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This work aimed to understand the underlying mechanism of micro-ribonucleic acid (MicroRNA) (miR)-451
in ischemia-reperfusion injury (IRI) and the influences of miR-451 on high mobility group box 1 protein
(HMGBI) in myocardial cells, 30 specific pathogen-free (SPF) male rats were selected and randomly rolled
into 5 groups, which were a sham operation control (Control), an ischemia-reperfusion (I/R), al/R+Ad-GFP,
amiR-451 up-regulation (I/R+Ad-miR-451), and a miR-451 down-regulation groups (I/R+Ad-asmiR-451).
There were 6 cases in each group. Myocardial cell apoptosis, the contents of serum lactic acid dehydrogenase
(LDH), creatine kinase (CK), and malondialdehyde (MDA), the activity of superoxide dismutase (SOD), and
the expressions of miR-451 and HMGBImRNA were detected. Relative to those in I/R and I/R+Ad-GFP
groups, the expressions of CD3+, CD4+, and CD4+/ CD8+ in I/R+Ad-miR-451 group reduced (P<0.05).
The expressions of serum LDH and CK decreased (P<0.05). In contrast, MDA content and SOD activity
enhanced (P<0.05). HMGBI1 and Cleaved-caspase3 declined (P<0.05). Besides, miR-451 improved while
the expression of HMGBImRNA significantly reduced (P<0.05). miR-451 can regulate the expressions of
HMGBImRNA and its protein at the transcriptional level. miR-451 up-regulation can inhibit HMGB1 expres-
sion, relieve IRI, and protect myocardial cells, which may be achieved by improving oxidative stress injury
and inhibiting cell apoptosis.
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Introduction

Ischemia-reperfusion injury (IRI) refers to the progres-
sive aggravation of original myocardial tissues caused by
reperfusion after ischemia. IRI is related to the changes
in molecules, cells, and tissues, such as cell apoptosis,
inflammatory reaction, the activation of neutrophils, and
oxidative stress (1,2). At present, the assessment and treat-
ment of IRI is still one of the difficulties in clinical prac-
tice. Because the specific pathogenic mechanism of IRI
is unclear, IRI is the hot topic of the current research into
acute myocardial ischemia (3,4).

In recent years, high mobility group box 1 protein
(HMGBI) plays a crucial role in the occurrence and pro-
gression of cardiovascular diseases as a new proinflam-
matory factor (5,6). The studies on IRI demonstrate that
the expressions of proteins and messenger ribonucleic
acid (mRNA) remarkably increased half an hour after
myocardial cell hypoxia occurred (7,8). HMGBI causes
injuries to tissues by releasing proinflammatory factors

consisting of 18 to 25 nucleotides. It is involved in regu-
lating gene expression and various biological processes
of the body at the post-transcriptional level, such as cell
differentiation, cell growth, and cell death (14,15). At pre-
sent, multiple studies confirm that miRNAs get involved
in the IRI process, such as miR-1, miR-29, miR-451, and
miR-494. miRNA can regulate IRI by regulating different
target genes (16,17). It is demonstrated that multiple may
regulate HMGB1 expression. According to Fu et al. (18),
miR-451 expression in the extracted myocardial tissues
dramatically decreased in the rat IRI model. Therefore,
HMGBI1 may be the target gene of miR-451. The regula-
tion of miR-451 can protect IRI through HMGBI1.

Based on the above opinions, 30 Sprague-Dawley (SD)
rats were selected for the construction of the I/R animal
model. The research was aimed at investigating the regula-
tory mechanism of miR-451 in HMGBI expression of I/R
model rats and protection of I/R model rats by miR-451
up-regulation to provide an experimental basis for preven-
ting and treating IRI clinically.

(9,10). IRI can be obviously improved by different inter-

ventions of the activity of HMGB1 or its binding receptor

Materials and Methods

(11,12). Hence, the verification of the influencing factors

of HMGBI up-regulation and the search for the key genes
regulating HMGBI1 expression can provide a new idea for

the prevention of IRI (13).

microRNA is a small non-coding molecular RNA

Experimental animal

30 selected specific pathogen-free (SPF) male rats were
sourced from Hunan SJA Laboratory Animal Co., Ltd..
The weight of the selected rats ranged from 240g to 320g
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with an average of 265.7+24.3g. They were 8 weeks old.
SD rats were fed adaptively for 3 days with a free diet
and drinking. The temperature and humidity of the animal
room were kept at about 23°C and about 48°C, respecti-
vely. Besides, day lighting and night lighting were alter-
nated.

Experimental grouping and processing

30 SD rats were grouped into 5 (6 in each), including
asham operation control (control), an IRI(I/R), an I/R+Ad-
GFP, miR-451 up-regulation (I/R+Ad-miR-451), and a
miR-451 down-regulation groups (I/R+Ad-asmiR-451).

Rats in the Control group were only subjected to surgi-
cal operation without being induced with IRI.

Initially, 6 injection sites were identified on the frontal
wall of the left ventricle of rats in the I/R group. Then, 150
uL phosphatic buffer solution (PBS) was injected. After 3
days, the left anterior descending branch (LAD) was liga-
ted. After 30 minutes, reperfusion was performed for 24
hours.

Secondly, 6 injection sites were identified on the frontal
wall of the left ventricle of rats in the I/R+Ad-GFP group.
Then, 150 p LAd-GFP was injected. After 3 days, LAD
was ligated. After 30 minutes, reperfusion was performed
for 24 hours.

Next, 6 injection sites were identified on the frontal
wall of the left ventricle of rats in the I/R+Ad-miR-451
group. Then, 150 pL. Ad-miR-451 was injected. After 3
days, LAD was ligated. After 30 minutes, reperfusion was
performed for 24 hours.

Finally, 6 injection sites were identified on the frontal
wall of the left ventricle of rats in the [/R+Ad-asmiR-451
group. Then, 150 uL. Ad-asmiR-451 was injected. After 3
days, LAD was ligated. After 30 minutes, reperfusion was
performed for 24 hours.

Construction of IRI model

The rats underwent abdominal cavity anesthesia with
3% pentobarbital sodium (purchased from The BSZH
Scientific Inc., Beijing). After tracheal intubation, mecha-
nical ventilation was carried out. Chests were ruptured and
opened with the third rib forcep. A hemostatic forcep was
used to clamp the intercostal artery to stop bleeding. Next,
the pericardium was torn to expose the heart. LAD was
found and a 6-0 stylolite was used to cross it with a depth
of about 1.5 mm and a tip width of 2 mm. After that, a
1.5mm rubber tube was placed over the blood vessel with
a knot tied on the rubber tube for fixation. LAD blood flow
was then blocked and the chest was closed layer by layer.
Next, the changes in the ST segment and cardiac rhythm
in the ECG lead were observed. After 30 minutes, the wire
knot was cut and reperfusion was carried out for 24 hours.
The sign of successful coronary artery ligation was as fol-
lows. Cyanosis or paleness occurs in the ischemic area
of the heart. Besides, the ST segment in ECG 11, III, and
AVF leads were elevated. The sign of successful reperfu-
sion was as follows. The surface of the ischemic area of
the heart gradually became ruddy. ECG showed that the
previously elevated ST segments obviously moved down.
3mL venous blood was taken from rats’ tails in fasting state
and then centrifuged at 5,000 r/min for 15 minutes 7 days
after the processing of the rats in 5 groups. After that, the
NovoCyteflow cytometer (Agilent Technologies, Inc.) was
used to measure the expressions of CD3+, CD4+, CDS8+,

and CD4+/ CD8&+ in 5 groups.

Calculation of myocardial infarction area

The reperfusion was performed on rats for 24 hours.
The silk suture indwelled in the myocardium was ligated
in situ. Then, the external jugular vein was separated and 2
mL of 1% Evans blue dye was injected from the head side
to the heart side via the jugular vein. After the staining,
the heart was extracted and the cardiac atrium and right
ventricle were removed. After that, the heart was cleansed
with physiological saline and then frozen at -80°C for 30
minutes. The heart was taken out and the left ventricle was
cut into 5 to 6 transverse sections with a thickness of 2mm
along the major axis of the heart. Then, the transverse sec-
tions were put into 1% 2,3,5-triphenyltetrazolium chloride
(TTC) and stored away from light at 37°C for incubation
for 15 minutes. When the sections were stained red, car-
diac tissues were rinsed with physiological saline and then
fixed in 4% polyformaldehyde (POM) (SenBeilJia Bio-
logical Technology Co., Ltd.) overnight. Next, a compu-
ter-aided image analysis system (Image-Pro Plus3.0) was
used for the measurement of the unischemic myocardial
tissue area (blue area), infarction area (white area), and
ischemic area (red and white area). Besides, the propor-
tions of the areas of the infarction area and ischemic area
in myocardial tissues were calculated to estimate the myo-
cardial infarction area. Finally, hematoxylin-eosin staining
(HE staining) was adopted for the morphological observa-
tion of myocardial tissues.

Assessment of myocardial cell apoptosis by TdT-me-
diated dUTP nick end labeling (TUNEL) staining

TUNEL cell apoptosis detection kit (purchased from
Shuoheng Biotechnology Co., Ltd., Guangzhou) was used
for the detection of the rupture of nucleus DNA during the
early apoptosis of sectioned myocardial cells.

Myocardial sections were placed into a constant-tem-
perature oven at 65°C and then baked for 1 hour. Next,
they were successively soaked in xylene I and II for 15 mi-
nutes, respectively and 100%, 95%, 85%, and 75% etha-
nol for 5 minutes. Myocardial sections were rinsed with
running water for 10 minutes. Sections were incubated in
a protease working solution for 20 minutes. Then, they
were added with 50uL TUNEL reaction mixture and incu-
bated away from light in a biochemical incubator at 37°C
for 60 minutes. Next, myocardial sections were cleansed
with PBS 3 times and then added with 50 pL transformed
peroxidase (POD) solution. The myocardial sections were
incubated at 37°C for 30 minutes. Then, myocardial sec-
tions were cleansed with PBS 3 times and added with 50
pL 3,3 diaminobenzidine (DAB) (purchased from Suzhou
Yacoo Science Co., Ltd.) substrate. Myocardial sections
were stained again with hematoxylin and then dehydrated,
transparentized, and sealed for observation under a light
microscope. Next, the cells with positive TUNEL results
and all cells in 10 fields of view were counted. Besides, the
myocardial cell apoptosis index was calculated.

Measurement of the markers for myocardial tissue in-
jury in serum (LDH and CK)

Before and after the production of all rat I/R models, 2
mL of blood was extracted from the external jugular vein
before ischemia and 24 hours after reperfusion. Then, the
extracted blood was placed in a coagulation tube at room
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temperature for 15 minutes. After that, it was centrifuged.
The upper light yellowish transparent serum was extracted
and then frozen in a refrigerator at -80°C. According to
serum LDH and CK detection kit (Zhejiang IKON Bio-
technology Co., Ltd.) instructions, samples and reaction
reagents were added. Besides, a microplate reader was uti-
lized to measure absorbance value. The concentrations of
LDH and CK samples were calculated.

Measurement of malondialdehyde (MDA) content and
superoxide dismutase (SOD) activity

100 mg myocardial tissues were extracted from all
groups and then added with physiological saline. Then,
they were placed into a glass homogenizer and stirred
into 10% myocardial tissue homogenate. Next, the myo-
cardial tissue homogenate was centrifuged on ice at 4,000
rmp/min for 15 minutes. According to MDA and SOD
kit (Nanjing Jiancheng Bioengineering Institute) instruc-
tions, xanthine oxidation and thiobarbituric acid methods
were adopted to measure SOD activity and the content of
MDA, which were set as the indexes for the expressions of
oxygen free radical and lipid hydroperoxide in myocardial
tissues (equations 1 and 2).

Activity of SOD in tissues(U / mg) =
[(Control tube absorbance)—(Measure tube absorbance)/(Control tube absorbance)x 50%]
x[Total volume of reaction solution | Sample loading(mL)] [ 1]

[Tissue protein content(mg / mL)

MDA content in tissue(nmol | mg) =
[(Measure tube absorbance) —(Measure absorbance of blank tube):l/
[(S tandard tube absorbance)—( Absorbance of s tandard tube)] x
[S tandard concentration(10nmol / L)] [2]

/Tissue protein content(mg / mL)

Detection of the expressions of miR-451 and HMGB-
ImRNA using real-time polymerase chain reaction
(PCR) method

After liquid nitrogen was extracted and quickly fro-
zen, 100mg myocardial tissues in the ischemic area were
frozen at -80°C in a refrigerator and then cut into pieces
on ice. After that, the myocardial tissues were added
with ImL Trizol solution and homogenized with a glass
homogenizer. Next, total RNA was extracted for quanti-
fication and purity identification. A complementary RNA
(cRNA) chain was synthesized and the Real-time PCR
method was used for the detection of the expressions of
miR-451 and HMGBImRNA in myocardial tissues. The
results were expressed as 224, The quantification expres-
sion of mRNA was calculated.

Detection of the expressions of HMGB1 and Caspase-3
proteins in myocardial tissues by Western Blotting
method

After liquid nitrogen was extracted and quickly frozen,
100mg myocardial tissues in the ischemic area were fro-
zen at -80°C in a refrigerator and then cut into pieces on
ice. After that, they were added with radioimmunopreci-
pitation assay (RIPA) cell lysis solution containing 1mL
phenylmethylsulfonyl fluoride (PMSF) and homogenized
on a glass grinder. Next, HMGB1 and Caspase-3 anti-
bodies were used to detect the contents of HMGBI1 and
Caspase-3. Western Blotting was employed for the ana-

lysis. GAPDH expression was set as an internal standard.
Besides, relative expressions of HMGB1 and Caspase-3
were calculated.

Statistical methods

Excel was used to set up a database for all research
data. SPSS21.0 was employed for data analysis. Measu-
rement data were expressed as meantstandard deviation
(X£s). Enumeration data were analyzed with y?test and de-
noted by percentage (%). P<0.05 revealed that differences
indicated statistical significance.

Results

Measurement of myocardial infarction area

Figure 1 compares the measurements of myocardial
infarction areas in various groups. As it revealed, after 24-
hour reperfusion, the myocardial infarction area induced
by rat myocardial injury in the I/R +Ad-miR-451 group
reduced more remarkably than that in the I/R and I/R+Ad-
GFP groups (P<0.05). No apparent change was detected in
the myocardial infarction area inl/R+Ad-asmiR-451 group
(P>0.05).

Inflammatory infiltration of myocardial tissues

The inflammatory infiltration of sample tissues was ana-
lyzed, as demonstrated in Figure 2 below. It was demons-
trated that myocardial cell staining was normal among the
rats in the Control group. Besides, the cells were arranged
regularly and tightly. The nucleus had clear boundaries wi-
thout obvious infiltration of inflammatory cells and injured
areas. In contrast, myocardial cells were disordered with
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Figure 1. The proportion of myocardial infarction area after the pro-
cessing of the Ad-miR-451 group. Note: The comparison with myo-
cardial infarction area in I/R and I/R+Ad-GFP groups demonstrated
*P<0.05.

Figure 2. Morphological changes in myocardial tissues among rats
in all groups (HE staining, x200). (A) Control group. (B) I/R group.
(C) /R+Ad-GFP group. (D) I/R+Ad-miR-451 group. (E) I/R +Ad-

asmiR-451 group.
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Figure 3. Myocardial cell apoptosis among rats detected by TUNEL
method (x400). (A) Control group. (B) I/R group. (C) I/R+Ad-GFP
group. (D) /R+Ad-miR-451 group. (E) I/R+Ad-asmiR-451 group.
(F) Myocardial cell apoptosis indexes of rats. Note: The compari-
son with the apoptosis index in the Control group showed *P<0.05.
The comparison with myocardial cell apoptosis indexes in I/R and I/
R+Ad-GFP groups demonstrated #P<0.05.

different levels of swelling and blurred boundaries of the
nucleus in I/R and I/R+Ad-GFP groups. Myocardial cells
showed mild swelling with the infiltration of a few neutro-
phils in the I/R+Ad-miR-451 group. Besides, myocardial
cells were disordered and the infiltration of neutrophils
increased in the [/R+Ad-asmiR-451 group.

Detection of rat myocardial cell apoptosis by TUNEL
method

After 24-hour reperfusion, sporadic apoptotic cells
were detected in the Control group. Apoptosis indexes
in the other four groups were all superior to those in the
Control group (P<0.05). Versus that in I/R and I/R+Ad-
GFP groups, apoptosis indexes of myocardial cells in the
I/R+Ad-miR-451 group decreased (P<0.05). Myocardial
cell apoptosis indexes in the I/R+Ad-asmiR-451 group in-
dicated no statistical significance (P>0.05). These results
are displayed in Figure 3 below.

Comparison of the expressions of immune cells of rats
in all groups

It was found that the Control group exhibited lower
expressions of CD3+, CD4+, and CD4+/ CD8+ to other
groups (P<0.05). Relative to those in I/R and I/R+Ad-
GFP groups, CD3+, CD4+, and CD4+/ CD8+ in I/R+Ad-
miR-451 group decreased (P<0.05). CD8+in I/R, I/R+Ad-
GFP, I/R+Ad-miR-451, and I/R+Ad-asmiR-451 groups
were all inferior to that in Control group (P<0.05). Be-
sides, CD8+ in I/R +Ad-asmiR-451 group didn’t change
significantly relative to that in I/R and I/R+Ad-GFP groups
(P>0.05) (Figure 4).

Influences of miR-451 on the concentrations of serum
LDH and CK

In this work, the impacts of miR-451 on the concen-
trations of serum LDH and CK were analyzed and sum-
marized in Figure 5 below. After 24-hour reperfusion,
the concentrations of LDH and CK in I/R and I/R+Ad-
GFP groups enhanced based on those in the Control
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Figure 4. Comparison of immune cell expressions of rats in all groups.
(A) CD3+lymphocyte. (B) CD4+lymphocyte. (C) CD8+lymphocyte.
(D) The ratio of CD4+ to CD8+. Note: The comparison with the ex-
pressions of immune cells in Control group indicated *P<0.05. The
comparison with immune cell expressions in I/R and I/R+Ad-GFP
groups showed #P<0.05.
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Figure 5. Changes in LDH and CK expressions among rats in all
groups. (A) LDH concentration. (B) CK concentration. Note: The
comparison with the concentrations of LDH and CK in Control group
showed *P<0.05. The comparison with concentrations of LDH and

CK in I/R and I/R+Ad-GFP groups revealed #P<0.05.

group(P<0.05). Based on those in I/R and I/R+Ad-GFP
groups, LDH and CK concentrations in I/R+Ad-miR-451
group reduced (P<0.05). LDH and CK concentrations in
I/R+Ad-asmiR-451 increased without statistical signifi-
cance (P>0.05).

Influences of miR-451 on MDA content and SOD acti-
vity in myocardial tissues

Following a 24-hour reperfusion, MDA contents in I/R
and I/R +Ad-GFP groups obviously enhanced relative to
those in Control group, while SOD activity apparently
decreased (P<0.05). Relative to those in I/R and I/R+Ad-
GFP groups, MDA content and SOD activity improved in
I/R+Ad-miR-451 group (P<0.05). MDA content enhanced
while SOD activity declined in I/R +Ad-asmiR-451 group
(P>0.05). The above descriptions are depicted in Figure 6.

Influences of miR-451 on the expressions of HMGB1
and Cleaved-caspase3 in myocardial tissues

After 24-hour reperfusion, the expressions of HMGBI1
and Cleaved-caspase3 in I/R and I/R +Ad-GFP groups
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Figure 6. Influences of miR-451 on MDA content (A) and SOD acti-
vity (B). Note: The comparison in Control group revealed *P<0.05.
The comparison with those in I/R and I/R +Ad-GFP groups indicated

#P<0.05.

obviously increased based on those in Control group
(P<0.05). Based on those in I/R and I[/R+Ad-GFP groups,
HMGBI and Cleaved-caspase3 in I/R+Ad-miR-451 group
remarkably reduced (P<0.05). HMGBI and Cleaved-cas-
pase3 in I/R+Ad-asmiR-451 group enhanced (P>0.05).
The results described herein are explained in Figure 7.

Expressions of miR-451 in myocardial tissues in all
groups and influences of the expressions of miR-451 in
myocardial tissues on the expression of HMGB1mRNA

Relative to that in Control group, miR-451 in I/R, I/
R+Ad-GFP, I/R+Ad-miR-451, and I/R+Ad-asmiR-451
groups apparently reduced (P<0.05). Versus that in I/
Rand I/R+Ad-GFP groups, miR-451 in [/R+Ad-miR-451
group notably enhanced (P<0.05). Versus that in I/R and I/
R+Ad-GFP groups, miR-451 in I/R+Ad-asmiR-451 group
notably reduced (P<0.05).

Versus that in Control group, HMGBImRNA in other
groups apparently improved (P<0.05). Relative to that in
I/R and I/R+Ad-GFP groups, HMGBImRNA in I/R+Ad-
miR-451 group obviously decreased (P<0.05). Versus
that in I/R and I/R +Ad-GFP groups, HMGBImRNA in
I/R+Ad-asmiR-451 group remarkably enhanced (P<0.05)
(Figure 8).

Discussion

With the development and progress of vascular reca-
nalization therapy, myocardial ischemia-reperfusion
becomes one of the risk factors for therapeutic effect on
acute rnyocardlal ischemia (19). In the early stage of IRI,
an increasing number of reactive oxygen species appear
in cells. Besides, inflammatory cells are activated and cell
apoptosis and necrosis occur frequently. In the late stage of
IRI, compensatory hypertrophy of cells leads to myocar-
dial hypertrophy after myocardial cell apoptosis (20-22).
Hence, improving myocardial ischemia-reperfusion for
patients becomes the top priority in the treatment of acute
myocardial ischemia. miR-451 is abundant in myocardial
cells. According to previous data, miR-451 gets involved
in the oxidative stress process of myocardial ischemia-re-
perfusion and relieves the symptoms of myocardial ische-
mia-reperfusion by regulating relevant target proteins in
apoptosis pathways (23). The established I/R rat models
confirmed that miR-451 cold improve oxidative stress
injuries and apoptosis of myocardial cells by regulating
HMGBI at the transcriptional level.

miRNA could regulate the expressions of specific target
genes at the transcriptional level or epigenetic level. Mu et

Cleaved caspased

HMGBI

Cleaved-caspase3/GAPDH =
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Figure 7. Expressions of HMGBI1 and Cleaved-caspase3 proteins of
rats in all groups. (A) Relative expressions of HMGB1 and Cleaved-
caspase3 in all groups. (B) Comparison of the expressions of HMGB1
among all groups. (C) Comparison of the expressions of Cleaved-cas-
pase3 among all groups. Note: The comparison with the expressions
of HMGBI and Cleaved-caspase3 in Control group demonstrated
*P<0.05. The comparison with HMGBI1 and Cleaved-caspase3 in I/R

and I/R +Ad-GFP groups indicated #P<0.05.
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Figure 8. Expressions of miR-451 in myocardial tissues in all groups
and the influences of the expressions of miR-451 in myocardial tis-
sues on the expression of HMGBImRNA. (A) miR-451solubility
curves. (B) miR-451 amplification curves. (C) HMGB1mRNA solu-
bility curves. (D) miR-451 amplification curves. (E) Expressions of
miR-451 in myocardial tissues in all groups. (F) Influences of miR-
451 expression on HMGBImRNA expression. Note: The compari-
son with the expressions of miR-451 and HMGBImRNA in Control
group showed *P<0.05. The comparison with miR-451 and HMGB-
ImRNA in I/R and I/R+Ad-GFP groups revealed #P<0.05.
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al. (24) verified that miR-451 regulated the expression of
the target gene CUGBP in the form of a gene cluster in
the myocardial cells of myocardial ischemia-reperfusion
rat models. Consequently, the downstream anti-apoptotic
gene COX was regulated and the myocardial cell apoptosis
rate was reduced. In addition, pre-processing of myocar-
dial cells with mimetic agent miR-451 could remarkably
inhibit the expression of target gene Rac-1 to down-regu-
late the activity of oxidase NAPDH and avoid the injury
of oxygen-free radicals (25-27). The research results de-
monstrated that the expressions of HMGBImRNA and its
proteins both decreased after the up-regulation of miR-451
in myocardial ischemia-reperfusion rat models (P<0.05).
HE staining was used for the observation of infiltration
of inflammatory cells in myocardial tissues among I/R
model rats. Different levels of the infiltration of inflamma-
tory cells occurred in myocardial tissues among the rats
in all groups other than Control group after the successful
construction of myocardial ischemia-reperfusion models.
Relative to that in I/R and I[/R+Ad-GFP groups, myocar-
dial infarction area of I/R+Ad-miR-451 group reduced
(P<0.05). Based on those in Control group, LDH and CK
and MDA contents in other groups decreased, while SOD
activity improved, which was consistent with the study
outcomes obtained by Jia et al. (28). The above finding in-
dicated that up-regulating miR-451 expression could pro-
tect myocardial cells by down-regulating HMGBI1. The
protection mechanism might be the alleviation of inflam-
matory reactions, the reduction in oxidative stress injury,
or the inhibition of cell apoptosis.

Active and effective treatment methods can prevent
and treat myocardial ischemia-reperfusion, improve sur-
gical success rate, and accelerate the rehabilitation of
patients. Inflammatory reaction and immunology mecha-
nisms are the key mechanisms of IRI. Neutrophil is the
main inflammatory cell in IRI. However, the latest study
shows that lymphocyte plays a significant role in IR
Hence, early effective inhibition of lymphocyte aggrega-
tion can prevent the occurrence of IRI. According to the
research results, the expressions of CD3+, CD4+, and
CD4+/CD8+ in I/R, I/R+Ad-GFP, I[/R+Ad-miR-451, and
I/R+Ad-asmiR-451 groups were all superior to those in
Control group (P<0.05). Versus those in I/R and I/R+Ad-
GFP groups, CD3+, CD4+, and CD4+/CD8+ in I/R+Ad-
miR-451 group reduced (P<0.05). It was indicated that I/R
models were successfully constructed and the accumula-
tion of CD3+ and CD4+ were accelerated. Up-regulating
miR-451 expression could inhibit the aggregation of lym-
phocytes CD3+ and CD4+, reduce IRI, and protect myo-
cardial cells.

The limitation of this research lies in the markedly
upshifted HMGBI proteins in [/R+Ad-asmiR-451 group
relative to that in I/R and I/R +Ad-GFP groups without
statistical significance, which may be caused by the small
sample size of animals included in the experiment.

The research was aimed at investigating the regulatory
mechanism of miR-451 in HMGB1 among rats with IRI
and the protection of I/R rat model by the up-regulation of
miR-451 expression. It was verified that miR-451 could
regulate HMGB1mRNA and the expressions of its proteins
at the transcriptional level. The up-regulation of miR-451
could inhibit HMGBI1 expression, reduce IRI, and protect
myocardial cells, which might be achieved by improving
oxidative stress injuries of cells and inhibiting cell apopto-

sis. The limitation of this research lies in the small sample
size of experimental animals, which may result in the
lack of statistical significance. In follow-up research, the
sample size needs to be expanded for further investigation
and verification of the accuracy of the conclusion.
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