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LRG1 promotes hypoxia-induced cardiomyocyte apoptosis and autophagy by 
regulating hypoxia-inducible factor-1α
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ABSTRACT
Cardiomyocyte apoptosis and autophagy play important roles in acute myocardial infarction 
(AMI), but the effect of leucine-rich alpha-2-glycoprotein 1 (LRG1) on the apoptosis and autop-
hagy of H9c2 has not yet been reported. It was found through differential gene analysis and 
LASSO analysis that LRG1 was the key gene in AMI. In this study, western blot was applied to 
detect the protein expression of Bax, Bcl2, LC3, p62, LRG1 and hypoxia-inducible factor-1α (HIF- 
1α); CCK-8 assay was employed to detect cell viability; Annexin V-FITC/PI staining was adopted to 
evaluate apoptosis, and immunofluorescence assay was applied to detect autophagy. Under 
hypoxia conditions in H9c2 cells, LRG1 protein levels were increased, the cell activity was 
decreased, and apoptosis and autophagy were promoted; the downregulated LRG1 significantly 
enhanced cell viability but inhibited apoptosis and autophagy. When knocking down HIF-1α in 
the overexpressed LRG1 cells, the effects of LRG1 were reversed under hypoxia condition. In 
conclusion, LRG1/HIF-1α promoted H9c2 cell apoptosis and autophagy in hypoxia, potentially 
providing new ideas for the determination and treatment of AMI.
Abbreviation: LRG1: Leucine-rich alpha-2-glycoprotein 1; LRR: leucine-rich repeat; HIF-1α: 
Hypoxia-inducible factor-1α; AMI: acute myocardial infarction
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Introduction

Acute myocardial infarction (AMI) is character-
ized by acute onset, high mortality and disability 
rates. It accounts for 50% of the world’s cardiovas-
cular deaths and is the leading killer of human 
beings [1]. AMI is a kind of ischemic heart disease, 
which mainly refers to myocardial necrosis caused 
by acute and persistent ischemia and hypoxia of 
the coronary artery [2]. Cardiomyocyte injury is 
mainly resulted from irreversible apoptosis of 
some myocardial cells [2]. In the early stages of 
AMI, cardiomyocyte injury is predominantly 
apoptotic [3]. Besides, apoptosis is considered as 
the main source of myocardial cell loss after myo-
cardial infarction (MI) and an important factor in 
ventricular remodeling and the development of 
heart failure [4,5]. Autophagy can be activated by 
cell ischemia, hypoxia and nutritional deficiency. 
Studies have shown that cardiomyocyte autophagy 
can be rapidly activated in the early stages of MI 
and can rescue myocardial cells in the infarct 
margin area and limit the expansion of MI area 

[6,7]. On the contrary, excessive autophagy will 
lead to the development of cardiovascular diseases; 
for example, prolonged hypoxia can induce the 
autophagic death of cardiomyocytes [8]. 
Therefore, cardiomyocyte apoptosis and autop-
hagy play crucial parts in AMI.

In this study, three AMI datasets were down-
loaded from the Gene Expression Omnibus data-
base (GEO, http://www.ncbi.nlm.nih.gov/geo/) 
and analyzed by bioinformatics. It was found that 
leucine-rich alpha-2-glycoprotein 1 (LRG1) is 
a key gene related to AMI. LRG1, as a member 
of the leucine-rich repeat (LRR) family, was first 
isolated from human serum in 1977 [9]. It is 
a secretory glycoprotein, which contains eight 
repeated common sequences, and each of its 
sequences consists of 24 amino acid residues 
[10]. LRG1 was involved in cell proliferation, 
immune response, apoptosis, cell migration and 
angiogenesis [11–14]. Moreover, LRG1 is overex-
pressed in cancers, including pancreatic, bladder, 
ovarian and biliary tract cancers [15–18]. 

CONTACT Shuangshuang Ma s627834713@163.com Department of Emergency, Zhejiang Hospital, 1229 GuDun Road, Hangzhou, Zhejiang, China

BIOENGINEERED
2021, VOL. 12, NO. 1, 8897–8907
https://doi.org/10.1080/21655979.2021.1988368

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/geo/
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2021.1988368&domain=pdf&date_stamp=2021-10-22


However, the role of LRG1 in AMI has not been 
reported yet.

Hypoxia-inducible factor-1α (HIF-1α) was first 
discovered while studying the gene function of 
hepatoma cells [19]. HIF-1α was found regulating 
the transcription of many hypoxia-related genes, 
such as basic metabolism, survival, differentiation 
and apoptosis of cells [20]. HIF-1α is also involved 
in the downstream signal transduction process of 
hypoxic response [21]. HIF-1α/BNIP3 pathway 
can induce the autophagy and apoptosis of H9c2 
during myocardial ischemia–reperfusion injury 
[22]. In this study, the effect of LRG1/HIF-1α on 
the apoptosis and autophagy of hypoxia-induced 
H9c2 cells was explored.

This study aimed to research the role of LRG1 
in AMI, and it was verified by in vitro cell experi-
ments that LRG1/HIF-1α can regulate cell apopto-
sis and autophagy.

Materials and methods

Bioinformatics analysis (differential gene 
analysis + LASSO analysis)

The datasets of AMI were downloaded from the GEO 
database: GSE66360 (49 AMI patients + 50 normal 
subjects) [23], GSE123342 (65 AMI patients + 64 AMI 
patients 30 days after AMI + 37 AMI patients 1 year 
after AMI + 22 stable coronary artery diseases (CADs) 
+ 4 technical repeats) [24] and GSE62646 (28 AMI 
patients (sampled at admission, discharge, and 
6 months after discharge) + 14 stable CADs) [25]. 
Limma was used for differential gene analysis [26]. 
For GSE66360, the differences between AMI patients 
and normal subjects were analyzed; for GSE123342, 
the differences between 65 AMI patients and 22 CAD 
patients were analyzed; and for GSE62646, the differ-
ences between 28 AMI patients (on admission) and 14 
CAD patients were analyzed. The results of difference 
analyses of these three datasets were taken as the 
intersection to identify the differentially expressed 
genes (DEGs, different from normal people or CAD) 
in AMI patients. These DEGs were analyzed by gene 
ontology (GO) terms and Kyoto encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment 
analysis [27]. The protein–protein interaction (PPI) 
network analysis was performed on these genes using 
STRING online software [28]. The DEGs were 

analyzed by LASSO in three datasets to determine 
the final key genes [29].

Cell culture

H9c2 was grown in DMEM-F12 medium (Gibco, 
USA) with 10% fetal bovine serum and cultured in 
a closed incubator with 5% CO2 and 95% relative 
humidity at 37°C. The logarithmic-phase cells 
were treated with hypoxia (1% O2, 5% CO2, and 
94% N2) to establish a hypoxia cell model [30].

CCK-8 assay

H9c2 cells were treated as per different experimen-
tal protocols. Then, according to the instructions 
of CCK-8 Kit (DOJINDO, Japan), CCK-8 reagent 
was added into each well. After 4 h of incubation, 
the absorbance of each group was detected by an 
enzyme-labeled instrument at 450 nm, and the cell 
viability was calculated.

Annexin V-FITC/PI staining

After 12 h of hypoxia treatment, the apoptosis rate of 
cardiomyocytes H9c2 was measured. The hypoxia- 
treated H9c2 was collected. After centrifugation at 
1500 rpm for 5 min, the medium was discarded, and 
the cells were collected. The cells were resuspended 
with a binding buffer (Sigma Company, USA), and the 
cell concentration was 1 × 106 cells/ml. Then, 5 µl 
Annexin V-FITC was added, mixed well, and incu-
bated in the dark for 10 min at 25°C, while 10 µl PI 
(final concentration of 50 µl/ml) was added and incu-
bated in the dark for 5 min at 4°C. FACS420 flow 
cytometry was used to detect and calculate the cell 
mortality. This experiment was conducted three times 
repeatedly, and the average value was obtained.

Immunofluorescence

GFP-LC3 plasmid was transfected into H9c2. After 
the relevant treatment according to different 
experimental protocols, H9c2 was cultured over-
night in a constant temperature incubator. Cells 
were fixed with 4% paraformaldehyde at room 
temperature for 15 min and stained with DAPI 
at room temperature in the dark for 10 min. 
Then, the cells were sealed with mounting medium 
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(DAKO, Denmark) and dried and finally observed 
under a fluorescence microscope [31].

Western blot

The expression of Bax, Bcl2, LC3, p62, LRG1 and HIF- 
1α proteins in H9c2 cardiomyocyte was detected by 
western blot. General procedure: collecting cardio-
myocytes H9c2 treated by certain experiments, 
extracting the total cell protein, and measuring the 
protein concentration by BCA method (Cell 
Signaling Technology (CST), USA). After SDS- 
PAGE electrophoresis, the protein samples were then 
transferred to PVDF membrane and blocked with 
skimmed milk powder, followed by the addition of 
primary antibody (Bax (#14796, CST, 1:1000), Bcl2 
(#3869, CST, 1:1000), LC3 (#3868, CST, 1:1000), p62 
(#23214, CST, 1:1000), LRG1 (ab181882, Abcam, 
1:1000), and HIF-1α (#14179, CST, 1:1000)), and incu-
bated overnight at 4°C. On the following day, perox-
idase-labeled goat anti-rabbit IgG (1:5000) was added 
and incubated for 2 h on a horizontal decolorization 
shaker. An ECL kit (Beyotime Biotechnology, 
Shanghai, China) was applied to detect the bands of 
the western blot. β-actin (#8457, CST, 1:1000) was 
applied as internal reference.

Transfection

Rat cardiomyocytes H9c2 were seeded in six-well 
plates with 5 × 105 cells per well. When the cells 
were fused to about 80%, the serum-free medium 
was replaced, and siLRG1, siHIF-1α, LRG1 over-
expression plasmids or their corresponding nega-
tive controls (siNC or OE-NC) were transfected 
according to the instructions of Lipofectamine 
(Thermo Fisher, USA). Serum-free Opti-MEM 
medium was taken and incubated for 5 min at 
room temperature by adding 6 µl Lipofectamine 
3000. After that, siNC, siLRG1, siHIF-1α, OE-NC 
or LRG1 overexpression plasmids were added to 
mix them well. After incubation at 25°C for 
20 min, the mixture was added to the cells and 
cultured with the cells for 6 h. The culture medium 
was removed and replaced with DEME-F12 med-
ium containing 10% fetal bovine serum. The cells 
were further cultured for 24 h.

Statistical analysis

Statistical software SPSS 27.0 was employed to 
analyze the data. Data were expressed as mean ± 
standard deviation (x ± s), and t-test was used to 
compare data between the two groups. One-way 
ANOVA was applied to compare data between 
multiple groups. When P < 0.05, the difference 
was regarded statistically significant.

Results

In this study, we aimed to research the role of LRG1 in 
AMI, and it was verified that LRG1 could promote 
hypoxia-induced cardiomyocyte apoptosis and autop-
hagy by regulating HIF-1α. At first, it was found 
through differential gene analysis and LASSO analysis 
that LRG1 was the key gene in AMI. Then, rat cardi-
omyocytes H9c2 were treated with hypoxia to estab-
lish a hypoxia cell model. Apoptosis and autophagy 
were evaluated by Annexin V-FITC/PI staining and 
immunofluorescence assay. Finally, siHIF-1α was 
applied to verify that LRG1 produced a marked effect 
by regulating HIF-1α.

Bioinformatics analysis results

As seen from the results of the difference analysis, 
there were 377 DEGs in GSE66360 (301 were upregu-
lated and 76 were downregulated); 671 DEGs in 
GSE123342 (606 were upregulated and 65 were down-
regulated); and 396 DEGs in GSE62646 (175 were 
upregulated and 221 were downregulated) (Figure 1 
(a)). Using the Venn diagram, 13 common upregu-
lated DEGs and 1 common downregulated DEG were 
found among the three datasets (Figure 1(b)). 
Through GO enrichment analysis, these 14 shared 
DEGs were shown mainly enriched in GO terms 
such as tertiary granule, and neutrophil activation 
involved in immune response (Figure 1(c)). KEGG 
enrichment analysis displayed that these genes were 
significantly enriched in the B-cell receptor signaling 
pathway, osteoclast differentiation, and other path-
ways (Figure 1(d)). PPI network analysis of these 
genes revealed protein interactions in 10 of them 
(Figure 1(e)). By LASSO analysis, 7 of 14 genes were 
retained in GSE62646, 11 in GSE6636 and 10 in 
GSE123342 (Table 1). The four genes simultaneously 
retained in the three datasets were LILRB2, ZFP36, 
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LRG1 and CYP1B1, and they were all elevated at the 
onset of AMI and then returned to normal levels as 
observed in GSE123342 (Figure 1(f)). Studies have 
reported that LRG1 can be used as a judgment index 
for the early occurrence and prognosis evaluation of 
AMI [22], but the specific mechanism of action has 
not been investigated. In this study, through in vitro 
cell experiments, the role of LRG1 in cardiomyocyte 
injury was studied.

Hypoxia inhibits H9c2 cell viability, promotes 
apoptosis and autophagy, and promotes LRG1 
expression

Hypoxia-induced cardiomyocyte H9c2 mimicked 
an AMI cell model in vitro. A significant decrease 
in cell viability was shown by CCK-8 assay under 
prolonged hypoxia treatment, but no significant 
change was displayed in cell viability beyond 12 h 

(Figure 2(a)). According to Annexin V-FITC/PI 
staining results, the apoptotic rate increased after 
hypoxia treatment (Figure 2(b)), and western blot 

Figure 1. Bioinformatics analysis results. (a) The differential genes heatmap of GSE62646, GSE66360 and GSE123342; (b) Venn 
diagram of DEGs; (c) GO enrichment analysis of 14 common DEGs; (d) KEGG enrichment analysis of 14 common DEGs; (e) PPI analysis 
of common differential genes; (f) The expression of four key genes at different stages in GSE123342.

Table 1. LASSO analysis results of 14 common DEGs in 3 
datasets.

GSE62646 GSE66360 GSE123342

(Intercept) −68.6401 −17.5185 −0.9315
BCL6 0 1.009885 −1.26556
SLC11A1 0 1.277634 2.567696
LILRB2 0.153351 0.036732 1.77565
CDA 0 0.517451 0
ZFP36 2.422645 1.170204 0.995548
AQP9 0 0 0.768797
LRG1 0.280353 0.239079 0.752645
CSF3R 0.080199 0 −5.21579
DYSF 0 0.17646 0
LILRA2 0 −0.30752 0
CYP1B1 0.360468 0.449016 0.864412
CFP 3.222292 0 0
GZMK 0 −0.99028 −0.68488
STEAP4 0 −1.05143 1.196072

The numbers in the table represent the coefficients of each gene in the 
LASSO model. 
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results showed that the expression of pro-apoptotic 
protein Bax increased, while the expression of the 
anti-apoptotic protein Bcl2 decreased (Figure 2(d)). 
To detect the autophagy of H9c2, immunofluores-
cence assay was used to detect the formation of LC3 
punctations. After 12 h of hypoxia treatment, plenty 
of green punctations were formed in the cells, indi-
cating that there were more autophagosomes 
(Figure 2(c)); Figure 2(d) shows that the expression 
of autophagic protein LC3-II increased, while the 
expression of p62 decreased. The above results sug-
gested that hypoxia inhibited the cell viability of 
H9c2 and promoted its apoptosis and autophagy. 
Besides, it was shown by western blot analysis that 
LRG1 expression was upregulated in hypoxia- 
treated H9c2 cardiomyocyte (Figure 2(d)).

Downregulated LRG1 enhances the cell viability 
and inhibits the apoptosis of cardiomyocyte 
H9c2

To analyze the effect of LRG1 on H9c2 under 
hypoxia conditions, siNC or siLRG1 was transfected 
into H9c2 and then cultured under hypoxia condi-
tions for 12 h. Figure 3(a) displays the good inter-
ference effect of siLRG1. CCK-8 results showed that 

the knockdown of LRG1 restored the reduced cell 
viability induced by hypoxic conditions (Figure 3 
(b)). Additionally, the results of Annexin V-FITC/PI 
staining illustrated that the downregulation of LRG1 
decreased the apoptotic rate of H9c2 in hypoxic 
conditions (Figure 3(c)). We further explored the 
expression levels of apoptosis-related genes. 
Western blot results showed that the knockdown 
of LRG1 under hypoxic conditions reduced the 
expression of Bax and promoted the expression of 
Bcl-2 (Figure 3(d)). The above results indicated that 
the downregulation of LRG1 enhanced the viability 
of cardiomyocyte H9c2 and inhibited their apopto-
sis under hypoxia conditions.

Downregulated LRG1 inhibits autophagy

H9c2 was transfected with siNC or siLRG1 and 
then incubated under hypoxia conditions for 12 h. 
Immunofluorescence experiments displayed that 
the downregulation of LRG1 resulted in fewer 
green bright punctations in cells, indicating that 
there were fewer autophagosomes and hypoxia- 
induced autophagy was inhibited (Figure 4(a)). 
Western blot results showed that the downregu-
lated LRG1 decreased the expression of autophagy 

Figure 2. Effect of hypoxia on H9c2. (a) Cell viability was detected by CCK-8 after hypoxia treatment (0, 4, 8, 12, 18, 24 h); (b) 
Apoptosis was detected by Annexin V-FITC/PI staining; (c) Autophagy was detected by immunofluorescence assay (the scale 
bars = 50 μm); (d) Western blot was used to detect the expression of Bax, Bcl2, LC3, p62 and LRG1 protein. *P < 0.05, 
**P < 0.01, ***P < 0.001.
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protein LC3-II and increased the expression of p62 
under hypoxic conditions (Figure 4(b)). The above 
results indicated that downregulated LRG1 inhib-
ited hypoxia-induced autophagy.

LRG1 regulates the expression of HIF-1α in H9c2

HIF-1α functions as a regulator of the adaptive 
response to hypoxia and plays an important role 
in AMI. It was found that LRG1 could affect 
hypoxia-induced apoptosis and autophagy, and 
we would further explore whether LRG1 could 
regulate the expression of HIF-1α. It was revealed 
by western blot results that LRG1 overexpression 
plasmid led to the increase of LRG1 and HIF-1α, 
while siLRG1 reduced the expression of LRG1 and 
HIF-1α (Figure 5(a,b)). The above results implied 
that LRG1 regulated the expression of HIF-1α in 
H9c2.

Downregulated HIF-1α reverses the effect of 
LRG1 on H9c2 viability and apoptosis

To analyze whether the effect of LRG1 on H9c2 
cardiomyocyte is related to HIF-1α, H9c2 was 
transfected with OE-NC, LRG1, siNC or siHIF- 
1α and then cultured under hypoxia conditions 
for 12 h. A good interference effect of siHIF-1α is 
shown in Figure 6(a). The results of CCK-8 
manifested that the overexpressed LRG1 
decreased cell viability compared with the 
hypoxia+OE-NC group, and the knockdown of 
HIF-1α completely restored the effect of LRG1 
on cell viability under hypoxic conditions 
(Figure 6(b)). Annexin V-FITC/PI staining 
results revealed that compared with the hypoxia 
+OE-NC group, the overexpressed LRG1 signifi-
cantly increased the apoptotic rate, and the 
depletion of HIF-1α decreased the effect of 
LRG1 in promoting apoptosis under hypoxic 
conditions (Figure 6(c)). In addition, the 

Figure 3. Effect of LRG1 on cell viability and cell apoptosis in H9c2. (a) The interference effect of siLRG1 was detected by western 
blot; (b) Cell viability was detected by CCK-8; (c) Apoptosis was detected by Annexin V-FITC/PI staining; (d) Western blot was used to 
detect the expression of Bax and Bcl2 protein. When normoxia as control, ***P < 0.001. When hypoxia + siNC as control, ##P < 0.01, 
###P < 0.001.
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overexpressed LRG1 promoted the expression of 
Bax but inhibited the expression of Bcl2, and the 
knockdown of HIF-1α reversed the regulation of 
LRG1 on Bax and Bcl2 (Figure 6(d)). The above 
results showed that downregulated HIF-1α 
reversed the effect of LRG1 overexpression plas-
mid on cardiomyocyte H9c2 viability and 
apoptosis.

Downregulated HIF-1α reverses the effect of 
LRG1 on H9c2 autophagy

H9c2 was transfected with OE-NC, LRG1, siNC or 
siHIF-1α and then incubated under hypoxia condi-
tions for 12 h. Immunofluorescence experiments 

showed that compared with the hypoxia+OE-NC 
group, the overexpressed LRG1 caused a substantial 
number of green bright punctations in the cells, 
indicating that autophagosomes were increased and 
autophagy was promoted (Figure 7(a)). The results 
of western blot displayed that the expression of the 
autophagia protein LC3-II was significantly elevated, 
whereas p62 was decreased (Figure 7(b)). Compared 
with the hypoxia + LRG1+ siNC group, autophago-
somes were reduced, and autophagy was inhibited in 
the hypoxia + LRG1+ siHIF-1α group when the 
expression of HIF-1α was downregulated (Figure 7 
(a)); correspondingly, the LC3-II expression was sig-
nificantly reduced, and p62 expression was increased 
(Figure 7(b)). The above results showed that 

Figure 4. Effect of LRG1 on autophagy. (a) Autophagy was detected by immunofluorescence assay (the scale bars = 50 μm); (b) LC3 
and p62 protein expression were detected by western blot.

Figure 5. Effect of LRG1 on HIF-1α in normoxia H9c2. (a) Western blot was applied to detect the effect of LRG1 overexpression 
plasmid and siLRG1; (b) Western blot was used to detect HIF-1α protein expression.
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downregulated HIF-1α reversed the effect of LRG1 
overexpression plasmid on cardiomyocyte H9c2 
autophagy.

Discussion

With the increasing stress in people’s lives, the inci-
dence of AMI is on the rise and tends to be younger 

[32]. Moreover, the mortality rate of cardiovascular 
diseases is higher than that of cancer, and more than 
half of all cardiovascular deaths are caused by AMI 
[33]. In recent years, the search for marker mole-
cules with high sensitivity and specificity for the 
timely diagnosis, prevention and control of the 
occurrence and development of AMI has become 

Figure 6. siHIF-1α reversed the effect of LRG1 on H9c2 viability and cell apoptosis. (a) The interference effect of siHIF-1α was 
detected by western blot; (b) Cell viability was detected by CCK-8; (c) Apoptosis was detected by Annexin V-FITC/PI staining; (d) 
Western blot was used to detect the expression of Bax and Bcl2 protein. When normoxia as control, ***P < 0.001. When hypoxia+OE- 
NC as control, ###P < 0.001. When hypoxia+LRG1+ siNC as control, &&P < 0.01.

Figure 7. siHIF-1α reversed the effect of LRG1 on autophagy in H9c2. (a) Autophagy was detected by immunofluorescence assay (the 
scale bars = 50 μm); (b) LC3 and p62 protein expression were detected by western blot.
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a research hotspot for the treatment and prognosis 
evaluation of AMI [34,35].

In this study, three AMI datasets were down-
loaded from GEO, and after the differential gene 
analysis was performed, and the intersection was 
taken, the common DEGs of the three datasets 
were obtained. These DEGs were then subjected 
to GO and KEGG enrichment analysis and PPI 
network analysis. To further narrow down the 
target genes studied, LASSO analysis was per-
formed on the three datasets, and the results 
were intersected. Finally, four key genes related 
to AMI including LILRB2, ZFP36, LRG1, CYP1B1 
were obtained. Besides, some studies have reported 
that LRG1 can be used as a predictor for the early 
occurrence and prognosis evaluation of AMI [22], 
but the specific mechanism of LRG1 has not been 
reported yet.

In this study, an in vitro cell model was estab-
lished by hypoxia treatment of cardiomyocyte H9c2. 
It was found that hypoxia inhibited the viability and 
promoted the apoptosis of H9c2 cells, and autop-
hagy was also enhanced. It was also found that 
hypoxia treatment promoted the expression of 
LRG1 in cardiomyocyte H9c2. The results suggested 
that LRG1 might be associated with the apoptosis 
and autophagy of cells. We depleted the endogenous 
expression of LRG1 in H9c2, and an enhanced cell 
viability and a decrease in cell apoptosis and autop-
hagy were observed under the hypoxic condition. 
Consistent with this phenomenon, we examined 
that the knockdown of LRG1 promoted the expres-
sion of Bcl2 but decreased the expression of Bax. 
Bax and Bcl2 are positively and negatively regulated 
apoptotic proteins. When the expression of Bcl2 is 
higher than that of Bax, the cell area survives; other-
wise, the cell area is apoptotic [36]. Meanwhile, the 
LRG1 protein expression was downregulated by 
siLRG1 in H9c2 treated with hypoxia, and it was 
found that the autophagosome became less, the 
expression of autophagic protein LC3-II decreased, 
and the expression of p62 increased. The results 
demonstrated that changes in LRG1 protein expres-
sion affected the apoptosis and autophagy of H9c2 
cardiomyocyte.

HIF-1α, as an important regulator of MI, has 
been reported in numerous studies; for example, it 
was reported that HIF-1α/miR-10b-5p/PTEN 
affected hypoxia-induced cardiomyocyte apoptosis 

[37]; and the enhanced expression of cytokines HIF- 
1α and vascular endothelial growth factor can pro-
mote angiogenesis after AMI [38]. This study found 
that LRG1 upregulation significantly increased HIF- 
1α expression, while siLRG1 reduced the expression 
of HIF-1α. Furthermore, a study has reported that in 
colorectal cancer, HIF-1α is induced by LRG1 in 
a concentration- and time-dependent manner, and 
LRG1/HIF-1α can regulate epithelial–mesenchymal 
transition and angiogenesis [39]. Meanwhile, LRG1 
modulates HIF-1α stability and promotes keratino-
cyte migration and wound repair by elevating ELK3 
levels [40]. In this study, it was found that the 
downregulation of HIF-1α reversed the effects of 
LRG1 in H9c2.

Conclusion

All the above results indicated that LRG1/HIF-1α 
was associated with apoptosis and autophagy in 
hypoxia-induced H9c2 cardiomyocyte damage. 
Hypoxia reduces cell activity and promotes apop-
tosis and autophagy by upregulating the expres-
sion of LRG1 and HIF-1α. This study provides 
theoretical support for the role of LRG1 in AMI.

Highlights

(1) It was found that LRG1 is the key gene in 
AMI by differential gene analysis and 
LASSO analysis.

(2) Hypoxia inhibits H9C2 cell viability, pro-
motes apoptosis and autophagy, and pro-
motes LRG1 expression.

(3) LRG1 promotes the apoptosis and autop-
hagy of hypoxia-induced H9c2 cells by reg-
ulating HIF-1α.
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