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Abstract. – OBJECTIVE: To investigate the ef-
fect and mechanism of long non-coding ribonu-
cleic acid (lncRNA) PFL on myocardial ischemia/
reperfusion (I/R) injury in rats, and to provide a 
reference for the prevention and treatment of 
myocardial infarction (MI) in clinic. 

MATERIALS AND METHODS: According to 
the random number table, 60 male Sprague-Daw-
ley (SD) rats were randomly divided into 3 
groups: Control group (n=20), I/R group (n=20), 
and I/R + PFL small interfering ribonucleic acid 
(siRNA) group (n=20). The I/R model was estab-
lished by ligating the left anterior descending 
coronary artery (LAD) and then recanalizing it. 
PFL siRNAs were injected intravenously into 
the tail vein of rats in I/R + PFL siRNA group 
to construct a PFL knockout model. Triphenyl 
tetrazolium chloride (TTC) test was used to de-
tect the infarction area of each group. Echocar-
diography was adopted to measure the ejection 
fraction [EF (%)] and fraction shortening [FS (%)] 
of rats in each group. Hematoxylin and eosin 
(H&E) staining was applied to detect the mor-
phological changes in myocardial cells in each 
group. Terminal deoxynucleotidyl transferase 
dUTP nick end labeling (TUNEL) staining was 
conducted to detect the apoptosis levels of myo-
cardial cells and fibroblasts in heart tissues in 
each group. Meanwhile, the protein expression 
levels of apoptosis-related genes, Bcl-2-associ-
ated X protein (BAX), and Bcl-2, were measured 
via Western blotting. Also, the expression level 
of heat shock protein 20 (HSP-20) in the heart of 
three groups of rats was examined using immu-
nohistochemical staining. Finally, the effects of 
PFL siRNAs on the expression level of HSP-20 
were detected via Western blotting.  

RESULTS: PFL siRNAs could significantly im-
prove I/R-induced cardiac insufficiency in rats, 
thus increasing EF (%) and FS (%) (p<0.05). 
Besides, PFL siRNAs could remarkably inhib-
it cardiac infarction caused by I/R injury and 
reduce the infarction area from (59.54±3.45)% 
to (24.85±1.30)% (p<0.05). H&E staining results 
manifested that, compared with those in I/R 
group, the cardiac myofilament was better in 
alignment, degradation and necrosis were mild-
er, and cell edema was notably reduced in I/R 

+ PFL siRNA group. Immunohistochemistry and
Western blotting results showed that PFL siR-
NAs could remarkably reverse the decrease in
the HSP-20 expression caused by I/R (p<0.05).

CONCLUSIONS: We found that PFL knock-
down can significantly improve the myocardi-
al injury caused by I/R and improve the cardiac 
function in rats. The mechanism may be relat-
ed to the activation of HSP-20 by PFL siRNAs. 
Therefore, PFL is expected to become a new tar-
get for the treatment of MI.
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Introduction

Myocardial infarction (MI) is the main cause of 
death and also a major public health problem world-
wide1. Early percutaneous coronary intervention 
(PCI) is currently the most effective treatment for 
MI2,3. However, continuous reperfusion after isch-
emia can usually cause secondary damage to the 
myocardium, which is called myocardial ischemia/
reperfusion (I/R) injury4. I/R injury is an inevitable 
pathophysiological phenomenon in the treatment of 
ischemic heart disease and heart surgery in patients 
with thoracotomy, which can lead to reperfusion 
arrhythmia, temporary mechanical dysfunction, 
myocardial stunning, and other pathological chang-
es5. Therefore, inhibiting myocardial I/R injury is of 
great significance to the prevention and treatment of 
ischemic cardiomyopathy, especially MI.

Long non-coding ribonucleic acids (lncRNAs) 
refer to long-chain RNA molecules whose tran-
scription length exceeds 200 nucleotide units6. 
Although lncRNAs themselves cannot encode the 
corresponding proteins in cells, they can regulate 
the expression of the corresponding target genes 
at various levels, such as (post-) transcriptional 
level and epigenetic modification, and ultimate-
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ly affect the occurrence and development of the 
disease7,8. As a member of the lncRNA family, 
PFL plays an important role in many diseases, 
including tumors, cardiovascular diseases, and 
endocrine diseases9. In mouse myocardial fibrosis 
and TGF-β-induced myocardial cell fibrosis mod-
els, the expression level of PFL is significantly 
increased, but after PFL is knocked out by ade-
novirus, mouse myocardial fibrosis is markedly 
suppressed, and the proliferation of cardiac fibro-
blasts and their phenotypic transformation ability 
to myofibroblasts are also inhibited. Liang et al10 
have found that PFL may promote cardiac fibrosis 
in a mechanism related to its endogenous compet-
itive Let-7d. However, the role of PFL in myocar-
dial I/R injury has not yet been reported.

In this work, the heart I/R model was estab-
lished using rats with PFL knockdown genes. The 
effects of PFL knockdown on cardiac function, 
apoptosis of heart cells, and infarction area of the 
heart were detected, and the potential molecular 
mechanism of PFL affecting myocardial I/R inju-
ry was analyzed.

Materials and Methods

Grouping and Processing 
of Laboratory Animals

This investigation was approved by the An-
imal Ethics Committee of Nantong University 
Animal Center. A total of 60 male Sprague-Daw-
ley (SD) rats weighing (278.61±13.64) g were 
divided into 3 groups using a random number 
table, including Control group (n=20), I/R group 
(n=20), IR + PFL small interfering RNA (siR-

NA) group (n=20). There were no statistical 
differences in basic data such as weeks of age 
and body weight among the three groups of rats. 
Rats in I/R + PFL siRNA group were injected 
with a certain amount of PFL siRNAs (4 mL/
kg) through the tail vein. The specific surgical 
method for the construction of the I/R model: the 
rats in each group were anesthetized by intraper-
itoneal injection of 50 mg/kg pentobarbital, and 
then, the cannula was inserted into the left carot-
id artery to measure the blood pressure of rats. 
Electrocardiography (ECG) of the limb’s two 
leads was used to detect the heart rate. The tho-
rax in the fourth intercostal space was opened, 
and the pericardium was cut off to expose the 
heart. The left anterior descending coronary ar-
tery (LAD) was ligated at 2 mm above the left 
atrial appendage by the 6-0 silk thread to induce 
ischemia. After ischemia for 30 min, the silk 
thread was loosened, followed by reperfusion for 
2 h. Rats in Control group underwent the same 
procedure, but the silk thread was not ligated. 
After reperfusion, the rats were killed, and the 
myocardial tissue in the anterior wall of the left 
ventricle of the rats was removed. After that, the 
blood was rinsed with normal saline, and then, it 
was placed in a refrigerator at -80°C for standby 
application (Figure 1).

Echocardiography (ECG) Detection 
To detect the cardiac function of each group 

of rats, MyLab 30CV ultrasound system (Esaote, 
SPA, Genoa, Italy) and 10-MHz linear ultrasonic 
transducers were used to detect the echocardio-
gram of rats in each group. After the shaving of 
the hair in the anterior thoracic region of mice 

Figure 1. Flow charts of rat processing in each group. Control: Control group, I/R: I/R group; and I/R + PFL siRNA: I/R + 
PFL knockdown group.RE
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and anesthesia, the mice were placed on a heating 
plate at 37°C with the left side facing up. Parame-
ters including ejection fraction [EF (%)], fraction 
shortening [FS (%)], and heart rate (bpm) were 
detected.

Triphenyl Tetrazolium 
Chloride (TTC) Staining

1) Fresh brain tissues were put into a rat brain 
slice grinder and frozen in a refrigerator for 30 
min at -20°C for slicing. 2) The brain tissue was 
cut into slices with a thickness of about 2 mm and 
no more than 6 slices per tissue. 3) The cut slices 
were placed in fresh TTC solution (2%) and fully 
contacted the TTC solution for an incubation time 
of not less than 0.5 h. 4) After 0.5 h, the slices 
were taken out and fixed with 4% paraformalde-
hyde, followed by photographing.

Hematoxylin and Eosin (H&E) 
Staining 

The hearts obtained in each group were placed 
in 10% formalin overnight, dehydrated and em-
bedded in wax blocks. Subsequently, all myo-
cardial tissues were cut into thin slices with a 
thickness of 5 μm, fixed on glass slides and dried 
for staining. According to the instructions, they 
were soaked in xylene, ethanol at gradient con-
centration and hematoxylin, and then sealed with 
resin. After drying in the air, observation and 
photographing were conducted under an optical 
microscope. The morphology of myocardial cells, 
cardiac interstitium, and myofilament were ob-
served.

Terminal Deoxynucleotidyl Transferase 
dUTP Nick End Labeling (TUNEL) 
Staining

The cut myocardial tissues were sliced, baked 
in an oven at 60°C for 30 min, dewaxed with xy-
lene (5 min × 3 times) and dehydrated with 100%, 
95% and 70% ethanol, respectively, each for 3 
times. Then, the slices were incubated with pro-
tein kinase K for half an hour. After washing with 
phosphate-buffered saline (PBS), the TdT and lu-
ciferase-labeled dUTP were added. After reaction 
for 1 h at 37°C, the specific antibody labeled with 
horseradish peroxidase was added for incubation 
again in an incubator for 1 h at 37°C. Subsequent-
ly, the sections reacted at room temperature for 10 
min, with DAB as the substrate. After the nucleus 
was stained with hematoxylin, photographing and 
counting could be carried out under the optical 
microscope.

Immunohistochemical Staining
The cut myocardial tissue sections were baked 

in an oven at 60°C for 30 min and then dewaxed 
with xylene (5 min × 3 times), followed by de-
hydration with 100%, 95% and 70% ethanol, 
respectively for 3 times. The endogenous perox-
idase activity was inhibited by 3% hydrogen per-
oxide methanol, and then, the tissues were sealed 
with sheep serum for 1 h. Antibodies against heat 
shock protein 20 (HSP-20) were diluted at 1:100 
(PBS) and incubated at 4°C overnight, followed 
by washing with PBS for 4 times in a shaker. Af-
ter the second antibody was added, the color was 
developed with diaminobenzidine. After the com-
pletion of color development, 6 samples were ran-
domly selected from each group, and 5 fields of 
view were randomly selected from each sample, 
followed by photographing under 200× and 400× 
optical microscopes.

Western Blotting Detection
After the heart tissues of rats in each group were 

fully ground in lysis buffer, they were ultrasoni-
cally lysed, and the lysis buffer was centrifuged 
to extract supernatant, which was successively 
split into Eppendorf tubes (EP, Hamburg, Ger-
many). The protein concentration was measured 
via the bicinchoninic acid (BCA) assay (Pierce, 
Rockford, IL, USA) and the ultraviolet spectro-
photometry, and the protein volume of all samples 
was set to equal concentration. After subpackag-
ing, the sections were placed in the refrigerator at 
-80°C. After the total protein was extracted, Sodi-
um Dodecyl Sulphate-Polyacrylamide Gel Elec-
trophoresis (SDS-PAGE) was performed. Then, 
the protein in the gel was transferred to cellulose 
acetate (polyvinylidene difluoride, PVDF) mem-
brane (Roche, Basel, Switzerland), incubated in 
the primary antibody at 4°C overnight, and incu-
bated in the goat anti-rabbit secondary antibody 
for 1 h away from light. The protein bands were 
scanned and quantified using an Odyssey mem-
brane sweeper, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was used to correct the 
level of proteins to be tested.

Statistical Analysis
All the data were analyzed by Statistical Prod-

uct and Service Solutions (SPSS) 22.0 software 
(IBM, Armonk, NY, USA). Measurement data 
were expressed as mean ± standard deviation, 
and the comparisons of data between two groups 
were conducted using the t-test. p<0.05 represent-
ed that the difference was statistically significant.RE
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Results

Expression of PFL in the Myocardium 
of Rats With I/R Injury 

The expression level of PFL in the myocardi-
um of rats in control group, I/R group, and I/R 
+ PFL siRNA group were detected, respective-
ly. The results showed that the expression level 

of PFL in I/R group was significantly increased 
(p<0.05), while it in rat myocardial tissues was 
significantly inhibited (p<0.05) after the tail vein 
injection of PFL siRNAs, indicating that the rat 
PFL knockdown model is successfully induced 
(Figure 2).

Effects of Knocking Down PFL 
on the Cardiac Function of Rats 
in Each Group

As shown in Figure 3, the ECG results man-
ifested that there was no statistical difference in 
the heart rate among the three groups of rats, so 
it could be excluded that the difference between 
EF (%) and FS (%) in each group was caused 
by the heart rate. Compared with rats in Control 
group, I/R rats had enlarged ventricular cavity 
and thinned cardiac wall, and PFL knockdown 
could notably improve the abnormal changes in 
the cardiac structure caused by I/R. Furthermore, 
the levels of FS (%) and EF (%) in each group 
of rats were detected, which revealed that PFL 
knockdown markedly reversed the decreases in 
FS (%) and EF (%) in I/R group (p<0.05). The 
above results indicate that inhibiting PFL can im-
prove the cardiac function of rats with I/R injury.

 
Knocking Down PFL Reduced 
the MI Area in I/R Rats

The heart infarction area in each group was 
evaluated by TTC staining. The results demon-
strated that the infarction area of the three groups 
of rats were [(0.53±0.51) vs. (59.54±3.45) vs. 
(24.85±1.30)], with statistically significant differ-
ences (p<0.05), suggesting that the inhalation of 

Figure 2. Expression of PFL in the myocardium of rats 
with I/R injury. Control: Control group, I/R: I/R group and 
I/R + PFL siRNA: I/R + PFL knockdown group. *p<0.05 vs. 
Control group and #p<0.05 vs. I/R group, displaying statis-
tical differences.

Figure 3. Effects of PFL knockdown on cardiac function of rats in each group. Control: Control group, I/R: I/R group and 
I/R + PFL siRNA: I/R + PFL knockdown group. *p<0.05 vs. Control group and #p<0.05 vs. I/R group, displaying statistical 
differences.RE
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PFL effectively reduces the MI area in I/R rats 
(Figure 4).

H&E Staining Results of the Heart 
of Rats in Each Group

To evaluate the changes in the myocardial 
cell microstructure in the heart cross section of 
rats in each group, H&E staining was performed 
for myocardial tissues. According to the results, 
myocardial cells in I/R group showed evident 
edema, disordered myofilament arrangement, 
degradation and necrosis to varying degrees, 
accompanied by the infiltration of inflammato-
ry cells. However, after PFL knockdown in rats, 
the edema of the myocardial tissues in rats was 
remarkably reduced, and the abnormality of 
myofilaments was also significantly improved 
(Figure 5). The above results denote that PFL 
knockdown can alleviate I/R-induced myocardi-
al injury.

Effects of PFL Knockdown on 
the Apoptosis of Myocardial Cells in Rats

Through TUNEL staining, the apoptosis lev-
el of myocardial cells in the three groups of rats 
was detected. The results revealed that after I/R 
injury in rats, the number of apoptotic myocardi-
al cells was evidently increased (p<0.05), about 
(61.45±2.42) times as much as that in the control 
group, while after PFL knockdown, the number 
of apoptotic myocardial cells was decreased to 
(31.45±2.66) times as much as that in the con-
trol group (p<0.05) (Figure 6). The above results 
manifest that PFL knockdown can significantly 
inhibit the apoptosis of myocardial cells in rats.

Effects of PFL Knockdown on Genes 
Related to the Apoptosis of Myocardial 
Cells in Rats

Furthermore, the protein expression levels of 
apoptosis-related genes, Bcl-2-associated X protein 

Figure 4. Effects of PFL knockdown on the MI area in each group of rats. Control: Control group, I/R: I/R group and I/R + PFL 
siRNA: I/R + PFL knockdown group. *p<0.05 vs. Control group and #p<0.05 vs. I/R group, displaying statistical differences.

Figure 5. H&E staining results of the heart of rats in each group. Control: Control group, I/R: I/R group and I/R + PFL siR-
NA: I/R + PFL knockdown group.RE
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(BAX) and Bcl-2, in the myocardium of rats in each 
group were detected. The results demonstrated that 
the ratio of Bax/Bcl-2 in the myocardium of I/R rats 
was significantly increased, representing that the 
level of apoptosis was increased. Compared with 
that I/R group, the ratio of Bax/Bcl-2 in the myo-
cardium of rats was decreased significantly in I/R + 
PFL siRNA group, further confirming the inhibito-
ry effect of PFL siRNAs on the apoptosis of myocar-
dial cells caused by I/R injury (Figure 7).

Effects of Knocking Down PFL 
on HSP-20 in Each Group of Rats

To investigate the effects of PFL knockdown 
on myocardial I/R injury in rats in depth, the ex-
pression level of HSP-20 in the three groups of 

rats was detected by immunohistochemical stain-
ing and Western blotting. According to the re-
sults, knocking down PFL could evidently reverse 
the low expression of HSP-20 in the myocardium 
of rats caused by I/R injury (p<0.05) (Figure 8). 
Therefore, it was speculated that the myocardial 
protection of PFL siRNA might be related to the 
activation of HSP-20.

Discussion

Acute MI is still one of the most important 
causes of death worldwide11. Drug intervention 
(thrombolysis) or emergency PCI to rapidly restore 
blood flow through occluded coronary arteries is 

Figure 6. Effects of PFL knockdown on the apoptosis of myocardial cells in each group of rats. Control: Control group, I/R: 
I/R group and I/R + PFL siRNA: I/R + PFL knockdown group. *p<0.05 vs. Control group and #p<0.05 vs. I/R group, display-
ing statistical differences.

Figure 7. Effects of PFL knockdown on the expression of genes related to the apoptosis of myocardial cells in each group of 
rats. Control: Control group, I/R: I/R group and I/R + PFL siRNA: I/R + PFL knockdown group. *p<0.05 vs. Control group 
and #p<0.05 vs. I/R group, displaying statistical differencesRE
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the most effective strategy to limit the MI area 
and improve the prognosis of patients after acute 
MI12,13. However, I/R itself can also lead to addi-
tional myocardial cell death and further increase 
the infarction area of the heart. Factors leading 
to I/R injury mainly include oxidative stress, in-
flammation, and apoptosis14. During myocardial 
ischemia, adenosine triphosphate consumption 
in myocardial cells decreases the uptake of Ca2+ 
by the sarcoplasmic reticulum, thus resulting in 
a large accumulation of Ca2+ in mitochondria15. 
During reperfusion, the re-entry of oxygen into 
myocardial cells will cause damage to the mito-
chondrial electron transport chain and increase 
the production of reactive oxygen species (ROS)16. 
Mitochondrial Ca2+ overload and increased ROS 
production both promote the opening of mito-
chondrial membrane permeability transformation 
pores, resulting in cell energy disorder and even-
tually irreversible causing necrosis and apoptosis 
of cells17,18. Therefore, inhibiting myocardial cell 
apoptosis, inflammation, and oxidative stress 
during reperfusion can effectively improve cardi-
ac dysfunction caused by I/R injury and reduce 
the infarction area of the heart.

HSP-20 is a lens protein originally found in the 
skeletal muscle, belonging to the HSP family19. 
Studies20 have found that HSP-20 can improve the 
heat resistance of hamster ovary cells, and it can 

regulate blood vessel expansion and inhibit plate-
let aggregation. By transfecting adenovirus carry-
ing HSP-20 into myocardial cells, the contractil-
ity of myocardial cells is significantly enhanced, 
and the apoptosis of myocardial cells induced by 
β-agonist is also significantly suppressed21. Fur-
thermore, by selectively overexpressing HSP-20 
in the myocardium, the cardiac function and car-
diac injury in rats with I/R injury are markedly 
improved22. The mechanism of HSP-20 against 
myocardial I/R injury mainly includes 1) HSP-20 
can regulate the ratio of Bax/Bcl-2, which tends 
to be stable, thus inhibiting cell apoptosis; 2) 
HSP-20 can form a stable complex with Bax, so as 
to inhibit Bax translocation from the cytoplasm to 
mitochondria, thus maintaining mitochondrial in-
tegrity and inhibiting Cytochrome C release and 
Caspase-3 activation; 3) HSP-20 can inhibit the in-
jury of myofibrils during I/R and maintain the in-
tegrity of the myocardium. HSP-20 is transferred 
from the soluble part to the insoluble part of myo-
cardial cells after I/R, so it can inhibit the collapse 
of intermediate silk-screen and prevent the dam-
age of cytoskeleton protein. In this study, the tail 
vein injection of siRNAs was used to knock down 
PFL in heart tissues of rats by constructing a rat 
model of myocardial I/R injury. It was found that, 
when PFL was knocked down in rat myocardium, 
the decrease of cardiac function caused by I/R in-

Figure 8. Effects of PFL knock-
down on the expression of HSP-20 
in heart tissues in each group of rats. 
Control: Control group, I/R: I/R 
group and I/R + PFL siRNA: I/R + 
PFL knockdown group. *p<0.05 vs. 
Control group and #p<0.05 vs. I/R 
group, displaying statistical differ-
ences
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jury was significantly improved, and the EF and 
FS were notably increased. Besides, PFL knock-
down could also reduce the pathological damage 
to myocardial tissues of rats caused by I/R and 
maintain the integrity of muscle filaments in myo-
cardial tissues. At the same time, PFL knockdown 
could also inhibit the level of apoptosis in myo-
cardial tissues and the increase of Bax/Bcl-2 ratio 
caused by I/R. Finally, HSP-20, a protein closely 
related to MI occurrence in myocardial tissues of 
rats, was detected using Western blotting and im-
munohistochemical techniques. The results man-
ifested that the HSP-20 level in the myocardium 
of rats was remarkably inhibited after I/R occur-
rence, but knocking down PFL could significantly 
reverse the decrease in HSP-20. Therefore, it was 
speculated that HSP-20 played an important role 
in the myocardial protection role of PSF siRNAs. 
Nevertheless, it was believed that there are still 
some limitations in this experiment: 1) Cell ex-
periments were not designed for verification, and 
2) the direct target of PFL was not found.

Conclusions

This study revealed for the first time that PFL 
plays an important role in myocardial I/R injury. 
Knocking down PFL can alleviate myocardial I/R 
injury by up-regulating the HSP-20 expression.
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