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	 Background:	 Oxidative stress in myocardial ischemia results in cardiomyocyte apoptosis. The expression of microRNA-141-3p 
(miR-141-3p) and the 105 kD toll-like receptor protein (TLR), RP105, have been identified in cardiomyocytes in 
vitro. This study aimed to investigate the effects of hypoxia in H9c2 rat cardiomyoblasts with and without the 
inhibition of miR-141-3p and to investigate the expression of RP105 and the PI3K/AKT signaling pathway.

	 Material/Methods:	 H9c2 rat cardiomyoblasts were cultured in conditions of hypoxia and treated with a specific miR-141-3p-inhib-
itor. RP105 short-interfering RNA (siRNA) was constructed, and LY294002 was used to inhibit the PI3KA/AKT 
pathway. The fluorescent probe, dihydroethidium (DHE), was used to detect reactive oxygen species (ROS). 
Flow cytometry evaluated ROS and apoptosis. Quantitative real-time polymerase chain reaction (RT-qPCR) and 
Western blot studied the expression of the PI3K/AKT pathway genes and proteins. Bioinformatics and dual-lu-
ciferase reporter assays were used to identify the targets for miR-141-3p.

	 Results:	 A predictive TargetScan algorithm showed that the RP105 gene was a potential target of miR-141-3p. Expression 
of miR-141-3p was significantly increased in hypoxic H9c2 cells, and inhibition of miR-141-3p increased cell 
viability and reduced apoptosis. Also, miR-141-3p was shown to target 3’-UTR of RP105. Down-regulation of 
RP105 associated with hypoxia and its downstream PI3K/AKT pathway were significantly increased following 
miR-141-3p inhibition. The protective effect of miR-141-3p inhibition in hypoxic H9c2 cells was abolished by 
the absence of RP105 and inhibition of PI3K/AKT.

	 Conclusions:	 Inhibition of miR-141-3p reduced hypoxia-induced apoptosis in H9c2 cardiomyocytes in vitro by activating the 
RP105-dependent PI3K/AKT signaling pathway.
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Background

Worldwide, myocardial ischemia and infarction remain the 
leading causes of morbidity and mortality [1]. Although there 
have been advances in the diagnosis and treatment of isch-
emic heart disease, more than seven million people still suffer 
from myocardial infarction each year [2]. Global mortality rates 
from myocardial infarction continue to increase. Production 
of reactive oxygen species (ROS) from ischemic cardiomyo-
cytes triggers post-infarction apoptosis and cardiac remodel-
ing following myocardial infarction, which can lead to heart 
failure [3,4]. Therefore, further continued studies are needed 
to identify cardioprotective factors against ROS and apopto-
sis that might be used therapeutically.

MicroRNAs (miRNAs) are highly conserved non-coding RNAs 
that inhibit target genes by directly binding to 3’ untranslat-
ed regions (UTRs) of mRNA. Also, miRNAs have been shown 
to have a role in cardiovascular disease including myocardial 
infarction, myocardial hypertrophy, and myocardial ischemia-
reperfusion [5,6]. However, because of the potential effects 
of miRNA on several target genes, the roles of many miRNAs 
remain to be determined. The expression of miR-141-3p has 
been identified in endothelial cells following ischemia-reper-
fusion injury [7]. However, the roles of miR-141-3p in myocar-
dial ischemia and infarction remain unknown.

Transmembrane receptors, including the 105 kD toll-like recep-
tor (TLR) protein, RP105, sense extracellular stimuli and trans-
fer signals into intercellular effectors [8,9]. RP105 belongs to 
one member of the TLR family and acts as an endogenous ac-
tivator for the PI3K/AKT pathway, which is involved in the reg-
ulation of apoptosis and response to reactive oxygen species 
(ROS) [10]. However, the roles of RP105 and its association 
with the PI3K/AKT signaling pathway in myocardial ischemia 
and the endogenous mechanisms that initiate alternations in 
RP105 and PI3K/AKT remain unknown. The rat cardiomyoblast 
cell line, H9c2, has previously been used to study apoptosis 
associated with hypoxia [11].

A preliminary predictive TargetScan algorithm showed that the 
RP105 gene was a potential target of miR-141-3p. Therefore, 
this study aimed to investigate the effects of hypoxia in H9c2 
rat cardiomyocytes, with and without the inhibition of miR-
141-3p, and to investigate the expression of RP105 and the 
role of the PI3K/AKT signaling pathway.

Material and Methods

Cell culture

The H9c2 rat cardiomyoblast cell line was obtained from the 
Chinese Academy of Sciences Cell Bank (Shanghai, China). 
Cells were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) 
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA), in a hu-
midified incubator at 37°C with 5% CO2. Cells were cultured 
at an appropriate density and incubated for 24 h, and then 
passaged at a 1: 3 ratio twice weekly.

Cell transfection

The commercial synthetic microRNA-141-3p (miR-141-3p) in-
hibitor and a short hairpin RNA (siRNA) negative control (inhib-
itor-NC) were purchased from GenePharma (Shanghai, China), 
and were transfected into the H9c2 cells with Lipofectamine™ 
2000 (Invitrogen, Carlsbad, CA, USA). Briefly, cells were cul-
tured in serum-free DMEM and plated into six-well plates and 
starved for 12 h. Then, the miR-141-3p inhibitor (100 nM) or 
inhibitor-NC (100 nM) and transfection reagent (5 μL) were di-
luted in 250 μL of Opti-MEM reduced serum medium (Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) for 5 min. The 
Lipofectamine-miRNA was mixed for 20 min at 37°C and was 
added to the serum-free medium. The medium was replaced 
with fresh medium containing 10% FBS after 6 h of transfec-
tion. The cells underwent hypoxia or normoxia for 12 h, as de-
scribed below, and were harvested for further analysis. Each 
experiment was performed in triplicate.

To investigate the association between miR-141-3p and hypoxia, 
H9c2 cells were divided into four groups: the control group (no 
hypoxia); the hypoxia group; the miR-141-3p inhibitor transfect-
ed cells cultured under hypoxia (miR-141-3p inhibitor+hypoxia); 
and the inhibitor-NC transfected cells cultured under hypoxia (in-
hibitor-NC+hypoxia). To further investigate the underlying mech-
anisms of the effects of the miR-141-3p inhibitor in H9c2 cells, 
an additional experiment was performed in which miR-141-3p 
inhibitor or inhibitor-NC was transferred into H9c2 cells with or 
without RP105-siRNA and LY294002, an inhibitor of PI3K/AKT.

Short hairpin RNA (siRNA) transfection and quantitative 
real-time polymerase chain reaction (RT-qPCR)

RP105 gene silencing was performed using RP105-siRNA, 
which was designed and synthesized by Guangzhou Rubio Co. 
Ltd. (Guangzhou, China). Quantitative real-time polymerase 
chain reaction (RT-qPCR) was used to identify the most effec-
tive siRNA from three designed siRNAs that inhibited RP105 
mRNA expression. The RP105 gene primer sequence was: 
CTCTACCAAACTCAACAGAAT.
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Before transfection, H9c2 cells were cultured evenly in 24-well 
culture plates in complete culture medium. When the H9c2 
cells reached 30–50% confluence, 1.25 μl of siRNA storage so-
lution at a concentration of 20 μmol/l was diluted with 30 μl of 
1×ribo FECTTMCP transfection buffer (Guangzhou RiboBio Co., 
Ltd., Guangzhou, China), and 3 μl of ribo FECTTMCP reagent 
(Guangzhou RiboBio Co., Ltd., Guangzhou, China) was added, 
mixed and incubated at room temperature. After incubation 
for 30 minutes, the mixture of ribo FECTTMCP (Guangzhou 
RiboBio Co., Ltd., Guangzhou, China) was added to the cell 
culture medium and mixed. The culture plate was placed in a 
CO2 incubator at 37°C for 6 h. The transfection efficiency was 
confirmed by fluorescence microscopy.

The hypoxia cell culture model

To establish the in vitro hypoxia model, H9c2 rat cardiomyo-
cytes were cultured in an anaerobic chamber with 95% N2 and 
5% CO2 at 37°C, and were cultured in glucose-free Hanks bal-
anced salt solution (HBSS) (Invitrogen, Carlsbad, CA, USA) for 
4 h at 37°C [11]. Cells in the control group were cultured un-
der normal culture conditions.

Evaluation of cell injury

Cell injury was evaluated by detecting lactate dehydroge-
nase (LDH) activity in the culture medium using a commer-
cially available enzyme-linked immunosorbent assay (ELISA) 
kit (Jiancheng Bioengineering Institute, Nanjing, China). The 
results were measured using a microplate spectrophotome-
ter (Shimadzu Corporation, Kyoto, Japan) at a wavelength of 
440 nm. Data were expressed as concentration units per liter.

MTT assay

The MTT assay was used to detect cell viability, as previously 
described [12]. Briefly, cells were plated at 1×104 cells/well in 
96-well plates, and maintained at 37°C in a humidified nor-
moxic or hypoxic atmosphere, as described above. After incu-
bation for 4 h and when the cells were confluent, miR-141-3p 
inhibitor or inhibitor-NC were added. Subsequently, 20 μl of 
MTT solution (Nanjing Kaiji Biotech Development Co., Ltd., 
Nanjing, China) was added into each well and the cells were 
incubated for another 4 h. After removing the supernatants, 
150 μL of dimethylsulfoxide (DMSO) (Nanjing Boquan Co., Ltd., 
Nanjing, China) was added to each well and gently mixed using 
a plate oscillator (Beijing Haidian Electronic Medical Instrument 
Factory, Beijing, China) for about 10 min to dissolve purple 
formazan crystals. The optical density, OD570, was measured 
using an RT-6000 microplate reader (Rayto Life and Analytical 
Sciences Co., Ltd., Shenzhen, China) to quantify the inhibitory 
effect. All experiments were performed in triplicate. The inhi-
bition rate was calculated according to the following equation: 

inhibition rate (%)=(OD570 of control cells–OD570 of treated 
cells)/OD570 of control cells×100%.

Flow cytometry assay for cell apoptosis

The apoptotic rate of the H9c2 rat cardiomyocytes was mea-
sured using an apoptosis detection kit (BD Biosciences, Franklin 
Lakes, NJ, USA). Briefly, H9c2 cells were digested using 0.25% 
trypsin and re-suspended in PBS and centrifuged at 4°C for 
five minutes. A total of 100 μl of binding buffer was added to 
re-suspend the cells followed by the addition of 5 μl of 7-ami-
noactinomycin D (7-AAD) fluorescent dye. After the cells were 
incubated for 10 min at room temperature in the dark, 5μl of 
allophycocyanin (APC) solution was added to the suspension. 
Cell apoptosis was analyzed using BD FACSDiva software ver-
sion 7.0 (Becton Dickinson, Franklin Lakes, NJ, USA).

Detection of the generation of reactive oxygen species 
(ROS)

The dihydroethidium (DHE) probe (Beyotime, Shanghai, China) 
was used to measure ROS generation in H9c2 cells, as pre-
viously described [13]. Briefly, cells were adjusted to 1.5×105 
cells per well and cultured in a 24-well culture plate. After 
hypoxic or normoxic treatment, the culture media was re-
moved, and cells were washed three times in PBS. The DHE 
probe (10 µmol/L) was added to the wells for 30 min at 37°C. 
Photomicrographs were taken and the mean fluorescence in-
tensity (MFI) was calculated using an Olympus BX51 micro-
scope (Olympus, Tokyo, Japan) and ImageJ software (National 
Institutes of Health, Bethesda, MD, USA), respectively.

Luciferase reporter assay

To verify that RP105 was a direct target of miR-141-3p, the 
full-length 3’-UTR of RP105, which contained the predicted tar-
get binding sites, either as wild-type pmir-RP105-3’-UTR or as 
a mutant (RP105 3’-UTR-MT), were cloned into the pmirGLO 
luciferase vector (Promega, Madison, WI, USA) [14]. Then, the 
wild-type or mutant RP105 3’-UTR and pRL-SV40 Renilla lu-
ciferase control vector were co-transfected into cells with the 
miR-141-3p mimics or the miRNA control for 48 h. A dual-lu-
ciferase reporter system (Promega, Madison, WI, USA) was 
performed to measure luciferase activity. The data were ex-
pressed as a percentage of the vector group.

Quantitative real-time PCR (RT-qPCR)

Quantitative real-time PCR (RT-qPCR) was used to measure 
mRNA levels, as previously described [15]. Briefly, total RNA 
was extracted with TRIzol reagent (Aidlab Biotechnologies., Ltd, 
Beijing, China), and reverse-transcribed into cDNA using a re-
verse transcription kit (Takara Bio, Inc., Otsu, Japan). RT-qPCR 
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was performed using an ABI Prism 7500 system with the cor-
responding primers and a SYBR® Green and fluorescein qPCR 
Master Mix (Bio-Rad, Hercules, CA, USA). The mRNA expres-
sion of miR-141-3p and RP105 were normalized to U6 and b-
actin, respectively. The primer sequences used were as follows: 
RP105, forward: 5’-TGAGGGCCTCTGTGAAATGT-3’;
RP105, reverse: 5’-GGAAGCACTGATTTGGCACA -3’;
b-actin, forward: 5’-CACGATGGAGGGGCCGGACTCATC-3’;
b-actin, reverse: 5’-TAAAGACCTCTATGCCAACACAGT-3’;
U6, forward: 5’-CAAATTCGTGAAGCGTT-3’;
U6, reverse: 5’-TGG TGTCGTGGAGTCG-3’.

Western blot analysis for protein expression

Western blot was performed to measure protein expression, as 
previously described [15]. Briefly, H9c2 cells from the different 
groups were lysed with ice-cold RIPA lysis buffer (Beyotime, 
Shanghai, China), containing a cocktail of protease inhibitors 
(Sigma-Aldrich, St. Louis MO, USA). After adding appropriate 
amounts of sample suspension buffer into the protein sam-
ples (30 μg total protein), followed by sonication, the sam-
ples was centrifuged and the supernatant was obtained. The 
Coomassie blue staining method was used for the measurement 
of protein concentration. The protein samples were underwent 
10% sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) electrophoresis and were then electro-trans-
ferred to nitrocellulose membranes (Millipore, Billerica, MA, 
USA). The membranes were blocked with 5% dried skimmed 

milk powder in TBST for 1 h at 37°C. Then, the membranes 
were incubated overnight at 4°C in diluted primary antibodies 
against RP105, phosphorylated PI3K (p-PI3K), PI3K, AKT, p-AKT 
and GAPDH, followed by incubation in diluted horseradish per-
oxidase (HRP)-conjugated secondary antibodies for 1 h at room 
temperature. Finally, the immunoreactive protein bands were 
detected using a chemiluminescence imaging analysis system. 
The relative density of protein expression was quantified by 
BandScan version 5.0 software (Glyko, Inc., Novato, CA, USA).

Statistical analysis

Data were presented as the mean ± standard deviation (SD). 
All statistical analysis was performed using SPSS version 19.0 
software (IBM, Chicago, IL, USA). Between-group comparisons 
were performed using Student’s t-test. Multiple comparisons 
used analysis of variance (ANOVA) and a Student-Newman-
Keuls (SNK) q-test. A P-value <0.05 was considered to be sta-
tistically significant.

Results

miR-141-3p was upregulated in hypoxic H9c2 rat 
cardiomyocytes

In this study, rat H9c2 cardiomyocytes underwent hypoxia for 
24 h [14]. The induction of cardiomyocytes hypoxic injury was 
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Figure 1. �miR-141-3p was upregulated in hypoxic H9c2 rat cardiomyocytes. (A) The viability of H9c2 cells from each group (the 
Control group and the Hypoxia group). (B) Release of lactate dehydrogenase (LDH) by H9c2 cells. (C) The apoptosis rate was 
determined by flow cytometry of H9c2 cells. (D) Reactive oxygen species (ROS) production by H9c2 cells was measured by 
dihydroethidium (DHE) staining. (E) mRNA level of miR-141-3p in each of the four groups H9c2 cells studied: the Control 
group (no hypoxia); the Hypoxia group; the miR-141-3p inhibitor transfected cells cultured under hypoxia (miR-141-3p 
inhibitor+hypoxia group); and the inhibitor-NC transfected cells cultured under hypoxia (inhibitor-NC+hypoxia group). All 
data represent the mean ± standard deviation (SD) (n=3 per group). * P<0.05 vs. the Control.
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confirmed by the detections of loss of cell viability, measure-
ment of lactate dehydrogenase (LDH), apoptosis, and reactive 
oxygen species (ROS) activity. Figure 1A shows that cell viabil-
ity was comparable between the control and hypoxia groups. 
There was a significant increase in LDH (Figure 1B), apoptosis 
(Figure 1C), and ROS (Figure 1D) after 24 h of hypoxia when 
compared with the control group. The level of miR-141-3p was 
measured by quantitative real-time polymerase chain reaction 
(RT-qPCR) in H9c2 cells after normal cell culture or hypoxia. As 
shown in Figure 1E, miR-141-3p expression was significantly 
increased in response to hypoxia compared with the cells cul-
tured under normal conditions, indicating the potential role of 
miR-141-3p in hypoxic cell damage in H9c2 cells.

miR-141-3p inhibition reduced cell injury in hypoxic H9c2 
rat cardiomyocytes

The effects of miR-141-3p inhibition on cell viability and LDH 
levels showed reduced cell viability in the hypoxic group com-
pared with the control group, which was significantly increased 
after transfection with the miR-141-3p inhibitor (Figure 2A). 
Hypoxia also induced a significant increase in LDH levels in H9c2 

cells, which was reduced by miR-141-3p inhibition (Figure 2B). 
Oxidative stress and apoptosis are associated with myocar-
dial ischemia, and as shown in Figure 2C, hypoxia resulted in 
increased ROS, with the levels reduced by miR-141 inhibition. 
Flow cytometry to evaluate cell apoptosis showed that miR-
141-3p inhibition increased the number of H9c2 cells in ear-
ly and late stages of apoptosis, relative to the hypoxic group 
(Figure 2D). Therefore, miR-141-3p inhibition could reduce cell 
injury, apoptosis, and the production of ROS in hypoxic H9c2 
rat cardiomyocytes in vitro.

RP105 was a target gene of miR-141-3p in hypoxic H9c2 
rat cardiomyocytes

TargetScan and bioinformatics analysis identified the binding 
site of miR-141-3p in RP105 mRNA (Figure 3A). The lucifer-
ase activity assay was performed to confirm RP105 as a tar-
get gene of miR-141-3p. The results showed that luciferase 
activity in the wild-type vector group was reduced after miR-
141-3p mimic transfection, which was not changed in the mu-
tant vector relative to the inhibited group (Figure 3B). Also, the 
mRNA level of RP105 was decreased in hypoxia-induced H9c2 
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Figure 2. �miR-141-3p inhibition reduced cell injury in hypoxic H9c2 rat cardiomyocytes. (A) Cell viability and (B) lactate dehydrogenase 
(LDH) were detected in each group. (C) The reactive oxygen species (ROS) levels in each group using dihydroethidium (DHE) 
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cells after transfection with the miR-141-3p mimic compared 
with that transfected with miRNA scramble (Figure 3C). These 
data indicated that RP105 was a target gene of miR-141-3p.

miR-141-3p inhibition activated RP105 and the PI3K/AKT 
pathway in hypoxic H9c2 rat cardiomyocytes

Previous studies have indicated that RP105 might act as a me-
diator in the regulation of the PI3K/AKT signaling pathway [9]. 
Also, the miRNA-associated effects of changes in RP105 may be 
involved in the pathogenesis of ischemia [16]. However, it is not 
clear if miR-141-3p-mediated changes in RP105 and PI3KA/AKT 
participate in hypoxic myocardial injury. Figure 4A–4C show 
that expression of the mRNA and protein levels of RP105 in 
H9c2 cells decreased following hypoxia, which was reversed by 
inhibition of miR-141-3p. To further determine whether miR-
141-3p inhibition had a protective effect on hypoxic cardiomy-
ocytes in vitro by regulating the PI3K/AKT signaling pathway, 
Western blot was used to measure the protein level of p-PI3K 
and p-AKT. As shown in Figure 4, the p-PI3K and p-AKT lev-
els were decreased in hypoxic H9c2 cells compared with the 
control group, which was associated with down-regulation of 
RP105, while miR-141 inhibition increased the level of p-PI3K 

and p-AKT in hypoxic H9c2 cells. Also, the protein levels of to-
tal PI3K and AKT showed no significant differences between 
the four groups of cultured H9c2 cells. Therefore, miR-141-3p 
inhibition could enhance RP105 and the PI3K/AKT pathway in 
hypoxic H9c2 rat cardiomyocytes in vitro.

Blocking RP105 and PI3K/AKT removed the effects of miR-
141-3p inhibition in hypoxic H9c2 rat cardiomyocytes

The above results suggested that miR-141-3p inhibition might 
protect against hypoxia in cardiomyocytes by targeting the 
RP105-mediated PI3K/AKT signaling pathway in hypoxia. The 
findings following the use of RP105-short-interfering RNA (siR-
NA) and the specific PI3K/AKT inhibitor, LY294002, further sup-
ported the above results as the level of RP105 mRNA was sig-
nificantly decreased after RP105-siRNA transfection (Figure 5A). 
According to the MTT and LDH assays (Figure 5B, 5C), miR-
141 inhibition significantly improved hypoxic loss of cell via-
bility, which was reversed in the presence of RP105-siRNA and 
LY294002. Similar results were observed for the cell apoptotic 
cell rate (Figure 5D) and ROS production (Figure 5E). The miR-
141-3p inhibitor significantly reduced hypoxia-induced H9c2 
cells apoptosis and ROS production, and RP105 siRNA and 
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LY294002 reversed those effects. These data suggest that the 
anti-hypoxic roles of miR-141-3p inhibition were largely depen-
dent on the stimulation of RP105/PI3K/AKT signaling pathway 
in hypoxic H9c2 rat cardiomyocytes in vitro.

Discussion

In this study, the effects of hypoxia in H9c2 rat cardiomyo-
cytes in vitro were studied, with and without the inhibition of 
microRNA-141-3p (miR-141-3p), and the expression of RP105 
and the PI3K/AKT signaling pathway were also studied. The 
findings showed that inhibition of miR-141-3p had a protective 

effect on hypoxia in rat cardiomyocytes in vitro as shown by 
upregulation of miR-141-3p, while miR-141-3p inhibition fol-
lowing transfection reduced this protective effect and result-
ed in cell apoptosis and activation of RP105 and the PI3K/AKT 
pathway. Findings from the luciferase report assay showed that 
RP105 was a direct target gene of miR-141-3p. These findings 
showed a novel regulatory axis of miR-141-3p in an RP105-
dependent manner, indicating a potential role in reducing the 
effects of cardiomyocyte hypoxia.

During the development of myocardial ischemia and infarction, 
large quantities of reactive oxygen species (ROS) are formed 
that cause direct damage to myocardial cell structures, inducing 
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mitochondrial membrane permeability and apoptosis. Following 
myocardial hypoxia and ischemia, the dynamic balance between 
the anti-oxidative system and the oxidative system is disturbed, 
which results in the accumulation of ROS [12,17]. Therefore, ROS 
and apoptosis have a role in the pathogenesis of myocardial 
ischemia and infarction [18]. A recent study has shown that in-
hibition of miR-141 iprotects endothelial cells from myocardial 
ischemia-reperfusion injury [7], and also has anti-ROS and anti-
apoptotic effects in several disease processes [19,20]. However, 
the role of miR-141-3p in apoptosis and ROS in myocardial isch-
emia and infarction remain unclear. This is the first study that 
has investigated inhibition of miR-141 and its effects on the vi-
ability of cardiomyocytes, apoptosis, and ROS, and the findings 
provided insights into the possible effects exerted by miR-141 
on myocardial ischemia in vivo. However, future in vivo studies 
are required to determine these effects.

RP105 is a cell-surface protein, and triggers intercellular cas-
cade agents through the functional and structural connections 

with its homologous toll-like receptor proteins (TLRs). RP105 
has been shown to inhibit TLR4-mediated pathways and to 
participate in multiple pathological processes [9]. Guo et al. 
showed that RP105 exerts cardioprotective effects in myocyte 
ischemia both in vivo and in vitro mainly by reducing inflamma-
tion, apoptosis and autophagy [21]. The underlying molecular 
mechanisms were associated with inhibition of TLR4-mediated 
pathways [21]. Recently, a study from Yu and colleagues showed 
that PI3K acted as a potent downstream effector of RP105, 
resulting in phosphorylated activation of AKT [22]. Sun et al. 
showed that the RP105-PI3K-AKT axis had a neuroprotective 
role in oxygen-glucose deprivation/reoxygenation injury, with 
a mechanism that was closely associated the inhibition of in-
flammation, apoptosis and ROS generation [23]. These find-
ings support the regulatory effects of RP105 TLRs and are con-
sistent with the findings from the present study. This study is 
the first to report that the activation of the RP105/PI3K/AKT 
pathway resulting from miR-141 inhibition was protective 
against ROS and apoptosis in cardiomyocyte hypoxia. Recent 
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studies have shown TLR-independent roles for RP105, includ-
ing reduced expression of the chemoattractant chemokine (C-C 
motif) ligand-2 (CCL2), and reduction in atherogenesis associ-
ated with reduced C-C chemokine receptor-2 (CCR2) expres-
sion [24]. Therefore, further studies are needed to determine 
whether other molecular mechanisms were involved in RP105-
associated effects in myocardial ischemia.

Recent studies have shown that miRNAs have pivotal effects 
during myocardial ischemia and infarction and affect the pro-
gression of apoptosis and generation of ROS [25,26]. However, 
the roles of miR-141 in myocardial disease remain unknown. 
A previous study found the miR-141 was a regulator of mi-
tochondrial phosphate carrier, Slc25a3, in the diabetic myo-
cardium [27]. Liu et al. reported that miR-141 was involved 
in endothelial dysfunction by targeting ICAM-1 in myocardial 
ischemia [28]. In the present in vitro study, miR-141 was sig-
nificantly increased in hypoxic rat cardiomyocytes, in parallel 
with the reduced expression of RP105. Importantly, miR-141 
down-regulation significantly increased RP105 expression and 
reduced cell death, apoptosis and generation of ROS. Luciferase 
assays validated that RP105 was a direct target of miR-141 by 
binding to the 3’-UTR, and the use of specific siRNA against 
RP105 showed that the protective effects of miR-141 inhibi-
tion on hypoxia in cardiomyocytes were significantly abolished. 
Recently, reports of the effects of RP105 arising from miRNAs 

in cardiovascular disease have begun to emerge, including the 
association between miR-327 and RP105 as an approach to 
reducing inflammation in myocardial ischemia [29]. Further 
studies are still needed to determine the potential regulato-
ry networks that link miR-141 and RP105, which may provide 
unrecognized molecular insights in the occurrence and devel-
opment of myocardial ischemia in vivo.

Conclusions

This study aimed to investigate the effects of hypoxia in H9c2 
cardiomyocytes in vitro with and without the inhibition of the 
microRNA (miRNA), miR-141-3p and to investigate the ex-
pression of RP105 and the PI3K/AKT signaling pathway. The 
findings were that inhibition of miR-141-3p reduced hypoxia-
induced apoptosis in H9c2 cardiomyocytes by activating the 
RP105-dependent PI3K/AKT signaling pathway. Further stud-
ies are required to investigate the role of other miRNAs that 
directly target the RP105-PI3K-AKT axis and their role in car-
diomyocyte hypoxia.

Conflict of interest

None.

References:

	 1.	Anderson JL, Morrow DA: Acute myocardial infarction. N Engl J Med, 2017; 
376(21): 2053–64

	 2.	Reed GW, Rossi JE, Cannon CP: Acute myocardial infarction. Lancet, 2017; 
389(10065): 197–210

	 3.	 Pell VR, Spiroski AM, Mulvey J et al: Ischemic preconditioning protects 
against cardiac ischemia-reperfusion injury without affecting succinate 
accumulation or oxidation. J Mol Cell Cardiol, 2018; 123: 8–91

	 4.	 Yang Z, Wu QQ, Xiao Y et al: Aucubin protects against myocardial infarc-
tion-induced cardiac remodeling via nNOS/NO-regulated oxidative stress. 
Oxid Med Cell Longev, 2018; 2018: 4327901

	 5.	 Li L, Li S, Wu M et al: Early diagnostic value of circulating microRNAs in 
patients with suspected acute myocardial infarction. J Cell Physiol, 2019; 
234(8): 13649–58

	 6.	Qu W, Shi S, Sun L et al: Construction of a microRNA-associated feedfor-
ward loop network that identifies regulators of cardiac hypertrophy and 
acute myocardial infarction. Int J Mol Med, 2018; 42(4): 2062–70

	 7.	 Liu R R, Li J, Gong JY et al: MicroRNA-141 regulates the expression level of 
ICAM-1 on endothelium to decrease myocardial ischemia-reperfusion in-
jury. Am J Physiol Heart Circ Physiol, 2015; 309(8): H1303–13

	 8.	Guo X, Jiang H, Chen J et al: RP105 ameliorates hypoxia-reoxygenation inju-
ry in cardiac microvascular endothelial cells by suppressing TLR4/MAPKsNF-
kappaB signaling. Int J Mol Med, 2018; 42(1): 505–13

	 9.	 Yang J, Guo X, Yang J et al: RP105 protects against apoptosis in ischemia/re-
perfusion-induced myocardial damage in rats by suppressing TLR4-mediated 
signaling pathways. Cell Physiol Biochem, 2015; 36(6): 2137–48

	10.	 Yang J, Yang C, Yang J et al: RP105 alleviates myocardial ischemia-reper-
fusion injury via inhibiting TLR4/TRIF signaling pathways. Int J Mol Med, 
2018; 41(6): 3287–95

	11.	 Zhang RY, Qiao ZY, Liu HJ et al: Sonic hedgehog signaling regulates hypox-
ia/reoxygenation-induced H9C2 myocardial cell apoptosis. Exp Ther Med, 
2018; 16(5): 4193–200

	12.	 Sun J, Yu X, Huangpu H et al: Ginsenoside Rb3 protects cardiomyocytes 
against hypoxia/reoxygenation injury via activating the antioxidation sig-
naling pathway of PERK/Nrf2/HMOX1. Biomed Pharmacother, 2019; 109: 
254–61

	13.	 Fang T, Cao R, Wang W et al: Alterations in necroptosis during ALDH2 me-
diated protection against high glucose-induced H9c2 cardiac cell injury. 
Mol Med Rep, 2018; 18(3): 2807–15

	14.	 Liu X, Deng Y, Xu Y et al: MicroRNA-223 protects neonatal rat cardiomy-
ocytes and H9c2 cells from hypoxia-induced apoptosis and excessive au-
tophagy via the Akt/mTOR pathway by targeting PARP-1. J Mol Cell Cardiol, 
2018; 118: 133–46

	15.	Xing Y, Li L: Gastrodin protects rat cardiomyocytes H9c2 from hypoxia-in-
duced injury by up-regulation of microRNA-21. Int J Biochem Cell Biol, 2019; 
109: 8–16

	16.	 Yang Y, Yang J, Liu XW et al: Down-regulation of miR-327 alleviates isch-
emia/reperfusion-induced myocardial damage by targeting RP105. Cell 
Physiol Biochem, 2018; 49(3): 1049–63

	17.	 Yu L, Yang G, Zhang X et al: Megakaryocytic leukemia 1 bridges epigenetic 
activation of NADPH oxidase in macrophages to cardiac ischemia-reperfu-
sion injury. Circulation, 2018; 138(24): 2820–36

	18.	Wu J, Zeng Z, Zhang W et al: Emerging role of SIRT3 in mitochondrial dys-
function and cardiovascular diseases. Free Radic Res, 2018; 20: 1–221

	19.	 Li D, Xu D, Xu Y et al: MicroRNA-141-3p targets DAPK1 and inhibits apopto-
sis in rat ovarian granulosa cells. Cell Biochem Funct, 2017; 35(4): 197–201

	20.	Cheng LB, Li KR, Yi N et al: miRNA-141 attenuates UV-induced oxidative 
stress via activating Keap1-Nrf2 signaling in human retinal pigment epi-
thelium cells and retinal ganglion cells. Oncotarget, 2017; 8(8): 13186–94

	21.	Guo X, Jiang H, Yang J et al: Radioprotective 105 kDa protein attenuates 
ischemia/reperfusion-induced myocardial apoptosis and autophagy by in-
hibiting the activation of the TLR4/NF-kappaB signaling pathway in rats. 
Int J Mol Med, 2016; 38(3): 885–93

7024
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Qin Q. et al.: 
miRNA-141-3p and hypoxia in cardiomyocytes

© Med Sci Monit, 2019; 25: 7016-7025
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



	 22.	 Yu CH, Micaroni M, Puyskens A et al: RP105 engages phosphatidylinositol 
3-kinase p110delta to facilitate the trafficking and secretion of cytokines 
in macrophages during mycobacterial infection. J Immunol, 2015; 195(8): 
3890–900

	23.	 Sun Y, Liu L, Yuan J et al: RP105 protects PC12 cells from oxygen-glucose 
deprivation reoxygenation injury via activation of the PI3K/AKT signaling 
pathway. Int J Mol Med, 2018; 41(5): 3081–89

	24.	Wezel A, van der Velden D, Maassen JM et al: RP105 deficiency attenuates 
early atherosclerosis via decreased monocyte influx in a CCR2 dependent 
manner. Atherosclerosis, 2015; 238(1): 132–39

	25.	 Sun N, Meng F, Xue N et al: Inducible miR-145 expression by HIF-1a pro-
tects cardiomyocytes against apoptosis via regulating SGK1 in simulated 
myocardial infarction hypoxic microenvironment. Cardiol J, 2018; 25(2): 
268–78

	26.	 Zhao L, Yang XR, Han X: MicroRNA-146b induces the PI3K/Akt/NF-kappaB 
signaling pathway to reduce vascular inflammation and apoptosis in myo-
cardial infarction by targeting PTEN. Exp Ther Med, 2019; 17(2): 1171–81

	27.	Baseler WA, Thapa D, Jagannathan R et al: miR-141 as a regulator of the 
mitochondrial phosphate carrier (Slc25a3) in type 1 diabetic heart. Am J 
Physiol Cell Physiol, 2012; 303(12): C1244–51

	28.	 Liu R R, Li J, Gong JY et al: MicroRNA-141 regulates the expression level of 
ICAM-1 on endothelium to decrease myocardial ischemia-reperfusion in-
jury. Am J Physiol Heart Circ Physiol, 2015; 309(8): H1303–13

	29.	 Yang Y, Yang J, Liu XW et al: Down-regulation of miR-327 alleviates isch-
emia/reperfusion-induced myocardial damage by targeting RP105. Cell 
Physiol Biochem, 2018; 49(3): 1049–63

7025
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Qin Q. et al.: 
miRNA-141-3p and hypoxia in cardiomyocytes
© Med Sci Monit, 2019; 25: 7016-7025

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


