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Abstract
To determine the significance of miR-214 expression in ischemic post-conditioning. Sixty rats were grouped to establish animal models. Immuno- luminescence and 
chemical methods were used to detect oxidative stress indicators. Hemodynamics indexes were measured by carotid artery intubation, and ischemia and infarction 
areas by Evans blue and 2,3-5 triphenyltetrazolium chloride(TTC) staining. TargetScan was used for identification and luciferase assays for verification of target 
genes.miR-214 and hypoxia inducible factor 1, alpha subunit inhibitor (HIF1AN) were analyzed by real-time quantitative polymerase chain reaction. Ischemia 
reperfusion significantly decreased left ventricular systolic pressure, +dp/dtmax, and -dp/dtmax and increased left ventricular end-diastolic pressure; ischemic post-
conditioning had contrasting effects. Compared to the sham group, the ischemic/reperfusion (IR) group showed increased creatine kinase isoenzyme (CK-MB) and 
malondialdehyde (MDA) in the myocardium and decreased SOD. miR-214 in the IR group was down-regulated,  and HIF1AN, up-regulated. Compared with the IR 
group, the ischemia postconditioning (IPC) group showed decreased CK-MB and MDA in the myocardium and increased SOD. The proportion of infarction area to 
ischemia area in IPC group declined compared to IR group. miR-214 and HIF1AN in the IPC group showed significant up- and down-regulation, respectively. Ische-
mic postconditioning can improve myocardial function, reduce myocardial infarction area, and prevent the ischemia reperfusion injury. miR-214 may participate in 
the protective function of ischemic post-conditioning by down-regulating HIF1AN. 
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Introduction

Coronary heart disease is a pathema with conside-
rably high incidence and mortality, and is caused by 
myocardial ischemia, hypoxia or necrosis on account of 
vascular stenosis or occlusion arising from atheroscle-
rosis of the coronary artery (1, 2). Currently, the most 
effective method for treatment is by reperfusion tech-
niques such as use of thrombolytics, percutaneous coro-
nary intervention (PCI) and vessel bypass grafting. All 
reperfusion techniques have potential to cause ischemia 
reperfusion injury (IRI) to the heart(3,4). Basic and cli-
nical studies have proven that reperfusion arrhythmia, 
myocardial diastolic dysfunction, metabolic disorders, 
and change in myocardial ultra-structure may occur af-
ter myocardial ischemia reperfusion. Thus, IRI directly 
affects prognosis (5, 6).

In-depth study of reperfusion has shown that very 
early reperfusion is closely related to injuries, inclu-
ding changes in vascular endothelial cell function, 
systolic dysfunction, necrosis, and increase in apopto-
sis (7-9). Zhao et al. (10) first proposed the concept of 
ischemic postconditioning, which refers to alternating 
short bursts of re-occlusion and reperfusion within a 
short period after long-term myocardial ischemia, and 
then coronary arterial blood recovered totally. Some 
studies reported that ischemic postconditioning had a 
protective effect on the myocardium by relieving IRI 
and reducing the infarction area (11). Myocardial IRI 
produces a large amount of reactive oxygen species, 
which leads to structural damage and functional or me-
tabolic disorders. Superoxide dismutase (SOD) is one of 

the important enzymes with antioxidant activity in the 
body, catalyzing the conversion of superoxide radicals 
generated in the process of metabolism to protect body 
tissues from damage. The activity of SOD indirectly 
reflects the body’s capacity for scavenging free radicals 
and protection against oxidative damage (12). Creatine 
kinase (CK) is involved in oxidative phosphorylation 
and is sensitive to ischemia. When myocardial cells 
are damaged, increased levels and activity of CK act 
as indicators of severe myocardial injury (13). Malon-
dialdehyde (MDA) is the main product of lipid peroxi-
dation of poly unsaturated fatty acids in the myocardial 
cell membrane (14). Levels of CK, SOD and MDA can 
be used as parameters reflecting the degree of myocar-
dial reperfusion injury. In addition, hemodynamic indi-
cators reflect whether the cardiac function is normal, 
which is an important parameter for understanding the 
mechanism of ischemia-reperfusion injury (15).

miRNAs are small, non-coding single stranded 
RNAs, which inhibit the translation of mRNA by com-
plementary base-pairing with the untranslated region at 
the 3’-end. Hence, miRNAs play a role in regulating the 
temporal expression of genes at the post-transcriptional 
level. miRNAs are involved in regulating cell differen-
tiation, proliferation, and apoptosis and the immune 
response(16, 17). Due to tissue specific expression and 
stablility in circulation, an increasing number of miR-
NAs have become markers for early diagnosis and for 
monitoring recurrence and treatment (18-20). Studies 
in the cardiovascular field have reported that miRNAs 
play important roles in controlling cell differentiation, 
cell hypertrophy, hyperplasia, angiogenesis, endothe-
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lial function, and ventricular remodeling (21). Abnor-
mal expression of multiple miRNAs, including miR-
NA-195, miRNA-208, miRNA-133, and miRNA-21, 
regulates the process of ventricular remodeling (22-24). 
One study showed that miR-214 was up-regulated after 
rat myocardial infarction and speculated that miR-214 
may be associated with ischemia and cell proliferation 
(25). miR-214 has also been shown to alter early cell 
differentiation, thereby influencing muscle cell deve-
lopment(26). Another study confirmed that miRNA-214 
protects the mouse heart from ischemic injury by regu-
lating Ca2+ overload and cell death (27). On the basis of 
bioinformatics prediction analysis, it has been estimated 
that miR-214 may regulate the expression of more than 
300 target genes, including hypoxia inducible factor 1, 
alpha subunit inhibitor (HIF1AN). HIF1AN is a specific 
asparagine hydroxylase (28) that is an important inhi-
bitor of hypoxia-inducible factor 1α (HIF-1α). HIF-1α 
is closely related to oxidative stress (29) and its up-re-
gulation can significantly reduce cardiomyocyte apop-
tosis and enhance cardiac function (30). However, the 
role of miRNAs in myocardial ischemic post-conditio-
ning is still unknown. Aurora et al. (27) reported that 
miRNA-214 protects the heart from ischemic injury by 
controlling Ca2+ overload and cell death. Here, we have 
discussed the significance of miRNA-214 expression in 
ischemic postconditioning.

Materials and methods

Experimental animals and grouping
Sixty Sprague-Dawley (SD) male rats weighing 

between 180 and 200g were provided by the experimen-
tal animal center of Zhengzhou University. They were 
randomly and equally divided into three groups: sham 
group, ischemic/reperfusion group (IR group), and is-
chemic postconditioning (IPC group). 

Establishment of animal models
A compound anesthetic agent (0.1ml/30g) was used 

for inducing anaesthesia by intraperitoneal injection. 
Rats were fixed on the operating table and their limbs 
were linked with poles of the electrocardiograph ma-
chine to record the electrocardiogram (EGG).  After 
insertion of the tracheal cannula, the ventilator started 
assisting in respiration with a breathing rate of 80/min 
and an inspiration to expiration ratio of 1:1.5. A skin 
incision was made left of the median line parallel to the 
sternum. Subcutaneous tissue and muscle were separa-
ted layer by layer. A chest expander was used between 
the third and fourth ribs to expose the heart. Between 
the left auricular appendage and the pulmonic stenosis 
area, a suture needle with 6-0 thread was passed through 
the ramus descendens anterior arteriae coronariae sinis-
trae. After ligation, the left ventricular wall showed cya-
nochroia or a light red color, and the wall motion wea-
kened. The ST segment of the ECG was elevated, indi-
cating that ST-segment elevation myocardial infarction 
had occurred. After ligation for 30min, the ligature was 
loosened and the cyanochroia in the ischemia area of 
the left ventricular anterior wall disappeared, followed 
by reperfusion recovery for 2h. For the IPC group, three 
alternating cycles of reperfusion and ischemia for 30s 
each was carried out at the time of reperfusion.  All other 

treatments were the same as those for the IR group. For 
the sham group, the procedures were the same as those 
for the IR group, except for suture without ligation. 

Detection of CK-MB, SOD, and MDA in the serum
The whole blood of rats was collected from a ven-

tricle and the serum was stored. A chemiluminescence 
immunoassay (Beckman automatic instrument) was per-
formed to detect the creatine kinase isoenzyme CK-MB 
and a chemical method was adopted to measure supe-
roxide dismutase (SOD) and malondialdehyde (MDA). 

Measurement of hemodynamics
The right carotid artery was exposed before open-

heart surgery. The distal artery was ligated and the 
proximal portion was clamped with a bulldog clamp. A 
cardiac catheter was filled with normal saline (contai-
ning 625U/ml heparin) and was inserted into the left 
ventricle through intubation of the right carotid artery 
and linked to the biological signal collection and pro-
cessing system through a baroreceptor. At the end of 
2h of reperfusion, hemodynamics indexes such as left 
ventricular systolic pressure (LVSP), left ventricle end 
diastolic pressure (LVEDP), +dp/dtmax and -dp/dtmax 
were measured. 

Detection of myocardial ischemia and necrotic area
After 2-h reperfusion, the heart was exposed through 

midline sternotomy. The arteria coronaria sinistra was 
ligated and blocked again. Evans blue (1%, 10ml) was 
injected through the left ventricular apex. When the 
hearts of rats were dyed blue, they were detached and 
washed with icy normal saline. The left ventricle were 
dissociated and kept in 1%TTC for 15min at 37°C. They 
were dried using filter paper and then kept at -20°C for 
20min. The myocardial tissues were serially sectio-
ned into 5 slices perpendicular to the long axis of the 
heart, with a thickness of approximately 2mm for per 
slice and fixed in 4% paraformaldehyde overnight. The 
infarction area was gray, non-infarction area was crim-
son and non-ischemia area was blue. The image ana-
lysis software Image J software was used to calculate 
the area of each part as well as the proportions of area 
at risk to left ventricular area (AAR/LV) and infarction 
area to area at risk (IS/AAR).

Selection and validation of miR-214 target genes 
TargetScan was used to predict the target genes of 

miR-214 and luciferase assay was performed for vali-
dation. PCR amplification was performed for the target 
promoter fragment, HIF1AN-3’UTR, which was then 
inserted into the luciferase reporter gene plasmid PGL3-
Basic to obtain PGL3-HIF1AN-3’ UTR. Base muta-
tions were introduced in the HIF1AN-3′UTR region 
and the resulting construct(5’-GUCACAUCCCCUG-
CUGGACGACA-3’) was named PGL3-HIF1AN-3’ 
UTR mut. The empty PGL3-Basic vector was used as 
negative control. The positive clones were screened 
and identified by sequencing, and then the correspon-
ding plasmids were extracted. The transcription factor 
plasmid miR-214mimics was amplified and purified. 
H9C2 cells (rat cardiomyocytes; Biowit Technologies 
Ltd, Shenzhen, China) were cultured and seeded in a 
24-well plate. After 10-24h (up to 80% confluence), the 
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Statistical analysis 
Matlab7.0 was used for data analyses. The different 

test parameters were compared among the three groups 
using the one-way ANOVA and t-test. The significant 
difference was defined as P<0.05.

Results

Changes of CK-MB, SOD and MDA in serum
The results (Table 1) showed that compared to the 

sham group, the IR group showed a distinct increase 
in the levels of CK-MB and MDA in the myocardium 
(P<0.01) and a remarkable decrease in SOD (P<0.01).
Compared to the IR group, the IPC group showed a re-
markable decrease in the levels of CK-MB and MDA in 
the myocardium (P<0.05) whereas the SOD levels were 
higher (P<0.01).

Comparative analysis of hemodynamics among the 
groups

Compared with the sham group, the IR and IPC 
groups showed a significant decrease in LVSP, +dp/
dtmax, and -dp/dtmax and increase in LVEDP (P<0.05). 
Compared with the IR group, the IPC group showed an 
increase in LVSP, +dp/dtmax, and -dp/dtmax and signi-
ficant decrease in LVEDP (P<0.05). There was no signi-
ficant change in the heart rate among the three groups (P 
>0.05) (Table 2). 

Changes in myocardial ischemia and infarction area
The IS/ AAR in the IPC group was lower than that 

in the IR group (P<0.05). The differences in AAR/LV 
for the IPC and IR groups were not significant (P>0.05) 
(Table 3). 

reporter gene plasmids and transcription factor expres-
sion plasmids were co-transfected into H9C2 cells. 
Then, the luciferase activity was analyzed after addition 
of substrates.

Detection of miR-214 and HIF1AN by real-time quan-
titative polymerase chain reaction (RT- qPCR)

After 2-h reperfusion, 50mg myocardial tissues from 
the ischemic area were ground into powder in liquid 
nitrogen. Total miRNA was extracted using the miRcute 
miRNA Extraction and Isolation Kit (Beijing Tiangen 
Biotech, China) using 1ml lysate MZ.  Poly (A) was 
added to the 3’ end of miR-214 and reverse transcri-
bed to synthesize the first chain of miRNA cDNA using 
the miRNA cDNA SS III kit(Beijing Tiangen Biotech, 
China) according to the manufacturer’s instructions. 
RT-qPCR reaction was conducted using the miRcute 
miRNA fluorescent quantitative detection kit (Beijing 
Tiangen Biotech, China). The miR-214 primer was 
5’-ACAGCAGGCACAGACAGGCAGT-3’ and the 
primer for the reference gene 5s rRNA was 5’-GTC-
TACGGCCATACC ACCCTGAAC-3’.

Trizol was used to extract total mRNA, which was 
reverse transcribed to cDNA. Primers used for RT-
qPCR of HIF1AN were 5’-GCCGCTACAACTAA-
CCTAC-3’ (forward primer) and5’-ATGGCAAGAG 
T CCAGTCC-3’ (reverse primer). 18s rRNA was used 
as the housekeeping gene and detected using the pri-
mers5’-TACCACATCCAAGGAAGGCAGCA-3’ 
(forward primer) and 5’-TGGAATTACCG AGGC-
TGCT-3’ (reverse primer). All the primers were synthe-
sized by Shanghai Sangon Biological Co., Ltd. Relative 
expression of the target gene was calculated in the terms 
of 2-∆∆Ct values.

Groups CK-MB(IU/L) SOD(nU/mL) MDA(µmol/ml)

Sham group(n=20) 445.89±87.21 87.23±6.69 4.15±0.55

IR group(n=20) 1978.12±300.91** 45.75±9.68** 6.49±1.35*

IPC group(n=20) 1047.02±145.36**## 69.77±9.37**## 2.12±0.55**##

Table 1. CK-MB, SOD and MDA Levels in Serum ( x ±s)

*P<0.05, **P<0.01 vs sham group; ##P<0.01 vs IR group.

Groups LVSP
(mmHg)

LVEDP
(mmHg)

+dp/dt 
max(mmHg/s)

-dp/dt 
max(mmHg/s)

HR
(times/min)

Sham group(n=20) 135.47±10.24 -8.11±2.12 8524.8±541.55 -6247±603.41 436±32

IR group(n=20) 95.34±7.98* 6.07±3.78* 4223.9±478.41* -3467±184.26* 363±54
IPC group(n=20) 110.70±7.04*# -1.53±0.91*# 5724.6±427.67*# -4427±287.45*# 388±24

Table 2. Hemodynamics Data of Rats in Each Group ( x ±s)

*P<0.05 vs sham group; #P<0.05 vs IR group.

Groups IS/ AAR (%) AAR/LV (%)
IR group 50.17±4.12 24.66±10.46

IPC group 31.55±4.08* 26.87±6.49

Table 3. Comparison of Data for Myocardial Ischemia and Infarction Area ( x ±s)

*P<0.05 vs IR group.
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Discussion

Myocardial IRI produces a large number of oxygen 
free radicals that trigger lipid chain peroxidation, da-
mage the membrane system, promote cellular oxidative 
damage and change the membrane permeability and 
fluidity. Furthermore, they can attack proteins, leading 
to loss of or decrease in enzymatic activity (31, 32). CK 
mainly exists in the skeletal muscle, myocardium and 
brain tissues. The CK-MB subtype exists in myocardial 
tissues in which few other subtype CKs appear. There-
fore, CK-MB is regarded as the main marker to mea-
sure the degree of injury to the myocardium (13). MDA 
is the marker used to assess the severity of membrane 
lipid peroxidation damage. SOD, as a scavenger of free 
radicals, catalyzes the conversion of free radicals such 
as superoxide anions by the disproportionation reac-
tion to protect the organism (12). This study considered 
CK-MB, SOD and MDA as the indexes for evaluating 
the modeling of myocardial ischemia reperfusion. The 
results showed that, compared with the sham group, the 
IR group showed significantly increased CK-MB and 
MDA and decreased SOD levels. Compared to the IR 
group, the IPC group showed decreased CK-MB and 
MDA and increased SOD, which indicated that ische-
mic postconditioning could protect the organism from 
injury.  

The enhanced ability of the myocardium to resist 
long-term severe ischemia reperfusion after suffering 
one or more repetitive and transitory ischemia reper-
fusions was first discovered and named ischemic pre-
conditioning by Murry et al. (33). Halkos et al. (34, 35) 
compared post-conditioning with ischemic precondi-
tioning, which was famous as a gold standard for car-
diac endogenous protection, and found that the reduced 
infarction area was similar between ischemia precondi-
tioning and postconditioning. Further research by Zhao 
et al. (10) demonstrated that ischemic postconditioning 
could limit the infarction area and lessen tissue edema 
in the ischemic myocardium and neutrophils accumula-
tion, while improving the function of endothelial cells. 
Our study showed that ischemic postconditioning could 
remarkably increase LVSP, +dp/dtmax and -dp/dtmax 
and decrease LVEDP, improve cardiac function and re-
duce myocardial infarction area. This was in accordance 
with related conclusions that ischemia postconditioning 
had a protective effect on the heart (36). However, the 
mechanism underlying such a cardioprotective effect is 
still unclear.

Specific miRNA can indicate the severity of disease 
to some extent (37, 38). Our study suggested that miR-
214 may participate in the process of protecting the 
myocardium after ischemic post-conditioning. The RT-
qPCR results showed that the expression of miR-214 in 
severely injured tissues was low and that it increased 
after ischemic post-conditioning. HIF1AN, one of the 
target genes of miR-214, showed higher expression in 
the IR group than sham group. Lowering the activity 
of HIF1AN can enhance the activity of HIF-1α (39, 
40). However, the expression of HIF1AN remarkably 
decreased in the IPC group. This indicated that the 
downregulation of HIF1AN could protect cardiac cells. 
In conclusion, it was inferred that miR-214 may partici-
pate in cardiac protection in the case of treatment with 

Validation of target gene for miR-214
Bioinformatics analysis showed that seven comple-

mentary base pairs were located in the binding position 
of miR-214 and the HIF1AN-3’ UTR. The fluorescent 
plasmid reporting system verified that HIF1AN was the 
target gene of miR-214. miR-214 mimics could  inhibit 
the luciferase activity of the HIF1AN-3’ UTR vector by 
up to 45% (P<0.01), (Figure 1).

Figure 1. Prediction and validation of the target gene. A. Bin-
ding site of miR-214 in the HIF1AN -3’ UTR; B. Validation of HI-
F1AN as the target gene of miR-214 by a luciferase activity assay. 
Empty PGL3-basic vector was used as the negative control. PGL3-
Basic vector containing the HIF1AN-3′UTR fragment is shown 
as HIF1AN-3′UTR and PGL3-basic vector containing HIF1AN-
3′UTR mutant is shown as HIF1AN-3′UTR mut. **P<0.01 vs nega-
tive control; ##P<0.01 vs HIF1AN-3′UTR.

Expression of miR-214 and HIF1AN 
As shown in Figure 2, miR-214 expression in the IR 

group was downregulated (P<0.01), wherea the expres-
sion of HIF1AN was upregulated (P<0.05) compared to 
that in the sham group. Compared to the IR group, the 
IPC group showed miR-214 upregulation (P<0.01) and 
remarkable HIF1AN downregulation (P<0.05). Howe-
ver, no significant difference was detected between the 
IPC and sham groups (P>0.05).

Figure 2. Changes in the expression of miR-214 and HIF1AN. 
*P<0.05, **P<0.01 vs sham group; #P<0.05, ##P<0.01 vs IR group.
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