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Abstract

Cardiomyocyte apoptosis plays key roles in the pathogenesis of heart diseases such as myocardial infarction. MicroRNAs are
important regulators of gene expression, which are also involved in the regulation of cardiomyocyte apoptosis. However,
cardiomyocyte apoptosis regulated by microRNA (miR)-122 is largely unexplored. The aim of this study focused on the role of
miR-122 in cardiomyocyte apoptosis. Cardiomyocytes were isolated from neonatal mice and primarily cultured. MiR-122 mimic
and inhibitor were transfected to cardiomyocytes and verified by qRT-PCR. Cell viability and apoptosis post-transfection were
assessed by MTT assay and flow cytometry, respectively. Changes in expression of caspase-8 were quantified by qRT-PCR
and western blot. Results showed that miR-122 mimic and inhibitor successfully induced changes in miR-122 levels in cultured
cardiomyocytes (Po0.01). MiR-122 overexpression suppressed viability and promoted apoptosis of cardiomyocytes (Po0.05),
and miR-122 knockdown promoted cell viability and inhibited apoptosis (Po0.05). The mRNA and protein levels of caspase-8
were elevated by miR-122 overexpression (Po0.01) and reduced by miR-122 knockdown (Po0.001). These results suggest
an inductive role of miR-122 in cardiomyocyte apoptosis, which may be related to its regulation on caspase-8.
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Introduction

Cardiomyocyte apoptosis is closely associated with
the pathogenesis of many heart diseases, including myo-
cardial infarction, cardiac hypertrophy and heart failure
(1,2). Myocardial infarction, for example, is attributed to
the myocardial necrosis induced by acute or persistent
hypoxia-ischemia. It is usually life-threatening, affecting an
increasing number of lives year after year, especially in
developed areas (3). In the initial stage of myocardial
infarction, cardiomyocytes on the coronary artery are
impaired by hypoxia-ischemia and go through cell death,
which plays key roles in the tissue damage accompanying
myocardial infarction (4). Studies on molecular mechanisms
have shed light on the involvement of multiple apoptotic
factors, such as the caspase family, in the regulation of
cardiomyocyte apoptosis during myocardial infarction (5).

MicroRNAs (miRNAs) are small non-coding RNAs that
can bind to specific target sequences of mRNAs to
regulate gene expression post-transcriptionally, and have
become a prevalent topic due to their critical influence on
the pathogenesis of diseases including heart diseases
(6,7). Circulating miRNAs like miR-1, miR-133a and miR-
499 are promising biomarkers for the diagnosis of acute
myocardial infarction (8,9). Restrained miR-24 inhibits endo-
thelial apoptosis and reduces myocardial infarct size (10).

Knockdown of miR-208a helps to attenuate apoptosis and
improve cardiac function after myocardial infarction (11).
Thus, miRNA-based therapeutics have a potential role in the
treatment of heart diseases (12).

Multiple studies have documented that miR-122 can
regulate hepatitis C and hepatocellular carcinoma. MiR-
122 stimulated the translation of hepatitis C virus RNA,
and thus serves as a potential target for treating hepatitis
C (13). In hepatocellular carcinoma, miR-122 can induce cell
apoptosis to suppress tumor progression (14). However, to
date, miR-122 has not been investigated as a modulator in
cardiomyocyte apoptosis. This study aimed to uncover the
impact of miR-122 on cardiomyocyte apoptosis, help
understand the role of miR-122 on cardiomyocyte apoptosis,
and provide potential targets for treating myocardial infarc-
tion and other heart diseases.

Material and Methods

Cell culture
This study was performed according to the National

Institutes of Health’s Guide for the Care and Use of Labo-
ratory Animals and was approved by the Ethics Commit-
tee of Jining No.1 People’s Hospital (Jining, China).
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Mouse cardiomyocytes were isolated and cultured
based on a previous report (15). Neonatal BALB/c mice
(20 individuals, 3 days old, Vital River Laboratories, China)
were anesthetized with methoxyflurane (1.5%, Hebei
Institute of Medicine, Shijiazhuang, China) and immersed
in 75% ethyl alcohol. The thoracic cavity was opened and
the heart was sampled. The cardiac muscle tissue was
isolated, washed in phosphate-buffered saline (PBS) for
3 times and then cut into pieces of about 1 mm3. Tissue
was digested in 0.125% Trypsin (Sigma-Aldrich, China) for
3 min at 37°C, and the supernatant was discarded, after
which the tissue was digested in 0.1% collagenase I
(Sigma-Aldrich) for 7 min at 37°C. Digestion was terminated
by Dulbecco’s minimum essential medium (DMEM, Gibco,
USA) with 15% fetal bovine serum (FBS, Gibco). The
supernatant was collected and centrifuged at 179 g for
8 min at 4°C. Cells were resuspended in DMEM with 15%
FBS and cultured in humid air with 5% CO2 at 37°C. After
60 min of incubation, cells in the supernatant were isolated
for further culture, while adherent cells were discarded.
During the first 2 days of cell culture, 5-bromo-20-deoxy-
uridine (100 mM, Sigma-Aldrich) was added to the medium
to inhibit the proliferation of non-cardiomyocytes. The
medium was changed every other day.

Cell transfection
After 2 days of primary culture, the mouse cardiomyo-

cytes were collected for cell transfection. Single-cell
suspension was prepared and seeded on 12-well plates
(5� 104 cells/well) to reach a confluency of about 90%. miR-
122 mimic (50 nM), miR-122 inhibitor (100 nM) or the
scrambled sequence (100 nM), which served as negative
control (NC) (RiboBio, China) were transfected to the cells in
antibiotic- and serum-free medium using Lipofectamine
2000 (Invitrogen, USA), according to the manufacturer’s
instructions. Cells without transfection were used as the
Control group. At 48-h post-transfection, miR-122 level was
quantified by qRT-PCR to evaluate the effect of transfection.

Cell viability assay
At 0, 24, 48, and 72 h post-transfection, cell viability was

assessed by the MTT method using MTT Cell Proliferation
Assay Kit (ATCC, USA) according to the manufacturer’s
instructions. Briefly, 1�104 cells were plated in 96-well
plates and 10 mL MTT Reagent was added. The plates
were incubated at 37°C for 4 h, and then 100 mL detergent
reagent was added to each well and the plates were kept in
the dark at room temperature for 2 h. The optical density
was measured at 570 nm using a microplate reader TECAN
GENios Pro (Tecan, Switzerland).

Cell apoptosis assay
At 48-h post-transfection, cell apoptosis was meas-

ured by flow cytometry after cells were stained with fluores-
cein isothiocyanate (FITC) and propidium iodide (PI) using
Annexin V-FITC Apoptosis Kit (BioVision, USA) according to

the manufacturer’s instructions. Briefly, 1�105 cells were
washed in cold PBS twice and resuspended in 100 mL binding
buffer. Annexin V-FITC (2 mL) was added, and the cells were
incubated on ice in the dark for 15 min. PBS (400 mL) and
1 mL PI were added, and detection was performed on a flow
cytometer Attune NxT (Invitrogen). The FITC-positive and
PI-negative cells were considered apoptotic cells.

Western blot
Protein samples from transfected cells were extrac-

ted using ProteoPrep Total Extraction Sample Kit (Sigma-
Aldrich) at 48-h post-transfection and quantified by Bio-Rad
Protein Assay (Bio-Rad, USA). Proteins were analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis and then transferred to a nitrocellulose membrane
(Invitrogen). The membrane was blocked in 5% skim milk
(in PBS) for 4 h at 4°C and incubated in the rabbit polyclonal
specific antibodies for caspase-8 (1:1000, ab25901, Abcam,
UK) overnight at 4°C. GAPDH antibodies (ab9485) were
used as an internal reference. After being washed in PBS
5 times, the membrane was incubated in goat anti-rabbit IgG
H&L (horseradish peroxidase-conjugated, 1:2000, ab97051)
for 1 h at room temperature and washed in PBS again
5 times. Signals were visualized by ECL Plus Western
Blotting Substrate (Piece, USA) and quantified by ImageJ
1.49 (National Institutes of Health, USA).

qRT-PCR
Small RNA from transfected cells was extracted using

mirVana miRNA Isolation Kit (Ambion, USA) according to
the manufacturer’s instructions at 48-h post-transfection.
Reverse transcription was performed using the specific
primer for mmu-miR-122-5p (50-CTCAA CTGGT GTCGT
GGAGT CGGCA ATTCA GTTGA GCAAA CACC-30) and
SuperScript III Reverse Transcriptase (Invitrogen). qRT-
PCR was carried out on LightCycler 480 (Roche,

Figure 1. Levels of miR-122 in transfected mouse cardiomyo-
cytes. Mouse cardiomyocytes were transfected with miR-122
mimic, miR-122 inhibitor or the negative control (NC). qRT-PCR
was performed at 48-h post-transfection to quantify miR-122.
Control: untransfected cells. Data are reported as means±SD.
**Po0.01, ***Po0.001 compared to NC group (t-test).
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Switzerland) using SYBR Green I Master (Roche) and the
specific primers amplifying miR-122 (forward: 50-ACACT
CCAGC TGGGT GGAGT GTGAC AAT-30 and reverse:
50-TGGTG TCGTG GAGTC G-30). Data were calculated

by the 2-DDCt method (16) and normalized by U6 (forward:
50-GCATG ACGTC TGCTT TGGA-30 and reverse: 50-CC
ACA ATCAT TCTGC CATCA-30).

The same procedure was performed to quantify mRNA
level of caspase-8 from total RNA extracted with TRIzol
(Invitrogen). The specific primers for detecting caspase-8
mRNA in qRT-PCR were: forward 50-ACCGA GATCC TG
TGA ATGGA ACC-30 and reverse 50-TAAGA ATGTC ATC
TC CTTGA GGA-30. Data were normalized to Gapdh
(forward: 50-TCAAC AGCAA CTCCC ACTCT TCCA-30 and
reverse: 50-ACCCT GTTGC TGTAG CCGTA TTCA-30).

Statistical analysis
Data were from 5 independent experiments done in

triplicate. Data are reported as means±SD and analyzed
using Student’s t-test in SPSS 20 (IBM, USA). Po0.05
was considered to be statistically significant.

Results

MiR-122 inhibited viability and promoted apoptosis
of mouse cardiomyocytes

MiR-122 mimic or inhibitor was transfected to the primarily

Figure 2. Viability of transfected mouse cardiomyocytes. Mouse
cardiomyocytes were transfected with miR-122 mimic, miR-122
inhibitor or the negative control (NC). MTT assay was performed
at 0, 24, 48, and 72 h post-transfection and absorbance at 570 nm
was measured. Data are reported as means±SD. *Po0.05,
**Po0.01 compared to NC group (t-test).

Figure 3. Apoptosis of transfected mouse cardiomyocytes. Mouse cardiomyocytes were transfected with miR-122 mimic, miR-122
inhibitor or the negative control (NC), and flow cytometry was performed at 48-h post-transfection. A, Flow cytometry results after the
cells were treated with fluorescein isothiocyanate (FITC) and propidium iodide (PI). The FITC-positive and PI-negative cells (in the lower
right quadrant) were considered apoptotic cells. B, Percent of apoptotic cells according to the flow cytometry results. Data are reported
as means±SD. **Po0.01 compared to NC group (t-test).
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cultured mouse cardiomyocytes to up-regulate or down-
regulate the expression of miR-122, respectively. Transfection
with NC did not significantly change miR-122 level compared
to the Control group (Figure 1), but miR-122 mimic or inhibitor
significantly elevated or knocked down miR-122 levels
(Po0.01 and Po0.001), confirming the effective cell trans-
fection. Thus, the transfected cells were used in the following
detection.

MTT assay indicated that the cardiomyocytes trans-
fected with miR-122 mimic showed lower cell viability than
those transfected with NC, with significant difference
detected at 48 and 72 h post-transfection (Po0.05 or
Po0.01, Figure 2), whereas miR-122 inhibitor significantly
promoted cell viability at 24, 48 and 72 h post-transfection
(Po0.05). These results pointed out that miR-122 might
decrease cell viability of mouse cardiomyocytes.

To explore the effect of miR-122 on apoptosis of cardio-
myocytes, cell apoptosis was analyzed by flow cytometry. It
was denoted that miR-122 overexpression remarkably
induced cell apoptosis (Po0.01, Figure 3A and B), while
miR-122 down-regulation significantly reduced cell apopto-
sis compared with NC (Po0.01), indicating that miR-122
might play an important role in inducing cardiomyocyte
apoptosis.

MiR-122 regulated expression of caspase-8
To study the mechanism underlying the regulation of

cardiomyocyte apoptosis by miR-122, the expression of
caspase-8, which has been demonstrated to be the first
step of the apoptosis executor caspase cascade (17), was
analyzed. qRT-PCT showed that the mRNA level of
caspase-8 was dramatically higher in cardiomyocytes
transfected with miR-122 mimic (Po0.01, Figure 4A), and
was obviously down-regulated in those transfected with
miR-122 inhibitor, compared to NC (Po0.001). Western blot
also showed the consistent changing pattern in caspases-8
protein levels (Figure 4B), and significant differences were
detected in the quantified western blot results (Po0.001,
Figure 4C). These findings suggest that miR-122 could regu-
late the expression of caspase-8.

Discussion

Accumulating evidence has indicated that cardiomyo-
cyte death is affected by apoptosis after myocardial
infarction (4). This study found that miR-122 overexpres-
sion suppressed viability and promoted apoptosis of pri-
marily cultured mouse cardiomyocytes, and miR-122 inhi-
bitor had distinct effects. miR-122 also seemed to promote
caspases-8 expression in cardiomyocytes.

Both miR-122 mimic and inhibitor caused significant
changes in the miR-122 level, which led to profound
alteration in cardiomyocyte viability and apoptosis. Previ-
ous findings have shown that miR-122 reduced viability
but elevated apoptosis of hepatocellular carcinoma cells
Huh-7 (18). Suppression of cell viability by miR-122 has

also been detected in HepG2 and other tumor cells (19,20).
MiR-122 enhances breast cancer cell apoptosis in combi-
nation with trastuzumab (21), and participates in germ cell
apoptosis induced by ochratoxin A (22). Furthermore, tumor
necrosis factor (TNF)-related apoptosis-inducing ligand
expressing recombinant adenovirus regulated by miRNA
response elements of miR-122 has shown an obvious
advantage in accelerating apoptosis of breast cancer and
esophageal cancer (23,24). In line with the above-men-
tioned evidence, our results also suggest the pro-apoptotic
role of miR-122 in cardiomyocytes, and the opposite effects
of miR-122 inhibitor.

MiR-122 has been reported to regulate various
apoptotic factors in cell apoptosis. For example, B-cell

Figure 4. Expression of caspase-8 in transfected mouse
cardiomyocytes. Mouse cardiomyocytes were transfected with
miR-122 mimic, miR-122 inhibitor or the negative control (NC).
qRT-PCR and western blot were performed at 48-h post-
transfection to detect the mRNA and protein levels of caspase-8,
respectively. A, mRNA level of caspase-8 detected by qRT-PCR.
B, Western blot results showing the protein bands of caspase-8
and the internal reference GAPDH. C, Quantification of caspase-8
protein levels based on western blot results. Data are reported
as means±SD. **Po0.01; ***Po0.001 compared to NC group
(t-test).
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CLL/lymphoma 2 (BCL2) and BCL extra-long were down-
regulated, while p53 was increased by miR-122 in hepa-
toblastoma cells (25). This study analyzed the expression
of caspase-8, an important apoptotic factor rapidly pro-
moting the caspase cascade in response to apoptotic
signals (26). Quite a few studies have reported the role
of caspase-8 in the apoptotic mechanism of various cell
types, such as melanoma A375 cells, neutrophils and
head and neck carcinoma cells (27–29). In this respect,
the up-regulation of caspase-8 by miR-122 found in this
study was in concordance with the apoptotic role of
caspase-8. Moreover, caspase-8 can be activated by miR-
122 in hepatoma carcinoma cells BEL-7402/5-FU (30),
thus we inferred that caspase-8 may be related to the
mechanism of miR-122 in cardiomyocyte apoptosis.

The relationship between miR-122 and caspase-8 is
intriguing. No evidence has been found to support the
direct binding of caspase-8 mRNA by miR-122, thus it is
reasonable to speculate that miR-122 influences the
expression of caspase-8 via the mediation of other factors.

Yu et al. (30), have indicated that the activation of
caspase-8 can be promoted by miR-122, while the total
caspase-8 level is suppressed in hepatocarcinoma cells.
Our data were partly consistent with this previous study,
both the active caspase-8 and total caspase-8 were up-
regulated by miR-122 in cardiomyocytes. We speculate
that miR-122 may regulate the transcription or translation
of caspase-8 via other factors in cardiomyocytes. Several
potential regulators of caspase-8 have already been investi-
gated in previous research, such as Fas cell surface death
receptor (31), Fas-associated via death domain (32) and
TNF (33). Collectively, these reports suggest that a more
extensive investigation into the integrated mechanism of
miR-122 in cardiomyocytes is needed.

In summary, this study uncovered the promotive role of
miR-122 in mouse cardiomyocyte apoptosis. The pro-
apoptotic function of miR-122 may be related to the
regulation of caspase-8. With further detailed elucidation
of mechanisms, miR-122 can be a promising molecular
target for the therapeutics of myocardial infarction.

References

1. Lu J, Sun B, Huo R, Wang YC, Yang D, Xing Y, et al. Bone
morphogenetic protein-2 antagonizes bone morphogenetic
protein-4 induced cardiomyocyte hypertrophy and apopto-
sis. J Cell Physiol 2014; 229: 1503–1510, doi: 10.1002/jcp.
24592.

2. Hamid T, Guo SZ, Kingery JR, Xiang X, Dawn B, Prabhu
SD. Cardiomyocyte NF-kappaB p65 promotes adverse
remodelling, apoptosis, and endoplasmic reticulum stress
in heart failure. Cardiovasc Res 2011; 89: 129–138, doi:
10.1093/cvr/cvq274.

3. Curry LA, Spatz E, Cherlin E, Thompson JW, Berg D, Ting
HH, et al. What distinguishes top-performing hospitals in
acute myocardial infarction mortality rates? Ann Intern Med
2011; 154: 384–390, doi: 10.7326/0003-4819-154-6-201103
150-00003.

4. Krijnen PA, Nijmeijer R, Meijer CJ, Visser CA, Hack CE,
Niessen HW. Apoptosis in myocardial ischaemia and
infarction. J Clin Pathol 2002; 55: 801–811, doi: 10.1136/
jcp.55.11.801.

5. Hussain A, Gharanei AM, Nagra AS, Maddock HL. Caspase
inhibition via A3 adenosine receptors: a new cardioprotec-
tive mechanism against myocardial infarction. Cardiovasc
Drugs Ther 2014; 28: 19–32, doi: 10.1007/s10557-013-
6500-y.

6. Natarajan SK, Smith MA, Wehrkamp CJ, Mohr AM, Mott JL.
MicroRNA function in human diseases. Medical Epigenetics
2013; 1: 106–115, doi: 10.1159/000356447.

7. Rawal S, Manning P, Katare R. Cardiovascular microRNAs:
as modulators and diagnostic biomarkers of diabetic heart
disease. Cardiovasc Diabetol 2014; 13: 44–67, doi: 10.1186/
1475-2840-13-44.

8. Wang F, Long G, Zhao C, Li H, Chaugai S, Wang Y, et al.
Plasma microRNA-133a is a new marker for both acute myo-
cardial infarction and underlying coronary artery stenosis.

J Translat Med 2013; 11: 222–230, doi: 10.1186/1479-5876-
11-222.

9. Wang GK, Zhu JQ, Zhang JT, Li Q, Li Y, He J, et al.
Circulating microRNA: a novel potential biomarker for early
diagnosis of acute myocardial infarction in humans. Eur
Heart J 2010; 31: 659–666, doi: 10.1093/eurheartj/ehq013.

10. Fiedler J, Jazbutyte V, Kirchmaier BC, Gupta SK, Lorenzen
J, Hartmann D et al. MicroRNA-24 regulates vascularity after
myocardial infarction. Circulation 2011; 124: 720–730,
doi: 10.1161/CIRCULATIONAHA.111.039008.

11. Tony H, Meng K, Wu B, Yu A, Zeng Q, Yu K, Zhong Y, et al.
MicroRNA-208a Dysregulates apoptosis genes expression
and promotes cardiomyocyte apoptosis during ischemia and
its silencing improves cardiac function after myocardial
infarction. Mediators Inflamm 2015; 2015: 479123, doi:
10.1155/2015/479123.

12. Van RE, Marshall WS, Olson EN. Toward microrna-based
therapeutics for heart disease: the sense in antisense.
Circulation Res 2008; 103: 919–928, doi: 10.1161/CIRCRE
SAHA.108.183426.

13. Henke JI, Goergen D, Zheng J, Song Y, Schüttler CG, Fehr
C, et al. microRNA-122 stimulates translation of hepatitis C
virus RNA. The EMBO J 2008; 27: 3300–3310, doi: 10.1038/
emboj.2008.244.

14. Xu J, Zhu X, Wu L, Yang R, Yang Z, Wang Q, et al.
MicroRNA-122 suppresses cell proliferation and induces cell
apoptosis in hepatocellular carcinoma by directly targeting
Wnt/b-catenin pathway. Liver Int 2012; 32: 752–760, doi:
10.1111/j.1478-3231.2011.02750.x.

15. Du GS, Wen Y, Ma YX. The primary culture of cardiomyo-
cytes from neonatal BALB/c mice. J Nongken Med 2011; 33:
31–33 (in Chinese).

16. Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real–time quantitative PCR and the 2�DDCt

Braz J Med Biol Res | doi: 10.1590/1414-431X20165760

Role of miR-122 in cardiomyocytes 5/6

http://dx.doi.org/10.1002/jcp.24592
http://dx.doi.org/10.1002/jcp.24592
http://dx.doi.org/10.1093/cvr/cvq274
http://dx.doi.org/10.7326/0003-4819-154-6-201103150-00003
http://dx.doi.org/10.7326/0003-4819-154-6-201103150-00003
http://dx.doi.org/10.1136/jcp.55.11.801
http://dx.doi.org/10.1136/jcp.55.11.801
http://dx.doi.org/10.1007/s10557-013-6500-y
http://dx.doi.org/10.1007/s10557-013-6500-y
http://dx.doi.org/10.1159/000356447
http://dx.doi.org/10.1186/1475-2840-13-44
http://dx.doi.org/10.1186/1475-2840-13-44
http://dx.doi.org/10.1186/1479-5876-11-222
http://dx.doi.org/10.1186/1479-5876-11-222
http://dx.doi.org/10.1093/eurheartj/ehq013
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.039008
http://dx.doi.org/10.1155/2015/479123
http://dx.doi.org/10.1161/CIRCRESAHA.108.183426
http://dx.doi.org/10.1161/CIRCRESAHA.108.183426
http://dx.doi.org/10.1038/emboj.2008.244
http://dx.doi.org/10.1038/emboj.2008.244
http://dx.doi.org/10.1111/j.1478-3231.2011.02750.x
http://dx.doi.org/10.1590/1414-431X20165760


method. Methods 2001; 25: 402–408, doi: 10.1006/meth.
2001.1262.

17. Denault J-B, Salvesen GS. Caspases: keys in the ignition of
cell death. Chem Rev 2002; 102: 4489–4500, doi: 10.1021/
cr010183n.

18. Wu X, Wu S, Tong L, Luan T, Lin L, Lu S, et al. miR-122
affects the viability and apoptosis of hepatocellular carci-
noma cells. Scand J Gastroenterol 2009; 44: 1332–1339,
doi: 10.3109/00365520903215305.

19. Fan CG, Wang CM, Tian C, Wang Y, Li L, Sun WS, et al.
miR-122 inhibits viral replication and cell proliferation in
hepatitis B virus-related hepatocellular carcinoma and targets
NDRG3. Oncol Rep 2011; 26: 1281–1286, doi: 10.3892/or.
2011.1375-4819-154-6-201103150-00003.

20. Ma L, Liu J, Shen J, Liu L, Wu J, Li W, et al. Expression of
miR-122 mediated by adenoviral vector induces apoptosis
and cell cycle arrest of cancer cells. Cancer Biol Ther 2014;
9: 554–561, doi: 10.4161/cbt.9.7.11267.

21. Camci C, Ergun S, Temiz E, Kirkbes S, Ulasli M, Oztuzcu S.
Advancing apoptosis by miR-122-5p in combination with
Trastuzumab in SKBR3 cell line. Ann Oncol 2014; 25: vi4–vi,
doi: 10.1093/annonc/mdu467.7.

22. Chen R, Deng L, Yu X, Wang X, Zhu L, Yu T, et al. MiR-122
partly mediates the ochratoxin A-induced GC-2 cell apop-
tosis. Toxicology in Vitro 2015; 30: 264–273, doi: 10.1016/
j.tiv.2015.10.011.

23. Yan Y, Zhang F, Fan Q, Li X, Zhou K. Breast cancer-specific
TRAIL expression mediated by miRNA response elements
of let-7 and miR-122. Neoplasma 2014; 61: 672–679,
doi: 10.4149/neo_2014_082.

24. Zhou K, Yan Y, Zhao S. Esophageal cancer-selective
expression of TRAIL mediated by MREs of miR-143 and
miR-122. Tumour Biol 2014; 35: 5787–5795, doi: 10.1007/
s13277-014-1768-5.

25. Yin J, Tang HF, Xiang Q, Yu J, Yang XY, Hu N, et al. MiR-122
increases sensitivity of drug-resistant BEL-7402/5-FU cells
to 5-fluorouracil via down-regulation of bcl-2 family proteins.

Pharmazie 2011; 66: 975–981, doi: 10.1691/ph.2011.1548-
4819-154-6-201103150-00003.

26. Lin P, Bush JA, Cheung KJJ, Li G. Tissue-specific regulation
of Fas/APO-1/CD95 expression by p53. Int J Oncol 2002;
21: 261–264.

27. Ma Y, Cheng X, Wang F, Pan J, Liu J, Chen H, et al. ING4
inhibits proliferation and induces apoptosis in human
melanoma A375 cells via the Fas/Caspase-8 apoptosis
pathway. Dermatology 2016; 232: 265–272, doi: 10.1159/
000444050.

28. Conus S, Perozzo R, Reinheckel T, Peters C, Scapozza L,
Yousefi S, et al. Caspase-8 is activated by cathepsin D
initiating neutrophil apoptosis during the resolution of inflam-
mation. J Exp Med 2008; 205: 685–698, doi: 10.1084/jem.
20072152.

29. Liu J, Uematsu H, Tsuchida N, Ikeda MA. Essential role of
caspase-8 in p53/p73-dependent apoptosis induced by
etoposide in head and neck carcinoma cells. Mol Cancer
2011; 10: 1–13, doi: 10.1186/1476-4598-10-1.

30. Yu J, Tang Z, Yang X, Yin J, Xiang Q, Lei X. Effects of miR-
122 on BEL-7402/5-FU cell apoptosis induced by 5-fluracil.
Med Sci J Central South China 2015; 43: 1371–1440
(in Chinese).

31. Lahiry L, Saha B, Chakraborty J, Adhikary A, Mohanty S,
Hossain DM, et al. Theaflavins target Fas/caspase-8 and
Akt/pBad pathways to induce apoptosis in p53-mutated
human breast cancer cells. Carcinogenesis 2010; 31:
259–268, doi: 10.1093/carcin/bgp240.

32. Abhari BA, Cristofanon S, Kappler R, von Schweinitz D,
Humphreys R, Fulda S. RIP1 is required for IAP inhi-
bitor-mediated sensitization for TRAIL-induced apopto-
sis 1via a RIP1/FADD/caspase-8 cell death complex.
Oncogene 2013; 32: 3263–3273, doi: 10.1038/onc.
2012.337.

33. Wang L, Du F, Wang X. TNF-alpha induces two distinct
caspase-8 activation pathways. Cell Biol Int 2008; 133:
693–703,doi: 10.1016/j.cell.2008.03.036.

Braz J Med Biol Res | doi: 10.1590/1414-431X20165760

Role of miR-122 in cardiomyocytes 6/6

http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1021/cr010183n
http://dx.doi.org/10.1021/cr010183n
http://dx.doi.org/10.3109/00365520903215305
http://dx.doi.org/10.3892/or.2011.1375-4819-154-6-201103150-00003
http://dx.doi.org/10.3892/or.2011.1375-4819-154-6-201103150-00003
http://dx.doi.org/10.4161/cbt.9.7.11267
http://dx.doi.org/10.1093/annonc/mdu467.7
http://dx.doi.org/10.1016/j.tiv.2015.10.011
http://dx.doi.org/10.1016/j.tiv.2015.10.011
http://dx.doi.org/10.4149/neo_2014_082
http://dx.doi.org/10.1007/s13277-014-1768-5
http://dx.doi.org/10.1007/s13277-014-1768-5
http://dx.doi.org/10.1691/ph.2011.1548-4819-154-6-201103150-00003
http://dx.doi.org/10.1691/ph.2011.1548-4819-154-6-201103150-00003
http://dx.doi.org/10.1159/000444050
http://dx.doi.org/10.1159/000444050
http://dx.doi.org/10.1084/jem.20072152
http://dx.doi.org/10.1084/jem.20072152
http://dx.doi.org/10.1186/1476-4598-10-1
http://dx.doi.org/10.1093/carcin/bgp240
http://dx.doi.org/10.1038/onc.2012.337
http://dx.doi.org/10.1038/onc.2012.337
http://dx.doi.org/10.1016/j.cell.2008.03.036
http://dx.doi.org/10.1590/1414-431X20165760

	title_link
	Introduction
	Material and Methods
	Cell culture
	Cell transfection
	Cell viability assay
	Cell apoptosis assay
	Western blot
	qRThyphenPCR

	Figure 1.
	Statistical analysis

	Results
	MiRhyphen122 inhibited viability and promoted apoptosis of mouse cardiomyocytes

	Figure 2.
	Figure 3.
	MiRhyphen122 regulated expression of caspasehyphen8

	Discussion
	Figure 4.

	REFERENCES
	References


