, capable of detoxifying
mitochondrial reactive aldehydes that are stimulated by oxi-
dative stress, such as the lipid peroxidation by-product (4-
hydroxinonenal). The cardioprotective role of ALDH2 has
been demonstrated in various models, including acute
ischemia/reperfusion injury (Gong et al. 2012), heart failure
(Gomes et al. 2014), and particularly in alcoholic cardiomy-
opathy (Doser et al. 2009; Ma et al. 2010). In fetal human
cardiac myocytes in vitro, ALDH2 overexpression results in
an alleviation of acetaldehyde-elicited cell apoptosis (Li et al.
2006). Global transgenic overexpression of ALDH2 in mice
effectively decreases chronic alcohol intake-elicited myocar-
dial hypertrophy and contractile defect (Doser et al. 2009). On
the contrary, knockout of ALDH2 in mice aggravates the
acute ethanol exposure-induced cardiomyocyte dysfunction
with elevation in cardiac acetaldehyde levels (Ma et al.
2010). It seems that a potential therapeutic approach for
ACMmight benefit from ALDH2 upregulation. In fact, phys-
iologic signaling cascades or pharmacological chemicals that
activate ALDH2 have been suggested to contribute
cardioprotection in reperfusion arrhythmias (Koda et al.
2010), ischemia injury (Robador et al . 2012), or
postmyocardial infarction (Gomes et al. 2014). Studying the
regulatory pathways for ALDH2 expression in cardiomyocyte
following ethanol exposure thus should provide important in-
sights to the molecular targets of ACM treatment.

In the present study, we designed in vitro experiments to
evaluate the potential impact of microRNAs (miRNA) on
alcohol-induced apoptosis in primary cardiomyocytes.
MicroRNAs are a major class of molecular modulators in
biology whose functions are mainly through gene repression.
The role of microRNAs in alcohol-induced multi-organ injury
have been implicated, such as in alcoholic liver disease (Gao
and Bataller 2011; Miranda et al. 2010; Natarajan et al. 2015).
The exploration for the possible involvement of microRNAs
in ALDH2 gene modulation under ethanol exposure may be
useful to treat patients with ACM.

Methods and Materials

Rat primary cardiomyocyte culturing

We isolated primary cardiomyocytes from adult rat hearts by a
modified method as described (Xu and Colecraft 2009). In
brief, the hearts dissected from rat were perfused with

collagenase and protease. Ca2+-tolerant cells were obtained
by stepwise increases in extracellular Ca2+ concentration in
three subsequent wash steps. Cells were filtered, resuspended
in DMEM/M-199 containing 4% horse serum at 37 °C. The
procedure regarding animal handling and dissection was per-
formed in accordance with the animal protocol approved by
the Committee on the Ethics of Animal Experiments of
Changhai Hospital. Alcohol (up to 0.5% ethanol in media)
was used to treat cells for 4 days.

Apoptosis assay

Apoptosis of primary rat cardiomyocyte following ethanol
treatment was assessed by FACS analysis of annexin V/
propidium iodide (PI) staining. After treatments, the cells were
trypsinized and counted. The cells at 1 × 106 cells/ml in 1 ×
binding buffer (Sigma-Aldrich) were incubated with annexin
V-fluorescein isothiocyanate (FITC) and propidium iodide
(Sigma-Aldrich) for 15 min in the dark at room temperature.
The levels of stain were then analyzed by flow cytometry
(FACSCalibur; BD Biosciences), and apoptosis was deter-
mined by calculating the percentages of PI-negative and
annexin V-positive cells in CellQuest Pro software (BD
Biosciences).

Quantitative real-time PCR

Weassessed themRNA level of ALDH2 gene by real-time PCR.
Total isolated RNA from cell cultures was reverse transcribed to
complementary cDNAs using Superscript II according to manu-
facturer’s instructions (Biorad). SYBR Green dye-based detec-
tion method was used by using the SYBR Green PCR Master
Mix assay (Applied Biosystems). A series of dilutions of control
cDNAwere used to generate the standard curves and validate the
melting curves for each primer set. Specific primers used includ-
ed ALDH2, forward 5′- CAGCTACACCCGCCACGAGC-3′,
reverse 5′- GCGGTAGGGCCGAATCCAGG-3′; GAPDH, for-
ward 5′- ATGTGCCGGACCTTGGAAG -3′, reverse: 5′-
CCTCGGGTTAGCTGAGAGATCA-3′. Triplicated PCR reac-
tions were carried out for each sample. Minus reverse transcrip-
tase and no template samples were used as negative controls, and
GAPDH was used as a housekeeping gene for normalization.

Western blotting

Western blotting was performed in cultured cells following as
indicated. The cells were lysed in buffer containing 1%NP40,
50 mM Tris, 5 mM EDTA, 1% SDS, 1% sodium
deoxycholate, 1% Triton X-100, 1 mM PMSF, 10 mg/ml
aprotinin, 1 mg/ml leupeptin, and pH = 7.5. Protein amounts
were measured by Bradford assay and 50 micrograms total
proteins was resolved on SDS-PAGE. Following an electric
transfer to a PVDF membrane, proteins on the blots were
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blocked by 5% nonfat milk and incubated with primary anti-
bodies, including ALDH2 (1:1000, Abcam) or GAPDH
(1:1000, Abcam) at 4 °C overnight. Themembranes were then
incubated byHRP conjugated secondary antibody, and signals
were visualized by an enhanced ECL-based imaging system.

MicroRNA profiling

Total RNA including miRNA was isolated by using Trizol
(Invitrogen) and was labeled as the first strand biotin-cDNA.
The potential regulatory miRNAs were selected by
TargetScanHuman (Lewis et al. 2005) based on 3′-UTRs of
rat ALDH2 genes. The resultant miRNAs were analyzed with
a customized probe set containing designed oligos (IDT)
based on the miRNA registry database (Liu et al. 2008). We
then used this customized miRNA microarray in the primary
cardiomyocyte treated with ethanol.We performed the hybrid-
ization step by a hybridization station (Tecan) followed by an
indirect detection of streptavidin-Alexa647 conjugate
(Invitrogen). The images of microarray were analyzed by
GenePix Pro (Molecular Devices).

MicroRNA assays

Expression of rat miR-378a-5p was determined with TaqMan
Advanced miRNA Assays (rno481145_mir), purchased from
ThermoFisher Scientific, according to manufacturer’s instruc-
tions. The miRNA mimic (MC10049) and inhibitor
(MH10049) for rat miR-378a-5p were purchased from
ThermoFisher Scientific, and transfected into cells using
Nucleofector system (Lonza).

Luciferase assay

We used reporter assay to evaluate the miR-378a binding sites
in the ALDH2 3′UTR. The wild type or mutant miR-378a-5p
target sequences at the 3′ UTR of ALDH2 were cloned into
the pGL3 plasmid at the downstream of luciferase gene. All
transfections were performed by Nucleofector system
(Lonza), and the activities of firefly luciferase and Renilla
luciferase in the cell lysates were measured with the Dual-
Luciferase Assay System (Promega).

Results

Ethanol exposure induces apoptosis in rat primary
cardiomyocytes

Effect of alcohol was studied in vitro by treating primary rat
cardiomyocyte with various concentrations of ethanol (Fig. 1).
Four days later, cell apoptosis was evaluated by double stain-
ing of annexin V/PI (Fig. 1a). Gating at the early cell death/
apoptosis population with specific surface markers (PI-nega-
tive and annexin V-positive), we observed a dose response of
ethanol exposure in cardiomyocyte apoptosis (Fig. 1a, b).
Comparing to vehicle-treated control cells, the percentage of
apoptotic cells was greatly increased starting at 0.3% ethanol
treatments in cardiomyocytes.

Ethanol exposure decreases ALDH2 expression in rat
primary cardiomyocytes

As an important enzyme of ethanol metabolism, ALDH2 gene
expression was measured in primary cardiomyocytes

Fig. 1 Ethanol exposure induces
apoptosis in rat primary
cardiomyocytes. The cells were
exposed to different
concentrations of ethanol (0.1,
0.3, and 0.5%) for 4 days and
subjected to detection. a, b
Annexin V-FITC/PI staining was
employed to detect the apoptosis.
Apoptosis percentage in each
group was analyzed by flow
cytometry. Data were presented as
mean ± S.D. **p < 0.01 compared
to control (no ethanol treatment)
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following ethanol treatment (the same conditions as Fig. 1).
As Fig. 2a shows, the mRNA levels of ALDH2 were signif-
icantly reduced in cells under 0.3 or 0.5% ethanol.
Importantly, this change in transcript also corresponded to a
decrease of ALDH2 protein (Fig. 2b, c).

MiR-378a-5p mediates the ALDH2 reduction
in cardiomyocytes stimulated by ethanol

In order to search for putative microRNAs that may mediate
the ethanol effect on ALDH2 suppression, we have analyzed
the sequence at the 3′ untranslated region (UTR) of rat
ALDH2 gene for the complementary sequence of
microRNAs by using TargetScanHuman (Lewis et al. 2005).
Eighteen candidate miRNAs were selected and studied in a
microarray-based customized screen to examine their expres-
sion levels in cardiomyocytes following ethanol exposure
(Fig. 3a). As shown in Fig. 3a and confirmed by Fig. 3b, 0.3
and 0.5% ethanol treatment on cardiomyocytes for 4 days
induced a significant increase inmiR-378a-5p.We then direct-
ly tested its role on ALDH2 expression by overexpressing
miR-378a-5p in cardiomyocyte, which resulted in a signifi-
cant reduction of ALDH2 expression (Fig. 3c). In agreement
with the findings on gene modulation, we further demonstrat-
ed that the ALDH2 protein was also downregulated by miR-
378a-5p overexpression in rat cardiomyocytes (Fig. 3d).
Taken together, these data suggest that miR-378a-5p induced
by ethanol exposure could mediate the suppression of ALDH2
in cardiomyocytes.

MiR-378a-5p targets on 3’UTR of ALDH2 to repress gene
expression

To test the specific interaction of miR-378a-5p with the
3’UTR of ALDH2, we then performed a luciferase reporter
assay. The potential base pairing of miR-378a-5p at the 3′-
UTRs of ALDH2 was highlighted in Fig. 4a. In order to ex-
amine the activity of 3′-UTR of ALDH2, the wild type or

mutant miR-378a-5p target sequences at the 3′ UTR of
ALDH2 were cloned into the pGL3 plasmid at the down-
stream of luciferase gene as indicated (Fig. 4b). As shown in
Fig. 4c, co-transfection of miR-378a-5p greatly decreased the
reporter activity of wild type 3′-UTR but not on the mutated 3-
UTR of ALDH2. Similar modulation was found in ethanol-
treated cells (Fig. 4d). The ethanol treatment also decreased
the luciferase activity of wild type but not the mutant 3′-UTR
of ALDH2. These results confirm that ethanol-stimulated
miR-378a-5p could repress ALDH2 gene expression in pri-
mary cardiomyocytes, possibly through a direct base pairing
with the 3′-UTR region of ALDH2 mRNA.

Blocking miR-378a-5p attenuates cell apoptosis
of cardiomyocytes stimulated by ethanol

To further study the potential role of miR-378a-5p in ethanol-
stimulated apoptosis in cardiomyocytes, we used miR-378a-
5p inhibitor (anti- miR378a-5p). Comparing to controls, the
induction of apoptosis by ethanol was substantially decreased
in cardiomyocytes treated with anti-miR378a-5p (Fig. 5a, b).
This data implies that miR378a-5p is indeed required for the
induction of cell apoptosis by ethanol in primary
cardiomyocytes.

Discussion

The hallmark of alcoholic cardiomyopathy is cardiac hy-
pertrophy (cardiomegaly) and myocardial dysfunction
(compromised contractility), although the precise explana-
tions remain elusive. As one contributor to the onset of
alcoholic cardiomyopathy, cell death is directly implicated
in long-term alcohol effects, particularly including
ethanol-stimulated apoptosis in the cardiac muscle. It has
been observed that in the hearts of individuals with histo-
ry of alcoholism the structural heart damage is associated
with higher apoptotic indexes compared with control

Fig. 2 Effects of ethanol exposure on ALDH2 mRNA and protein
expressions in rat primary cardiomyocytes. The cells were exposed to
different concentrations of ethanol (0.1, 0.3, and 0.5%) for 4 days and
subjected to detection. aALDH2mRNA expression was analyzed by RT-
PCR. GAPDH was used as an internal control. b ALDH2 protein

expression was analyzed by western blot. GAPDH was employed as a
loading control. Relative ALDH2 protein expression to control in each
group was shown in c. Data were presented as mean ± S.D. **p < 0.01
compared to control (no ethanol treatment)
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subject, a similar change as the damaged hearts of long-
standing hypertensive origin (Fernandez-Sola et al. 2006).
The resulting increase in cellular apoptosis has been

linked to oxidative stress and may ultimately contribute
to the adverse regulation of cardiac remodeling in chronic
alcoholism (Jing et al. 2012).

Fig. 3 Ethanol (0.5%) inhibits ALDH2 expressions through miR-378a-
5p in rat primary cardiomyocytes. a 18 μ-RNAs predicted to target
ALDH2 were found to be upregulated or downregulated by ethanol treat-
ment by microarray analysis. b Level of miR-378a-5p was analyzed by
mature miRNA assay in rat primary cardiomyocytes exposed to ethanol. c
ALDH2 mRNA level in the cells transfected with either negative control

miR (miR-NC) or miR-378a-5p. mRNA levels were analyzed by RT-
PCR. GAPDHwas used as an internal control. d ALDH2 protein expres-
sion level was examined bywestern blot analysis.GAPDHwas employed
as a loading control. Data were presented as mean ± S.D. **p < 0.01
compared to control (no ethanol treatment)

Fig. 4 MiR-378a-5p directly targets the 3′-UTR on the mRNA of
ALDH2. a Sequences of the predicted miR-378a-5p targeting sites on
the 3′-UTR of ALDH2 mRNA. b Wild type (-WT) or mutated (-Mut)
sequences from ALDH2 mRNA 3′-UTR were cloned downstream of
luciferase reporter gene (LUF). Luciferase activities of -WT and -Mut

constructs for ALDH2 were determined in rat primary cardiomyocytes
with miR-NC/miR-378a-5p transfection (c), or with ethanol treatment
(d). Data were presented as mean ± S.D. **p < 0.01 and n.s (p > 0.05)
compared to control (no ethanol treatment)
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Here, our study in primary cardiomyocyte presents a novel
mechanism underlying such apoptotic response following eth-
anol exposure for 4 days in culture. Specifically in this setting,
the acute effects of ethanol on cardiomyocyte are the main
focus of the study. A direct consequence of acute ethanol
treatment was examined. In general, the findings support the
acetaldehyde theory in which the first oxidized metabolite of
ethanol is believed to mediate the major toxic effects of alco-
holic injury. In agreement with the notion of acetaldehyde as a
primary cause for the loss of cardiomyocytes from alcohol-
induced apoptosis, we found that the expression of ALDH2,
the key acetaldehyde-metabolizing enzyme, is dramatically
suppressed in primary cardiomyocyte upon an extended cul-
ture in the presence of 0.3–0.5% ethanol. Alcohol intake can
increase the acetaldehyde level significantly (Balbo and
Brooks 2015; Brooks and Theruvathu 2005). In principle,
the observed ALDH2 reduction may exacerbate cell death
stimulated by ethanol, as an anti-apoptotic action of ALDH2
associated with p47 (phox) NADPH oxidase has been implied
by the studies using ALDH2 knockout mice (Liao et al. 2012).
Reversely, it has been demonstrated that the increase of
ALDH2 gene expression could confer protection to
acetaldehyde- or ethanol-stimulated cardiomyocyte injury

in vitro (Li et al. 2006). As a response to enhance ethanol
catabolism, the upregulation of ALDH2 expression has often
been observed in several cases of ethanol exposure. For in-
stance, ALDH2 mRNA of peripheral blood leukocytes in-
creases following alcohol ingestion (0.4 g/kg body weight)
in healthy young subjects (Kimura et al. 2009). In postmortem
brain of alcohol-related disorders, elevated expression levels
of ALDH2were observed in the prefrontal cortex (Zhang et al.
2014). In addition, the activity of ALDH2 in the liver was
significantly increased by acute ethanol exposure (6 g/kg
intragastrically for 3 days) in mice (Ding et al. 2014). These
results have suggested that ALDH2 gene modulation is likely
presenting a compensatory regulation for ethanol metabolism,
which is a potential therapeutic target for the prevention and
treatment of alcohol-related disorders. In the current study, it is
intriguing to find out that the expression of ALDH2 is an
autonomous target of ethanol as well. However, acute ethanol
exposure substantially reduced ALDH2 in the cardiomyocyte.
The physiological relevance of such gene regulation is unclear
at the moment. Rather than an evolutionary pathway to shape
ethanol-related metabolism as previously discussed, the inhi-
bition of ALDH2 by ethanol we found here may mediate an
unknown effect to spread cell response to acute ethanol ad-
ministration. As such, our data pinpoints ALDH2 gene sup-
pression by ethanol as a possible pathological reaction that
could amplify the deleterious effects of ethanol on cardiomyo-
cyte. Presumably, this acetaldehyde-specific signaling appears
to be critical for acute alcohol-induced myocardial damage,
which may cause long-lasting in vivo effects such as the loss
of cardiomyocytes due to apoptosis induction.

Alcohol ingestion can disrupt cardiovascular homeostasis
through various intracellular pathways, including small regulato-
ry RNAs. As master regulators of endogenous gene modulation
in multiple diseases, the implication of microRNAs in mediating
the ethanol effects has emerged as crucial mechanisms with ther-
apeutic potential. It has been estimated in large-scale miRNA
screens about 2–3% of miRNA expression can be altered by
ethanol, with both up- and downregulated changes observed
(Dolganiuc et al. 2009; Wang et al. 2009). Upregulation of
miRNAs has been associated with alcoholism in the liver, brain,
or circulation (Bala et al. 2011; Bala et al. 2012; Lewohl et al.
2011). Specifically, miR-378 expressions were found significant-
ly higher in the serum of humans with alcohol use disorders
(Ignacio et al. 2015). MiR-378 includes both miR-378-5p and
miR-378-3p, which are mature microRNAs derived from a com-
mon hairpin RNA precursor expressed from a single non-coding
gene (Nagalingam et al. 2013). Although neither miR-378-5p
nor ALDH2 gene has been previously identified as a target of
ethanol exposure, prior studies in ischemia conditions have
shown a list of miRNAs that negatively regulate ALDH2 func-
tion could be associatedwith increased cardiomyocyte apoptosis.
Overexpression ofmiR-34a, which increases in acutemyocardial
infarction patients, could reduce ALDH2 expression in neonatal

Fig. 5 MiR-378a-5p inhibitor (anti-miR-378a-5p) significantly reduces
ethanol-induced apoptosis in rat primary cardiomyocytes. The cells were
treated with ethanol (0.5%) in addition with or without anti-miR-378a-5p
for 4 days. a, b Annexin V-FITC/PI staining and flow cytometry was
employed to detect the apoptosis. Data were presented as mean ± S.D.
**p < 0.01 compared to ethanol-treated group
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rat cardiomyocyte (Fan et al. 2013). In a recent report, miR-28
was shown to possess the ability of ALDH2 repression as well
(Li et al. 2015). Interestingly, miR-28 level is specifically in-
creased in myocardial cells under hypoxic condition. These
two microRNAs have not been examined in our experiments.
Whether miR-34 or miR-28 expression could also be directly
stimulated by ethanol will need to be determined by future stud-
ies in cardiomyocyte. Given the tremendous breadth of miRNA
function that covers diverse gene modulations, it is reasonable to
expect that more ethanol-targeted genes throughmiRNAswill be
identified. Although the mechanism of miRNA regulation by
alcohol still remains largely unexplored, the capacity of
miRNAs to control large numbers of genes may be utilized as
an evolutionary mechanism to develop alcohol-responsive
changes as amplifiable modules at the cellular and system level.

The reason for increasing miR-378a-5p expression under eth-
anol exposure in the cardiomyocyte is intriguing. Previous stud-
ies have shown that miR-378 is expressed in cancer cells and
involved in proliferation, angiogenesis, and tumor growth (Lee
et al. 2007). In a recent report, Wang Z et al. (Wang et al. 2015)
showed that expression of miR-378-5p was downregulated in
colorectal cancer tissues and cell lines. Furthermore, they found
that miR-378-5p can decrease proliferation in cancer cells as a
potential tumor suppressor. On the other hand, miR-378 expres-
sion (including both miR-378-3p and miR-378-5p) is highly
enriched in the heart and skeletal muscle tissues. Another study
shows that postexercise increases miR-378-5p expression in hu-
man muscle biopsies, implicating its role in exercise adaptation
(Camera et al. 2016). The cardiac function of miR-378-3p has
been attributed to anti-hypertrophic signaling (Ganesan et al.
2013). Although our data suggest that the increased miR-378-
5p is proapoptotic through repressing acetaldehyde metabolism,
perhaps there could be other targets of miR-378-5p that provide
benefits following cardiac stress. Alternatively, cardiac miR-378
expression may be used to adjust systemic homeostasis in re-
sponse to alcohol uptake. For instance, miR-378 knockout mice
lacking both miR-378-3p and miR-378-5p contain increased mi-
tochondrial fatty acid metabolism and enhanced oxidative capac-
ity of insulin-target tissues (Carrer et al. 2012). The knockout
mice do not have a basal phenotype relating to heart. It would
be important to evaluate the function of miR-378-5p in these
mice after acute or chronic alcohol intake. The results of such
study will help to further verify the role of microRNA in alco-
holic cardiomyopathy, with the potential to clarify the acetalde-
hyde hypothesis by testing ALDH2 function in alcoholic
complications.

Conclusion

In the current study, we found that expression of a specific
microRNA, miR-378a-5p, is enhanced in cardiomyocytes
treated with acute ethanol exposure. Overexpression of miR-

378-5p suppresses ALDH2 through a complementary base
pairing at its 3′-UTR. Functionally, inhibiting miR-378a-5p
attenuates ethanol-stimulated apoptosis. Future studies are
needed for studying the effects of chronic ethanol exposure
on miR-378a-5p. These observations collectively suggest that
ALDH2 repression through miR-378a-5p could potentially be
a molecular target for alleviating ethanol-induced apoptosis in
cardiomyocyte.
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