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MiR-195 enhances cardiomyocyte apoptosis
induced by hypoxia/reoxygenation injury via

downregulating c-myb
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Abstract. - OBJECTIVE: In this study, we ex-
plored the regulative effect of miR-195 on c-myb
expression and also investigated the role of
miR-195 and c-myb in cardiomyocyte apoptosis
induced by hypoxia/reoxygenation (H/R) injury.

MATERIALS AND METHODS: QRT-PCR analy-
sis was performed to measure mature miR-195
expression. H9c2 cells were transfected for miR-
195 overexpression or knockdown or c-myb over-
expression using Lipofectamine 2000. The cells
were subjected to H/R treatment and following
flow cytometric analysis of active caspase-3 or
florescent study of reactive oxygen species
(ROS) generation. The binding sites between
miR-195 and 3'UTR of MYB mRNA were predict-
ed using TargetScan 7.0. The binding sites were
verified using dual luciferase assay and Western
blot analysis.

RESULTS: MiR-195 is significantly upregulat-
ed after H/R treatment in H9c2 cells. H/R injury
induced active caspase-3 expression. However,
the cells with miR-195 suppression had sub-
stantially lower ratio of cells with active cas-
pase-3. MiR-195 can decrease c-myb protein ex-
pression. Dual luciferase assay verified two
binding sites between miR-195 and 3’UTR of
MYB mRNA. C-myb overexpression can sup-
press mitochondrial superoxide generation and
cardiomyocyte apoptosis after H/R.

CONCLUSIONS: MiR-195 is significantly in-
creased due to H/R and can enhance cardiomy-
ocyte apoptosis. MYB is a target gene of miR-
195 in cardiomyocytes. The miR-195-MYB axis
is involved in regulation of cardiomyocyte
apoptosis induced by H/R.
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Introduction

Timely reperfusion of occluded artery is still
the major therapeutic target for ischemic heart
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disease (IHD), such as myocardial infarction'?.
However, reperfusion is also associated with my-
ocardial ischemia-reperfusion injury, which plays
a pivotal role in inducing cardiomyocyte death
and left ventricular remodeling®*. Therefore, is-
chemia-reperfusion injury is also considered as
one of the most significant factors responsible for
the poor cardiovascular outcomes'*¢. Under-
standing of the molecular mechanisms of is-
chemia-reperfusion injury is quite fundamental
for the development of effective therapeutic
strategies to reduce the adverse outcomes'.
Previous investigations’™!® demonstrated that
multiple miRNAs were significantly dysregulat-
ed during myocardial ischemia-reperfusion, such
as miR-21, miR-1, miR-216, miR-126, miR-31,
miR-214 and miR-29 family and might be might
be used as potential biomarkers for myocardial
infarction. Several studies'""'> found that miR-195
upregulation is associated with acute myocardial
infarction and the upregulation is induced by my-
ocardial ischemia-reperfusion injury. Previously
He et al'? studies reported that miR-195 can reg-
ulate apoptosis, proliferation and cell cycle via
targeting WEE1, CDK6, and Bcl-2. In cardiomy-
ocyte, miR-195 can promote palmitate-induced
apoptosis by downregulating Sirt1'#. Inhibition of
miR-195 helps to protect cardiomyocytes from
hypoxia-induced death in-vitro and also to reduce
cardiac remodeling in response to ischaemic
damage in-vivo's. However, a miRNA usually in-
volves in multiple signaling pathways by target-
ing multiple genes. Considering the important
role of miR-195 in cardiomyocyte in responses to
ischemia-reperfusion injury, the mechanism of
miR-195 action need to be further studied.
Porrello et al'® suggest that the identified target
genes of miR-195 are implicated in the mito-
chondrial related apoptotic pathway, thereby
modulating cardiomyocyte survival. MYB
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(myeloblastosis) is a family of transcription fac-
tors. Li et al'” suggest that the c-myb protein en-
coded by MYB is involved in regulation of reac-
tive oxygen species (ROS)-mediated cardiomy-
ocyte injury. In this work, we further explored
the regulative effect of miR-195 on c-myb ex-
pression and also investigated the role of miR-
195 and c-myb in cardiomyocyte apoptosis in-
duced by hypoxia/reoxygenation (H/R) injury.

Materials and Methods

Cell Culture and Treatment

Rat heart-derived H9c2 cells were routinely
grown in 75 cm? flasks and cultured using Dul-
becco’s modified Eagle’s medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS) at
37°C in a 5% CO, incubator.

MiR-195 mimics, miR-195 inhibitors (anti-
miR-195), and the scramble negative controls
were purchased from Ribobio (Guangzhou, Chi-
na). C-myb expression vector (pCMV-c-myb)
was purchased from Origene Company
(Rockville, MD, USA). H9c2 cells were trans-
fected with 100 nM miR-195 mimics, 50 nM an-
ti-miR-195 or respectively or pCMV-c-myb us-
ing Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA).

Hypoxia/reoxygenation (H/R) injury was in-
duced by the method described previously!'®.
Briefly, the cell culture medium was replaced
with serum free low glucose DMEM and the
cells were cultivated in a three gas incubator, set
to 5% CO, and 95% N, at 37°C for 12 h and then
by reoxygenation for 2 h. Reoxygenation was
performed by replacing the serum free low glu-
cose DMEM with normal cell medium under
normoxic conditions. H9¢2 cells with or without
the transfection of anti-miR-195 or c-myb ex-
pression vector were subjected to induced H/R
injury and then subjected to flow cytometric
analysis of active caspase-3 and fluorescent
analysis of ROS generation.

ORT-PCT Analysis

Total RNA in the cell samples was extracted
using Trizol reagent (Invitrogen). cDNA was
synthesized using miRNA-specific stem-loop
primers and the TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Foster
City, CA, USA). The mature level of miR-195
was quantified by qRT-PCR using TagMan Mi-
croRNA Assay Kit (Applied Biosystems), with

U6 snRNA used as the endogenous control. The
2-82¢ method was used to calculate relative mR-
NA and miRNA expression.

Flow Cytometric Analysis

The cells after H/R treatment were stained us-
ing Fluorescein Active Caspase-3 Staining Kit
(ab65613, Abcam, Cambridge, UK) according to
manufacturers’ instructions. The ratio of cells
with active caspase-3 was analyzed using a flow
cytometry (FACSCalibur, BD Biosciences,
Franklin Lakes, NJ, USA). Data acquisition was
performed using CellQuest software (BD Bio-
science).

Western Blot Analysis

HOc¢?2 cells after transfection of miR-195 or an-
ti-miR-195 were lyzed using the RIPA lysis
buffer (Beyotime, Shanghai, China) for protein
extraction. Then protein samples were denatured
and 20 ug of proteins were loaded to each lane
for separation in SDS-PAGE with 10% acry-
lamide gels. Then, the proteins were transferred
to nitrocellulose membrane. The membranes
were firstly incubated with anti-c-myb (1:1000,
ab76009, Abcam) and then incubated with horse-
radish peroxidase-conjugated secondary antibod-
ies. The protein bands were detected using an
ECL chromogenic substrate (Bio-Rad, Hercules,
CA, USA). Then, the signal intensity of the pro-
tein bands was quantified using densitometry
(Quantity One Software, Bio-Rad).

Dual Luciferase Assay

The binding sites between miR-195 and
3’UTR of MYB were predicted using TargetScan
(7.0). The results showed that there are two pos-
sible binding sites. Therefore, four short pieces
of oligonucleotides of 3’UTR of MYB carrying
the wild-type (WT) or mutant (MT) predicted
targeting sites of miR-195 were chemically syn-
thesized. The sequences were then cloned into
the downstream of the luciferase gene of pmirG-
LO Dual-Luciferase miRNA Target Expression
Vector (Promega Madison, WI, USA). The re-
combinant vectors were named as pGLO-MYB-
WT1, pGLO-MYB-WT2, pGLO-MYB-MT1 and
pGLO-MYB-MT?2. H9c2 cells were co-transfect-
ed with 200 ng luciferase reporter vector and 100
nM miR-195 mimics or the negative controls.
Luciferase activity was examined 24 hours after
the transfection using the Dual-Luciferase Assay
kit (Promega) according to manufacturer’s in-
struction.
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Detection of ROS Generation

To detect the generation of ROS, MitoSOX (In-
vitrogen), which is a live-cell permeant prober
and selectively detects superoxide in mitochon-
dria was used according to manufacturer’s in-
struction. Briefly, H9c2 after transfection were
grown on coverslips and then subjected to H/R in-
jury. Then the coverslips were incubated with 5
uM MitoSOX reagent for 20 minutes at 37°C in
dark. After the incubation, the cells were washed
twice with ice cold PBS. Nuclei were stained us-
ing Prolong® Gold Antifade Reagent with DAPI
(#8961, Cell Signaling, Danvers, MA, USA). The
images were captured using a fluorescence micro-
scope (Olympus IX73; Olympus, Tokyo, Japan).

Statistical Analysis

Data were presented in the form of means +
standard deviation (SD). Comparison between
groups was performed using the unpaired #-test.
A two-sided p-value of <0.05 was considered sta-
tistically significant.

Results

MiR-195 is Significantly Increased Due
to H/R and Enhances Cardiomyocyte
Apoptosis

Gao et al'? found that the expression of miR-
195 is induced due to ischemia—reperfusion in-
jury in myocardial tissue. However, its effect on
cardiomyocyte injury is not quite clear. In this
study, we verified that miR-195 expression was

3

*%

N
1

—
[

Relative miR-195
expression (222¢T)

0_

NC H/R

Figure 1. MiR-195 is significantly increased after H/R.
QRT-PCR analysis of miR-195 expression in H9c2 cells
with or without H/R treatment. “"p<0.01.
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significantly increased due to H/R injury (Figure
1). Then, we investigated how miR-195 affected
H/R induced cardiomyocyte apoptosis. H9c2
cells were firstly transfected for miR-195 sup-
pression (Figure 2A). QRT-PCR analysis con-
firmed that transfection of miR-195 inhibitor sig-
nificantly suppressed miR-195 upregulation in-
duced by H/R injury (Figure 2A). By performing
flow cytometric analysis, we found that H/R in-
jury induced the expression of active caspase-3
(Figure 2B-C). However, the group with miR-
195 suppression had substantially lower ratio of
cells with active caspase-3 (Figure 2B-C), sug-
gesting alleviated cell injury.

MiR-195 Directly Targets 3'UTR of MYB
MRNA and Decreases c-myb Protein
Expression

Then, we investigated the downstream regu-
lation of miR-195 in cardiomyocyte. By bioin-
formatics analysis, we found that MYB is a
highly possible target of miR-195, the 3’UTR of
MYB gene has two broadly conserved binding
sites with miR-195 (Figure 3A). Although H9¢2
cells were rat heart-derived, the predicted bind-
ing sites between miR-195 and 3’UTR of MYB
are nearly the same in rat and human gene (Fig-
ure 3A). Therefore, we used hsa-miR-195 for
targeting assays. Transfection of miR-195 in
HO9c2 cells further reduced c-myb protein ex-
pression, while knockdown of endogenous miR-
195 restored c-myb level (Figure 3B). Follow-
ing dual luciferase assay showed that miR-195
mimics significantly suppressed the relative lu-
ciferase activity of the plasmids carrying WT
sequences, but had no inhibitive effect on lu-
ciferase activity of the plasmids with MT se-
quences (Figure 3C-D). These results suggest
that miR-195 directly targets MYB gene and de-
creases c-Myb protein expression.

C-myb is a Functional Target of miR-195
in H/R Related Cardiomyocyte Apoptosis
Since we verified that c-myb is downregulated
due to miR-195 upregulation, we then investigat-
ed the function of c-myb in cardiomyocyte. ROS
generation due to reoxygenation is a major cause
of cardiomyocyte damage in ischemia-reperfu-
sion injury. Therefore, we investigated whether
c-myb play a role in ROS generation. By using
MitoSOX, a mitochondrial superoxide indicator,
we found that H/R injury leads to a large amount
of mitochondrial superoxide (Figure 4A). How-
ever, H9¢c2 cells with c-myb overexpression had
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Figure 2. MiR-195 enhances cardiomyocyte apoptosis induced by H/R injury. A, QRT-PCR analysis of miR-195 levels in
HO9c¢2 cells with or without miR-195 suppression after H/R treatment. B, Representative images of flow cytometric analysis of
HO9c¢2 cells (with or without miR-195 knockdown) with active caspase-3 after H/R treatment. C, Quantification of the ratio of

cells with active caspase-3 showed in Figure B. “p<0.01.

smaller amount mitochondrial superoxide (Fig-
ure 4A). By performing flow cytometric analy-
sis, we also observed that cells with c-myb over-
expression before H/R injury had a significantly
smaller amount of apoptotic cells (Figure 4B-C).
These results suggest that c-myb is a functional
target of miR-195 in H/R related cardiomyocyte
apoptosis.

Discussion

MiR-195 is a member of the miR-15 gene
family. Several studies'?!*? suggest that the
members of this family are upregulated in over-
loaded hearts and in response to cardiac is-
chemia-reperfusion. The plasma concentration of
miR-30a, miR-195 and let-7b is considered as a
potential biomarker for AMI'!. In this report, we
also found that miR-195 is significantly upregu-
lated after H/R treatment. Therefore, we decided
to investigate further its regulation.

Based on the findings of previous researches?!”
2 miR-195 is characterized as a regulator of cell
cycle, apoptosis, cell metabolism, cell prolifera-

tion and metastasis in multiple types of cancer.
Similar regulations were observed in cardiomy-
ocytes too. Excessive ROS generation is a conse-
quence of cardiac ischemia-reperfusion, which
acts an important mechanism of following car-
diac tissue damage. Zhu and Fan®* confirmed that
upregulated miR-195 expression is associated
with increasing generation of ROS and subse-
quently enhanced cardiomyocyte apoptosis.
Knockdown of miR-195 can protect cardiomy-
ocytes from hypoxia-induced death in-vitro and
also alleviates cardiac remodeling in response to
ischemic damage in-vivo®. Therefore, miR-195
suppression is considered as a potential strategy
to reduce myocardial apoptosis induced by is-
chemia-reperfusion injury®**. In line with these
findings, our flow cytometric analysis also con-
firmed that H9¢2 cells with miR-195 suppression
had substantially alleviated cell apoptosis after
H/R injury.

Several investigations also explored the down-
stream regulations in miR-195 in multiple dis-
ease models. Generally, the identified down-
stream targets of miR-195 include WEEI,
CDKG®6, Bcl-213, Sirt1'4, cyclin D1%2, HMGA1?%*
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Figure 3. MiR-195 directly targets 3’UTR of MYB mRNA and decreases c-myb protein expression. A, Two predicted bind-
ing sites between miR-195 and 3’UTR of MYB. WT and MT refer to the wild type (WT) and designed sequences with mutant
(MT) binding sites respectively. The 3’UTR of MYB in multiple species were compared. B, Western blot analysis and quantifi-
cation relative c-myb protein in H9¢2 cells after transfection of miR-195 mimics or miR-195 inhibitors (anti-miR-195). C-D,
HO9c¢2 cells were co-transfected with 100 nM miR-195 mimics and pGLO-MYB-WT1 (C) or pPGLO-MYB-WT2 (D) or the cor-
responding control plasmid carrying mutant sequences. The relative luciferase activity was measured 24 hours after transfec-

tion. “p<0.01.

and Wnt3a?’. However, the exact regulative ef-
fects are tissue and microenvironment-depen-
dent. In cardiomyocytes, miR—195 can en-
hance isoprenaline-induced cardiomyocyte hy-
pertrophy by targeting HMGA12¢, promote
palmitate-induced apoptosis by down-regulating
Sirt1'* and enhance ischemia-reperfusion injury
induced cell death via targeting Bcl-2 and in-
ducing mitochondrial apoptotic pathway'?. Bcl-
2 can suppress Box induced apoptosis suppres-
sion of cytochrome ¢ (Cyt-c) releasing from mi-
tochondria®®. In mesenchymal stem cell, it was
also observed that GATA-4 overexpression in-
duced increased resistance to ischemia and en-
hanced cell survival is partially mediated by
downregulating of the miR-15 family members
and subsequently up-regulation of anti-apoptotic
proteins in the Bcl-2 family®. Therefore, miR-
195 are implicated in the mitochondrial-related
apoptotic pathway, thereby modulating car-
diomyocyte survival's. Based on this evidence,
we decided to explore further other possible
downstream effectors of miR-195 in modulating
mitochondrial related apoptosis.
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Zhang et al’® found that c-myb can inhibit
miR-148a by binding to the transcription factor
binding site in miR-148a gene and miR-148a
can post-transcriptionally downregulating Bcl-
2. In cardiomyocyte, it was observed that c-myb
protein is involved in regulation of ROS-mediat-
ed cardiomyocyte injury'’. By performing
bioinformatics analysis, we found that the
3’UTR of MYB had two broadly conserved
binding sites with miR-195. Therefore, we hy-
pothesized that c-myb might be a downstream
effector of miR-195 in the regulation of ROS-
mediated cardiomyocyte injury. By performing
Western blot and dual luciferase assay, we con-
firmed that miR-195 directly targets 3’UTR of
MYB mRNA and decreases c-myb protein ex-
pression. By using MitoSOX, a mitochondrial
superoxide indicator and flow cytometric analy-
sis, we further revealed that c-myb can suppress
mitochondrial superoxide generation and car-
diomyocyte apoptosis after H/R. Therefore, we
infer that the miR-195-MYB axis is involved in
regulation of cardiomyocyte apoptosis induced
by HR.



miR-195-MYB axis requlates cardiomyocyte apoptosis induced by H/R

MitoSOX

] Vector+H/IR ]

160 -| 160 |

o, 120 - o 120 -

4 §

H ]

H 3

o o
80 80 -
40 -] 40
0 0

c-myb+H/R

H/R+Vector H/R+c-myb

The ratio of cells with active
caspase-3
- n w
b = = 0
I {=

T T ™ T i R )
10° 100 107 10° 10¢ 10° 10° 100 107

Active caspase-3

TreeT T
10* 10*

Active caspase-3

VY D-
10° Vector+H/R c-myb+H/R

Figure 4. C-myb is a functional target of miR-195 in H/R related cardiomyocyte apoptosis. A, ROS were visualized using
MitoSOX. Representative images of ROS in cells with or without c-myb overexpression after H/R treatment. Red: mitochondr-
ial superoxide; Blue: nuclei stained with DAPI. B, Representative images of flow cytometric analysis of H9c2 cells (with or
without c-myb overexpression) with active caspase-3 after H/R treatment. C, Quantification of the ratio of cells with active cas-

pase-3 showed in Figure B. “p<0.01.

Conclusions

MiR-195 is significantly increased due to H/R
and enhances cardiomyocyte apoptosis. MYB is
a target gene of miR-195 in cardiomyocytes, and
the miR-195-MYB axis is involved in regulation
of cardiomyocyte apoptosis induced by H/R.
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