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Abstract
Background:Cardiomyopathy is a disease with a very low cure rate and a very complex
pathogenesis.Although genes are known to play an important role in

various types of cardiomyopathy, the speci�c mechanism has not been well studied.

Methods:We screened the GSE29819 dataset from the Gene Expression Omnibus database (GEO) for
long non-coding RNAs (lncRNAs) and messenger RNAs (mRNAs) with signi�cant differences using R
software. microRNAs (miRNAs) regulated by the lncRNAs were retrieved from the miRcode database. The
downstream target genes of the miRNAs were predicted by miRDB, miRTarBase, and TargetScan, and
genes consistent with the original dataset were selected to construct a lncRNA–miRNA–mRNA network.
Finally, the biological effects of these genes were studied by Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analysis.

Results: 223 differentially expressed genes and 13 differentially expressed lncRNAs has been screened in
the cardiomyopathy tissues.After database screening and matching, the �nal lncRNA–miRNA–mRNA
network included three lncRNAs, eight miRNAs, and nine mRNAs. These nine genes are mainly involved in
the prolactin signaling pathway, EGFR tyrosine kinase inhibitor resistance, toxoplasmosis, the chemokine
signaling pathway, and the PI3K–Akt signaling pathway. In the PI3K–Akt signaling pathway, the
expression levels of these genes are signi�cantly upregulated compared with the control group, and the
main genes involved in regulation are JAK2/DDIT4/FOXO3. JAK2 and FOXO3 play an important
regulatory role in the PI3K–Akt signaling pathway.

Conclusion:The AC017002–miRNA-590-5p–FOXO3 network may be involved in the pathogenesis of
cardiomyopathy, which will enable the determination of new markers to predict cardiomyopathy, and thus
reduce the risk of developing the disease.

Introduction
Cardiomyopathy is a group of heterogeneous myocardial diseases that can result from various causes
and leads to cardiac mechanical or electrical dysfunction, often manifested as ventricular hypertrophy or
dilation. The disease can be limited to the heart itself, or can also occur as part of a spectrum of systemic
disease. It can eventually lead to cardiac death or progressive heart failure. Cardiomyopathy can be
classi�ed into primary and acquired forms, which lead to different phenotypes, including dilated,
hypertrophic, and restricted. Hypertrophic cardiomyopathy (HCM) is the most common primary
cardiomyopathy. Dilated cardiomyopathy (DCM) can be hereditary or acquired. Other acquired
cardiomyopathies include perinatal and stress ventricular cardiomyopathy, as well as rare forms, such as
arrhythmogenic right ventricular cardiomyopathy (ARVC) and left ventricular noncompaction.

Long non-coding RNAs (lncRNAs) are endogenous RNA transcripts longer than 200 nucleotides that
regulate gene expression from the epigenetic perspective but have no protein coding potential. lncRNAs
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affect proteins through miRNAs and affect myocardial development. They are potential key regulators of
various cardiovascular diseases.

The pathogenesis of cardiomyopathy includes elevated oxidative stress, myocardial in�ammation,
apoptosis, and autophagy caused by metabolic disorders. Increasing numbers of lncRNAs have been
found to be abnormally regulated in cardiomyopathy. The regulation of expression of speci�c lncRNAs
such as H19, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), and myocardial
infarction-associated transcript (MIAT) by genetic pathways can effectively regulate myocardial
in�ammatory apoptosis and autophagy during oxidative stress in experimental animals and affect the
occurrence of cardiomyopathy. Currently, although lncRNAs are considered to be potential diagnostic and
therapeutic targets for cardiomyopathy, little is known about their regulatory and functional roles in
cardiomyopathy. LNC-DACH1 (Dachshund homolog 1) affects cardiac function by regulating calcium ion
changes in cardiomyocytes. As a precursor of miR-675, H19 negatively regulates cardiomyocyte
hypertrophy by inhibiting the expression level of CaMKIδ. LNC-PLSCR4 affects the mitochondrial function
of cardiomyocytes by regulating miR-214-Mfn2, thereby inhibiting the occurrence of cardiac hypertrophy.
LNC-MHRT can also inhibit the expression of myocardial proteins by targeting miR-145a-5p, and
ultimately inhibits KLF4 phosphorylation as a negative regulator of the pathogenesis of cardiac
hypertrophy.

In this study, through the construction of a complete lncRNA–miRNA–mRNA network, the pathogenesis
of cardiomyopathy was explored, and possible mechanisms of the occurrence of cardiomyopathy were
found from a molecular perspective.

Materials And Methods

Raw data collection
In the GEO database (https://www.ncbi.nlm.nih.gov/geo/) we searched for “cardiomyopathy” and “long
non-coding RNA” to obtain the required data. The inclusion criteria were: (1) expression pro�ling by array;
(2) human data; (3) presence of a clear experimental group and control group; (4) a sample size greater
than ten; and (5) presence of a gene symbol or gene sequence. Finally, we selected the GSE29819
dataset. This dataset analyzed left and right ventricular myocardial samples from six patients with ARVC,
seven patients with idiopathic dilated cardiomyopathy, and six non-failing donor hearts (NF) that could
not be transplanted for technical reasons.

Raw data pretreatment and screening
Raw GEO data are messy, repetitive, and incomplete. Therefore, we sorted the data and classi�ed them as
lncRNA and mRNA according to their gene attributes. We used the R language limma package
(http://www.bioconductor.org/packages/release/bioc/html/limma.html) to identify and select signi�cant
differences in the lncRNAs and mRNAs, setting the �lter conditions to log(fold change) > 1, adjustP <
0.05. Bayesian test and False Discovery Rate (FDR) correction were performed on the selected
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experimental group and control group data to obtain the differential expression of the lncRNAs and
mRNAs, and the results were visualized in a volcanic map and heat map.

Predicting potential miRNAs and genes
We searched the highly conserved miRNA families in the miRcode database (http://www.mircode.org/)
and predicted miRNAs related to the lncRNAs we obtained. MiRDB (http://mirdb.org/), MiRTarBase
(http://mirtarbase.cuhk.edu.cn/php/index.php) and TargetScan (http://www.targetscan.org/vert_72/) are
three databases of miRNA–mRNA targeting relationships supported by experimental evidence. We used
the predicted miRNAs to predict target genes from the three databases, and only target genes predicted in
all three databases were included.

Construction of a lncRNA–miRNA–mRNA network
The predicted mRNAs in the database were numerous, and so we compared them with the mRNAs
screened from the original data to preserve the genes present in the original data. This �nalized the
lncRNAs, miRNAs, and mRNAs that composed the network. We used Cytoscape software to construct the
lncRNA–miRNA–mRNA network.

Functional enrichment and pathway analysis
To study the biological roles of these target genes and the biological signaling pathways involved, we
used the “colorspace”, “stringi”, “DOSE”, “clusterPro�ler”, and “Pathview” R data packages for GO and
KEGG enrichment analysis, where the �ltering criteria were P value < 0.05 and Q value < 0.05.

Results

Detection of differentially expressed genes and
differentially expressed lncRNAs
We found 223 differentially expressed genes and 13 differentially expressed lncRNAs (A2M-AS1, LPP-
AS2, BDNF-AS, EP300-AS1, DAB1-AS1, LINC00208, LINC01428, SOCS2-AS1, AC017002, TRPM2-AS,
LINC01300, AC002064, and FAM53B-AS1) in the cardiomyopathy tissues (Table 1 and Figure 1).
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Table 1
13 lncRNAs with signi�cant differences.

lncRNA logFC AveExpr t P.Value adj.P.Val β

A2M-AS1 1.20 6.77 6.28 0.0000002 0.00002 6.92

LPP-AS2 1.33 5.58 5.89 0.0000008 0.00005 5.72

BDNF-AS -1.05 3.50 -4.38 0.0000906 0.00194 1.17

EP300-AS1 -1.05 6.20 -4.09 0.0002170 0.00372 0.34

DAB1-AS1 -1.58 2.88 -4.06 0.0002354 0.00395 0.26

LINC00208 -1.26 3.80 -3.45 0.0013713 0.01482 -1.40

LINC01428 1.05 2.91 3.09 0.0037173 0.03065 -2.33

SOCS2-AS1 1.12 3.97 3.04 0.0042134 0.03355 -2.45

AC017002 -1.07 3.88 -3.00 0.0047215 0.03654 -2.55

TRPM2-AS 1.09 3.14 2.98 0.0050516 0.03830 -2.61

LINC01300 -1.24 2.48 -2.96 0.0052182 0.03904 -2.64

AC002064 -1.14 2.68 -2.94 0.0055171 0.04073 -2.69

FAM53B-AS1 1.12 2.68 2.83 0.0073666 0.04954 -2.96

Construction of a lncRNA–miRNA–mRNA network
After database screening and matching, the �nal lncRNA–miRNA–mRNA network included three
lncRNAs, eight miRNAs, and nine mRNAs. The lncRNAs all regulate multiple miRNAs simultaneously, for
example hsa-miR-22-3p is regulated by LINC00208 and AC002064 simultaneously. Some miRNAs
regulate multiple mRNAs, such as hsa-miR-22-3p, hsa-miR-27a-3p, and hsa-miR-301b-3p. Both LDLR and
SIK1 are regulated by multiple miRNAs (Figure 2).

GO and KEGG analysis
As can be seen from Figure 3, the nine genes identi�ed are mainly involved in the biological processes of
small molecule metabolic regulation, lipid biosynthetic regulation, reactive oxygen species metabolism,
lipid biosynthetic regulation, and neuron death. These genes are also involved in the molecular functions
of G protein-coupled receptor binding, 14-3-3 protein binding, and chromatin DNA binding. These genes
play an upregulated role in reactive oxygen species metabolism and regulation of neuron death, and a
downregulated role in lipid biosynthetic regulation.

These nine genes are mainly involved in the prolactin signaling pathway, EGFR tyrosine kinase inhibitor
resistance, toxoplasmosis, the chemokine signaling pathway, and the PI3K–Akt signaling pathway
(Figure 4). In the PI3K–Akt signaling pathway, the expression levels of these genes are signi�cantly
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upregulated compared with the control group, and the main genes involved in regulation are
JAK2/DDIT4/FOXO3. It can be seen from Figure 4 that JAK2 and FOXO3 play an important regulatory role
in the PI3K–Akt signaling pathway.

Discussion
Research has shown that, of the billions of protein-coding and non-coding RNAs (such as lncRNAs and
miRNAs), only about 2% play an important role in the physiological and pathological development of
cardiomyopathy. lncRNAs can regulate cardiac pathological processes through multiple molecular
mechanisms, but they do not have the ability to directly encode proteins. At the same time, miRNAs are
involved in various signaling pathways regulating pathological remodeling of the heart, such as cardiac
hypertrophy, myocardial �brosis, and myocardial infarction. A growing number of studies have found that
lncRNAs may play an important role in regulating calcium processing in cardiomyocytes and the
metabolic state of various cardiovascular diseases, such as HCM.

We constructed a lncRNA–miRNA–mRNA competing endogenous RNA (ceRNA) network related to
cardiomyopathy to further explore the correlation between the different types of RNA and to reveal the
mechanism behind the occurrence of cardiomyopathy. The construction of the lncRNA–miRNA–mRNA
ceRNA network was based on the ceRNA hypothesis, in which lncRNAs regulate mRNA activity by
isolating and binding miRNAs, thus playing the role of miRNA sponges.

We found that AC017002–miRNA-590-5p–FOXO3 constituted the cardiomyopathy-related ceRNA
network. AC017002 is in a relatively prominent position in our ceRNA network. Studies have shown that
AC017002 may play a regulatory role in the occurrence of colon cancer. miRNA-590-5p may also be
related to the occurrence of cancer. However, no studies have reported any associations between
cardiomyopathy and AC017002 or miRNA-590-5p.

The forkhead box O3 (FOXO3) protein is one of the members of the FOXO protein family. The current
study found that FOXO3 is involved in the regulation of many biological functions of the human body,
including substance metabolism, protein conversion, cell survival, and cell death. There is growing
interest in the role of FOXO3 in human health, and recent studies on FOXO3 have mainly focused on
longevity, although the speci�c mechanism is still unclear. FOXO3 is regulated by the PI3K–Akt signaling
pathway. The PI3K–Akt signaling pathway plays an important role in heart development, participating in
the development of the heart by promoting the growth and survival of cardiomyocytes, promoting
coronary angiogenesis, maintaining cardiac systolic function, regulating signal transduction, and
inducing autophagy. Our biological analysis showed that the expression of FOXO3 was particularly
prominent in patients with cardiomyopathy, indicating an association between FOXO3 expression and the
occurrence of cardiomyopathy.

FOXO3 may be related to cardiac senescence, myocarditis, myocardial ischemia/reperfusion injury, and
myocardial �brosis. Kong et al. found that dysregulation of autophagy could cause the occurrence of
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cardiomyopathy, and FOXO3 could activate autophagy. Vahtola et al. found that the FOXO3 pathway was
activated in diabetes-induced cardiac hypertrophy models in rats.

The AC017002–miRNA-590-5p–FOXO3 network requires more cell and animal experiments to further
con�rm the binding relationship and regulatory mechanism. In conclusion, this study proposes the
possibility of a lncRNA–miRNA–mRNA network for the pathogenesis of cardiomyopathy, which will
enable the determination of new markers to predict cardiomyopathy, and thus reduce the risk of
developing the disease.
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Figure 1

Differentially expressed genes.(A)Volcano plots of DElncs and DEmRs. LncRNAs and mRNAs with
signi�cant differences were screened according to logfold change > 1 and adjust P < 0.05.Red dots
representing signi�cantly upregulated ones, green dots representing signi�cantly downregulated ones,
and black dots representing no differences ones. (B)Heat map of DEmRs. Red box plot represents
upregulated DEmRs, while blue represents downregulated DEmRs.(C) Heat map of DElncs. Red box plot
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represents upregulated DElncs, while blue represents downregulated DElncs. DElncs: differentially
expressed lncRNAs; DEmRs: differentially expressed mRNAs.

Figure 2

LncRNA miRNA mRNA networks. Red rhombus represent lncRNAs, green triangles represent miRNAs, and
blue ovals represent mRNAs. The lines represent the relationship of regulation.
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Figure 3

GO functional enrichment of differentially expressed genes.(A) GO analysis shows the biological
processes and molecular functions involved in differential genes.(B) GO analysis revealed the biological
processes and molecular functions involved in the 9 differential genes.(C) Heat map based on differential
expression of 9 genes in biological processes and molecular functions.(D) The chord diagram shows the
involvement of differential genes in biological processes and molecular functions.
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Figure 4

KEGG functional enrichment of differentially expressed genes.(A) KEGG shows the signaling pathway
involved in differential genes.(B) KEGG shows the signaling pathways involved in the 9 differential genes.
(C) Heat map based on differential expression of 9 genes in signaling pathways.(D) Several signaling
pathways enumerated and the differential genes involved. (E) PI3K-Akt signaling pathway and the genes
involved. Red box plot represents upregulated genes.


