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Abstract: Aims: Fibroblast growth factor 21 (FGF21) plays a critical role in protecting against myocardial ischemia/
reperfusion (I/R) injury. However, the molecular mechanism is not completely understood. Here, we aimed to ex-
amine whether miRNA-145 (miR-145) is involved in FGF21 protection against myocardial I/R injury through angio-
poietin-2 (Angpt2) and autophagy. Methods: We established a rat myocardial I/R model and H9c2 hypoxia/reoxy-
genation (H/R) model. After administration of FGF21 in the rat I/R model, the infarct size, morphological changes 
and apoptosis in myocardium were determined by 2,3,5-triphenyltetrazolium chloride (TTC), hematoxylin and eosin 
(HE), and Masson’s trichrome staining, and TUNEL assay, respectively. The expression levels of miR-145 and Angpt2 
were evaluated by quantitative real-time PCR (qRT-PCR), Western blotting and immunohistochemical (IHC) staining. 
The activity of lactate dehydrogenase (LDH), TNF-α and IL-6 were assayed. Using a dual-luciferase reporter system, 
the targeted role of miR-145 on Angpt2 was studied. After transfection with miR-145 inhibitor, H9c2 cells were 
subjected to stimulated H/R with or without FGF21 treatment. The expression of Angpt2 was assessed while cell 
apoptosis and cell migration assays were performed. Results: FGF21 significantly decreased infarction after I/R, 
ameliorated I/R-induced cell apoptosis, and inhibited I/R-induced LDH, TNF-α and IL-6 in serum. FGF21 inhibited 
I/R-induced decrease in miR-145 level, increase in Angpt2 expression and decrease in autophagy; FGF21 also 
upregulated LC3-B and Beclin1 levels. miR-145 directly targeted Angpt2. The roles of FGF21 in expression of miR-
145 and Angpt2 and activation of autophagy after H/R were reversed by miR-145 inhibitor. In addition, the FGF21-
inhibited cell apoptosis and FGF21-promoted migration after H/R were restored by miR-145 inhibitor. Conclusion: 
FGF21 protects myocardial cells against I/R injury by promoting an increase in miR-145 levels and autophagy while 
inhibiting Angpt2 expression, suggesting a novel therapeutic strategy for protecting against myocardial I/R injury. 
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Introduction

The restoration of blood supply to tissues or 
organs after ischemia can aggravate the injury 
of ischemic tissue, so as to lead to the isch-
emia-reperfusion (I/R) injury [1, 2]. It well known 
that the tissues or organs that need high oxy-
gen such as heart and brain tissues are prone 
to I/R injury [3, 4]. A lot of factors exert protec-
tive effect in I/R-induced injury such as fibro-
blast growth factor 21 (FGF21) [5]. However, 
the molecular mechanism is still unclear. 

Ischemia-reperfusion injury can induce apopto-
sis of tissues and organs, which is an important 
pathway and pathological manifestation of 
ischemia-reperfusion injury affecting tissues 
and organs [6]. Apoptosis is widely involved in 

the pathogenesis of many pathological condi-
tions including myocardial I/R injury [7]. The 
classical apoptotic pathways include exoge-
nous death receptor-mediated pathway and 
endogenous mitochondria-mediated pathway 
[6]. The death receptor is a member of the 
TNF-α receptor family, which is a transmem-
brane protein. In extracellular and cytoplasmic 
matrix, the regions rich of homologous cysteine 
exist that have proteolytic function and defined 
as death domain. It can bind with Fas-related 
protein (FADD), activate the Caspase cascade, 
and finally induce the occurrence of apoptosis. 
Apoptosis is only one form of cell death [6, 8]. 
Cell death includes necrosis, apoptosis and 
autophagy [6]. In recent, autophagy was found 
to be involved in myocardial I/R injury. Post-
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conditioning of berbamine protects the heart 
from I/R injury via preventing I/R-induced 
impairment of autophagosome processing in 
cardiomyocytes, with increased LC3-II levels 
and accompanied increase in expression of 
Beclin1 [9]. Antioxidant N-acetylcysteine (NAC) 
reduces diabetic myocardial I/R injury via inhib-
iting excessive autophagy [10]. The hypoxia/
reoxygenation (H/R)-induced high cell apopto-
sis in H9c2 cells were restored by ischemic 
post-conditioning, while inhibition of autophagy 
reversed these effects, suggesting autophagy 
was involved in the protection effect of isch-
emic post-conditioning against myocardial I/R 
injury [11]. I/R evokes inflammatory responses 
[12]. While autophagy is a survival mechanism 
for I/R cells, it also augments their production 
of interleukin (IL-6) [12]. To understand the 
mechanism of apoptosis and autophagy during 
I/R injury is of great significance for the preven-
tion and treatment of I/R injury. 

MiRNAs are a class of endogenous non-coding 
small RNA molecules that are widely present in 
the body and are 21-25 nucleotides in length. A 
large number of studies have shown that miR-
NAs participate in various processes of life, and 
their abnormalities in expression involved in 
the occurrence and development of various dis-
eases including myocardial I/R injury [13, 14]. 
Previous studies have shown that the expres-
sion of miRNA-145 (miR-145) in the rat/mouse 
heart transplantation-induced I/R injury and 
myocardial H/R cell model were significantly 
reduced [15, 16], indicating that the abnormal 
expression of miR-145 is involved in myocardial 
I/R injury. In tumor, miR-145 serves as tumor 
suppressor via regulating angiopoietin-2 (Angp- 
t2) [17, 18]. A recent study reported that Angpt2 
was downregulated in the FGF21 administra-
tion following simulated H/R, and inhibition of 
Angpt2 with FGF21 administration promoted 
the energy metabolism in cardiomyocytes, con-
sequently leading to a more efficient cardiopro-
tective effect [5]. This study is aimed to test 
whether miR-145 involved in FGF21 protected 
myocardial I/R injury through Angpt2 and 
autophagy. 

Materials and methods

Establishment of Wistar rat myocardial I/R 
injury model

Adult Wistar rats (250-300 g) were purchased 
from the Laboratory Animal Center of Guang- 

zhou University and fed with standard rat diet 
and water ad libitum. This study was approved 
by the Institutional Animal Care and Use 
Committee of Capital Medical University. The 
rats were randomly divided into three groups: 
sham control (n = 5), I/R (n = 8), and I/R+FGF21 
(n = 8). In the I/R group, rats were anaesthe-
tized with 3% pentobarbital sodium (intraperito-
neal injection). The rats received the surgery 
beneath left anterior descending branch (LAD), 
and were injected with saline into jugular vein 
before the LAD was occluded for 10 min. The 
LAD of sham control was not ligated. For I/R 
and I/R+FGF21 rats, LAD was occluded for 30 
min and reperfused for 120 min. For I/R+FGF21 
rats, 0.1 mg/kg/day FGF21 was injected intra-
peritoneally for 4 weeks. After reperfusion, the 
hearts were harvested and cut into 1 mm-slic-
es. The slices were stained with 1% 2,3,5-tri-
phenyltetrazolium chloride (TTC, Sigma, USA) 
and fixed with 4% paraformaldehyde to deter-
mine the infarct size of myocardium. The infarct 
size (white-unstained necrotic tissue) was cal-
culated as a percentage of left ventricular area 
based as previously described [19]. In brief, the 
tissue slice was placed under natural light and 
photographed using a Nikon COOLPIX A900 
digital camera. The microscopic color image 
processing system (DpxView Pro, Korea) was 
used to calculate the infarct size (%, myocardial 
infarction area/left ventricular area ×100). For 
general histological analysis, routine hematoxy-
lin and eosin (HE) staining and Masson’s tri-
chrome staining were performed. 

TUNEL assay

Cell apoptosis in heart slices (4 μm) was evalu-
ated by Terminal deoxynucleotidyl transferase-
mediated dUTP Nick End-Labeling (TUNEL) 
using the In-Situ Cell Death Detection Kit-POD 
(Roche, Germany). The slices were treated with 
TUNEL reaction mixture for 60 min after treat-
ment with protease K (10 mmol/L) for 15 min, 
and were then incubated in converter-peroxi-
dase (POD) for 30 min. Then, the images were 
evaluated for percentage of TUNEL-positive 
cells (apoptosis rate). 

Immunohistochemical (IHC) staining

The heart slices (4 μm) were treated with 3% 
hydrogen peroxide for 20 min to block endoge-
nous peroxidase, incubated with 1% bovine 
serum albumin and anti-Angpt2 (1:100, Santa 
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Cruz, USA) for 2 h, and incubated with horse-
radish peroxidase (HRP)-conjugated anti-goat 
IgG for 60 min. Diaminobenzidine (DAB) was 
used as chromogen. 

Cell culture, transfection, and H/R and FGF21 
treatment

Rat ventricular cell line H9c2 and human 
embryonic kidney cell line HEK293 cells (Am- 
erican Type Culture Collection, ATCC, USA) were 
cultured in Dulbecco modified Eagle medium 
(DMEM) containing 10% fetal bovine serum 
(FBS, Gibco, USA) and 100 µg/ml penicillin/
streptomycin at 37°C, 5% CO2. The miR-145 
mimics/inhibitor was purchased from Gene- 
pharma, China. For transfection, H9c2 cells 
were seeded in 100-mm plate at 1×106 until 
50% confluence. Then, 0.5 nmol miR-145 mim-
ics/inhibitor was transfected into cells using 
the Lipofectamine 2000 (Invitrogen, USA) 
according to the manufacturer’s manual. After 
48 h, the expression of miR-145 was deter-
mined and cells were used in further experi-
ments. For the establishment of I/R, cells were 
kept in a hypoxic chamber at 37°C for 6 h with 
serum- and glucose-deficient DMEM. They were 
then reoxygenated for 12 h with DMEM con-
taining 10% FBS for H/R. To determine the role 
of FGF21 in miR-145 effects during H/R-injury 
in cells, 1 μg/ml FGF21 were added in DMEM, 
as described previously [5]. 

qRT-PCR

Total RNA was isolated from heart tissue or 
cells. Quantitative real-time PCR was per-
formed with an ABI 7500 system (Applied 
Biosystems, USA) using a reverse transcript kit 
(Promega, USA) and SYBR Green Master Mix kit 
(Takara, Japan). The primers were used in the 
study were as follows for (5’-3’): rno-miR-145-
5p (reverse transcript) CTCAACTGGTGTCG- 
TGGAGTCGGCAATTCAGTTGAGGAATCCCT; rno-
miR-145-5p (forward) ACACTCCAGCTGGGGTC- 
CAGTTTTCCCAGGAAT; U6 (forward) CTCGCTT- 
CGGCAGCACA, U6 (Reverse) AACGCTTCACGA- 
ATTTGCGT; Angpt2 (Forward) AGTATTGGCTGG- 
GCAACGAG, Angpt2 (Reverse) TTTGTCATTG- 
TCCGAATCCTTT; GAPDH (Forward) CCTCGTC- 
TCATAGACAAGATGGT, GAPDH (Reverse) GGG- 
TAGAGTCATACTGGAACATG. The relative gene 
expression levels were normalized to U6 or 
GAPDH and calculated using the 2-ΔΔCt method. 

Determination of LDH, TNF-α and IL-6 levels

Following reperfusion of rats and treatment of 
cells, plasma samples and culture media were 
collected from the coronary effluent and cell 
cultures, respectively. The activity of lactate 
dehydrogenase (LDH), and levels of TNF-α and 
IL-6 were assayed using LDH (Nanjing Jian- 
cheng Bioengineering, China) and enzyme-
linked immunosorbent assay (ELISA; Roche, 
Germany) kits according to the manufacturer’s 
instruction. 

Cell apoptosis

Cell apoptosis was evaluated by flow cytometry 
and Hoechst 33258 staining. For flow cytome-
try analysis, after H/R, H/R+FGF21 or H/
R+FGF21 inhibitor treatment, cell apoptosis 
was assessed by Annexin V-FITC and propiduim 
iodide (BD Biosciences, USA) according to the 
manufacturer’s instructions. The stained cells 
were analyzed by flow cytometry (BD, USA). 
After treatment, cells were also stained with 
Hoechst 33258. 

Luciferase reporter system

After miR-145 mimics were transfected into 
HEK293 cells, vectors containing wide type 
(WT) or mutant type (MUT) GV126-Angpt2-
3’UTR and expressing firefly luciferase, along 
with pRL-cmv vectors expressing renilla lucifer-
ase (Geneparam, USA) were transfected using 
Lipofectamine 2000. Luciferase activity was 
measured using the Dual-Luciferase Reporter 
System according to manufacturer’s instruc-
tion (Promega, USA). The renilla luciferase 
activity was designated as the internal control. 

Western blot analysis

Proteins were isolated from homogenized 
hearts and cultured H9c2 cells, and quantified 
by BCA assay (Beyotime, China). A total of 50 μg 
of protein was separated by 10% SDS-PAGE, 
and transferred onto a polyvinylidene fluoride 
(PVDF) membrane (Millipore, USA). The blots 
were incubated with anti-Angpt2, anti-Beclin1, 
anti-LC3B, and anti-GAPDH (all 1:1000; Cell 
signaling Technology, USA) overnight at 4°C 
and then incubated with horseradish peroxi-
dase (HRP)-conjugated anti-IgG secondary anti-
body (1:2000) for 1 h. The blots were visualized 
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with an enhanced chemoluminescence kit 
(AmershamParmacis, USA). 

Immunofluorescence staining

After H/R with or without FGF21 and/or miR-
145 inhibitor treatment, cell slides were fixed 
with 4% paraformaldehyde for 15 min, incubat-
ed with 2% bovine serum albumin for 30 min, 
and incubated with primary anti-Angpt2 (1:100) 
overnight at 4°C. Cells were then incubated 
with fluorescein isothiocyanate (FITC)-conju- 
gated secondary antibody (1:1000) for 60 min. 
The staining was evaluated by LSM50 confocal 
microscopy [20]. 

Autophagy assays

Autophagic activity was analyzed by assessing 
GFP-LC3 puncta. H9c2 cells were transduced 
by a lentiviral vector to stably express GFP-LC3. 
Numbers of GFP-LC3 puncta per cell in cells 
transfected with GFP-LC3 were quantified by 
fluorescence microscopy. All GFP-LC3 puncta 
quantitation was performed by an observer 
blinded to experimental conditions. 

Cell migration assay

After transfection, cells were seeded in cham-
bers with 8-μm pores for the Transwell assay 
(Millipore, USA) with serum-free medium. FBS 
(10%) was added into bottom chamber as a 
chemoattractant. Then, cells were treated with 
H/R with or without FGF21 and/or miR-145 
inhibitor. After treatment, the non-migrated 
cells in the upper chamber were scrubbed with 
a sterile cotton swab. The migrated cells were 
stained with 0.1% crystal violet and counted 
using Image-Pro Plus v7.0 software (Media 
Cybernetics, Inc. USA). 

Statistical analysis

All data were expressed as means ± standard 
deviation (SD) from three or more independent 
experiments. Statistical analysis was carried 
out by a two-tailed Student’s t-test or ANOVA 
using SPSS 15.0, and statistical significance 
was considered at P<0.05. 

Results

FGF21 inhibits myocardial I/R injury

To determine the role of FGF21 in myocardial 
I/R injury, 0.1 mg/kg/day FGF21 was injected 

intraperitoneally into the rats for 4 weeks. 
Morphological alterations, myocardial damage, 
and inflammation response were then evaluat-
ed (Figure 1). The infarct size was significantly 
increased in the I/R group compared with the 
sham group (P<0.01) (Figure 1A and 1B). 
FGF21 significantly decreased the infarction 
after I/R (P<0.05) (Figure 1A and 1B). TUNEL 
assay revealed that FGF21 significantly amelio-
rated I/R-induced cell apoptosis (P<0.01) 
(Figure 1C and 1D), indicating that FGF21 
reduced impairment of cardiac function. 
Microscopic evaluation showed orderly arrange-
ment of myocardial fibers in the sham group 
(Figure 1E). In the I/R group, the myocardial 
fibers became loosely and irregularly arranged, 
and the fibrosis area was significantly increased 
compared with the sham group (P<0.01). 
However, the percentage fibrosis area was sig-
nificantly decreased in I/R+FGF21 group com-
pared with the I/R group, indicating that FGF21 
reduced the morphological change after I/R 
(P<0.05) (Figure 1E and 1F). Myocardial dam-
age was evaluated by the measuring LDH 
release into the coronary effluent (Figure 1G). 
The activity of LDH was significantly increased 
after I/R, and the level of LDH induced by I/R 
was significantly inhibited by FGF21 treatment 
(Figure 1G). Moreover, increases in levels of 
inflammation factors including TNF-α (Figure 
1H) and IL-6 (Figure 1I) induced by I/R were sig-
nificantly inhibited by FGF21 treatment. These 
results provided further support that FGF21 
protects against myocardial I/R injury. 

FGF21 inhibits I/R-induced increase in miR-
145 level and decrease in Angpt2 expression

To determine the molecular mechanism of 
FGF21 protection against myocardial I/R injury, 
we evaluated levels of miR-145 and Angpt2 in 
heart tissue (Figure 2). There was a significant 
decrease in miR-145 level in the I/R group com-
pared with the sham group (P<0.01). The miR-
145 level was significantly higher in the I/
R+FGF21 group compared with the I/R group 
(P<0.01) (Figure 2A). In contrast, the Angpt2 
mRNA expression in I/R group was significantly 
increased compared with the sham group, 
while the level in the I/R+FGF21 group was sig-
nificantly decreased (P<0.01) (Figure 2B). The 
expression of Angpt2 protein was measured by 
IHC staining and Western blotting (Figure 2C, 
2D). Both IHC staining and Western blotting 
analysis showed that I/R significantly increased 
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the expression of Angpt2 and that FGF21 sig-
nificantly inhibited the I/R-induced expression 
of Angpt2 (P<0.05). These results supported a 

relationship between miR-145 and Angpt2. 
Additionally, there was significant decrease in 
LC3B (LC3B II/I) and Beclin1 expression in the 

Figure 1. The protective effect of FGF21 on ischemia-reperfusion (I/R) injury in rats. I/R rats were injected intraperi-
toneally with 0. 1 mg/kg/day FGF21 for 4 weeks (I/R+FGF21). The sham control (sham) was not LAD ligated. (A, B) 
After reperfusion, hearts were harvested, sliced and stained with TTC (A) to examine the infarct size of the myocar-
dium (B). (C) Cell apoptosis of myocardial tissue was evaluated by TUNEL assay. Brown staining of the nucleus indi-
cated apoptosis. Magnification = 400×. (D) Comparison of apoptotic rates by TUNEL analysis. *P<0.05; **P<0.01 
vs. sham. #P<0.05 vs. I/R. (E) HE (upper panel) and Masson trichrome staining (lower panel). Unaffected areas were 
red, while infarction areas were gray and white. Magnification = 400×. (F) Fibrosis area as percentage. *P<0.05; 
**P<0.01 vs. sham. #P<0.05 vs. I/R. (G) LDH activity, (H) TNF-α and (I) IL-6 in serum levels were measured by ELISA. 
**P<0.01, ***P<0.001. 
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I/R group compared with the sham group, and 
the levels were significantly elevated in I/
R+FGF21 group compared with the I/R group, 
indicating that FGF21 protected the myocardio-
cytes from the I/R injury via the promotion of 
autophagy (P<0.05). 

miR-145 directly targets Angpt2

To determine whether miR-145 is involved in 
myocardial damage via the direct targeting of 
Angpt2, the dual-luciferase reporter system 
was used in HEK293 cells (Figure 3A). miR-145 
mimics significantly decreased the luciferase 
activity in the Angpt2-3’UTR-wild type group 

(P<0.05), but there was no change in the 
Angpt2-3’UTR-mutant type group (Figure 3B). 

miR-145 inhibitor attenuated the inhibitory 
effect of FGF21 on I/R-induced Angpt2 expres-
sion and autophagy

To confirm the protective role of miR-145 
onFGF21 in myocardial H/R injury, H9c2 cells 
was transfected with miR-145 inhibitor. After 
transfection, the FGF21-induced miR-145 ex- 
pression was significantly decreased after H/R 
(P<0.05) (Figure 4C). The qRT-PCR, immunoflu-
orescence staining, Western blotting assays 
revealed that FGF21-inhibited Angpt2 expres-

Figure 2. The effect of FGF21 on expression of miR-145 and Angpt2 and on autophagy after I/R. I/R rats were in-
jected intraperitoneally with 0. 1 mg/kg/day FGF21 for 4 weeks (I/R+FGF21). (A, B) Expression levels of miR-145 (A) 
and Angpt2 mRNA (B) in myocardial tissue were measured by qRT-PCR. **P<0.01 vs. I/R. (C) IHC staining of Angpt2. 
Magnification = 400×. (D) Western blot analysis of Angpt2 and autophagy markers including LC3-B I, LC3-B II and 
Beclin1. (E) Quantification of protein expression. *P<0.05; **P<0.01 vs. sham. #P<0.05 vs. I/R. 
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sion was significantly rescued at both mRNA 
and protein levels (Figure 4A, 4C, 4D). These 
results suggested that downregulation of miR-
145 attenuated the inhibitory effect of FGF21 
on H/R-induced Angpt2 expression. 

In addition, the expression levels of autophagy 
markers including LC3B (LC3B II/I) and Beclin1 
were substantially inhibited in the H/R model 
after the treatment with miR-145 inhibitor 
(Figure 4B, 4D), suggesting miR-145 inhibitor 
rescued FGF21-inhibited autophagy in myoca- 
rdiocytes. 

miR-145 inhibitor rescued FGF21-ihbited cell 
apoptosis and inhibited cell migration after I/R

To examine the role of miR-145 in myocardial 
I/R injury, cell apoptosis was assessed by 
Hoechst 33258 and flow cytometry, and migra-
tion was evaluated by Transwell assay. FGF21 
inhibited cell apoptosis after H/R, but this 
effect was reversed by miR-145 inhibitor 
(Figure 5A, 5C, 5D), suggesting miR-145 inhibi-
tor rescued the inhibitory effect of FGF21 on 
H/R-induced cell apoptosis. After the level of 
miR-145 was suppressed, the levels of proin-
flammatory factors such as TNF-α and IL-6 

were significantly elevated compared with the 
H/R+FGF21 group (P<0.05) (Figure 5B). FGF21 
promoted cell migration after H/R, and this 
effect was reversed by miR-145 inhibitor 
(Figure 5D and 5E), suggesting miR-145 inhibi-
tor inhibited the FGF21 potentiation of cell 
apoptosis anti-inflammatory function after H/R. 
So, miR-145 was involved in FGF21 protection 
against I/R injury via regulation of cell apopto-
sis and cell migration. 

Discussion

Ischemia-reperfusion (I/R) injury causes struc-
tural and functional changes in at the cellular, 
tissue, and organ level, culminating in cell 
death. Apoptosis is the main cause of cell death 
following I/R injury [2, 4]. MiRNA plays a very 
important role in the occurrence and develop-
ment of many diseases including cardiovascu-
lar disease [13]. In the present study, we identi-
fied the important role of miR-145 in the pro-
tective effects of FGF21 against myocardial I/R 
injury. 

As previously demonstrated, H9c2 cardiomyo-
cytes are a recognized cell model of heart isch-
emia-reperfusion injury and treatment [21]. We 
established an in vitro model of I/R with H9c2 
and determined the effect of FGF21/miR-145 
signalling on H9c2 migration. Previous evi-
dence showed that the G-actin sequestering 
peptide thymosin β4 promotes myocardial cell 
migration in the embryonic heart and retains 
this property in postnatal cardiomyocytes, sug-
gesting that cell migration may be important  
for cardiomyocytes in a damaged heart [22]. 
FGF21 is an endocrine factor that is mainly 
expressed in adipose and liver tissues [23]. It 
has been demonstrated that FGF21 improves 
cell survival and protects cells from cytokine-
induced apoptosis through activation of extra-
cellular signal-regulated kinase 1/2 and Akt 
pathways [24]. Endocrine FGF21 may inhibit 
cell death and reduce myocardial infarction in 
I/R injury through the fibroblast-growth factor 
receptor 1 (FGFRR 1)-PI3K-AKT-BAD-caspase-3 
signaling pathway in cardiomyocytes [25]. A 
recent study reported that FGF21 protected 
cardiomyocytes against I/R injury through inhi-
bition of Angpt2 [5]. Consistent with that study, 
we also found that FGF21inhibits H9c2 cell 
apoptosis and myocardial I/R injury and that 
FGF21 downregulates Angpt2. 

Figure 3. miR-145 directly targets the 3’UTR of An-
gpt2 from 303-310. A. The pluc-Reporter luciferase 
vector, wild type (WT)-3’UTR of Angpt2 containing the 
miR-145 binding site, and the corresponding mutat-
ed vectors (MUT) was constructed. B. After transfec-
tion into HEK-293T cells, relative luciferase activity 
was measured. **P<0.01. 
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Figure 4. Downregulation of miR-145 restored FGF21-inhibited Angpt2 expression and autophagy. H9c2 cells were transfected with miR-145 inhibitor and under-
went H/R injury and FGF21 treatment. A. The distribution of Angpt2 was determined by immunofluorescence staining. LSM magnification = 120×. B. The distribution 
of LC3B was determineed by immunofluorescence staining. LSM magnification = 120×. *P<0.05; **P<0.01 vs. H/R+FGF21. The average number of LC3B puncta/
cell was determined. C. Expression levels of miR-145 and Angpt2 were measured by qRT-PCR. *P<0.05; **P<0.01 vs. H/R+FGF21. D. Western blotting analysis of 
Angpt2, LC3-B I, LC3-B II and Beclin1. *P<0.05; **P<0.01 vs. H/R. #P<0.05; ##P<0.01 vs. H/R+FGF21. 



FGF21 protects I/R injury via miR-145-mediated autophagy

3685	 Am J Transl Res 2018;10(11):3677-3688

Figure 5. Downregulation of miR-145 rescued FGF21-inhibited cell apoptosis and inhibited FGF21-promoted cell migration. H9c2 cells were transfected with miR-
145 inhibitor and underwent H/R injury and FGF21 treatment. A. Evaluation of cell apoptosis by Hoechst 33258. LSM magnification = 120×. B. Levels of proinflam-
matory factors TNF-α and IL-6, as measured by ELISA. **P<0.01 vs. H/R. #P<0.05; ##P<0. 01 vs. H/R+FGF21. C. Determination of cell apoptosis by flow cytometry. 
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It has been demonstrated that Angpt2 plays 
important role in heart injury and may be a 
potential predictor of heart disease [26, 27]. 
Angpt2 inhibition prevents transplant-related 
I/R injury in rat cardiac allograft [26]. Angpt2 
may compete with Angpt1 for binding and 
impede the activation of TEK tyrosine kinase 
[28-30]. Angpt2 also contributes to regulation 
of the inflammatory response and apoptosis 
[28]. It was reported that Angpt2 was downreg-
ulated in the model of H/R+FGF21, which pro-
moted energy metabolism in cardiomyocytes 
and consequently led to more efficient cardio-
protective effects of FGF21 [5]. In our study, we 
observed that FGF21 inhibited TNF-α and IL-6 
levels after myocardial H/R injury; it is possible 
that this event is associated with Angpt2 down-
regulation. In tumors, miR-145 acts as tumor 
suppressor via regulation of Angpt2 [17, 18]. 
Our results also suggested that Angpt2 was a 
direct target of miR-145. Collectively, findings 
showed that miR-145 was involved in myocar-
dial I/R injury and that miR-145 was significant-
ly decreased in the rat/mouse heart transplan-
tation-induced I/R injury and myocardial H/R 
cell models [15, 16]. This is consistent with our 
observation of downregulation of miR-145 in 
rat and cell myocardial I/R injury models. 
FGF21 administration increased the miR-145 
levels following I/R injury, suggesting the 
involvement of miR-145/Angpt2 pathway in the 
protective effect of FGF21 from myocardial I/R 
injury. 

In recent studies, autophagy was found to be 
involved in inhibition of cell apoptosis in myo-
cardial I/R injury. In myocardial I/R injury, chlor-
amphenicol treatment induced autophagy and 
significantly reduced infarct size and creatine 
kinase release [31]. Exercise-induced cardiac 
autophagy contributed to cardioprotection from 
I/R injury [32]. N-acetylcysteine (NAC) reduced 
diabetic myocardial I/R injury via inhibiting 
excessive autophagy [10]. Recent evidence in- 
dicated that autophagy was involved in the pro-
tective effect of ischemic post-conditioning 
against myocardial I/R injury [11]. Post-con- 
ditioning with berbamine inhibited I/R-induced 
impairment of autophagosome in cardiomyo-
cytes [9]. Moreover, I/R elicited inflammatory 
responses [12]. Although autophagy is a sur-

vival mechanism for I/R cells, it also augments 
their production of chemokines including IL-6 
[12]. In agreement with previous findings, our 
data also revealed high levels of TNF-α and IL-6 
in the I/R model and alleviation of those 
increases by FGF21. Autophagy was regulated 
by miRNA. A recent study showed that miR-34a 
protects myocardial cells against I/R injury via 
modulation of TNF-α expression [33]. Our 
results indicated that FGF21 induced autopha-
gy, which validates the previous study. However, 
our study is limited by the need for further 
investigation regarding the contribution of 
autophagy as well as the role of Angpt2 on car-
diomyocyte apoptosis and inflammatory 
response by using autophagy and Angpt2 
inhibitors. 

In summary, FGF21 protects myocardial cells 
against I/R injury through the reduction of miR-
145-mediated autophagy, along with the 
increase of miR-145 and suppression of Angpt2 
expression. These results may suggest a novel 
therapeutic approach for reducing myocardial 
I/R injury. 
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