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Background: The study explores the differentially expressed genes in the heart tissue of patients with 
chronic heart failure (CHF) and normal heart tissue, thus providing information for further research on the 
pathogenesis of CHF. 
Methods: The Gene Expression Omnibus (GEO) database was used to download the whole transcriptome 
sequencing results of CHF patients (GSE2656, n=49). Transcriptome sequencing results of 44 normal left 
ventricular tissues were randomly screened and downloaded using the Genotype-Tissue Expression (GTEX) 
database (n=44). We explored the differentially expressed genes between CHF tissue and normal heart tissue. 
Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) signaling pathway enrichment analysis were performed for differentially expressed genes. Growth 
hormone-releasing hormone (GHRH) was used as a representative differential gene for serological sample 
verification by the enzyme linked immunosorbent assay (ELISA).
Results: A total of 902 differentially expressed genes between CHF and normal heart tissues were screened, 
including 354 up-regulated genes and 548 down-regulated genes. GO enrichment analysis showed that the 
differentially expressed genes were significantly enriched in the extracellular and sequence-specific DNA 
binding domains. KEGG enrichment demonstrated that the differential genes were enriched in neuroactive 
ligand-receptor interaction, the calcium signaling pathway, vascular smooth muscle contraction, and other 
signaling pathways. ELISA results showed that the expression level of GHRH in patients with heart failure 
was significantly higher than that in healthy subjects (P<0.05).
Conclusions: A total of 902 differentially expressed genes were found in CHF tissues compared with 
normal heart tissues. Signaling pathways such as neuroactive ligand-receptor interaction, the calcium ion 
signaling pathway, and vascular smooth muscle contraction may be related to the pathogenesis of CHF.
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Introduction

Chronic heart failure (CHF) is myocardial damage caused 
by myocardial infarction, cardiomyopathy, hemodynamic 
overload, inflammation and other reasons. It causes 
changes in the structure and function of the myocardium, 
which ultimately leads to hypofunction of pumping or 
filling of the ventricles. The incidence of CHF has been 
increasing in recent years, and is often accompanied by a 
high mortality rate (1-4). Treating CHF involves a complex 
treatment plan, high costs, and long-term follow-up (5,6). 
The molecular mechanisms of CHF are complicated and 
unclear, involving various genetic and environmental 
factors. Genome-wide gene expression profiling is based 
on whole-transcriptome sequencing. It is a widely used 
approach to discover new potential biomarkers, diagnose 
and predict disease severity, construct a diagnostic 
evaluation model or prognostic evaluation model, and 
explore new drug treatment targets (7-9). Transcriptome 
analysis has been successfully applied to many complex 
diseases, including malignant tumors, rheumatoid arthritis, 
and cardiovascular disease (10-12). 

In recent years, with the rise of second-generation 
gene sequencing technology, more chronic heart failure 
biomarkers have been discovered and verified. A study has 
identified 89 differentially expressed genes in chronic heart 
failure tissues (13). These differential genes are related 
to the extracellular matrix and bioadhesion signaling 
pathways (13). The study also found that 51 differentially 
expressed genes encode interacting proteins. A total of 11 
key genes including CTGF, POSTN, Corin, FIGF and 
their related transcription factors were identified (13). 
However, most of the human genome research on CHF 
is limited by the lack of clinical samples in patients with 
advanced CHF. This study explored the differentially 
expressed genes in heart tissues of patients with CHF and 
normal heart tissues based on public databases (13). We 
carried out enrichment analysis to provide information 
for further research on the pathogenesis of CHF. We 
present the following article in accordance with the 
STREGA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1854).

Methods

Data resources

The Gene Expression Omnibus (GEO) database was used 
to download the full transcriptome sequencing results 

(GSE2656, n=49) of myocardial tissues from patients 
with CHF. The full transcriptome sequencing results of 
44 normal left ventricular tissues (n=44) were randomly 
selected and downloaded from the Genotype-Tissue 
Expression (GTEX) database. The whole transcriptome 
data of normal heart tissue and CHF tissue were combined 
into the same data matrix. The data was batch-corrected to 
remove the effect of time, temperature, and method, among 
other factors. Logarithmic transformation of the data matrix 
was performed after correction and normalization.

Screening of differential genes

The mRNAs in the data matrix were extracted and 
analyzed by R software (V.3.5.1) and the edger package. 
The fold change (FC) was calculated and recorded as 
log2FC. The formula was log2FC = log2 (CHF tissue/
normal heart tissue). The screening conditions for 
differentially expressed genes were as follows: (I) |log2FC| 
>2; (II) false discovery rate (FDR) was determined by 
P<0.05 after correction.

Gene Ontology (GO) analysis

The database for annotation, visualization, and integrated 
discovery (DAVID) was used to analyze the GO functions of 
differentially expressed genes in CHF tissues compared with 
normal heart tissues. FDR <0.05 was used as the selection 
condition. The Goplot R package was used to visualize the 
enrichment results.

Kyoto Encyclopedia of Genes and Genomes (KEGG) 
signaling pathway enrichment analysis 

The KEGG signaling pathway database was used to analyze 
the signaling pathway enrichment of differentially expressed 
genes in CHF tissue compared with normal heart tissue. 
FDR <0.05 was used as the screening condition, and the 
GOplot R package was used to visualize the signaling 
pathway enrichment results.

Differential gene verification 

This study screened representative differential genes for 
clinical serological sample verification. Select 30 patients 
with chronic heart failure and 30 healthy subjects in Hainan 
General Hospital, Hainan Affiliated Hospital of Hainan 
Medical University to collect venous blood samples. 
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ELISA was used to measure and compare the content of 
representative differential gene serum samples. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the Ethics Committee 
of Hainan General Hospital, Hainan Affiliated Hospital of 
Hainan Medical University (No.: 20180A21) and informed 
consent was taken from all the patients.

Statistical analysis 

This study used R software (V3.5.1) and related R 
packages for statistical analysis. The enumeration data is 
expressed in the form of mean ± standard deviation, using 
independent sample t-test. P<0.05 indicated statistical 
significance.

Results

Differential gene screening

Using |log2FC| >2 and FDR <0.05 as screening conditions, 
a total of 902 differentially expressed genes between CHF 
and normal heart tissues were screened, including 354 up-
regulated genes in CHF and 548 down-regulated genes in 
CHF. According to the order of |log2FC| values, the top 
20 differentially expressed immune-related genes with the 
most significant differences are shown in Table 1. Figure 1 
illustrates the differentially expressed genes in 49 CHF and 
44 normal heart tissues.

GO functional enrichment 

As a functional classification system, GO can be divided 
into 3 parts: molecular function (MF), biological process 
(BP), and cellular component (CC). In this study, the 
differentially expressed genes in the heart tissue of CHF 
patients were enriched by GO. There were 36 GO terms 
with FDR <0.05, including 6 terms in MF, 12 terms in BP, 
and 18 terms in CC (Figure 2). After enhancing 70 genes 
with the most significant differential expression by GO, the 
results indicated a significant enrichment in the extracellular 
domain, positive regulation of neuronal differentiation, 
sequence-specific DNA binding, ion mode transport 
regulation, and activity of serotonin-activated selective-

Table 1 The top 20 differentially expressed genes with the largest 
|log2FC| values

ID logFC FDR

GUCA1C −7.085 <0.001

TMPRSS11B −6.728 <0.001

AADACL3 −6.414 <0.001

CRNN −6.334 <0.001

MUC21 −6.299 <0.001

TARM1 −6.022 <0.001

MYOC −6.006 <0.001

SPANXD 5.792 <0.001

BAAT 5.845 <0.001

DPPA2 5.886 <0.001

POU3F2 5.987 <0.001

GAGE1 6.077 <0.001

NEUROD4 6.205 <0.001

GJA8 6.441 <0.001

ELAVL3 6.553 <0.001

GAD2 6.623 <0.001

ASCL1 6.705 <0.001

SOST 6.779 <0.001

FGF3 8.563 <0.001

GHRH 9.033 <0.001

FDR, false discovery rate.

Figure 1 Map of differentially expressed genes. Red indicates up-
regulated genes in chronic heart failure (CHF) tissue, and green 
indicates down-regulated genes in CHF tissue. The abscissa 
represents lgFDR, and the ordinate represents log2FC. The 
screening criteria were |log2FC| >2 and false discovery rate (FDR) 
<0.05.
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Figure 2 Gene Ontology (GO) enrichment analysis of differentially expressed genes. Green represents biological process (BP), blue 
represents cellular component (CC), and red represents molecular function (MF). The abscissa represents the GO terms, and the ordinate 
represents the number of target genes.

cation channels, as shown in Figure 3.

KEGG pathway enrichment

In this study, KEGG signaling pathway enrichment analysis 
of differentially expressed genes in CHF tissue and normal 
heart tissue was used to explore the signaling pathways 
of differential gene enrichment. The results showed that 
the differentially expressed genes were mainly enriched 
in neuroactive ligand-receptor interaction, calcium ion 
signaling pathway, vascular smooth muscle contraction, and 
other signaling pathways (Figure 4). 

Validation of representative differential gene serological 
samples

By consulting the literature, the study used FGF3GHRH 
as a representative differential gene for serological sample 
verification. ELISA results showed that the expression level 

of GHRH in patients with heart failure was significantly 
higher than that in healthy subjects (P<0.05), as shown in 
Figure 5.

Discussion

CHF, defined as the lack of sufficient blood to meet 
the body’s needs, is a syndrome associated with a high 
incidence rate and mortality. The 2 most common subtypes 
are ischemic heart disease and dilated cardiomyopathy. 
Once CHF occurs, it is irreversible. Clinical treatment 
focuses on reducing the load on the heart and improving 
ventricular compliance. Some end-stage patients need heart 
transplantation. Therefore, exploring the pathogenesis of 
CHF and finding potential drug targets to improve cardiac 
function and structure has been the focus of research.

Some researchers use animal models combined with 
functional genomics to study the molecular basis of 
CHF. Previous studies linked the genetic characteristics 
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Figure 3 Genes with the most significant differential expression were enriched by Gene Ontology (GO). Blue indicates down-regulated 
genes, red indicates up-regulated genes.

of human blood with the results of CHF. Several recent 
studies utilized transcriptome sequencing of human cardiac 
tissue to explore their hypothesis. They found that end-
stage CHF was associated with increased gene expression 
levels of matrix/cytoskeleton and proteolysis/stress. Some 
studies used microarray and machine learning methods to 

distinguish patients with histological evidence of ischemic 
injury from patients without a history of myocardial 
infarction, revascularization, or coronary artery disease (14). 

In recent years ,  the rapid development of  ful l 
transcriptome sequencing technology has provided new 
opportunities to study disease pathogenesis at the molecular 
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level. It greatly promotes the exploration and determination 
of molecular pathogenesis. Compared with previous studies, 
this study has some advantages. First, the sample size of 
previous studies was small. We used two public databases, 
GEO and GTEx, to expand the sample size, especially the 
content of normal samples, and to some extent compensate 

for the lack of tissue in normal heart samples. Second, the 
criteria for screening differential genes in this study are 
more stringent, and the differential expression multiples of 
differential genes are greater.

This study screened the differentially expressed genes 
between the heart tissues of patients with CHF and normal 
heart tissues. We also performed GO function and KEGG 
pathway enrichment analysis. In this study, the neuroactive 
ligand-receptor interaction pathway was the most abundant 
and statistically significant. Most of the ligands and 
receptors on the plasma membrane are concentrated in this 
pathway, which indicates that the pathogenesis of CHF 
may be closely related to intracellular and extracellular ion 
pathways and signal transduction. This study also found that 
the genes with the most significant differential expression 
were enriched in the calcium signaling pathway, which 
is considered to be closely related to cardiac arrhythmia, 
cardiac hypertrophy, and heart failure, and may be involved 
in the occurrence and progression of CHF (15). Studies 
have shown that the activation of the calcium signaling 
pathway in cardiomyocytes can lead to cardiac hypertrophy, 
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Figure 4 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment of the most significant genes. The abscissa represents 
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small to large after correction.

Figure 5 Comparison of serum levels of representative differential 
gene GHRH patients with heart failure and healthy subjects.
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further developing into CHF (16). This study also found 
that the vascular smooth muscle contraction pathway may 
play an essential role in the occurrence and progression of 
CHF. The vascular smooth muscle contraction pathway 
mediates hypertension, portal hypertension, and vascular 
endothelial injury (17,18). These pathological changes 
increase the risk of CHF to a certain extent.

GHRH gene is closely related to the occurrence and 
progression of chronic heart failure. Studies have shown 
that GHRH gene has a protective effect on myocardial 
tissue after myocardial infarction (19). Studies have also 
shown that it can stimulate the self-renewal of cardiac stem 
cells and promote their survival (20). It is difficult to obtain 
heart tissue samples, and its clinical application mostly relies 
on serum samples. This study uses it as a representative 
differential gene to explore the difference in serum content 
between patients with heart failure and normal subjects. 
The results show that GHRH is highly expressed in patients 
with heart failure.

The main limitations of this study should be noted. First, 
the number of heart tissue samples of CHF was small and 
needs to be further expanded to confirm the significance of 
these results. Second, this study lacks in vitro experimental 
verification. We explored the differentially expressed 
genes and predicted the possible pathogenic mechanisms 
and signaling pathways. The data analysis of the second-
generation sequencing results still needs to be confirmed 
by results from independent in vitro experiments and 
should also be further explored in regards to its clinical 
practicability.

In conclusion, there are 902 differentially expressed 
genes in CHF tissue, including those enriched in the 
extracellular domain, positive regulation of neuronal 
differentiation, sequence-specific DNA binding, ion mode 
transport regulation, and the activity of serotonin-activated 
selective-cation channels. The enriched genes were also 
associated with neuroactive ligand-receptor interaction, 
calcium signaling pathway, vascular smooth muscle 
contraction, and other related signaling pathways.
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