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Abstract. – OBJECTIVE: Acute myocardial in-
farction (AMI) contributes to long-term cardiac 
ischemia induced by hypoxia. Long non-cod-
ing RNAs (lncRNAs) affect the development and 
progression of heart diseases. This study ex-
plored the role and mechanism of lncRNA X in-
active specific transcript (XIST) in H9c2 cells 
with hypoxia-induced injury. 

MATERIALS AND METHODS: Methyl-thi-
azolyl-tetrazolium (MTT), transwell, and flow cy-
tometry assays were employed to analyze the 
survival, invasion, migration, and apoptosis of 
H9c2 cells under different conditions, respec-
tively. Expression of related genes was deter-
mined by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) or Western blot. 

RESULTS: XIST was over-expressed in H9c2 
cells with hypoxia-induced injury, and the si-
lence of XIST alleviated cell injury. Up-regula-
tion of XIST promoted the expression of B-cell 
lymphoma 2-Associated X (Bax) through com-
petitive binding to miR-150-5p.

CONCLUSIONS: XIST protects cardiomyo-
cytes from hypoxia-induced injury by mediating 
miR-150-5p/Bax axis, suggesting that XIST is an 
important target for AMI treatment.
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Apoptosis.

Introduction

Cardiovascular diseases (CVDs) are diseases 
with the highest morbidity and mortality in the 
world, and mortality will rise to 36.6% by 20201. 
As a common CVD, acute myocardial infarction 
(AMI) poses a great threat to human health2. Cor-
onary atherosclerosis-induced vascular stenosis 
causes myocardial ischemia and hypoxia, resulting 
in myocardial injury, eventually leading to AMI, 
and long-term ischemia may lead to cardiomyo-
cyte death3,4. Cardiomyocyte necrosis, apoptosis, 
and subsequent excessive inflammation are the 

leading causes of cardiomyocyte injury and loss of 
function5,6. However, the mechanisms of AMI have 
not been clearly explained, so we performed relat-
ed tests to improve the condition of AMI patients 
and to provide references for clinical treatment.

Long chain non-coding RNA (lncRNA, >200 
nt7) was initially considered as a transcriptional 
“noise” for its incapability to encode proteins direct-
ly8. However, Bhan et al9 and Zhang et al10 found that 
lncRNA participates in various biological regulato-
ry processes and plays a vital role in angiogenesis, 
DNA damage, microRNA (miR) silencing, cell in-
vasion and metastasis, and programmed cell death. 
Zhuo et al11 point out that lncRNA small nucleolar 
host gene 8 (SNHG8) is a key regulator of AMI 
and Yang et al12 demonstrate that knocking down 
lncRNA antisense noncoding RNA in the INK4 
locus (ANRIL) alleviates cardiomyocyte apoptosis 
in AMI by regulating IL-33/ST2. LncRNA X inac-
tive specific transcript (XIST) is located on human 
Xq13.2 chromosome13 and is highly expressed in liv-
er cancer, lung cancer, and gastric cancer14-16. There 
is evidence that XIST is also highly expressed in 
AMI17, but the further mechanism is unclear.

Competing endogenous RNAs (ceRNAs) are 
newly proposed to reveal the interactions among 
RNAs. LncRNA affects miR expression by com-
petitive binding to microRNA response elements 
(MREs), thus regulating transcription of down-
stream target genes and participating in biological 
processes18. Therefore, in this study, we explored 
the relevant mechanism of XIST in AMI by ana-
lyzing downstream miRs of XIST.

Materials and Methods

Cell Culture
H9c2 cells (mouse embryonic cardiomyo-

cytes; American Type Culture Collection, ATCC, 
Manassas, VA, USA, catalog number: CRL-1446) 
were cultured in Dulbecco’s Modified Eagle’s Me-
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dium (DMEM; Gibco, Grand Island, NY, USA, 
catalog number: 11965092) with penicillin (100 
U/mL)/streptomycin (100 μg/mL; Gibco, Grand 
Island, NY, USA, catalog number: 15140163) and 
10% fetal bovine serum (FBS; Gibco, Grand Is-
land, NY, USA, catalog number: 16000044). The 
cells were subject to incubation at 37°C, 95% air 
and 5% CO2. When reaching 80% confluence, 
they were transferred to DMEM (0.5% FBS) for 
1-hour starvation. To establish hypoxia models, 
cells were transferred to a hypoxia incubator with 
94%N2, 1%O2, and 5% CO2 for 4 h.

Cell Transfection
The short hairpin RNA (sh-XIST) and the neg-

ative control (sh-NC) were designed (GenePhar-
ma, Shanghai, China). In addition, pcDNA3.1-Bax 
(B-cell lymphoma 2-Associated X) was synthe-
sized with Bax sequence and pcDNA3.1(Invit-
rogen, Carlsbad, CA, USA). Constructed miR-
150-5p-mimics and miR-150-5p-inhibit were 
transfected into H9c2 cells using Lipofectamine 
2000 kit (Invitrogen, Carlsbad, CA, USA, catalog 
number: 11668019) in G418 medium.

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reaction 
(qRT-PCR)

The total RNAs were sampled with a TRIzol kit 
(Invitrogen, Carlsbad, CA, USA, catalog number: 
15596018), and the purity, concentration, and integ-
rity were measured by an ultraviolet spectrophotom-
eter and agarose gel electrophoresis. Reverse tran-
scription was performed using a TaqMan™ reverse 
transcription kit (Invitrogen, Carlsbad, CA, USA, 
catalog number: 4304134). The cDNAs obtained 
were subjected to subsequent research. PCR amplifi-
cation was carried out using a PrimeScript RT Mas-
ter Mix kit (TaKaRa Bio, Otsu, Shiga, Japan, catalog 
number: RR036B), with the amplification system 
containing 2 μL cDNA, 0.8 μL each upstream and 
downstream primers, 10 μL SYBR qPCR Mix, 0.4 
μL 50× Rox reference dye, and finally made up to 20 
μL with RNase-free water. PCR conditions: pre-de-

naturation at 95°C for 60 s, denaturation at 95°C for 
30 s, annealing, and extension at 60°C for 40 s, for 
40 cycles. Three parallel repeating wells were de-
signed, and all samples were repeatedly tested for 3 
times. U6 and glyceraldehyde-3-phosphate dehydro-
genase (GADPH) were served as internal referenc-
es, and 2-DDct was used for data analysis19. The PCR 
instrument was 7500PCR from Applied Biosystems 
(Foster City, CA, USA). The sequence of primers is 
shown in Table I.

Cell Viability Assay
After hypoxia induction for 4 h, the cells were 

transferred to a 96-well plate (1*105 cells/well) and 
incubated for 72 h at a 37°C-incubator containing 
95% air and 5% CO2. Then, 20 μL methyl thiazolyl 
tetrazolium (MTT) reagent (5 mg/mL, Invitrogen, 
Carlsbad, CA, USA, catalog number: M6494) was 
put into each well, and the supernatant was removed 
after incubation at 37°C for 4 h. Afterwards, 150 μL 
dimethyl sulphoxide (DMSO, Invitrogen, Carlsbad, 
CA, USA, catalog number: D12345) was transferred 
to each well and shaken for 10 min to ensure full dis-
solution. A microplate reader was applied to read the 
optical density (OD) value at 490 nm wavelength.

Cell Invasion Assay
Cell invasion was determined by transwell. 

The transfected cells plated in a 6-well plate 
were incubated for 24 h. The apical chamber was 
filled with Matrigel (1:20, Corning, Corning, NY, 
USA) and cells (1*105 cells/mL) collected using 
serum-free medium. A total of 750 μL 10% FBS 
was put into the basolateral chamber. Afterwards, 
the plate was placed in a 37°C, 5% CO2 incubator 
for 12 h. The infiltrated cells were permeated for 
20 min with methanol and dyed with 0.1% crystal 
violet in a darkroom. Finally, the cells were quan-
tified using a microscope.

Cell Apoptosis Assay
Annexin V apoptosis detection kit was em-

ployed to determine cell apoptosis. Transfected 
cells were dyed for 25 min with Annexin V-flu-

Table I. Primer sequences.

Gene	  Forward primer	 Reverse primer 

LncRNA XIST	 5’-CTCTCCATTGGGTTCAC-3’	 5’-GCGGCAGGTCTTAAGAGATGAG-3’
MiR-150-5p	 5’-TCGGCGTCTCCCAACCCTTGTAC-3’	 5’-GTCGTATCCAGTGCAGGGTCCGAGGT-3’
Bax	 5’-CCAGCTCTTTAATGCCCGTT-3’	 5’-CGTCCCAAAGTAGGAGAGGA-3’
U6	 5’-ATTGGAACGATACAGAGAAGATT-3’	 5’-GGAACGCTTCACGAATTTG-3’
GADPH	 5’-AGCCACATCGCTCAGACAC-3’	 5’-GCCCAATACGACCAAATCC-3’
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orescein isothiocyanate (FITC) and propidium 
iodide (PI), then evaluated with a flow cytometry 
(BD FACSCanto™ II; Franklin Lakes, NJ, USA).

Dual-Luciferase Reporter Assay
DNA oligonucleotide along with pMiR-Re-

porter Vector was employed to construct report-
er vectors. XIST wild type/mutant (XIST-WT/
MUT) and Bax-WT/MUT were transfected into 
HEK293 cells with miR-150-5p-mimics and neg-
ative control (miR-NC), respectively. The cells 
were incubated for 24 h to detect Luciferase activ-
ity with a Dual-Luciferase reporter kit (Promega, 
Madison, WI, USA).

RNA Immunoprecipitation (RIP)
RIP was conducted with an EZ-Magna RIP 

kit (Millipore, Billerica, MA, USA). The specific 
steps were as follows: H9c2 cells were lysed us-
ing radio immunoprecipitation assay (RIPA) buf-
fer, and then the protein extract was cultured with 
RIP washing buffer comprising magnetic beads 
bound with anti-Argonaute2 (AgO2; Millipore, 
Billerica, MA, USA) or normal mouse immuno-
globulin G (IgG). Protease K was used to digest 
the sample protein so as to extract immunopre-
cipitated RNA. QRT-PCR analyzed the purified 
RNA to confirm the existence of targets.

Western Blot
The proteins were lysed with RIPA buffer 

(Cell Signal Technology, Inc., Danvers, MA, 
USA), and the concentration and quantification 
were determined with a bicinchoninic acid (BCA) 
kit (Beyotime Biotechnology, Shanghai, China). 
Afterwards, transferred with the proteins after 
electrophoresis, the polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA) was sealed with skim milk and cultured 
overnight with primary antibody at 4°C. There-
after, the membrane was incubated along with 
beta-actin secondary antibody for another 1 h at 
indoor temperature. The bands were visualized 
by enhanced chemiluminescence (ECL) detection 
system (Thermo Fisher Scientific, Waltham, MA, 
USA).

Statistical Analysis
GraphPad 7 (GraphPad Inc., San Diego, CA, 

USA) was employed for building graphs and pro-
cessing data. Inter-group comparison was con-
ducted with independent t-test, and multi-group 
comparison with one-way analysis of variance 
(ANOVA) (denoted by F). The post-hoc compar-

ison was conducted with Fisher’s least significant 
difference-t test, the expression at multiple time 
points was analyzed with repeated measurement 
ANOVA (denoted by F), and the post-hoc test was 
carried out with Bonferroni. p < 0.05 was consid-
ered as statistically significant difference.

Results

Expression of XIST in Mice with AMI
 
To determine the expression of XIST in AMI 

mice, we established I/R models, and the model-
ing was examined through the cardiac function of 
mice and hematoxylin-eosin (HE) staining. Sub-
sequently, it was turned out that the expression of 
XIST in the model group was remarkably elevat-
ed than that in the control group (Figure 1).

XIST is Highly Expressed 
in Hypoxic H9c2 Cells

After hypoxia induction for 4 h, the viability, 
migration, and apoptosis in H9c2 cells were de-
tected. The results showed that the viability was 
significantly inhibited after hypoxia induction, 
the invasion was slowed down, and the apoptot-
ic rate was significantly increased. Besides, the 
expression of hypoxia-inducible protein (HIF-α) 
and apoptosis-associated proteins (Caspase-3 and 
Caspase-9) in H9c2 cells was also elevated after 
hypoxia induction. In addition, the relative ex-
pression of XIST was increased. These indicated 
that XIST was involved in hypoxia-induced inju-
ry in H9c2 cells (Figure 2).

Knockdown of XIST Alleviates 
Hypoxia-Induced Injury in H9c2 Cells

We confirmed the over expression of XIST in 
H9c2 cells. To prove that XIST alleviates of H9c2 
cell injury, we knocked down its expression. Hy-
poxia+sh-NC and Hypoxia+sh-XIST groups were 
established respectively. After knocking down 
XIST, the cell viability in Hypoxia+sh-XIST group 
was remarkably increased compared with Hypox-
ia group, the invasion was accelerated, and the 
apoptotic rate was reduced. Protein detection also 
showed that the expression of HIF-α, Caspase-3, 
and Caspase-9 proteins in Hypoxia+sh-XIST 
group was remarkably decreased compared with 
the Hypoxia group. These findings indicated that 
knocking down XIST inhibited apoptosis of H9c2 
cells and improved cell viability (Figure 3).



Figure 1. Expression of XIST in mice with AMI. A, Changes of LVEF after modeling. B, Changes of FS after modeling. C, 
Changes of LVEDD after modeling. D, Changes of LVESD after modeling. E, Changes of XIST after modeling. LVEF: left 
ventricular ejection fraction; FS: fractional shorting; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular 
end systolic diameter.
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Figure 2. Changes of H9c2 cells and expression of XIST after hypoxia induction. A, Viability of H9c2 cells after hypoxia 
induction. B, Invasion of H9c2 cells after hypoxia induction. C, Apoptotic rate of H9c2 cells after hypoxia induction. D, 
Relative expression of HIF-α, Caspase-3, and Caspase-9 proteins in H9c2 cells after hypoxia induction. E, Changes of XIST 
expression in H9c2 cells after hypoxia induction. ** p<0.01.
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XIST Serves as A MiR-150-5p 
Sponge

Through StarBase 3.0, we noticed that XIST 
shared targeted binding sites with miR-150-5p. 
Then, we performed RIP and Dual-Luciferase 
reporter assay to exhibit the association between 
the two. RIP illustrated that both miR-150-5p and 
XIST could be precipitated by Ago2 and neither 
could be precipitated by IgG. Dual-Luciferase re-
porter assay demonstrated that the fluorescence 
activity of XIST-WT was suppressed by miR-150-
5p-mimics and enhanced by miR-150-5p-inhibit. 
Moreover, it found out that miR-150-5p was el-
evated in cells transfected with sh-XIST. These 
results confirmed that XIST functioned as a miR-
150-5p sponge to produce regulatory effect (Fig-
ure 4).

Up-regulation of MiR-150-5p Inhibits 
Bax and Reduces Apoptosis 
of H9c2 Cells

To explore the mechanism of miR-150-5p, we 
predicted its downstream target genes using Star-
base 3.0 and found that Bax shared targeted bind-
ing sites with miR-150-5p, which was confirmed 
by Dual-luciferase reporter assay. The relative ex-
pression of Bax protein and mRNA in H9c2 cells 
was significantly inhibited after miR-150-5p was 
up-regulated, while the results were reversed after 
miR-150-5p was knocked down. To further deter-
mine the relationship between the two, miR-NC+-
si-NC, pcDNA3.1-Bax, miR-150-5pmimics, and 
pcDNA3.1-Bax+miR-150-5p-mimics were trans-
fected into H9c2 cells for hypoxia induction. The 
cell viability, invasion, as well as apoptosis were 

Figure 3. Effects of knockdown of XIST on H9c2 cells. A, Changes of relative expression of XIST in H9c2 cells after sh-
XIST transfection. B, Influences of sh-XIST transfection on viability. C, Influences of sh-XIST transfection on invasion. D, 
Influences of sh-XIST transfection on apoptosis. E, Influences of sh-XIST transfection on expression of HIF-α, Caspase-3, and 
Caspase-9 proteins. *p<0.05, **p<0.01.
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detected. The apoptosis of cells transfected with 
pcDNA3.1-Bax was significantly accelerated, and 
the viability and invasion were weakened. Howev-
er, the results were reversed after co-transfection of 
miR-150-5pmimics and pcDNA3.1-Bax. Western 
blot indicated that Bax, Caspase-3, and Caspase-9 
proteins decreased and the Bcl-2 increased after 
up-regulating miR-150-5p, but the outcome was re-
versed after co-transfection, suggesting that miR-
150-5p targeted Bax to regulate cell apoptosis, thus 
affecting cell viability and invasion (Figure 5).

XIST Inhibits Apoptosis of H9c2 Cells
by Mediating MiR-150-5p/Bax Axis

We established sh-XIST+miR-150-5p-inhibit, 
sh-XIST+pcDNA3.1-Bax to verify that XIST can 
protect cardiomyocytes via the miR-150-5p/Bax 
axis. Cell viability and invasion were enhanced, 
and the apoptosis was decreased after knockdown 

of XIST. However, the results were reversed after 
co-transfection with miR-150-5p-inhibit or pcD-
NA3.1-Bax. Western blot also revealed that Bax, 
Caspase-3, and Caspase-9 proteins in H9c2 cells 
were down-regulated and Bcl-2 was up-regulated 
and the results were reversed after co-transfection 
(Figure 6).

Discussion

Hypoxia-induced cardiomyocyte injury con-
tributes to AMI, heart failure, and other CVDs20,21. 
Despite the great advancements in medical tech-
nology and the improvement of prognosis of pa-
tients, CVDs still have the highest mortality and 
prevalence in the world22,23. Therefore, exploring 
the mechanism of hypoxia-induced cardiomyo-
cyte injury is a top priority.

Figure 4. XIST shares targeted binding sites with miR-150-5p. A, Expression of miR-150-5p in cells transfected with miR-
150-5p inhibit or mimics. B, Binding sites between XIST and miR-150-5p. C, Dual-Luciferase reporter assay indicates the 
targeting relation between miR-150-5p and XIST. D, RIP shows that XIST and miR-150-5p can be precipitated by Ago2. E, 
Relative expression of miR-150-5p in cells transfected with sh-XIST.
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LncRNAs are involved in the progression of 
tumors, CVDs, and neurological diseases24-26. 
XIST, the first class of lncRNA discovered, is 
highly expressed in gastric cancer27 and myocar-

dial anoxia/reperfusion injury17. However, the rel-
evant mechanism remains unknown. In this study, 
the expression of XIST was remarkably elevated 
in hypoxic H9c2 cells, cell viability and invasion 

Figure 5. MiR-150-5p targets Bax to inhibit apoptosis of H9c2 cells. A, Targeted binding sites between Bax and miR-150-
5p. B, Dual-Luciferase reporter assay confirms the targeting relation between Bax and miR-150-5p. C, MRNA and protein 
expression in H9c2 cells transfected with miR-150-5p inhibit or mimics. D, Relative expression of Bax in cells transfected 
with pcDNA3.1-Bax. E, Changes of cell viability after transfection. F, Changes of invasion after transfection. G, Changes of 
apoptosis after transfection. H, Changes of protein expression after transfection.
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Figure 6. XIST enhances the viability of H9c2 cells by mediating miR-150-5p/Bax-axis. A, Changes of cell viability after 
co-transfection. B, Changes of cell invasion after co-transfection. C, Changes of apoptosis after co-transfection. D, Changes 
of protein expression after co-transfection
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were significantly enhanced, and the apoptosis 
was reduced after knocking down XIST, which 
indicated that XIST was a potential target for the 
treatment of CVDs. Therefore, we explored the 
related mechanism.

MiRs, a hot topic in various disciplines, are a 
kind of small non-coding RNAs (~21-25 nucleo-
tides) participating in cell regulation, energy me-
tabolism, apoptosis, and other processes. Moreover, 
they degrade mRNA or suppress protein transla-
tion in the way of binding to the 3’ untranslated 
region (3’UTR) of target genes28-30. In addition, 
several miRs exhibit differential expression during 
the development of AMI31,32. LncRNA regulates 
miR expression by acting as a ceRNA to compete 
with miR for MREs33,34. Therefore, we predicted 
candidate miRs that XIST can bind to, and no-
ticed that there were binding sites between XIST 
and miR-150-5p. MiR-150-5p is located on human 
19q13.33 chromosome, and its low expression is a 
risk factor for mortality within 90 days after acute 
ischemic stroke35. It can delay myocardial fibrosis 
via targeting early growth response 1 (EGR1)36. In 
this research, RIP and Dual-Luciferase reporter as-
say were conducted to figure out the correlation of 
XIST with miR-150-5p. We acquired that miR-150-
5p and XIST were precipitated by Ago2. In addi-
tion, Dual-Luciferase reporter assay demonstrated 
that the fluorescence activity of XIST-WT was reg-
ulated by miR-150-5p-mimics/inhibit, which sug-
gested that XIST inhibited hypoxia-induced car-
diomyocyte apoptosis by regulating miR-150-5p.

Target gene prediction was conducted to inves-
tigate the related mechanism of miR-150-5p and 
indicated that Bax was a potential target gene of 
miR-150-5p. The relationship between the two was 
verified by the Dual-Luciferase reporter assay. Bax 
is the most important apoptosis gene in human body 
belonging to Bcl-2 gene family37. In our study, the 
apoptosis of cells transfected with pcDNA3.1-Bax 
was significantly accelerated, and the viability and 
invasion were reduced. However, the results were 
reversed after co-transfection of miR-150-5pmim-
ics and pcDNA3.1-Bax, suggesting that XIST was 
involved in hypoxia-induced injury by mediating 
miR-150-5p/Bax axis. At the end of the study, 
sh-XIST+miR-150-5p-inhibit and sh-XIST+pcD-
NA3.1-Bax were constructed in order to verify that 
XIST was able to protect the cells from hypoxia-in-
duced injury by mediating miR-150-5p/Bax. After 
knocking down XIST, cell viability and invasion 
was enhanced, and the apoptosis was decreased. 
Co-transfection with miR-150-5P-inhibit and pcD-
NA3.1-Bax reversed the outcome.

Through the above tests, we basically con-
firm that XIST participates in hypoxia-induced 
injury by mediating miR-150-5p/Bax axis. How-
ever, there are several limitations. First, we have 
not detected the expression of XIST in patients. 
Then, we have not established animal models and 
only explored the relevant mechanism of XIST 
through cell model. Therefore, we will carry out 
more clinical trials and animal researches to veri-
fy our conclusions.

Conclusions

In sum, XIST protects cardiomyocytes from 
hypoxia-induced injury by mediating miR-150-
5p/Bax axis, suggesting that XIST is an important 
target for AMI treatment.
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