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Background:Myocardial infarction (MI) is a common cardiovascular disease caused bymyocardial ischemia. Also,
microRNA (miRNA) participates in the pathophysiology of many cardiovascular diseases, which can affect stem
cell transplantation in the treatment of MI. In this study, our aim is to explore effect of miR-26b on inflammatory
response and myocardial remodeling through the MAPK pathway by targeting PTGS2 in mice with MI.
Methods:Microarray data analysis was conducted to screenMI-related differentially expressed gens (DEGs). Re-
lationship between miR-26b and PTGS2 was testified. Cardiac function, inflammatory reaction, infarct size, and
myocardial fibrosis were observed. The miR-26b expression and mRNA and protein levels of, PTGS2, ERK, JNK
and p38 and Bcl-2/Bax were examined. The effect of miR-26b on cell apoptosis was also analyzed.
Results: MiR-26b was predicted to target PTGS2 further to mediate the MAPK pathway, thus affecting MI. MiR-
26b negatively targeted PTGS2. MI mice showed decreased cardiac function, as well as increased inflammatory
reaction, myocardial injury, area of fibrosis and myocardial cell apoptosis. After injection of miR-26b agomir or
NS-398 (PTGS2 inhibitor), inflammatory response of MI mice was attenuated and myocardial remodeling in-
duced by MI was alleviated.
Conclusion: These findings indicate that miR-26b inhibits PTGS2 to activate the MAPK pathway, so as to reduce
inflammatory response and improve myocardial remodeling in mice with MI.

© 2018 Published by Elsevier B.V.
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1. Background

Myocardial infarction (MI) is a kind of cardiovascular disease caused
by imbalance of blood supply and abnormalities in cardiac vasomotion
and dissection [1]. There are over 17 million deaths for cardiovascular
disease every year and the annual mortality rate for patients with
acuteMI and impaired left ventricular function accounts for 13% [2]. Re-
cently, such therapy for MI as using growth factors to enhance the
heart's intrinsic capacity of reacting to acute damage has been devel-
oped [3]. Although certain progress in the treatment of MI has been
made, a lot of patients die early with acute MI and those who survive
are still in danger of developing heart failure, which indicates that cur-
rent therapy for MI still lacks key pathophysiologic mechanisms [4].
ular Surgery, Henan Provincial
, Henan Province, PR China.
There is therefore a need to develop new idea to study additional ther-
apy for MI.

MicroRNA-26b (miR-26b) is a hypoxia regulated miRNA, and it was
down-regulated in response to the exposure of hypoxia, where serum re-
sponse factor was up-regulated in response to the exposure of hypoxia
[5]. Besides, it has been found forced-expression of miR-26b attenuated
cardiac hypertrophy and plasma miR-26b levels also down-regulated in
acute heart failure patients [6], which indicated miR-26b played a signif-
icant role in cardiac function. Additionally, inhibition ofmiR-26a has been
reported to rapidly induce angiogenesis and diminish acute MI size with
enhanced heart function in a mouse model with acute MI [7]. miR-26a
and miR-26b are reported to target the expression of prostaglandin-
endoperoxide synthase 2 (PTGS2, also called as COX-2) to regulate aller-
gic inflammation [8]. PTGS2 is a kind of enzyme in the transformation
from arachidonic acid to prostaglandins which is capable of enhancing
the neoplastic process by suppressing apoptosis, promoting proliferation
and angiogenesis [9]. The expression of PTGS2 was induced by cytokines,
oncogenes, and tumor promoters, and it was highly expressed in various
cancers [10]. Also, it has been demonstrated that PTGS2 gene was related

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2018.12.077&domain=pdf
https://doi.org/10.1016/j.ijcard.2018.12.077
czyczhaoyun@126.com
https://doi.org/10.1016/j.ijcard.2018.12.077
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard


153Z.-W. Ge et al. / International Journal of Cardiology 280 (2019) 152–159
to a decreased risk of MI and stroke, which suggests important role of
PTGS2 in therapy for MI [11]. Meanwhile, mitogen-activated protein ki-
nase (MAPK)pathway contributed to regulation of cell viability, apoptosis
and invasion via phosphorylating a number of substrates [12]. MAPK can
function as potentially key regulatory elements in cardiac myocyte path-
ophysiology and affects expressionof its target genes to lead to cellular re-
sponse in different kinds of cardiac disease forms [13]. Accordingly, we
may hypothesize that miR-26b displays influence on MI through MAPK
pathway by regulating PTGS2.

2. Materials and methods

2.1. Ethics statement

This study was carried out in strict accordance with the recommendations of the
Guide for the Care and Use of Laboratory Animals of the National Institutes of Health.
The protocol was approved by Institutional Animal Care and Use Committee of our
hospital.

2.2. Microarray-based analysis

In the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/),
“myocardial infarction” was used as the key word to retrieve the gene chips of MI
(Supplementary Table 1). GSE46395, GSE66360 and GSE97320 were employed for differen-
tially expressed gene (DEG) screening. R language affy package [14]was used for background
correction of gene expression data and standardized pretreatment and limma package [15]
for DEG screening with p-value b0.05 and |LogFoldChange| N 2 as the threshold.
The heatmap of DEG expression was drawn. TargetScan (http://www.targetscan.org/vert_
71/), miRDB (http://www.mirdb.org/), miRSearch (http://www.exiqon.com/microrna-
target-prediction), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/search.php) and
microRNA.org (http://34.236.212.39/microrna/getGeneForm.do) were used to predict
miRNA which could regulate DEGs. Custom Venn diagrams were calculated and drew with
the Venn online analysis tool (http://bioinformatics.psb.ugent.be/webtools/Venn/) to com-
pare the DEGs of three microarrays or 5 miRNA predictions.

2.3. Dual-luciferase reporter gene assay

Dual-luciferase reporter gene assaywas performed according to a previous study [16].
After 48-h transfection, the cells were collected and lysed, and Dual-Luciferase® Reporter
Assay System (Promega Corp., Madison, WI, USA) was used to conduct luciferase activity
detection with a Luminometer TD-20/20 detector (E5311, Promega Corp., Madison, WI,
USA). The experiment was conducted three times.

2.4. Establishment of mouse model of MI

Mouse model of MI was established [17]. The model establishment was considered
successful when the anterior wall of left ventricular appeared pale and electrocardiograph
showed that 0.2 mV ST segment elevation onmore than two limb guide chains. The sham
group was only conducted seton without ligating the coronary artery. Heart was immedi-
ately put into thorax after ligation and muscle and skin were sutured.

2.5. Experimental animals and grouping

Forty-eight male specific-pathogen-free (SPF) C57BL/6 mice (aged 8–10 weeks old;
weighting 20–24 g; Beijing Vital River Laboratory Animal Technology Co., Ltd.) were used
in this study. The mice were grouped into following six groups (eight mice each): sham
group (conducting MI sham operation), MI group (MI model), MI + miR-26b agomir
group (miR-26b mimic being injected into caudal vein after MI modeling), MI + miR-26b
antagomir group (miR-26b inhibitor being injected into caudal vein after MI modeling),
MI + NS-398 group (PTGS2 inhibitor being injected into caudal vein after MI modeling),
and MI +miR-26b antagomir + NS-398 group (miR-26b inhibitor and NS-398 [PTGS2 in-
hibitor] being injected into caudal vein after MI modeling). These mice were granted with
free access to ordinary feed and water, and it was ensured there were 12-h illumination
time and darkness time respectively in the cage. The miR-26b agomir and miR-26b
antagomir free-dried powder coated with cholesterol were dissolved into phosphate-
buffered saline (PBS) to prepare suspension, 10 nmol of suspension and 5 mg/kg of NS-
398 were respectively injected into caudal veins in 5 min and 3 days after modeling sepa-
rately. Seven days after the MI model was established, the structure and cardiac function
showed obvious change, then the small animal ultrasound system Vevo 770 (Visual Sonics
Co., Toronto, Canada) was applied to measure cardiac function. Finally, the mice were
sacrificed to collect the tissues for future experiments.

2.6. Echocardiography

Seven days after the MI modeling, cardiac function was evaluated by the Vevo 770
High-Resolution Imaging System (Visual sonic, Inc.). The left ventricular end-diastolic di-
mension (LVEDD), left ventricular end-systolic dimension (LVESD), left ventricular end-
diastolic volume (LVEDV), and left ventricular end-systolic volume (LVESV) were
measured and recorded. And the left ventricular ejection fraction (LVEF) and left ventric-
ular fractional shortening (LVFS)were calculated according to following formulae: LVEF=
[(LVEDV-LVESV) / LVEDV] × 100, LVFS = [(LVEDD-LVESD) / LVEDD] × 100. The mean
values of three consecutive cardiac cycles were obtained [18,19].

2.7. Animal tissue sampling

On the first day and seventh day after the MI modeling, 400 μL of blood sample was
taken from caudal veins of mice in each group and then allowed to stand at room tempera-
ture for 2 h. Expression of inflammatory factors was measured by enzyme-linked immuno-
sorbent assay (ELISA). The above procedure was proceeded in the sham group at the same
time. After the ultrasonicmeasurement,mice of each groupwere sacrificed by cervical dislo-
cation. The heart was taken out immediately andmyocardium from part of MI area was col-
lected and frozen for reverse transcription quantitative chain reaction (RT-qPCR) and
western blot analysis. The remaining myocardium was cut into 3-μm serial sections and
used for hematoxylin-eosin (HE), Masson and TdT-mediated dUTP Nick-End Labeling
(TUNEL) staining.

2.8. ELISA

Serumofmice fromeachgroupwere collected formeasurement of levels of tumor ne-
crosis factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-10 (IL-10). The experiment
was conducted strictly according to instructions of ELISA kits (Abcam Inc., Cambridge,
MA, USA). The universal ELISA instrument (Biotek Synergy 2)was employed to determine
absorbance (A) at 450nmof eachwell within 3min to figure out target protein concentra-
tion of samples.

2.9. 2,3,5-Triphenylte-trazolium chloride (TTC) and HE staining

The heart was immediately taken out aftermouse sacrifice and sliced into sections for
TTC staining. The MI area appeared pale and non-MI area appeared erythrinus, and then
Image J was employed to calculate percentage of MI area in ventricle area [19,20]. Five
dewaxed sections abovewere taken and stainedwith hematoxylin for observation ofmor-
phological changes [21].

2.10. Masson staining

The five sections after dewaxing were selected for Masson staining [22]. The number
of cells was counted in 10 randomly selected horizons to collect images, which were then
analyzed with the Image J analysis software, and degree of myocardium fibrosis was
expressed as percentage of fibrotic myocardium in total area of left ventricle.

2.11. RNA extraction and RT-qPCR

RNA extraction and RT-qPCR were conducted as recommended [23]. U6 was used as
an internal reference for miR-26b and β-actin was used as an internal reference for
other mRNA. The primer sequences are shown in Supplementary Table 2. The relative
quantitativemethodwasused to calculate and the2-ΔΔCtwasused to express the relative
expression of target gene in each sample.

2.12. Western blot analysis

TheWestern blot analysis was performed based on a previous study [24]. The follow-
ing primary rabbit anti-mouse polyclonal antibodies (diluted at 1: 1000) to PTGS2
(ab15191), p38 (phospho T180 + Y182; ab195049), ERK (ab54230), p-ERK (ab214036),
JNK (ab179461), p-JNK (ab124956), Bax (ab32503), Bcl-2 (ab692), and GAPDH
(ab181602) and secondary goat anti-rabbit polyclonal antibody to horseradish
peroxidase-labeled IgG (ab20272, diluted at 1:500) were used. All antibodies were pur-
chased from Abcam Inc. (Cambridge, MA, USA). The GAPDH was used as the internal ref-
erence, and the ratio of gray level between target band and internal control was quantified
as the relative expression of protein. This experiment was repeated 3 times.

2.13. TUNEL staining

The selected five sectionswere stained. Ten views were randomly-selected from each
section and the positive cells and myocardium cells were calculated with the average
value obtained. The ratio of the tannucleus and bluenucleuswas quantified as the apopto-
tic index (AI) of myocardium cell [21].

2.14. Statistical analysis

Experimental data were analyzed using SPSS 18.0 software (SPSS Inc., Chicago, IL,
USA). Measurement data are expressed as mean ± standard deviation, comparison
among multiple groups was conducted by one-way analysis of variance and comparison
between two groups was performed by t-test. p b 0.05 indicated statistical significance.
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3. Results

3.1. MiR-26b is lowly expressed while PTGS2 enriched in MI

Using adjusted p-value b0.05 and |LogFoldChange| N 2 as the thresh-
old, DEG analysis of MI was conducted using R language and 471, 351
and 455 DEGs were obtained from GSE46395, GSE66360 and
GSE97320 chip, respectively. The top 100 genes of each chip were se-
lected for comparison. Venndiagrams (Supplementary Fig. 1A) revealed
an intersecting gene, PTGS2. The top 100 DEG heatmaps of GSE66360
(Supplementary Fig. 1B) and GSE97320 (Supplementary Fig. 1C)
showed that the expression of PTGS2 in patients with MI was signifi-
cantly higher than that in healthy controls. Through the expression of
PTGS2 in GSE46395 chip (Supplementary Fig. 1D), we could see that
the expression of PTGS2 in MI mouse model was significantly higher
than that in the control group. Therefore, we focused on the significance
andmolecularmechanismof PTGS2 inMI. In order to further investigate
the possible molecular mechanism of PTGS2, TargetScan, miRDB,
miRSearch, miRTarBase and microRNA.org were employed to predict
miRNAs related to PTGS2, which revealed 10, 42, 18, 3 and 40 potential
miRNAs, respectively. Venn diagrams in each tools were drawn, with
one miRNA, mmu-miR-26b-5p, found in the intersection (Supplemen-
tary Fig. 1E), indicating that miR-26b was most likely to regulate
PTGS2. Furthermore, inhibition of the MAPK signaling pathway allevi-
ates MI [25,26] and miR-26b inhibits the MAPK signaling pathway
[11]. Combined with the microarray-based analysis, it could be con-
cluded that miR-26b targets PTGS2 and mediates the MAPK signaling
pathway in MI.
Fig. 1. Overexpressed miR-26b could improve cardiac function and alleviate the inflammatory
with miR-26b agomir, miR-26b antagomir and/or NS-398; B, LVFS and LVEF of mice treated wi
with miR-26b agomir, miR-26b antagomir and/or NS-398; D, IL-6 in serum of mice treated wi
group; *, p b 0.05 vs. the sham group; #, p b 0.05 vs. the MI group; &, p b 0.05 vs. the MI +
expressed by means ± standard deviation and analyzed by one-way analysis of variance; n =
3.2. PTGS2 is a target gene of miR-26b

The target gene of miR-26b was analyzed according to the biology
prediction website microRNA.org and it was testified that PTGS2 was
the direct target gene of miR-26b (Supplementary Fig. 2A). The results
showed that transfectingmiR-26bmimic decreased the activity of lucif-
erase reporter gene (p b 0.05) (Supplementary Fig. 2B), which indicated
that miR-26b negatively targets PTGS2.

3.3. MiR-26b improves cardiac functions and relieves inflammatory
response of mice with MI by downregulating PTGS2

To explore the effects of PTGS2 on cardiac functions in mice, we car-
ried out follow-up studies by using NS-398, an inhibitor of PTGS2.
LVEDD and LVESD of mice increased (Fig. 1A), LVFS and LVEF (Fig. 1B)
of mice decreased in the MI group, the MI + miR-26b agomir group,
the MI + miR-26b antagomir group, the MI + NS-398 group and the
MI + miR-26b antagomir + NS-398 group than that in the sham
group (p b 0.05). MI mice injected with miR-26b agomir and NS-398
had lower LVEDD and LVESD but higher LVFS and LVEF (p b 0.05),
while MI mice injected with miR-26b antagomir had increased LVEDD
and LVESD but decreased LVFS and LVEF (p b 0.05). These results sug-
gested that up-regulation of miR-26b may reduce the effect of MI on
cardiac functions by down-regulating the expression of PTGS2.

ELISA results showed that compared with the sham group, mice in
the MI, MI + miR-26b agomir, MI + miR-26b antagomir, MI + NS-
398 and MI + miR-26b antagomir + NS-398 groups had increased ex-
pression of TNF-α (Fig. 1C) and IL-6 (Fig. 1D) but decreased expression
response after MI in mice by downregulating PTGS2. A, LVEDD and LVESD of mice treated
th miR-26b agomir, miR-26b antagomir and/or NS-398; C, TNF-α in serum of mice treated
th miR-26b agomir, miR-26b antagomir and/or NS-398; E, IL-10 in serum of mice in each
miR-26b antagomir + NS-398 group; the experiment was repeated 3 times; data were
8.

http://microRNA.org
http://microRNA.org


Fig. 2.Upregulation ofmiR-26b could reducemyocardial injury, diminish themyocardial remodeling and reduce fibrosis after MI by reducing PTGS2. A, myocardial tissues stained by TTC
ofmice treatedwithmiR-26b agomir,miR-26b antagomir and/or NS-398; B, percentage ofMI area ofmice treatedwithmiR-26b agomir,miR-26b antagomir and/or NS-398; C,myocardial
tissues stained with HE of mice treated with miR-26b agomir, miR-26b antagomir and/or NS-398 (× 200); D, surface area of myocardial cells treated with miR-26b agomir, miR-26b
antagomir and/or NS-398; E, myocardial tissues stained with Masson of mice treated with miR-26b agomir, miR-26b antagomir and/or NS-398 (× 200); F, percentage of myocardial
fibrosis area; *, p b 0.05 vs. the sham group; #, p b 0.05 vs. the MI group; &, p b 0.05 vs. the MI + miR-26b antagomir + NS-398 group; the experiment was repeated 3 times; data
were expressed by means ± standard deviation and analyzed by one-way analysis of variance; n = 8.

155Z.-W. Ge et al. / International Journal of Cardiology 280 (2019) 152–159



156 Z.-W. Ge et al. / International Journal of Cardiology 280 (2019) 152–159
of IL-10 (Fig. 1E) on the seventh day after the MI model was built (p b

0.05). MI mice injected with miR-26b agomir and NS-398 showed
lower expression of TNF-α and IL-6 while higher expression of IL-10
on the seventh day, while MI mice injected with miR-26b antagomir
showed higher expression of TNF-α and IL-6 but lower expression of
IL-10. It suggested that up-regulation of miR-26b led to the declines in
the inflammatory response after MI by down-regulating the expression
of PTGS2.
3.4. MiR-26b reduces myocardial injury and pathologically changes
myocardial tissue as well as changes myocardial fibrosis of MI mice by
downregulating PTGS2

TTC staining results showed that compared with the mice in the
sham group, the mice in the MI, MI + miR-26b agomir, MI + miR-
26b antagomir, MI + NS-398 group and MI + miR-26b antagomir
+ NS-398 groups had increased the volume of the whole heart, and
their thinning left ventricular wall appeared obvious pale infarct size
(Fig. 2A). Compared with the MI group, mice in the MI + miR-26b
agomir group, the MI + NS-398 group and the MI + miR-26b
antagomir + NS-398 group had reduced infarct size while the MI
+miR-26b antagomir group had increased infarct size (p b 0.05). Com-
pared with the MI + miR-26b antagomir + NS-398 group, mice in the
MI + NS-398 group had reduced infarct size while the MI + miR-26b
antagomir group had increased infarct size (p b 0.05) (Fig. 2B). All in
Fig. 3.Upregulation ofmiR-26b could inhibit activation of MAPK pathway afterMI through PTG
26b agomir, miR-26b antagomir and/or NS-398 examined by RT-qPCR; B, mRNA levels of PTGS
antagomir and/or NS-398 examined by RT-qPCR; C, the gray value of PTGS2, ERK, JNK and p
antagomir and/or NS-398 examined by Western blot analysis; D, the protein levels of PTGS2
antagomir and/or NS-398 examined by Western blot analysis; *, p b 0.05 vs. the sham grou
group; the experiment was repeated 3 times; data were expressed by means ± standard devi
all, the obtained results revealed that upregulated miR-26b could re-
press myocardial injury by downregulating PTGS2.

Compared with the mice in the sham group, the mice in the MI, MI
+ miR-26b agomir group, MI + miR-26b antagomir, MI + NS-398 and
the MI + miR-26b antagomir + NS-398 groups increased the surface
area of myocardial cells (p b 0.05), and their ventricular wall thickened,
inflammatory cell infiltrated, cardiac muscle fibers swelled and myocar-
dial edema appeared (Fig. 2C). Compared with the MI group, the de-
crease in thickening of ventricular wall, in enlargement of myocardial
cell and in the surface area of myocardial cell appeared in the MI
+ miR-26b agomir group, the MI + NS-398 group and the MI + miR-
26b antagomir + NS-398 group (p b 0.05) while in the MI + miR-26b
antagomir group the increase in thickening of ventricular wall and in
the surface area of myocardial cell, the disordered myocardial cell,
hyperchromatic cytoplasm, bigger cell interval and increasing non-
stained nuclei appeared (p b 0.05) (Fig. 2D). The aforementioned find-
ings demonstrated that upregulated miR-26b could alleviate myocardial
remodeling after MI by downregulating PTGS2.

The results of Masson staining showed that compared with the mice
in the sham group, mice in the MI group, the MI + miR-26b agomir
group, the MI + miR-26b antagomir group, the MI + NS-398 group
and the MI + miR-26b antagomir + NS-398 group appeared the left
ventricular dilatation, thinning ventricularwall and obvious pathological
myocardial fibrosis (Fig. 2E). Compared with the MI group, mice in the
MI + miR-26b agomir group, the MI + NS-398 group and the MI
+ miR-26b antagomir + NS-398 group had decreased the area of
S2 downregulation. A,miR-26b expression of myocardial tissues of mice treatedwithmiR-
2, ERK, JNK and p38 in myocardial tissues of mice treated with miR-26b agomir, miR-26b
38 protein bands in myocardial tissues of mice treated with miR-26b agomir, miR-26b
, ERK, JNK and p38 in myocardial tissues of mice treated with miR-26b agomir, miR-26b
p; #, p b 0.05 vs. the MI group; &, p b 0.05 vs. the MI + miR-26b antagomir + NS-398
ation and analyzed by one-way analysis of variance; n = 8.
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fibrosis while mice in theMI+miR-26b antagomir group had increased
the area of fibrosis (p b 0.05). Compared with the MI + miR-26b
antagomir + NS-398 group, mice in the MI + NS-398 group had de-
creased the area of fibrosis while mice in the MI + miR-26b antagomir
group had increased the area of fibrosis (p b 0.05) (Fig. 2F). The afore-
mentioned findings demonstrated that upregulated miR-26b could sup-
press myocardial fibrosis after MI by downregulating PTGS2.

3.5. MiR-26b inhibits the activation of MAPK pathway after MI

RT-qPCR and western blot analysis showed the higher expression of
miR-26b (Fig. 3A) and lowermRNA (Fig. 3B) and protein levels (Fig. 3C-
D) of PTGS2, ERK, JNK and p38 of myocardial tissues of mice in the MI
group, the MI + miR-26b agomir group, the MI + miR-26b antagomir
group, the MI + NS-398 group and the MI + miR-26b antagomir
+ NS-398 group than of the mice in the sham group (p b 0.05). Com-
pared with the MI group, mice in the MI + miR-26b agomir group,
the MI + NS-398 group and the MI + miR-26b antagomir + NS-398
group had decreased the mRNA and protein levels of PTGS2, ERK, JNK
and p38; themice in theMI+miR-26b antagomir group had increased
mRNA and protein expression of PTGS2, ERK, JNK and p38 (p b 0.05).
The above findings indicated that miR-26b suppressed the activation
of the MAPK pathway through downregulating PTGS2.
Fig. 4. Upregulation of miR-26b can inhibit myocardial cell apoptosis and alleviate myocardi
examined by Western blot analysis; B, the gray value of Bax and Bcl-2 protein bands; C, prote
by TUNEL (×400); E, apoptotic index of myocardial tissues of mice in each group; *, p b 0.
antagomir + NS-398 group.
3.6. MiR-26b inhibits myocardial cells apoptosis after MI by targeting
PTGS2

The results ofWestern blot analysis and TUNEL staining showed that
the ratio of protein level of Bcl-2/Bax (Fig. 4A-C) of mice was lower and
the apoptotic index was higher in the MI group, the MI + miR-26b
agomir group, the MI + miR-26b antagomir group, the MI + NS-398
group and the MI + miR-26b antagomir + NS-398 group (p b 0.05)
(Fig. 4D–E). Compared with the MI group, mice in the MI + miR-26b
agomir group, the MI + NS-398 group and the MI + miR-26b
antagomir + NS-398 group had increased the ratio of protein
expression of Bcl-2/Bax while decreased the apoptotic index (p b

0.05). The mice in the MI + miR-26b antagomir group decreased the
ratio of protein expression of Bcl-2/Bax while increased the apoptotic
index (p b 0.05). The results suggested that up-regulation of miR-26b
may inhibit myocardial cell apoptosis after MI to reduce myocardial re-
modeling by down-regulating the expression of PTGS2.

4. Discussion

MI in humanswas one of themost common cardiovascular diseases,
and the increasingnumber of patients surviving the acute event showed
the improvements in treatment forMI [27]. Also, the previous study had
al remodeling after MI by reducing PTGS2 expression. A, protein levels of Bax and Bcl-2
in level ratio between Bcl-2 and Bax; D, myocardial tissues of mice in each group stained
05 vs. the sham group; #, p b 0.05 vs. the MI group; &, p b 0.05 vs. the MI + miR-26b
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proved that miR-26b can function as tumor suppressors in various ma-
lignant cancers [28]. In the present study, we investigated the effect of
miR-26b onmicewithMI through regulating PTGS2 byMAPK pathway.

First, PTGS2 was the target gene of miR-26b and ELISA revealed that
miR-26b agomir and NS-398 decreased the expression of TNF-α and IL-
6 but increased the expression of IL-10, which could inhibit activation of
inflammatory cells. miR-26b has been shown to directly silence PTGS2
and regulate PTGS2 expression in desferrioxamine-treated carcinoma
of nasopharyngeal epithelial cells and allergic inflammation [29]. MiR-
26b has been reported to have participated with the activity of inflam-
matory response in atrial fibrillation [30]. PTGS2 has also been con-
firmed to play a role in inflammatory diseases, but different from miR-
26b, PTGS2 is a promotor for inflammatory response [31]. miR-26
could decrease TNF-α production so as to regulates tumourigenicity
and inflammation [32]. It has been previously found that miR-26 regu-
lated inflammation and tumorigenicity through decreasing the level of
IL-6 [32]. In previous study, it was investigated that IL-10 was a synthe-
sis inhibitory that had the ability to inhibit inflammatory cells [33] and it
has been similarly indicated that the expression of IL-10 up-regulated
by miRNA [34]. Additionally, myocardial remodeling was the alteration
in the structure and physiological function of the heart as well as
changes of cardiac cells, and previous studies had shown that many
miRNAs regulated cardiac hypertrophy [35].

Additionally, we found that MAPK pathway was inhibited by upregu-
lated miR-26b or downregulated PTGS2. Previous study has shown
that MAPK pathway was likely to play an important role in pro-
inflammatory responses and cell proliferation of certain tumor, and
then the inhibiting effect of PTGS2 to MAPK pathway was investigated
[36]. MiR-26b was studied that decreased the phosphorylation of ERK
and it has also been researched relationship between the decrease of
PTGS2 and regulation of MAPK pathway [37]. Previous study suggested
function of PTGS2 and MAPK pathway in progression of oocyte meiosis,
and then revealed inhibitory role of PTGS2 in MAPK activation [38]. A
study has demonstrated activation ERK decreased because of treatments
with PTGER2, a subtype of PTGS2 [39]. Here it might be inferred that
miR-26b and PTGS2 contribute to inhibited activation of MAPK pathway.

Furthermore, results showed overexpressedmiR-26b inhibited apo-
ptosis of myocardial cells through suppression of MAPK pathway by
binding to PTGS2. PTGS2 has been demonstrated to involve such func-
tions as inducing apoptosis and inhibiting proliferation and suppressing
metastasis [10]. In previous study, it has been confirmed the growth-
suppressive effect of cells was dependent on PTGS2 [40]. Bcl-2, an
anti-apoptotic factor, was demonstrated associating with PTGS2 [41].
Besides, it has been previously investigated that miR-26b-5p increased
expression of Bcl-2 and decreased expression of Bax in HCC cells, sug-
gesting inhibitory role of miR-26b- 5p on cell apoptosis [42]. In recent
study, the MAPK-related factors were found to be activated in the pris-
tine grapheme treated cells that activated pro-apoptoticmember [43]. It
has also been demonstrated that p38 MAPK was crucial in regulation of
apoptosis andmany chemotherapeutic agents demanded p38 to induce
cell apoptosis [44]. From the studies above, it could be inferred thatmiR-
26b-related mimic and PTGS2-related inhibitor had great effect in sup-
pressing apoptosis, similarly, regulating miR-26b and PTGS2 inhibiting
apoptosis of myocardial cells. Interestingly, PTGS2 inhibition has been
verified to enhancemortality and left ventricular remodeling, while im-
pedes systolic function in pig models with MI [45]. However, the study
fails to provide evidence in clinical studies, and the species we chose is
closer to humans.

5. Conclusion

Above all, miR-26b could inhibit inflammatory reaction andmyocar-
dial remodeling through the MAPK pathway via inhibiting PTGS2 ex-
pression in MI (Supplementary Fig. 3). This finding could imply that
miR-26b inhibiting PTGS2 is a quite promising strategy for accelerating
recovery in MI patients.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.12.077.
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