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Abstract. diabetic cardiomyopathy (dcM) is a major cause 
of mortality in patients with diabetes, particularly those 
with type 2 diabetes. long non-coding rnas (lncrnas), 
including terminal differentiation-induced lncrna (Tincr), 
myocardial infarction-associated transcript (MiaT) and 
H19, serve a key role in the regulation of dcM. Micrornas 
(mirnas/mirs) can inhibit the expression of mrna at the 
post-transcriptional level, whereas lncrnas can mask the 
inhibitory effects of mirnas on mrna. Together, mirnas 
and lncrnas form a competitive endogenous non-coding 
rna (cerna) network that regulates the occurrence and 
development of various diseases. However, the regulatory role 
of lncrnas in dcM is unclear. in this study, a background 
network containing mrnas, mirnas and lncrnas was 
constructed using starBase and a regulatory network of 
dcM was screened using cytoscape. a functional lncrna, 
X‑inactive specific transcript (XIST), was identified in the 
disease network and the main mirnas (mir-424-5p and 
mir-497-5p) that are regulated by XiST were further screened 

to obtain the cerna regulatory network of dcM. in conclu-
sion, the results of this study revealed that lncrnas may serve 
an important role in dcM and provided novel insights into the 
pathogenesis of dcM.

Introduction

diabetic cardiomyopathy (dcM) is a type cardiomyopathy 
caused by diabetes mellitus; the main pathological alterations 
are cardiac hypertrophy and cardiac dysfunction (1). clinical 
studies have reported that dcM is the main reason underlying 
the high incidence and high mortality rate of heart failure 
(HF) in patients with diabetes (2,3). However, the mechanism 
underlying dcM is not entirely clear; therefore, there is no 
effective targeted therapy (4). research has increasingly 
focused on identifying the mechanism underlying dcM and 
exploring potential effective treatments.

non-coding rnas (ncrnas) are functional rna 
molecules in the transcriptome that do not encode proteins, 
including micrornas (mirnas/mirs) and long ncrnas 
(lncrnas) (5). mirnas are single-stranded, non-coding 
small rnas that are highly conserved in evolution and have 
post-transcriptional regulatory activity (6), whereas lncrnas 
are mrna-like transcripts >200 nucleotides long that have 
no or little protein-coding function and serve important roles 
in numerous biological processes (7). lncrnas have been 
reported to be important in the governing of fundamental 
biological processes (8), and their aberrant expression may be 
associated with the pathogenesis of various diseases, including 
cancer, neurodegenerative diseases, and cardiovascular 
diseases (9).

Previous studies have demonstrated that lncrnas can act 
as competitive endogenous rnas (cernas) to compete with 
target genes for mirna response elements and attenuate the 
inhibitory effect of mirnas on target genes (10,11). Therefore, 
they can indirectly regulate the expression of target genes and 
affect the occurrence and development of diseases (12), partic-
ularly cardiovascular disease (13). Zhang et al (14), reported 
that the lncrna metastasis-associated lung adenocarcinoma 
transcript 1 serves a role in the pathogenesis of dcM, and 
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Zhou et al (15) demonstrated that lncrna myocardial 
infarction-associated transcript is a cerna that upregulates 
death-associated protein kinase 2 by inhibiting mir-22-3p in 
dcM. However, the association between cernas and dcM 
is unclear. Therefore, the present study aimed to elucidate the 
pathogenesis of dcM from the perspective of cerna using 
bioinformatics analysis. The pipeline of construction and 
analysis of the lncrna-mirna-mrna network based on 
cerna in dcM is shown in Fig. 1.

Materials and methods

Identification of DCM‑related genes. dcM-related genes 
were collected from two main sources: Gene expression 
omnibus (Geo) and Genecards. The Geo (https://www.ncbi.
nlm.nih.gov/gds/) is a public functional genomics data reposi-
tory supporting minimum information about a microarray 
experiment-compliant data submissions. For the present study, 
the GSe26887 dataset was obtained, which includes dcM 
and normal myocardial tissue gene expression profiles (16). 
The GSe26887 dataset includes microarray data from 
seven patients with type 2 diabetes mellitus (T2dM) and 
HF, and five control individuals. Subsequently, Geodiver 
(https://www.geodiver.co.uk/) (17) was used to develop over-
view boxplots, a volcano plot, and a heat map to show the 
distribution of differentially expressed genes (deGs). P<0.01 
and [log fold change (Fc)]>1.5 were considered statistically 
significant.

Genecards is a database for searchable human gene 
annotations (http://www.genecards.org/). its gene-centric data 
are automatically mined from ~125 web sources, including 
genomic, transcriptomic, proteomic, genetic, clinical and 
functional information. after entering a keyword of ‘diabetic 
cardiomyopathy’ into Genecards, relevance score >30 and 
Genecards inferred Functionality Scores (18) >60 were used 
as cut-off criteria to collect disease-related genes and merge 
them with deGs.

miRNA‑mRNA and lncRNA‑miRNA interactions. The cerna 
theory dictates that the construction of a cerna background 
network (cBGn) requires large numbers of lncrnas, mirnas, 
mrnas and their interactions. Firstly, mirna-mrna and 
lncrna-mirna interactions were obtained from the star-
Base V2.0 database (http://starbase.sysu.edu.cn/). StarBase 
was designed to decode mirna-mrna, mirna-cerna, 
mirna-lncrna, mirna-circrna, mirna-pseudogene 
and protein-rna interaction networks from cross-linking 
immunoprecipitation-sequencing data.

Construction of the ceRNA background network. cytoscape 
software v3.5.1 (http://www.cytoscape.org/) was used to 
integrate and combine mirna-mrna and lncrna-mirna 
interactions to construct the lncrna-mirna-mrna (cerna) 
background network. cytoscape is an open-source software 
platform used to visualize complex networks and integrate 
these with any type of attribute data. in cytoscape, lncrnas, 
mirnas and mrnas are expressed in different nodes, which 
are connected by lines to indicate an interaction between them. 
Finally, an intricate network diagram consisting of lncrnas, 
mirnas and mrnas was obtained.

Signaling pathway enrichment analysis. Signaling pathway 
enrichment of dcM-related genes was conducted using 
the cytoscape plugin clueGo (http://apps.cytoscape.
org/apps/cluego) (19). clueGo is a cytoscape plugin that 
visualizes non-redundant biological terms for large clusters 
of genes in a functionally grouped network; it is created with 
kappa statistics and reflects the relationships between the 
terms based on the similarity of their associated genes. For this 
study, Kyoto encyclopedia of Genes and Genomes (KeGG) 
analysis (20) was selected in clueGo to obtain information 
about the signaling pathways regulated by dcM-related genes.

Construction of a DCM‑related ceRNA network (DCMCN). 
The dcMcn was extracted from cBGn using the 
network-merge tool in cytoscape. dcM-related genes and 
cBGn were imported into cytoscape together to construct 
two separate networks. The two networks were then merged 
using the network merge operation (21) of cytoscape to build a 
new network. The new network comprised dcM-related genes 
and relevant mirnas and lncrnas; this network is known as 
the dcMcn.

Analysis of the DCMCN. Hub nodes serve critical roles 
in gene networks (22). Therefore, all node degrees of 
the lncrna-mirna-mrna network were calculated. 
Specifically, the network‑analyzer tool (23) in Cytoscape was 

Table I. Differentially expressed genes identified from the 
GSe26887 dataset using Geodiver.

Gene symbol logFc P-value

nPPa -3.53 1.36x10-10

SFrP4 -2.71 2.96x10-5

dSc1 -2.44 1.35x10-6

neB -2.40 6.83x10-5

FrZB -2.36 7.56x10-6

aK125574 -2.09 5.16x10-6

enPP2 -2.01 4.50x10-5

PrelP -1.90 2.18x10-5

nPr3 -1.87 1.12x10-5

iGSF10 -1.72 6.26x10-6

HSPa2 -1.71 5.91x10-5

col14a1 -1.67 2.44x10-5

P2rY14 -1.62 1.27x10-5

Slc9B1 -1.57 1.56x10-5

FMod -1.56 3.42x10-5

SVeP1 -1.53 5.54x10-6

FaXdc2 -1.52 1.77x10-5

cnn1 1.57 4.55x10-5

GFPT2 1.61 9.96x10-5

cd163 1.67 1.35x10-6

KcniP2 1.90 8.40x10-5

S100a8 1.98 2.68x10-5

anKrd2 2.16 1.89x10-6

Fc, fold change.
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used to obtain the topological parameters of the network, 
mainly the degree value. degree is the most direct measure of 
centrality in network analysis. Generally, the higher the degree 
of a node, the more critical it is to the network (24). Finally, 
the lncrna with the largest degree from the network was 

selected, which likely serves a key role in regulating dcM. 
Subsequently, the lncrna and its downstream mirnas and 
mrnas were selected in cytoscape and isolated from the 
dcMcn to form a new network. The mirnas bound by 
the lncrna were screened synthetically for target sites in 

Figure 1. Integrative flowchart for the construction of the ceRNA background network, DCM‑related ceRNA network, and critical ceRNA network of DCM.
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starBase, and degree and number of target genes in cytoscape. 
The major mirnas and their target genes regulated by the 
lncrna were obtained and plotted into a small cerna regu-
latory network using cytoscape. Finally, the clueGo plugin 
in cytoscape was used to analyze the gene function of each 
regulatory network to determine whether it was consistent 
with the regulatory function of the dcMcn.

Results

Construction of the ceRNA background network. To construct 
the cerna background network, the mirna-mrna and 
lncrna-mirna interactions were downloaded from star-
Base v2.0. The data in starBase v2.0 are mainly collected 
from TargetScan (http://www.targetscan.org/vert_71/) (25), 
rna22 (https://cm.jefferson.edu/rna22/) (26), picTar 
(http://pictar.mdc-berlin.de/) (27), PiTa (http://genie.weiz-
mann.ac.il/pubs/mir07/mir07_data.html) and miranda 
(http://www.microrna.org/microrna/home.do?) (28). a 
total of 606,408 pairs of mirna-mrna interactions and 
10,212 pairs of lncrna-mirna interactions were obtained 
and cytoscape software v3.5.1 was then used to integrate 
the mirna-mrna and lncrna-mirna information to 
construct the lncrna-mirna-mrna (cerna) background 
network (Fig. 2).

Identification of DCM‑related genes. dcM-related genes 
were collected from the Geo and Genecards. Firstly, the open 

gene expression profile GSE26887 was downloaded the from 
Geo database. Subsequently, Geodiver was used to analyze 
the deGs between controls and patients with T2dM and HF 
in the GSe26887 dataset. an overview boxplot, volcano plot 
and heatmap were generated using Geodiver (Fig. 3a-c), and 
DEGs were identified.

As shown in Table I, 23 DEGs were identified from the GEO 
repository microarray data using cutoff criteria of P<0.01 and 
[logFc]>1.5. Subsequently, Genecards databases were searched 
for disease-related genes (Table ii). after removing redundancy, 
53 genes were identified as DCM‑related genes, including NPPA, 
SFrP4, dSc1, neB, FrZB, aK125574, enPP2, PrelP, 
nPr3, iGSF10, HSPa2, col14a1, P2rY14, Slc9B1, FMod, 
SVeP1, FaXdc2, cnn1, GFPT2, cd163, KcniP2, S100a8, 
anKrd2, ace, F2, il6, noS3, TnF, aGTr1, MTHFr, ren, 
aPoB, aPoe, lMna, Tnni3, TGFB1, nPPB, inS, aPoa1, 
FBn1, crP, F5, THBd, cST3, edn1, Scn5a, GP1Ba, Pon1, 
acTc1, deS, PTPn11, ccl2, TnnT2.

Signaling pathway enrichment analysis for DCM‑related genes. 
dcM-related genes were examined through clueGo-mediated 
enrichment analysis by employing KeGG terms for the annota-
tion of gene function. as shown in Fig. 4a and B, dcM-related 
genes were mainly associated with the ‘aGe-raGe signaling 
pathway in diabetic complications’.

Construction and analysis of the DCMCN from CBGN. To 
observe regulation of cernas in dcM and identify dcM-related 

Figure 2. View of the competing endogenous rna background network. The blue nodes represent lncrnas, the orange nodes represent mirnas and the green 
nodes represent mrnas. There were 1,127 lncrnas, 277 mirnas, and 10,269 mrnas in the network. lncrna, long non-coding rna; mirna, microrna.
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lncrnas, 53 dcM-related genes (mrnas) were mapped into the 
cerna background network. as shown in Fig. 5a, the dcMcn 
was extracted from the cerna background network using the 

network merge tool in cytoscape. The blue, orange and green 
nodes represent lncrnas, mirnas and dcM-related genes, 
respectively. in addition, the edges represent the interactions 

Figure 3. Identification of differentially expressed genes from the GSE26887 dataset using GeoDiver. (A) Overview boxplot, (B) volcano plot and (C) heatmap 
were generated using Geodiver. Group a are controls, whereas Group B are patients with type 2 diabetes mellitus and heart failure.
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between lncrnas, mirnas and mrnas. The network analyzer 
tool in cytoscape was used to analyze the topological param-
eters of the network; the top 10 degrees are shown in Table iii. 
Notably, lncRNA X‑inactive specific transcript (XIST) had the 
largest degree in the dcMcn, suggesting that lncrna-XiST 
may be a key lncrna that regulates the development of dcM.

KeGG pathway analysis was performed for lncrna-XiST. 
lncrna-XiST and its downstream mirnas and mrnas 
were selected in cytoscape and isolated from the dcMcn to 
reconstruct a new cerna network (Fig. 5B). To simplify the 
cerna XiST network, the number of target sites, degrees, and 
target genes of the mirnas regulated by XiST were further 
screened (Table iV). information regarding the target sites of 
the mirnas was obtained from starBase. after screening, six 
mirnas (hsa-mir-424-5p, hsa-mir-497-5p, hsa-mir-16-5p, 
hsa-mir-15b-5p, hsa-mir-15a-5p and hsa-mir-195-5p) had the 
maximum parameters of target sites, degrees and target genes. 

Table ii. disease-related genes collected from Genecards.

Gene symbol Gene name GiFtS relevance score

ace angiotensin i converting enzyme 70 82.65
F2 coagulation factor ii, thrombin 70 55.55
il6 interleukin 6 70 54.18
noS3 nitric oxide synthase 3 72 52.43
TnF Tumor necrosis factor 77 51.78
aGTr1 angiotensin ii receptor type 1 71 51.43
MTHFr Methylenetetrahydrofolate reductase 64 50.99
ren renin 68 49.63
aPoB apolipoprotein B 65 47.05
aPoe apolipoprotein e 71 46.92
lMna lamin a/c 66 42.33
Tnni3 Troponin i3, cardiac type 69 42.21
TGFB1 Transforming growth factor β1 75 42.09
nPPB natriuretic peptide B 63 41.2
inS insulin 67 39.05
nPPa natriuretic peptide a 65 36.24
aPoa1 apolipoprotein a1 70 35.38
FBn1 Fibrillin 1 62 34.86
crP c-reactive protein 68 34.74
F5 coagulation factor V 63 34.44
THBd Thrombomodulin 62 33.6
cST3 cystatin c 64 33.38
edn1 endothelin 1 67 32.87
SCN5A Sodium voltage‑gated channel α subunit 5 70 32.8
GP1Ba Glycoprotein ib platelet alpha Subunit 63 31.03
Pon1 Paraoxonase 1 65 30.99
acTc1 actin, α, cardiac muscle 1 60 30.96
deS desmin 68 30.88
PTPn11 Protein tyrosine phosphatase, non-receptor type 11 71 30.71
ccl2 c-c motif chemokine ligand 2 70 30.67
TnnT2 Troponin T2, cardiac type 67 30.2

Table iii. degree value of lncrnas in the diabetic cardiomy-
opathy-related cerna network.

lncrna degree

XiST 175
cTa-204B4.6 130
MalaT1 99
ZnF518a 83
KcnQ1oT1 75
oiP5-aS1 71
neaT1 69
dcP1a 69
HcG18 64
FGd5-aS1 62
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These six mirnas and their target genes that were regu-
lated by the lncrna were obtained and plotted into a small 
cerna network using cytoscape software (Fig. 6a). KeGG 
enrichment analysis demonstrated that only hsa-mir-424-5p 
and hsa-mir-497-5p may act on the ‘aGe-raGe signaling 
pathway in diabetic complications’ (Fig. 6B and c).

Discussion

in the present study, a comprehensive bioinformatics approach 
was used to examine key lncrnas involved in dcM and to 
elucidate their molecular mechanisms in the development of 
dcM. in particular, interaction data from starBase were used 
to generate a cerna background network based on the theory 
of cerna. Subsequently, a dcMcn was extracted from the 
cerna background network by mapping the dcM-related 
genes. in total, the dcMcn contained 24 mrna nodes, 
320 mirna nodes, 1,127 lncrna nodes, and 10,808 edges. 

Figure 4. Pathway analysis of dcM-related genes using clueGo. (a) a functionally grouped network and (B) pie chart of enriched categories was generated 
for the target genes. Kyoto Encyclopedia of Genes and Genomes terms are represented as nodes, and node size represents the enrichment significance of the 
term. Functionally related groups partially overlap. Only the significant terms in the group were labeled: *P<0.05 and **P<0.01.

Table iV. Target sites, degree, and number of target genes of 
the miRNAs bound by X‑inactive specific transcript.

name Target sites degree Target genes

hsa-mir-424-5p 5 152 6
hsa-mir-497-5p 5 150 4
hsa-mir-16-5p 5 150 4
hsa-mir-15b-5p 5 150 4
hsa-mir-15a-5p 5 149 3
hsa-mir-195-5p 5 149 3
hsa-mir-485-5p 1 78 3
hsa-mir-20a-5p 4 77 3
hsa-mir-20b-5p 4 76 3
hsa-mir-93-5p 4 77 3

mirna/mir, microrna. 
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Figure 5. construction and analysis of a dcMcn using cytoscape. (a) dcMcn. (B) XiST-associated cerna network. The blue nodes represent lncrnas, 
the orange nodes represent mirnas and the green nodes represent mirnas. cerna, competing endogenous rna; dcMcn, diabetic cardiomyopathy-related 
ceRNA network; lncRNA, long non‑coding RNA; miRNA, microRNA; XIST, X‑inactive specific transcript.
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Figure 6. cerna regulatory network of the mirnas bound by XiST and the gene function of each network. (a) cerna regulatory network of the pivotal 
mirnas bound by XiST. (B) a functionally grouped network of enriched categories was generated for the target genes of the pivotal mirnas bound by XiST. 
Kyoto Encyclopedia of Genes and Genomes terms are represented as nodes, and node size represents the enrichment significance of the term. (C) ceRNA regu-
latory network of XiST in diabetic cardiomyopathy following optimization with clueGo. cerna, competing endogenous rna; mir/mirna, microrna; 
XIST, X‑inactive specific transcript. 



cHen et al:  lncrna analYSiS in diaBeTic cardioMYoPaTHY1402

Subsequently, topological properties were assessed and a 
cluster analysis was performed on the dcMcn.

The results revealed that the lncrna XiST could directly 
interact with several mirnas with known relevance to the 
development of dcM. comprehensive analysis revealed 
that the downstream targets of XiST, hsa-mir-424-5p and 
hsa-mir-497-5p, may be pivotal mirnas that regulate dcM.

Hsa-mir-424-5p is located at the X chromosome, and 
is potentially among the 15% of X-linked genes that escape 
female X-chromosome inactivation (Xci), resulting in higher 
expression in women (29). a previous study demonstrated that 
hsa‑miR‑424‑5p is significantly downregulated in peripheral 
blood from patients with HF, thus suggesting that it may be 
considered a potential biomarker and contributor to HF (30). in 
addition, upregulation of mir-424-5p promotes downstream 
processes associated with hypoxia, including angiogenesis and 
erythropoiesis, to ameliorate myocardial ischemia, which is 
considered a cardioprotective factor (31). 

Hsa-mir-497-5p is located on chromosome 17 and is highly 
conserved in several species (32). This mirna is a member 
of the mir-15/107 group that includes the seed sequence 
aGcaGc, which is an important determinant of target recog-
nition (33). it has previously been reported that mir-497-5p 
is closely associated with cardiac fibrosis through activation 
of latent transforming growth factor (TGF)-β1 anchored 
in the extracellular matrix by targeting the 3'-untranslated 
region of reversion-inducing cysteine rich protein with Kazal 
motifs (34). in addition, a previous study revealed the negative 
regulatory effect of hsa-mir-497-5p against SMad family 
member 3 transcripts, which suggests the possible role of this 
mirna in regulation of the TGFβ signaling pathway (35). 

XiST is a lncrna (17 kb in Homo sapiens) required for 
Xci of one of the two X chromosomes in female cells, thus 
enabling dosage compensation between XX females and 
XY males (36). Xci takes place early in embryonic develop-
ment, and is thought to occur in multiple steps: counting and 
choosing the X chromosome to silence, spreading of XiST 
over the target X chromosome, and silencing most of its active 
genes (37). in recent years, lncrna XiST has been reported to 
serve a role as a regulatory factor of tumor proliferation. it has 
been demonstrated that XiST has an important positive role in 
pancreatic cancer proliferation (38), colorectal cancer (39) and 
other types of cancer by targeting corresponding mirnas. 
Furthermore, lncrna XiST has been reported to suppress 
the proliferation of myocardial cells and promote apoptosis by 
targeting mir-130a-3p in myocardial infarction (40). However, 
to the best of our knowledge, there is currently no evidence 
regarding the regulatory role of lncrna XiST in dcM.

To the best of our knowledge, this study is the first to identify 
a cerna network including lncrna XiST, hsa-mir-424-5p, 
hsa-mir-497-5p and dcM-related genes in dcM. in addi-
tion, KeGG analysis revealed that the ‘aGe-raGe signaling 
pathway in diabetic complications’ may be a major pathway 
leading to the development of dcM. 

The accumulation of advanced glycation end products 
(aGes) has a crucial role in the onset and progress of diabetic 
nephropathy (41). aGes interact with the receptor for aGes 
(raGe) on the cell membrane and induce deleterious effects via 
activation of nuclear factor κB, ultimately leading to increased 
vascular permeability and inflammation (42). RAGE is formed 

from the cleavage of the native membrane receptor mediated by 
disintegrins and matrix metalloproteinases (43), and circulates 
in the blood. it has previously been reported that aGe-raGe 
interaction in diabetes can negatively affect endothelial cell 
physiology, resulting in increased predisposition toward cardio-
vascular disease (44); this has been reported in clinical studies 
wherein patients with diabetes exhibit higher raGe expres-
sion (45). animal models of diabetic atherosclerosis have also 
demonstrated improved regression of atherosclerotic plaques 
following raGe knockout (46). Therefore, understanding the 
aGe-raGe axis in the development of endothelial dysfunc-
tion and its regulation by lncrnas may be helpful in designing 
novel therapies that target endothelial dysfunction and impair 
development of cardiovascular diseases.

in conclusion, the present study constructed a background 
network containing mrnas, mirnas and lncrnas, and 
then a regulatory network of dcM was screened. Finally, a 
functional lncRNA XIST was identified in the network and 
the main mirnas (mir-424-5p and mir-497-5p) that are 
regulated by XiST were further screened to obtain the cerna 
regulatory network of dcM. The present study highlighted 
the involvement of lncrna XiST in dcM, and facilitated the 
development of lncrna-directed diagnostic and therapeutic 
tools against diabetes mellitus. These findings improved our 
knowledge on the mechanism of dcM and may provide poten-
tial therapeutic target in the treatment of dcM in clinic. 
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