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MicroRNA-381 protects myocardial cell function
in children and mice with viral myocarditis via
targeting cyclooxygenase-2 expression
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Abstract. The present study aimed to determine the
expression of cyclooxygenase (COX)-2 and microRNA
(miRNA/miR)-381 in the blood of children with viral
myocarditis (VM), and investigate the association between
COX-2 and miR-381 in the occurrence and development
of the disease using a mouse model. A total of 26 children
with VM (15 boys and 11 girls) were included in the present
study. Peripheral blood was collected from all children. The
mouse model of VM was constructed by coxsackievirus B3
(CVB3) infection. Peripheral blood and myocardial tissues
were collected from all mice for analysis. Reverse transcrip-
tion-quantitative polymerase chain reaction was used to
determine the expression of COX-2 mRNA and miR-381 in
serum and myocardial tissues. ELISA was used to measure
the content of COX-2 protein in serum from humans and
mice, and western blotting was employed to determine the
expression of COX-2 protein in myocardial tissues from mice.
Contents of creatine kinase (CK-MB) and lactate dehydroge-
nase (LDH) were evaluated using an automatic biochemical
analyzer. A dual luciferase assay was conducted to identify
interactions between COX-2 mRNA and miR-381. Children
with VM had increased COX-2 levels and decreased miR-381
expression in peripheral blood, compared with those who
had recovered from VM. CVB3 infection resulted in damage
in the myocardium of mice, and elevated CK-MB and LDH
contents. VM model mice exhibited increased COX-2 levels
and decreased miR-381 expression in peripheral blood and
myocardial tissues compared with normal mice. miR-381
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binds to the 3'-untranslated seed regions of both human
and mouse COX-2 mRNA to regulate their expression. The
present study demonstrated that children with VM have
decreased miR-381 expression and elevated COX-2 expres-
sion in peripheral blood. miR-381 may inhibit myocardial cell
damage caused by CVB3 infection and protect myocardial
cell function by targeting COX-2 expression.

Introduction

The incidence of viral myocarditis (VM) is gradually
increased in recent years, and attracts the attention of more
and more scholars (1). Coxsackievirus B3 (CVB3) is one of
the most common viruses that cause VM (2). VM can develop
into acute heart failure (3,4). According to available clinical
studies, the mortality rate of VM in young people is as high
as 21%, and sudden deaths caused by VM or fatal ventricular
arrhythmias in children account for about 20% (5,6). However,
there have been few effective therapies for VM by now.
Current treatment for VM is still focused on the control of
cardiac arrhythmia and heart failure. Therefore, it is necessary
to study the molecular mechanism of VM.

VM is a common infectious disease in pediatric clinical
practice. It is caused by viral infection or disturbance
of autoimmune system, and characterized by localized
or diffuse acute or chronic inflammatory lesions of the
myocardium (1,7). In inflammation, cyclooxygenase (COX),
especially COX-2 in the COX family, plays an important role.
COX-2 is produced after induction by external stimuli (phys-
ical, chemical, biological, etc), and catalyzes the synthesis of
prostaglandin that is involved in inflammatory responses (8).
With the study on genes entering microRNA (miRNA/miR)
stage, some researchers have found that up-regulation of
miRNAs can inhibit the expression of COX-2 (9). However,
basic and clinical research processes of VM and the regula-
tion of COX-2 by miRNAs are rarely reported. In the present
study, we determine the expression of COX-2 in the blood of
children with VM, and investigate the relationship between
COX-2 and miR-381 in the occurrence and development of
the disease.


https://www.spandidos-publications.com/10.3892/etm.2018.6082
https://www.spandidos-publications.com/10.3892/etm.2018.6082

ZHANG et al: miR-381 PROTECTS MYOCARDIUM IN VIRAL MYOCARDITIS

Materials and methods

Patients. A total of 26 children with VM (15 boys and 11 girls)
admitted at our hospital between June 2014 and February 2017
were included in the present study. The age range of the
children was from 9 months to 16 years. Clinical diagnosis
was made according to the standards of VM established
by the cardiovascular research group of Chinese Medical
Association in 2000 (10). All children with VM received large
doses of vitamin C, protection of important organ functions,
symptomatic treatments, myocardial nutrition, and anti-virus
treatment. Control group (33 children) included children with
VM who required regular follow-ups after recovery. Three
types of samples were collected and used in the experiments.
Peripheral blood was collected from all patient children and
those in control group at early morning fasting, and stored
at -20°C in EDTA anti-coagulant tubes. All procedures were
approved by the Ethics Committee of Hubei University of
Medicine. Written informed consents were obtained from all
patients or their families.

Animals. A total of 60 male BALB/C mice (4 weeks old)
were obtained from Chongqing Tengxin Biotech Company
(http://www.cqtx123.com/; Chongqing, China) with a certifi-
cate numbered SCXK(Yu) 2016-0018. The weight of the mice
ranged between 18 and 22 g. During the week before experi-
ments, the mice had free access to food and water to adapt to
the environment. The Reduction, Replacement and Refinement
animal welfare principle was followed during the experi-
ments. The mice were divided into control group and infection
(VM) group. Control group (n=30) was not infected by any
virus and intraperitoneally injected with saline (0.2 ml). VM
group (n=30) was intraperitoneally injected with 100 TCID50
CVB3 (0.2 ml; Biopike, Beijing, China), and one hour later,
the mice were injected with saline (0.2 ml). The mice in VM
group were treated with CVB3 for three days, and sacrificed
on day 21. Peripheral blood was collected from the mice, and
stored at -20°C in EDTA anti-coagulant tubes. Then, myocar-
dial tissues were collected after the mice were sacrificed by
decapitation, and stored in liquid nitrogen.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Myocardial tissues (100 mg) were ground using
liquid nitrogen and mixed with 1 ml TRIzol (10606ES60;
Yeasen, Shanghai, China) for lysis. Serum samples (100 ul)
were directly mixed with 1 ml TRIzol (10606ES60; Yeasen,
Shanghai, China) for lysis. Then, total RNA was extracted
using phenol chloroform method. The concentration and
quality of RNA was examined using ultraviolet spectropho-
tometry (Nanodrop ND2000; Thermo Fisher Scientific, Inc.,
Wilmington, DE, USA). Then, cDNA was obtained by reverse
transcription from 1 g RNA and stored at -20°C. Reverse
transcription of mRNA was performed using TIANScript 11
cDNA First Strand Synthesis kit (KR107; Tiangen, Beijing,
China), and reverse transcription of miRNA was carried out
using miRcute miRNA cDNA First Strand Synthesis Kit
(KR201; Tiangen).

SuperReal PreMix (SYBR-Green) RT-qPCR kit (FP204;
Tiangen) was used to detect mRNA expression of COX-2, using
[B-actin as internal reference. The sequences of human COX-2
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were 5'-CAGCCATACAGCAAATCCTTG-3' (upstream) and
5'-CAAATGTGATCTGGATGTCAAC-3' (downstream),
and those of f-actin were 5'-CACCAGGGCGTGATGGT-3'
(upstream) and 5'-CTCAAACATGATCTGGGTCAT-3'
(downstream). PCR reaction system (20 ul) for human COX-2
determination was composed of 10 ul RT-qPCR-Mix, 0.5 ul
upstream primer, 0.5 yl downstream primer, 2 1 cDNA and
7 ul ddH,0. PCR conditions for human COX-2 determina-
tion were: Initial denaturation at 95°C for 30 sec; 40 cycles of
95°C denaturation for 5 sec and annealing at 60°C for 34 sec
(1Q5; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
sequences of mouse COX-2 were 5-CAGCAAATCCTT
GCTGTTCC-3' (upstream) and 5'-TGGGCAAAGAAT
GCAAACATC-3' (downstream), and those of B-actin were
5"TCAGGAGGAGCAATGATCTTG-3' (upstream) and 5'-TCC
TCCCTGGAGAAGAGCTA-3' (downstream). PCR reaction
system (20 pl) for mouse COX-2 determination was composed
of 10 ul RT-qPCR-Mix, 0.5 ul upstream primer, 0.5 yl down-
stream primer, 2 ul cDNA and 7 1 ddH,O. PCR conditions for
mouse COX-2 determination were: Initial denaturation at 95°C
for 2 min; 35 cycles of 94°C denaturation for 30 sec, annealing
at 57°C for 30 sec and elongation at 72°C for 30 sec; final elonga-
tion at 72°C for 4 min (iQ5; Bio-Rad Laboratories, Inc.). The
22444 method was used to calculate the relative expression of
mRNA against (3-actin. Each sample was tested in triplicate.

The expression of miR-381 was determined by miRcute
miRNA RT-PCR kit (FP401; Tiangen), using U6 as internal
reference. The sequences of human miR-381 were 5'-ACA
CTCCAGCTGGGTATACAAGGGCAAGCT-3' (upstream)
and 5"TGGTGTCGTGGAGTCG-3' (downstream), and those
of U6 were 5-CTCGCTTCGGCAGCACA-3' (upstream) and
5'-AACGCTTCACGAATTTGCGT-3' (downstream). PCR
reaction system (20 ul) for human miR-381 determination was
composed of 10 ul RT-qPCR-Mix, 0.5 ul upstream primer,
0.5 pl downstream primer, 2 ul cDNA and 7 ul ddH,0. PCR
conditions for human miR-381 determination were: Initial
denaturation at 95°C for 5 min; 40 cycles of 95°C denaturation
for 15 sec, annealing at 60°C for 30 sec, and elongation at 72°C
for 30 sec (iQ5; Bio-Rad Laboratories, Inc.). The sequences of
mouse miR-381 were 5'-~ACGAGCGATACAAGGGCAAGC-3'
(upstream) and 5'-GCGAGCACAGAATAAATACGACTC
ACTA-3' (downstream), and those of U6 were 5'-CTCGCT
TCGGCAGCACATATACT-3' (upstream) and 5'-ACGCTT
CACGAATTTGCGTGTC-3' (downstream). PCR reaction
system (25 ul) for mouse miR-381 determination was composed
of 12.5 ul SYBR Premix ExTaq™, 0.5 ul upstream primer,
0.5 pl downstream primer, 1 ul cDNA and 10.5 xl ddH,0.
PCR conditions for mouse miR-381 determination were: Initial
denaturation at 95°C for 5 min; 40 cycles of 95°C denaturation
for 10 sec, annealing at 60°C for 30 sec and elongation at 72°C
for 15 sec (iQ5; Bio-Rad Laboratories, Inc.). The 2-44¢4 method
was used to calculate the relative expression of miR-381 against
U6. Each sample was tested in triplicate.

Enzyme-linked immunosorbent assay (ELISA). Serum were
tested using human COX-2 ELISA kit (ab52237; Abcam,
Cambridge, UK) and mouse COX-2 ELISA kit (YQ-16-3537K;
Imunbio, Beijing, China). In microplates, standards (50 ul),
samples (10 pl sample liquid and 40 pl diluent) and blank were
set into predefined wells. In the wells for standards and samples,
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horseradish peroxidase-labelled conjugates (100 ul) were added
before sealing the plates for incubation at 37°C for 1 h. After
washing the plates for 5 times, substrates A (50 pl) and B (50 ul)
were added into each well. After incubation at 37°C for 15 min,
stop solution (50 pl) was added into each well, and absorbance
of each well was measured at 450 nm within 15 min.

Bioinformatics. Bioinformatics prediction is a powerful
tool for the study of the functions of miRNAs. To under-
stand the regulatory mechanism of COX-2 in VM, we used
miRanda (http:/www.microrna.org/microrna/home.do),
TargetScan (http://www.targetscan.org), PiTa (http:/genie
weizmann.ac.il/pubs/mir07/mir07_data.html), RNAhybrid
(http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) and
PICTA (http://pictar.mdc-berlin.de/) to predict miRNA
molecules that might regulate COX-2, and found that miR-381
was able to potentially regulate COX-2 (Fig. 1).

Automatic biochemical analysis. The contents of creatine
kinase (CK-MB) and lactate dehydrogenase (LDH) were
determined according to relative kits (Beckman Coulter, Inc.,
Brea, CA, USA). Reagent I (250 ul) was preincubated at 37°C in
water bath for 3 min, and then liquid samples (10 1) were mixed
with reagent I (250 pul) before incubation at 37°C in water bath
for 10 min. Then, reagent II (50 xl) was added. Within 5 min,
absorbance was measured continuously. Contents of CK-MB
and LDH were determined by average absorbance increase rate.
The results were automatically calculated and given by AU5800
automatic biochemical analyzer (Beckman Coulter, Inc.).

Western blotting. Precooled Radio-Immunoprecipitation
Assay (RIPA) lysis buffer (600 ul; 50 mM Tris-base, | mM
EDTA, 150 mM NaCl, 0.1% sodium dodecyl sulfate, 1%
Triton X-100, 1% sodium deoxycholate (Beyotime Institute
of Biotechnology, Shanghai, China) was used to lyse the
samples. After lysis for 50 min on ice, the mixture was
centrifuged at 12,000 x g at 4°C for 5 min. The supernatant
was used to determine protein concentration by bicincho-
ninic acid (BCA) protein concentration determination kit
(RTP7102, Real-Times Biotechnology Co., Ltd., Beijing,
China). Protein samples (20 pg) were then mixed with
sodium dodecyl sulfate loading buffer before denaturation in
boiling water bath for 5 min. Afterwards, the samples were
subjected to 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The resolved proteins were transferred to
polyvinylidene difluoride membranes on ice (100 V, 2 h) and
blocked with 5% skimmed milk at room temperature for 1 h.
Then, the membranes were incubated with rabbit anti-mouse
COX-2 polyclonal primary antibody (1:1,000; ab15191;
Abcam) and rabbit anti-mouse f-actin primary antibody
(1:5,000; ab8227; Abcam) at 4°C overnight. After extensive
washing with phosphate-buffered saline with Tween-20 for
3 times of 15 min, the membranes were incubated with goat
anti-rabbit horseradish peroxidase-conjugated secondary
antibody (1:3,000; ab6721; Abcam) for 1 h at room tempera-
ture before washing with phosphate-buffered saline with
Tween-20 for 3 times of 15 min. Then, the membrane was
developed with enhanced chemiluminescence detection kit
(Abcam) for imaging. Image lab v3.0 software (Bio-Rad
Laboratories, Inc.) was used to acquire and analyze imaging
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signals. The relative content of COX-2 protein was expressed
as COX-2/B-actin ratio.

Dual luciferase reporter assay. According to bioinformatics
results, wild-type (WT) and mutant seed regions of miR-381
in the 3'-UTR of COX-2 gene were chemically synthesized
in vitro, added with Spe-1 and HindIII restriction sites, and
then cloned into pMIR-REPORT luciferase reporter plasmids.
Plasmids (0.8 ug) with WT or mutant 3'-UTR DNA sequences
were co-transfected with agomiR-381 (100 nM; Sangon
Biotech, Shanghai, China) into 293T cells. After cultivation for
24 h, the cells were lysed using dual luciferase reporter assay
kit (Promega Corporation, Madison, WI, USA) according
to the manufacturer's manual, and fluorescence intensity
was measured using GloMax 20/20 luminometer (Promega
Corporation). Using renilla fluorescence activity as internal
reference, the fluorescence values of each group of cells were
measured.

Statistical analysis. The results were analyzed using SPSS 18.0
statistical software (IBM Corp., Armonk, NY, USA). The data
were expressed as means + standard deviations. Data were tested
for normality. Multigroup measurement data were analyzed
using one-way ANOVA. In case of homogeneity of variance,
Least Significant Difference and Student-Newman-Keuls
methods were used; in case of heterogeneity of variance,
Tamhane's T2 or Dunnett's T3 method was used. P<0.05 was
considered to indicate a statistically significant difference.

Results

Children with VM have higher COX-2 levels in peripheral
blood than those who have recovered from VM. To measure
the expression of COX-2 mRNA and protein in serum,
RT-qPCR and ELISA were carried out. The data showed
that the expression of COX-2 mRNA and protein in serum
from children with VM were significantly higher than those
in control group, respectively (P<0.05; Fig. 2A and B). The
result suggests that children with VM have higher COX-2
levels in peripheral blood than those who have recovered
from VM.

Children with VM have lower miR-381 levels in peripheral
blood than those who have recovered from VM. To investi-
gate the level of miR-381 in peripheral blood, RT-qPCR was
employed. The data showed that expression of miR-381 in
serum from children with VM were significantly lower than
those from control group (P<0.05; Fig. 3). The result indicates
that children with VM have lower miR-381 levels in peripheral
blood than those who have recovered from VM.

CVB3 infection results in damages in myocardium of mice,
and elevates CK-MB and LDH contents. To determine the
contents of CK-MB and LDH, automatic biochemical analysis
was performed. The data showed that the concentrations of
CK-MB and LDH in peripheral blood from mice infected
by CVB3 were significantly higher than those from mice in
control group, respectively (P<0.05; Fig. 4A and B). The result
suggests that CVB3 infection results in damages in myocar-
dium of mice, and elevates CK-MB and LDH contents.


https://www.spandidos-publications.com/10.3892/etm.2018.6082
https://www.spandidos-publications.com/10.3892/etm.2018.6082

ZHANG et al: miR-381 PROTECTS MYOCARDIUM IN VIRAL MYOCARDITIS

A 3" ugUCUCUCGAACGGGAACAUAu 5' hsa-miR-381

L I T

2316:5" auAGUCAAUAUG——CUUGUAUa 3" PTGS2

B 3' ugucUCUCGAACGGGAACAUAu 5' mmu—miR-381

LETEE TEEEEET
727:5' aaucAGACCUU--CCUUGUAUg 3' Ptgs2

Figure 1. Direct interaction between microRNA-381 and cyclooxygenase
(COX)-2 in (A) human and (B) mouse. Bioinformatics prediction is a
powerful tool for the study of the functions of miRNAs. To understand the
regulatory mechanism of COX-2, we used miRanda (http:/www.microrna
.org/microrna/home.do), TargetScan (http://www.targetscan.org), PiTa
(http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html), RNAhybrid
(http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) and PICTA (http://pictar
.mdc-berlin.de/) to predict miRNA molecules that might regulate COX-2,
and found that miR-381 was able to potentially regulate COX-2.

Ags-
- *%
;34- 1
| =
8< 3
S 2 4
EE

@ o -
n:g 14

© 90

Control VM

BE 4 -

> *%
58 3
o c

3 c
98 27
2%
EQ-'_ T

Do
o

S o

i Control VM

Figure 2. Expression of COX-2 (A) mRNA and (B) protein in serum from
children. Children who have recovered from viral myocarditis (VM) were
included into control group and those with VM were included into VM
group. RT-qPCR was used to measure the expression of mRNA in serum,
while ELISA was used to determine protein contents in serum. “P<0.01
compared with control group.
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Figure 3. Expression of miR-381 in serum from children. Children who have
recovered from viral myocarditis (VM) were included into control group and
those with VM were included into VM group. RT-qPCR was used to measure
the expression of miR-381 in serum. "P<0.05 compared with control group.
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Figure 4. Contents of (A) creatine kinase (CK-MB) and (B) lactate dehy-
drogenase (LDH) in serum from mice. Mice in control group (n=30) were
not infected by any virus and intraperitoneally injected with saline (0.2 ml),
while those in viral myocarditis (VM) group (n=30) were intraperitoneally
injected with 100 TCID50 CVB3 (0.2 ml; Biopike, Beijing, China), and one
hour later, the mice were injected with saline (0.2 ml). Contents of CK-MB
and LDH were determined by automatic biochemical analysis. “P<0.01
compared with control.
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Figure 5. Expression of COX-2 (A) mRNA and (B) protein in serum from
mice. Mice in control group (n=30) were not infected by any virus and intra-
peritoneally injected with saline (0.2 ml), while those in viral myocarditis
(VM) group (n=30) were intraperitoneally injected with 100 TCID50 CVB3
(0.2 ml; Biopike, Beijing, China), and one hour later, the mice were injected
with saline (0.2 ml). RT-qPCR was used to measure the expression of mRNA
in serum, while ELISA was used to determine protein contents in serum.
“P<0.05 compared with control group.

VM model mice have increased COX-2 levels in peripheral
blood than normal mice. To measure the expression of COX-2
mRNA and protein in serum, RT-qPCR and ELISA were
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Figure 6. Expression of COX-2 (A) mRNA and (B) protein in myocardial
tissues from mice. Mice in control group (n=30) were not infected by any
virus and intraperitoneally injected with saline (0.2 ml), while those in viral
myocarditis (VM) group (n=30) were intraperitoneally injected with 100
TCID50 CVB3 (0.2 ml; Biopike, Beijing, China), and one hour later, the
mice were injected with saline (0.2 ml). RT-qPCR was used to measure the
expression of mRNA, while Western blotting was used to determine protein
expression. “P<0.01 compared with control group.
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Figure 7. Expression of miR-381 (A) serum and (B) myocardial tissues from
mice. Mice in control group (n=30) were not infected by any virus and
intraperitoneally injected with saline (0.2 ml), while those in viral myocar-
ditis (VM) group (n=30) were intraperitoneally injected with 100 TCID50
CVB3 (0.2 ml; Biopike, Beijing, China), and one hour later, the mice were
injected with saline (0.2 ml). RT-qPCR was used to measure the expression of
miR-381 in both samples. “P<0.01 compared with control group.
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Figure 8. Identification of interaction between (A) human and (B) mouse
miR-381 and COX-2 using dual luciferase reporter assay. Plasmids (0.8 pg)
with wild-type (WT) or mutant 3'-UTR DNA sequences were co-transfected
with miR-381 mimics into 293T cells. After cultivation for 24 h, the cells
were lysed using dual luciferase reporter assay kit (Promega Corporation,
Madison, WI, USA), and fluorescence intensity was measured using GloMax
20/20 luminometer (Promega Corporation). Using renilla fluorescence
activity as internal reference, the fluorescence values of each group of cells
were measured. "P<0.05 and “P<0.01 compared with negative control (NC)

group.

carried out. The data showed that the levels of COX-2 mRNA
and protein in serum from VM model mice were significantly
higher than those in control group, respectively (P<0.05;
Fig. 5A and B). The result suggests that VM model mice have
increased COX-2 levels in peripheral blood than normal mice.

VM model mice have elevated COX-2 expression in myocar-
dial tissues than normal mice. To measure the levels of
COX-2 mRNA and protein in myocardial tissues, RT-qPCR
and Western blotting were employed. The data showed that
the levels of COX-2 mRNA and protein in myocardial tissues
from VM model mice were significantly higher than those in
control group, respectively (P<0.05; Fig. 6A and B). The result
indicates that VM model mice have elevated COX-2 expres-
sion in myocardial tissues than normal mice.

VM model mice have lower miR-381 levels in peripheral
blood and myocardial tissues than normal mice. To determine
the expression of miR-381 in peripheral blood and myocardial
tissues from mice, RT-qPCR was used. The data showed that
expression of miR-381 in serum and myocardial tissues from
VM model mice were significantly reduced than those from
normal mice, respectively (P<0.05; Fig. 7A and B). The result
suggests that VM model mice have lower miR-381 levels in
peripheral blood and myocardial tissues than normal mice.

miR-381 can bind with the 3'-UTR seed regions of both human
and mouse COX-2 mRNA to regulate their expression. To
identify the interaction between miR-381 and the 3'-UTR of
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human and mouse COX-2 mRNA, dual luciferase reporter
assay was performed. The fluorescence value of cells
co-transfected with miR-381 mimics and pMIR-REPORT-WT
luciferase reporter plasmids was significantly lower than that
in negative control group (P<0.05). By contrast, the fluores-
cence value of cells co-transfected with miR-381 mimics and
pMIR-REPORT-mutant luciferase reporter plasmids was not
significantly different from that in negative control group
(P>0.05; Fig. 8A and B). The result indicates that miR-381 can
bind with the 3'-UTR seed regions of both human and mouse
COX-2 mRNA to regulate their expression.

Discussion

VM is a clinically common disease in children. It is reported
that the incidence of VM in children is increasing (11).
Because the clinical manifestations of VM are atypical, the
prognosis of the children is seriously affected if the diagnosis
and treatment are not timely (11). The pathological changes of
myocardial cells are the main pathological changes in VM, and
they include direct damages to cardiac muscle cells by virus
and immune damages (12). Patients with persistent VM have
poor prognosis, with an average 5-year survival rate of about
50%. Persistent chronic inflammation can lead to myocardial
cell necrosis, myocardial hypertrophy and cell apoptosis,
which can lead to myocardial fibrosis, dilated cardiomyopathy
(DCM) and heart failure (13).

In the present study, we have first detected the related
indexes in peripheral blood from children with VM, and then
constructed mouse model of VM by infecting the mice with
CVB3. CVB3 can cause extensive damages to myocardium in
weaning and adult animals (14), leading to similar progression
and pathological changes of the disease (15). Our results on
the peripheral blood of children with VM show that expression
of COX-2 in peripheral blood is significantly up-regulated,
suggesting that inflammatory responses exist in VM. Similar
results have also been observed in our mouse model. The
expression of CK-MB and LDH in the blood of the mice
with pathological myocarditis is significantly up-regulated,
suggesting the occurrence of myocardial injury. In addition,
COX-2 expression in peripheral blood and myocardial tissues
from the mice is also up-regulated, further suggesting that
COX-2 plays a role in VM.

miRNA is an important class of posttranscriptional
regulator. It is reported that miRNA is widely involved in
the regulation of cardiac development, cardiac hypertrophy,
heart failure, and vascular proliferation (16). For example,
Wang et al report that miR-142-3p inhibits myocardial cell
injury induced by hypoxia/reoxygenation by targeting high
mobility group box 1 gene (17). Singh et al discover that
miR-200c affects MAPK signaling pathway and promotes
cardiomyocyte hypertrophy by targeting DUSP-1 gene
expression (18). Our bioinformatics prediction shows that
miRNA-381 is closely related with COX-2, and may be
an upstream miRNA that regulates COX-2. Intracellular,
small, non-coding miRNAs may cut mRNA of COX-2
and inhibit its translation (19). miRNAs exert regulatory
actions in a way of cutting, and promote the up-regulation or
down-regulation of mMRNA expression to mediate the regula-
tion of protein-coding genes, playing important roles in the
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occurrence and development of diseases (20,21). It is discov-
ered that down-regulation of miR-381 in colon cancer tissues
leads to up-regulation of LRH-1 and induces proliferation
and invasion of colon cancer cells (22). In addition, miR-381,
which is present in the p53/PTTGI negative feedback loop,
can inhibit the growth of pituitary adenomas (23). miR-381 is
closely related to MDR1 gene and plays an important role in
multidrug resistance (24). Together with miR-424, miR-381
can target WEEI gene to inhibit the activity of renal cancer
Cdc2 cells (25). Moreover, miR-381 is closely related to
lung adenocarcinoma (26). These studies demonstrate that
miR-381 is closely related to the occurrence and development
of human diseases. Our data show that miR-381 expres-
sion is reduced in peripheral blood of children with VM.
Considering the abnormally high expression of COX-2 in the
blood of these children, we hypothesize that down-regulation
of miR-381 is a reason for the up-regulation of COX-2.
Consistently, we have observed similar trends in peripheral
blood and myocardial tissues from VM model mice. Our
observation further demonstrates that negative regulatory
relationship exists between miR-381 and COX-2 in various
species. Lastly, we have identified that miR-381 directly
binds with the 3'-UTR of COX-2 mRNA, and regulates its
expression.

In conclusion, the present study demonstrates that miR-381
expression in peripheral blood is decreased in children with
VM, being negatively correlated with COX-2 expression.
In addition, miR-381 alleviates myocardial cell injury by
inhibiting myocardial cell inflammatory responses via the
regulation of COX-2. Therefore, miR-381 may be a potential
diagnostic and therapeutic biomarker for VM in children.
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