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Abstract: Cardiomyopathy is a group of heterogeneous diseases that negatively affect cardiac function. Twenty-five years ago, clinical researchers began to

realize that cardiomyopathy is an important and fairly common heart disease. Although many aspects of the pathogenesis of cardiomyopathy have been explored by
biologists, the molecular mechanisms remain elusive. This study modularized the pathogenesis of non-ischemic cardiomyopathy and ischemic cardiomyopathy and
finally explored their common core pathogenic driver genes. First, based on the normal expression profile data of patients with non-ischemic cardiomyopathy and
ischemic cardiomyopathy, differential expression analysis was used to screen differentially expressed genes. Secondly, the co-expression analysis of differentially
expressed genes was performed to obtain a co-expression module of genes. Thirdly, the enrichment analysis of GO functions and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway was conducted on the module genes. Finally, based on hypergeometric tests, non-coding RNA (ncRNA) and transcription factors
with significant regulatory effects were predicted. In summary, we obtained 8 co-expression modules, of which HN1, PRDX3 genes had significant differences
in expression in patients with cardiomyopathy, and had a positive regulatory role in the dysfunction module, so they were recognized as non-ischemic and key
genes for non-ischemic diseases and ischemic cardiomyopathy. The enrichment results showed that the module genes were significant in the biological processes
of neutrophil activation involved in immunoreaction, neutrophil-mediated immunity, neutrophil activation, and neutrophil degranulation, and significantly regulate
the signal pathways such as vibrio cholerae infection. Finally, significant regulatory dysfunction modules of pivot ncRNAs (including MALAT1, miR-133a-3p,
and miR-133b) and pivot TFs (including NFKB1, PML, and RELA, etc.) were identified. In summary, our work decodes a co-expression network involving the
regulation of key genes in non-ischemic and ischemic cardiomyopathy. It helps to discover core dysfunction modules and potential regulatory factors, drive disease

genes, and improve our understanding of its pathogenesis.
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/
Introduction thy are ischemic stroke, followed by transient ischemic
attack, syncope or vertigo, and the most common car-
Cardiomyopathy (CMP) or myocardial infarction diomyopathy related diseases are muscular dystrophy,
is a different type of myocardial disease in which the myofibril myopathy, congenital myopathy and metabo-
heart cannot provide sufficient blood flow to the body's lic myopathy (4). Cardiomyopathy is classified as an
organs, and the person has heart failure, which is usually external factor, caused by external factors, such as hy-
related to arrhythmia. The three most common cardio- pertension, ischemia, inflammation, valve dysfunction,
myopathy is dilated cardiomyopathy, the most com- or internal factors, corresponding to myocardial disease
mon cardiomyopathy, hypertrophic cardiomyopathy or without identifiable external causes (5). In terms of
myocardial wall growth and thickening, and restrictive genetics, genetic variation of telomere-associated SNP
cardiomyopathy (reduced myocardial flexibility). Re- and telomerase is related to ventricular arrhythmia in
gardless of the cause of the disease, any heart problem ischemic cardiomyopathy (6).
can be called heart disease, and sometimes even cardio- Long non-coding RNAs (IncRNAs) are a class of
myopathy, although it should be used in various heart non-coding transcripts in the human genome that exceed
diseases that cause acute heart failure (1-3). 200 nucleotides in length. They perform their functions
Cardiomyopathy is a common debilitating disease through a variety of mechanisms, including calling
with high mortality and low quality of life (1). Almost chromatin modification complexes to specific loca-
50% of the patients died suddenly during childhood or tions in the genome to form molecules Process bracket.
adolescence or received heart transplantation, and these They transcribe and regulate the expression of miRNA.
patients will be affected by cardiomyopathy (2). Among Recent research highlights the increasingly important
them, ischemic cardiomyopathy refers to the significant role of these IncRNAs in the pathogenesis of various
impairment of left ventricular function, which is caused diseases and challenges the fact that protein-coding
by atherosclerotic coronary artery disease (3). The most genes are the only factor in the development of human
common neurological diseases caused by cardiomyopa- diseases. According to the DNA Element Encyclopedia
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project, protein-coding genes account for only 2 to 3%
of the entire human genome, and more than 75% of the
genome is copied into non-coding protein transcripts. In
the 1950s, the discovery of non-coding RNA (ncRNA)
changed the central phenomenon of molecular biology,
but these transcripts have been known as spurious body
“garbage” or scrambled transcriptional “noise” for de-
cades (9-11).

At present, researchers have made some progress in
exploring the pathogenesis and treatment mechanism
of ischemic cardiomyopathy and non-ischemic cardio-
myopathy from the perspective of medicine and biology.
Recent researches have demonstrated the important role
of non-coding RNA in ischemic and non-ischemic car-
diomyopathy (7). Among them, IncRNAs regulate the
expression and function of ECM and myocardial fibro-
sis during the development of ischemic cardiomyopathy
(ICM), which may represent new modifiers of cardiac
function and heart disease, including ICM (8). Regula-
tion of the Wnt signaling pathway and cell cycle plays
a key role in the development of ischemic (ICM) and
non-ischemic (NICM) cardiomyopathy (9). Meanwhile,
most studies on the role of biomarkers in cardiomyopa-
thy focus on myocardial stress (diuretic natriuretic pep-
tide), injury (troponin), inflammation, and remodeling
(fibrosis markers) (10). In addition, the expression of
mir-21 in plasma of ICM patients was significantly in-
creased, and the expression of trace RNA-21 in plasma
was positively correlated with N-terminal B-type brain
natriuretic peptide (NT-proBNP) and left ventricular
end-diastolic volume (LVEDV) (11).

In the diagnosis and treatment of cardiomyopathy,
after the demonstration, considering ischemic heart di-
sease and patients with non-ischemic cardiomyopathy,
the benefits of survival for subgroups for patients who
have left ventricular dysfunction could be provided.
Also, both appropriate and inappropriate ICD treatment
for patients having ischemic and non-ischemic cardio-
myopathy have connections with high-rate cut-off and
delayed VT treatment of ICD programming. Besides,
impaired congestive myocardial blood flow (MBF) is
associated with increased mortality in ischemic and
non-ischemic cardiomyopathy, which may be attributed
to the instability of electricity induced VAs (14).

Instead, computed tomography angiography (CTA)
seems to be a clinically appropriate and accurate dia-
gnostic method that can exclude the cause of undeter-
mined cardiomyopathy patients, which further supports
the use of CTA to determine the cause of new cardio-
myopathy of unknown etiology (15). These research
results deepen our understanding of the pathogenesis of
ischemic and non-ischemic cardiomyopathy and guide
our further research (16-33). Although a series of stu-
dies on ischemic and non-ischemic cardiomyopathy
have been reported, the overall effect of these achie-
vements is still elusive. In order to thoroughly explore
the common mechanisms of ischemic and non-ische-
mic cardiomyopathy, we conducted systematic module
analysis and exploration to identify the dysfunction
module and the core molecules between them, and fur-
ther explore the key to the dysfunction module gene. In
conclusion, our work details the potential mechanisms
of multifactor-mediated functional modules in ischemic
and non-ischemic cardiomyopathy and identifies com-

mon key genes as well as potential therapeutic targets
and related biological processes. These processes may
help to understand and treat ischemic and non-ischemic
cardiomyopathy.

Materials and Methods

Data resources

The NCBI Gene Expression Omnibus database
(GEO Dataset) (34) contains a broad classification of
high-throughput experimental data, microarray-based
single-channel, and double-channel assays on mRNA
abundance and experimental data on genomic DNA
and protein molecule. In addition, it includes data from
non-array-based high-throughput functional genomics
and proteomics techniques. We firstly collected a set of
gene expression profiles of normal samples and samples
associated with ischemic cardiomyopathy and non-is-
chemic cardiomyopathy from GEO, whose number
was GSE9128 (35). The data set included 12 normal
samples and 12 samples of ischemic cardiomyopathy
and 12 samples of non-ischemic cardiomyopathy. Then,
ncRNA-mRNA (protein) with score >= 0.5 were selec-
ted from RAID v2.0 database (36) for mutual antago-
nism, meanwhile, all human transcription factor target
data were downloaded from and used in TRRUST v2
database (37) of the universal database for transcription
research, to predict regulatory module factors.

Analysis of co-expression

In order to explore the common drivers of ischemic
and non-ischemic cardiomyopathy, we made a diffe-
rence analysis between normal samples and samples of
ischemic and non-ischemic cardiomyopathy and inte-
grated the results of the two groups to obtain the dif-
ferential gene expression profiles of ischemic and non-
ischemic cardiomyopathy. At the same time, in order to
explore the synergistic expression of differential genes
in ischemic and non-ischemic cardiomyopathy, we used
weighted gene co-expression network analysis (WGC-
NA) (38) to analyze the differentially expressed matrix
of ischemic and non-ischemic cardiomyopathy and loo-
ked for the gene module of synergistic expression. First,
the Coefficient of correlation index was weighted, that
is, the Coeflicient of gene correlation was raised to the
power of N to calculate the Person Coefficient between
any two genes. In the network, between genes, the asso-
ciations are subject to scale-free network distribution,
which makes the algorithm more biological significance.
Then, between genes. hierarchical cluster dendrogram
was constructed by the correlation coefficient. Different
colors represented different modules while different
branches of cluster dendrogram represented different
gene modules. According to the regulation power of
genes in each dysfunction module, we exploited the key
genes that lead to the dysfunction module and consider
them as the key genes that lead to the pathogenesis of
ischemic and non-ischemic cardiomyopathy.

Functional and pathway enrichment

Exploring the functional and signaling pathways in
which genes are involved often contributes to the study
of the molecular mechanisms of disease, and enrich-
ment analysis of the function and pathways of genes in
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dysfunction modules is an effective means to explore
the potential mechanisms of ischemic and non-ischemic
cardiomyopathy. Therefore, we used the R language
Clusterprofiler package (39) to respectively conduct
the enrichment analysis on the Go function and KEGG
pathway of the module genes of ischemic and non-is-
chemic cardiomyopathy. ClusterProfiler is a software
package of Bioconductor, which can perform statistical
analysis and visualization of functional clustering of
gene sets or gene clusters. In addition, the BinGO (40)
application of Cytoscape was also used to analyze the
pathway of the integrated module network.

Transcription factors and ncRNA regulated the dys-
function modules

Transcription and post-transcriptional regulation of
genes often take non-coding genes (ncRNA) and trans-
cription factors (TF) as core drives. Therefore, we scien-
tifically predicted and tested its role in the dysfunction
module of ischemic and non-ischemic cardiomyopathy.
Pivot regulons, including ncRNA and TF, are defined as
regulators that have a significant regulatory role in the
pathogenesis of ischemic and non-ischemic cardiomyo-
pathy. We require that there are more than two regula-
tory lines between each regulon and each module, and
the significance p-value of the enriched target in each
module based on the hypergeometric test calculation
shall be < 0.01.

Results

Determined the expression dysregulated molecules
in non-Ischemic and ischemic cardiomyopathy

Biologists have conducted many experiments and
studies on the pathogenesis of non-ischemic cardio-
myopathy and ischemic cardiomyopathy and identified
their potential pathogenic genes. However, the com-
plex molecular linkages and overall effects of these
genes are unclear. To observe the molecular changes in
the pathogenesis of non-ischemic cardiomyopathy and
ischemic cardiomyopathy, based on microarray data,
we analyzed the gene differential expression between
normal samples and non-ischemic cardiomyopathy and
ischemic cardiomyopathy samples, respectively, and
obtained the genes that may lead to the pathogenesis
of non-ischemic cardiomyopathy and ischemic cardio-
myopathy. By combining the results of the two groups,
2490 differentially expressed genes (DEGs) were obtai-
ned, and we believe that these differentially expressed
genes contain dysregulated molecules of non-ischemic
and ischemic cardiomyopathy.

Identified the functional modules associated with
non-ischemic and ischemic cardiomyopathy
Modularity helps to perfect this is the representation
of each system on its own, and modularity is the subsys-
tem associated with complex systems around the world.
In the global network, the interaction of the entire effect
shows a global feature, which is a bridge between 2490
differentially expressed genes and their interacting car-
diomyopathy genes, which play an important role in
each elemental gene and construct an expression matrix.
Each module not only interacts, but a module is a group
of genes with a synergistic expression relationship, and

Ehstir Dandrogram

Meocube-Tran Resatonahizs

Figure 1. Co-expression of differential genes of ischemic and non-
ischemic cardiomyopathy in patient samples; A: 8 co-expression
groups obtained by clustering were identified as modules, and 8
colors represent 8 co-expression modules. B: The expression heat-
maps of all genes in the sample, and their expression behavior are
aggregated into 8 co-expression modules. C: Each row represents
a module, and each column represents a phenotype. The color of
each cell is mapped by the corresponding correlation coefficient,
the value ranges from -1 to 1, the color ranges from blue to white,
and then to red.

the genes of the same module have consistent expres-
sion behavior. Then, through weighted gene co-expres-
sion network analysis (WGCNA), genes are clustered
into modules according to their expression behaviors
in diseases. We obtained a total of 8 functional disor-
der modules (Figure 1A, B). Key genes of each module
were identified based on functional disorder modules,
and the core genes, based on HN1 and PRDX3, were
obtained. According to the correlation between module
and phenotype data, it shows that MEturquoise is cor-
related with non-ischemic cardiomyopathy, while ME-
brown and MEyellow are correlated with ischemic car-
diomyopathy (Figure 1C).

Interested in the functions and pathways involved in
genes

Functions and pathways are important mediators of
disease physiological responses. Exploring the func-
tions and pathways involved in dysfunctional module
genes not only helps to determine the upstream and
downstream relationships of genes in the same pathway
within the module, but also helps to build a molecular
bridge between the module and disease in systems bio-
logy, and Deepen the understanding of the underlying
molecular mechanisms of diseases. We performed
enrichment analysis on the GO function and KEGG
pathway of 8 modules and obtained 1,482 biological
processes (BP), 227 cell compositions (CC), 263 mole-
cular functions (MF), and 55 KEGG pathways (Figure
2). It has been found that these functions are mainly
concentrated in biological processes, such as neutrophil
activation involved in immune responses, neutrophil-
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Figure 2. Function and pathway enrichment analysis of module
genes (excerpt); A. Excerpt of GO functional enrichment analy-
sis of module genes. The enrichment increased significantly from
blue to purple. The larger the circle, the greater the ratio of module
genes in GO functional item genes. B. Excerpt from KEGG pa-
thway enrichment analysis of module genes. The enrichment in-
creased significantly from blue to purple. The larger the circle, the
greater the ratio of module genes in KEGG pathway item genes.

mediated immunity, neutrophil activation, and neutro-
phil degranulation. On the other hand, the enrichment
results of the KEGG pathway reflect that differentially
expressed genes of non-ischemic and ischemic cardio-
myopathy are mainly involved in signaling pathways
such as Vibrio cholerae infection, and regulate the func-
tions and pathways with the most genes in dysfunction
modules. It may be considered to play the most critical
role in the dysfunction module. In order to review the
overall situation, we integrated a network of 8 modules
and conducted path analysis through BinGO (Figure 3).

Driven the co-pathological TF and ncRNA of non-
ischemic cardiomyopathy and ischemic cardiomyo-
pathy

From the perspective of system biology and system
genetics, transcription and post-transcriptional regula-
tion of genes have been considered as the key regulatory
factors for the occurrence and development of diseases,
among which transcription factors and ncRNAs are the
common regulatory factors for expression and function.
Although the regulation of single or several TF and ncR-
NA on the pathogenesis of non-ischemic and ischemic
cardiomyopathy has been paid much attention by many
biologists, few studies have focused on the bridging role
of TF and ncRNA as a whole on the overall effect and
development of dysfunction mechanism. Therefore, in
this study, we conducted pivot analysis on co-expres-
sion modules based on the targeted regulatory relation-
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Figure 3. Pathway analysis of the integrated module network.
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Figure 4. Regulatory effect of regulons on dysfunction modules;
A. The green circle represents the module and the orange circle
represents the ncRNA. B. The pink square represents the module,
and the blue square represents TF. The larger the module shape, the
more the number of modulators.

ship of TF and ncRNA on module genes, in an attempt
to explore the key regulons regulating the pathogene-
sis of non-ischemic and ischemic cardiomyopathy. The
predicted results showed that a total of 957 ncRNAs
involved 1348 ncRNA-module regulatory pairs, and
36 transcription factors involved 39 TF-module target
pairs. The regulation conditions (Figure 4A, B) of regu-
latory factors in dysfunctional modules were observed
by introducing the above results into the cytoscape sepa-
rately. In addition, the number of regulatory modules of
pivot regulators was statistically analyzed and found the
dysfunctional modules with the most regulation by ncR-
NA (MALATI1, miR-133a-3p, and miR-133b) and TF
(NFKB1, PML, and RELA). These transcription factors
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and ncRNA may use mediating dysfunction modules to
modulate the course of nonischemic and ischemic car-
diomyopathy. Therefore, we identified these potential
regulators as dysfunction molecules in the pathogenesis
of nonischemic and ischemic cardiomyopathy.

Discussion

Ischemic cardiomyopathy is caused by atherosclero-
tic lesions in multiple coronary arteries, especially dif-
fuse lesions, which can lead to severe myocardial dys-
function, enlarged heart, heart failure or arrhythmia, etc.
(41, 42). Although the prevention, diagnosis, and treat-
ment of cardiovascular diseases have been improved,
the prevalence rate of ischemic dilated cardiomyopathy
is still increasing in western countries (43). Although re-
searchers have studied non-ischemic and ischemic car-
diomyopathy in various ways, the pathogenesis remains
unclear. In this study, we collected the gene expression
profiles of ischemic and non -ischemic cardiomyopathy
and normal samples from the NCBI Gene Expression
Omnibus database (GEO Dataset), and based on the
common difference of gene expression data on ische-
mic and non-ischemic cardiomyopathy, analyzed the
gene dysfunction modules of ischemic and non-ische-
mic cardiomyopathy driven by transcription factors
and ncRNA regulon, to deeply understand the mole-
cular mechanisms of the pathogenesis of ischemic and
non-ischemic cardiomyopathy. At the module level, the
modules were significantly involved in biological pro-
cesses such as neutrophil activation involved in immu-
noreaction, neutrophil-mediated immunity, neutrophil
activation, and neutrophil degranulation. Meanwhile, it
also significantly participates in the signaling pathway
of vibrio cholerae infection. Among them, the matrix
was released depending on the mediation of mecha-
nism neutrophil and matrix metalloproteinase 9 activa-
ted myocardial ischemia/reperfusion (44). At the same
time, in the inflammatory microvascular system, C15
rapidly regulates neutrophil physiology, induces adhe-
sion cells to escape from the inflammatory endothelial
cells, and reduces recruitment and cardiac injury in the
model of myocardial infarction in neutrophil mice (45).
And neutrophil degranulation is associated with ische-
mic reperfusion of the human heart during cardiopul-
monary bypass (46). Besides, 6-gingerol inhibited cho-
lera-induced pro-inflammatory cytokines in intestinal
epithelial cells by regulating NF- «B (47).

On the other hand, at the molecular level, we have
exploited a total of 8 key genes, including HN1 and
PRDX3, through co-expression analysis. These core
genes are not only significant in differential expres-
sion but also play an important regulatory role in dys-
function modules. Among them, by enhancing MYC
activity, HN1 promotes the migration, invasion, and
tumorigenesis of breast cancer (48). In patients with
ischemic cardiomyopathy, the expression of elongation
factor Tu (a molecule involved in protein synthesis) and
PRDX3 in the isolated mitochondria was significantly
increased and was involved in the stress response (49).
Meanwhile, human ARHGDIG as a GDP dissociation
inhibitor (GDI) for Rho protein, which plays a major
role in regulating GTP enzymatic activity (50). In ad-
dition, mutations in transport protein particle complex

C2 (TRAPPC?2) are associated with spinal retardation
dysplasia (SEDT) in skeletal diseases (51). On the other
hand, the transforming growth factor B (TGFf)/Smad
signaling pathway is activated in SMC4-transduced
glioma cells and inhibited in SMC4-silenced glioma
cells, facilitating the invasiveness of SMC4-mediated
glioma cells (52). Among the 8 key genes mentioned
above, except that PRDX3 is involved in the pathogene-
sis of cardiomyopathy, studies of other genes have not
found any influence on cardiomyopathy. However, our
analysis shows that they are involved in the dysfunction
modules of non-ischemic and ischemic cardiomyopa-
thy, and play an important role in the common pathoge-
nesis, which is the key direction of future research.

Besides, 957 ncRNA were predicted to participate
in the pathogenesis of non-ischemic and ischemic car-
diomyopathy through the mediating module, and their
varying abnormal expressions in non-ischemic and
ischemic cardiomyopathy were verified based on the
difference analysis. According to the statistical analysis,
we determined that MALAT1, miR-133a-3p, miR-133b,
miR-16-5p, miR-181c-5p, miR-495-3p, and TUG1 have
significant effects on the 5 dysfunctional modules and
are the genes that regulate the most modules. Among
them, by negatively regulating mir-145 / Bnip3, IncR-
NA-MALAT] can eliminate the cardioprotective effect
of fentanyl while IncRNA-MALAT lis sensitive to H/R
injury, and the down-regulation of MALAT1 is helpful
to reduce the apoptosis of cardiac myocytes (53). By
targeting COL1A1, miR-133a-3p inhibits cell prolife-
ration, invasion and migration and promotes apopto-
sis of ESCC cells (54). Meanwhile, miR-133b inhibits
the proliferation of cardiac myocytes and the release
of cytokines TNF-a and IL-6 by targeting Rab27B,
and alleviates the myocardial injury caused by CVB3
infection (55). In addition, the decreased expression
of miR-16-5p is helpful to the proliferation, survival,
and resistance to cytotoxic therapy of glioma cells (56).
On the other hand, by inducing cell cycle arrest and
apoptosis of breast cancer, in-vitro experiments have
shown that TUG1 overexpression significantly inhibits
cell proliferation (57). Studies on miR-133a-3p, miR-
16-5p, miR-181c-5p, miR-495-3p and TUGI have not
found their effects on the pathogenesis of cardiomyo-
pathy, but our analysis shows that they are the genes
that regulate the most modules and play an important
role in the pathogenesis of ischemic and non-ischemic
cardiomyopathy. This needs further study. Other ncR-
NAs that significantly regulate the dysfunction modules
of ischemic and non-ischemic cardiomyopathy may
also be involved in the basic pathogenesis of ischemic
and non-ischemic cardiomyopathy, which may serve as
candidate molecules for further molecular experimental
verification.

Finally, we identified differential expressions in
varying degrees of 36 transcription factors and signifi-
cantly modulated the common dysfunction modules of
ischemic and nonischemic cardiomyopathy. According
to regulatory analysis, NFKB1, PML, and RELA signi-
ficantly regulate the two modules, and these regulatory
factors may play an important role in the pathogenesis
of ischemic and non-ischemic cardiomyopathy. Among
them, studies on human heart failure have shown that
nuclear factor B (NF-«xB) is activated in cardiac myo-
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cytes for the long term, indicating important participa-
tion of NF-kB in cardiac remodeling (58). Meanwhile,
promoter polymorphisms associated with smaller
NF«B1 gene activation were also associated with dila-
ted cardiomyopathy (59). PML ubiquitination and de-
gradation pathways regulate cellular and non-cellular
components of the tumor microenvironment to enhance
immune evasion and metastasis (60). Moreover, by
increasing the activity of the NF-xB pathway and p65-
mediated transcription, it is suggested that catalase im-
proves diabetic autophagy in part, while both activation
of apoptosis and high glucose-induced autophagy fluxes
were hugely attenuated by p65 siRNA (61-63). At the
same time, other transcription factors that significantly
regulate the dysfunction modules of ischemic and non-
ischemic cardiomyopathy may also participate in the
basic process of ischemic and non-ischemic cardiomyo-
pathy, which needs to be verified by experiments.

References

1. Senes M, Erbay AR, Yilmaz FM, Topkaya BC, Zengi O, Dogan
M, Coenzyme Q10 and high-sensitivity C-reactive protein in ische-
mic and idiopathic dilated cardiomyopathy. Clinical chemistry and
laboratory medicine. 2008;46(3):382-6.

2. McKenna WJ, Maron BJ, Thiene G. Classification, Epidemio-
logy, and Global Burden of Cardiomyopathies. Circulation research.
2017;121(7):722-30.

3. Mukherjee D, Sen S. Alteration of collagen phenotypes in
ischemic cardiomyopathy. The Journal of clinical investigation.
1991;88(4):1141-6.

4. Finsterer J, Stollberger C, Wahbi K. Cardiomyopathy in neurolo-
gical disorders. Cardiovascular pathology: the official journal of the
Society for Cardiovascular Pathology. 2013;22(5):389-400.

5. Friedrich FW, Carrier L. Genetics of hypertrophic and dila-
ted cardiomyopathy. Current
2012;13(13):2467-76.

6. Sawhney V, Brouilette S, Campbell N, Coppen S, Baker V, Hun-
ter R, Association of genetic variation in telomere-related SNP and

pharmaceutical biotechnology.

telomerase with ventricular arrhythmias in ischemic cardiomyopa-
thy. Pacing and clinical electrophysiology: PACE. 2018;41(3):261-
6.

7. LuYW, Wang DZ. Non-coding RNA in Ischemic and Non-ische-
mic Cardiomyopathy. Current cardiology reports. 2018;20(11):115.
8. Huang ZP, Ding Y, Chen J, Wu G, Kataoka M, Hu Y, Long non-
coding RNAs link extracellular matrix gene expression to ischemic
cardiomyopathy. Cardiovascular research. 2016;112(2):543-54.

9. LiX,LiuCY, LiYS, XulJ, Li DG, Li X, Deep RNA sequencing
elucidates microRNA-regulated molecular pathways in ischemic
cardiomyopathy and nonischemic cardiomyopathy. Genetics and
molecular research: GMR. 2016;15(2).

10. Kruska M, El-Battrawy I, Behnes M, Borggrefe M, Akin I. Bio-
markers in Cardiomyopathies and Prediction of Sudden Cardiac
Death. Current pharmaceutical biotechnology. 2017;18(6):472-81.
11. Xie MB, Sui XQ, Pei D, Yao Q, Huang Q. Study on the expres-
sion and mechanism of plasma microRNA-21 in patients with ische-
mic cardiomyopathy. European review for medical and pharmacolo-
gical sciences. 2017;21(20):4649-53.

12. Ermis C, Zhu AX, Vanheel L, Lemke MJ, Sakaguchi S, Lurie
KG, Comparison of ventricular arrhythmia frequency in patients
with ischemic cardiomyopathy versus nonischemic cardiomyopathy
treated with implantable cardioverter defibrillators. The American
journal of cardiology. 2005;96(2):233-8.

13. Sedlacek K, Ruwald AC, Kutyifa V, McNitt S, Thomsen PEB,

Klein H, The effect of ICD programming on inappropriate and ap-
propriate ICD Therapies in ischemic and nonischemic cardiomyopa-
thy: the MADIT-RIT trial. Journal of cardiovascular electrophysio-
logy. 2015;26(4):424-33.

14. Rijnierse MT, de Haan S, Harms HJ, Robbers LF, Wu L, Danad
I, Impaired hyperemic myocardial blood flow is associated with
inducibility of ventricular arrhythmia in ischemic cardiomyopathy.
Circulation Cardiovascular imaging. 2014;7(1):20-30.

15. Bhatti S, Hakeem A, Yousuf MA, Al-Khalidi HR, Mazur W, Shi-
zukuda Y. Diagnostic performance of computed tomography angio-
graphy for differentiating ischemic vs nonischemic cardiomyopathy.
Journal of nuclear cardiology: official publication of the American
Society of Nuclear Cardiology. 2011;18(3):407-20.

16. Chen HX, Huang L, Yang L, Chen YT, Huang JM. Model-based
method with nonlinear ultrasonic system identification for mechani-
cal structural health assessment. Trans Emerge Telecommun Tech-
nol 2020; 1-15.

17. Chen X, Xu Y, Meng L, Chen X, Yuan L, Cai Q, Shi W, Huang
G. Non-parametric partial least squares-discriminant analysis model
based on sum of ranking difference algorithm for tea grade identifi-
cation using electronic tongue data. Sens Actuators B Chem 2020;
311:127924-127931.

18. Guo T, Lin Q, Li X, Nie Y, Wang L, Shi L, Xu W, Hu T, Guo
T, Luo F. Octacosanol Attenuates Inflammation in Both RAW264.7
Macrophages and a Mouse Model of Colitis. J Agri Food Chem
2017; 65(18): 3647-3658.

19. Jiang X, Zhu B, Chevallier J, Xie R. Allocating provincial CO2
quotas for the Chinese national carbon program. Australian J Agri
Res Econ 2018; 62(3): 457-479.

20. Li W, Jia MX, Wang JH, Lu JL, Deng J, Tang JX, Liu, C. As-
sociation of MMP9-1562C/T and MMP13-77A/G Polymorphisms
with Non-Small Cell Lung Cancer in Southern Chinese Population.
Biomolecules 2019; 9(3): 107-119.

21. Liang Y, Lin Q, Huang P, Wang Y, Li J, Zhang L, Cao J. Rice
Bioactive Peptide Binding with TLR4 To Overcome H202-Induced
Injury in Human Umbilical Vein Endothelial Cells through NF-kap-
pa B Signaling. J Agri Food Chem 2018; 66(2): 440-448.

22. LouY, Guo D, Zhang H, Song L. Effectiveness of mesenchymal
stems cells cultured by hanging drop vs. conventional culturing on
the repair of hypoxic-ischemic-damaged mouse brains, measured by
stemness gene expression. Open Life Sci 2016; 11(1): 519-523.

23. Lou Y, Shi J, Guo D, Qureshi AK, Song L. Function of PD-L1
in antitumor immunity of glioma cells. Saudi J Biol Sci 2017; 24(4):
803-807.

24. Lou Y, Yang J, Wang L, Chen X, Xin X, Liu Y. The clinical
efficacy study of treatment to Chiari malformation type I with sy-
ringomyelia under the minimally invasive surgery of resection of
Submeningeal cerebellar Tonsillar Herniation and reconstruction of
Cisterna magna. Saudi J Biol Sci 2019; 26(8): 1927-1931.

25.Nie Y, Luo F, Lin Q. Dietary nutrition and gut microflora: A pro-
mising target for treating diseases. Trends Food Sci Technol 2018;
75: 72-80.

26.Nie Y, Luo F, Wang L, Yang T, Shi L, Li X, Shen J, Xu W, Guo T,
Lin Q. Anti-hyperlipidemic effect of rice bran polysaccharide and its
potential mechanism in high-fat diet mice. Food Func 2017; 8(11):
4028-4041.

27. Ren'Y, Jiao X, Zhang L. Expression level of fibroblast growth
factor 5 (FGF5) in the peripheral blood of primary hypertension and
its clinical significance. Saudi J Biol Sci 2018; 25(3): 469-473.

28. Wang L, Lin Q, Yang T, Liang Y, Nie Y, Luo Y, Shen J, Fu X,
Tang Y, Luo F. Oryzanol Modifies High Fat Diet-Induced Obesity,
Liver Gene Expression Profile, and Inflammation Response in Mice.
J Agri Food Chem 2017; 65(38): 8374-8385.

29. Zhang T, Wu X, Shaheen SM, Zhao Q, Liu X, Rinklebe J, Ren

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 5

71



Fengling Li ez al.

Pathogenesis of non-ischemic cardiomyopathy and ischemic cardiomyopathy.

H. Ammonium nitrogen recovery from digestate by hydrothermal
pretreatment followed by activated hydrochar sorption. Chem Eng
12020; 379: 1-54.

30. Zhu B, Pang R, Chevallier J, Wei YM, Vo DT. Including intan-
gible costs into the cost-of-illness approach: a method refinement
illustrated based on the PM2.5 economic burden in China. Europ J
Health Econ 2019; 20(4): 501-511.

31. Chen H, Chen Y, Yang L. Intelligent early structural health pro-
gnosis with nonlinear system identification for RFID signal analysis.
Comput Commun 2020; 157: 150-161.

32. Yang M, Abdalrahman H, Sonia U, Mohammed A, Vestine U,
Wang M, Ebadi AG, Toughani M. The application of DNA molecu-
lar markers in the study of Codonopsis species genetic variation, a
review. Cell Mol Biol 2020; 2: 23-30.

33. He L, Fang H, Wang X, Wang Y, Ge H, Li C, Chen C, Wan Y, He
H. The 100 most-cited articles in urological surgery: A bibliometric
analysis. Int J Surg 2020; 75: 74-79.

34. Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, To-
mashevsky M, NCBI GEO: archive for functional genomics data
sets--update. Nucleic acids research. 2013;41(Database issue):
D991-5.

35. Y1, Y., RAID v2.0: an updated resource of RNA-associated in-
teractions across organisms. Nucleic Acids Res, 2017. 45(D1): p.
D115-D118.

36. Cappuzzello C, Napolitano M, Arcelli D, Melillo G, Melchionna
R, Di Vito L, Gene expression profiles in peripheral blood mononu-
clear cells of chronic heart failure patients. Physiological genomics.
2009;38(3):233-40.

37. Han, H., TRRUST v2: an expanded reference database of human
and mouse transcriptional regulatory interactions. Nucleic Acids
Res, 2018. 46(D1): p. D380-D386.

38. Langfelder P, Horvath S. WGCNA: an R package for weighted
correlation network analysis. BMC bioinformatics. 2008; 9:559.

39. Yu, G, Clusterprofiler: an R package for comparing biological
themes among gene clusters. OMICS, 2012. 16(5): p. 284-7.

40. Maere, S., K. Heymans, and M. Kuiper, BINGO: a Cytoscape
plugin to assess overrepresentation of gene ontology categories in
biological networks. Bioinformatics, 2005. 21(16): p. 3448-9.

41. Zhao TT, Wasti B, Xu DY, Shen L, Du JQ, Zhao SP. Soluble
epoxide hydrolase and ischemic cardiomyopathy. International jour-
nal of cardiology. 2012;155(2):181-7.

42. Yoruk U, Yaykasli KO, Ozhan H, Aslantas Y, Karabacak A,
Basar C, Kaya E, Bulur S, Memisogullar1 R. Association of omen-
tin Val109Asp polymorphism with coronary artery disease, Anatol J
Cardiol 2014; 14(6):511-514.

43. De Bonis M, Lapenna E, Ficarra E, La Canna G, Verzini A,
Pagliaro M, Surgical options in ischemic cardiomyopathy. Italian
heart journal: official journal of the Italian Federation of Cardiology.
2004;5 Suppl 6:100S-7S.

44. Lindsey M, Wedin K, Brown MD, Keller C, Evans AJ, Smolen
J, Matrix-dependent mechanism of neutrophil-mediated release and
activation of matrix metalloproteinase 9 in myocardial ischemia/
reperfusion. Circulation. 2001;103(17):2181-7.

45. Cash JL, Bena S, Headland SE, McArthur S, Brancaleone V,
Perretti M. Chemerinl5 inhibits neutrophil-mediated vascular
inflammation and myocardial ischemia-reperfusion injury through
ChemR23. EMBO reports. 2013;14(11):999-1007.

46. Dhote-Burger P, Vuilleminot A, Lecompte T, Pasquier C, Bara
L, Julia P, Neutrophil degranulation related to the reperfusion of
ischemic human heart during cardiopulmonary bypass. Journal of
cardiovascular pharmacology. 1995;25 Suppl 2:S124-9.

47. Saha P, Katarkar A, Das B, Bhattacharyya A, Chaudhuri K.

6-Gingerol inhibits Vibrio cholerae-induced proinflammatory cyto-
kines in intestinal epithelial cells via modulation of NF-kappaB.
Pharmaceutical biology. 2016;54(9):1606-15.

48. Zhang C, Xu B, Lu S, Zhao Y, Liu P. HN1 contributes to mi-
gration, invasion, and tumorigenesis of breast cancer by enhancing
MYC activity. Molecular cancer. 2017;16(1):90.

49. Rosello-Lleti E, Tarazon E, Barderas MG, Ortega A, Molina-
Navarro MM, Martinez A, ATP synthase subunit alpha and LV mass
in ischaemic human hearts. Journal of cellular and molecular medi-
cine. 2015;19(2):442-51.

50. Adra CN, Iyengar AR, Syed FA, Kanaan IN, Rilo HL, Yu W,
Human ARHGDIG, a GDP-dissociation inhibitor for Rho proteins:
genomic structure, sequence, expression analysis, and mapping to
chromosome 16p13.3. Genomics. 1998;53(1):104-9.

51. Scrivens PJ, Shahrzad N, Moores A, Morin A, Brunet S, Sacher
M. TRAPPC2L is a novel, highly conserved TRAPP-interacting pro-
tein. Traffic. 2009;10(6):724-36.

52. Jiang L, Zhou J, Zhong D, Zhou Y, Zhang W, Wu W, Overex-
pression of SMC4 activates TGFbeta/Smad signaling and promotes
aggressive phenotype in glioma cells. Oncogenesis. 2017;6(3):e301.
53. Zhao ZH, Hao W, Meng QT, Du XB, Lei SQ, Xia ZY. Long non-
coding RNA MALAT1 functions as a mediator in cardioprotective
effects of fentanyl in myocardial ischemia-reperfusion injury. Cell
biology international. 2017;41(1):62-70.

54.Yin Y, Du L, Li X, Zhang X, Gao Y. miR-133a-3p suppresses
cell proliferation, migration, and invasion and promotes apoptosis in
esophageal squamous cell carcinoma. Journal of cellular physiology.
2018.

55. Zhang Y, Sun L, Sun H, Liu X, Luo X, Li C, Overexpression of
microRNA-133b reduces myocardial injuries in children with viral
myocarditis by targeting Rab27B gene. Cellular and molecular bio-
logy. 2017;63(10):80-6.

56. Krell A, Wolter M, Stojcheva N, Hertler C, Liesenberg F, Zapat-
ka M, MiR-16-5p is frequently down-regulated in astrocytic gliomas
and modulates glioma cell proliferation, apoptosis, and response to
cytotoxic therapy. Neuropathology and applied neurobiology. 2018.
57. Fan S, Yang Z, Ke Z, Huang K, Liu N, Fang X, Downregulation
of the long non-coding RNA TUG1 is associated with cell prolifera-
tion, migration, and invasion in breast cancer. Biomedicine & phar-
macotherapy = Biomedicine & pharmacotherapie. 2017;95:1636-
43.

58. Zhou B, Rao L, Peng Y, Wang Y, Li Y, Gao L, Functional poly-
morphism of the NFKB1 gene promoter is related to the risk of dila-
ted cardiomyopathy. BMC medical genetics. 2009; 10:47.

59. Santos DG, Resende MF, Mill JG, Mansur AJ, Krieger JE, Per-
eira AC. Nuclear Factor (NF) kappaB polymorphism is associated
with heart function in patients with heart failure. BMC medical ge-
netics. 2010;11:89.

60. Wang YT, Chen RH. PML degradation fosters an immunosup-
pressive and pro-metastatic tumor microenvironment. Molecular &
cellular oncology. 2017;4(6):e1364212.

61. Hatipoglu OF, Yaykasli KO, Dogan M, Yaykasli E, Bender O,
Yasar T, Tapan S, Gunduz M. NF-xB and MAPKs are involved in
resistin caused ADAMTS-5 induction in Human Chondrocytes. Clin
Invest Med 2015; 38(4): E248-E254.

62. Bordbar M, Darvishzadeh R, Pazhouhandeh M, Kahrizi D. An
overview of genome editing methods based on endonucleases. Mo-
dern Genetics J 2020; 15(2): 75-92.

63. Wang X, Tao Y, Huang Y, Zhan K, Xue M, Wang Y, Catalase
ameliorates diabetes-induced cardiac injury through reduced p65/
RelA- mediated transcription of BECNI. Journal of cellular and
molecular medicine. 2017;21(12):3420-34.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 5

72



