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Abstract
Objective: Heart failure (HF) is the end pathophysiological process of many cardiovascular diseases.
Although brain natriuretic peptide (BNP) and N-terminal pro B type natriuretic peptide, (NT-proBNP) have
been widely used to diagnose HF, their expression levels are easily affected by age, weight, obesity, and
renal function. Therefore, more accurate markers of HF are needed. This study aimed to explore common
new biomarkers and mechanisms for HF based on microarray and bioinformatics analysis at the
transcriptome level.

Methods: Microarray datasets of HF were downloaded from the Gene Expression Omnibus (GEO)
database and differentially expressed genes (DEGs) were selected by using R software. Tissue or organ-
speci�c genes were predicted by BioGPS. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways were used to conduct enrichment analysis. Hub genes were selected by a
protein-protein interaction (PPI) network, and competitive endogenous RNA (ceRNA) networks were
constructed by Cytoscape. The HF model was induced by aortic banding (AB) surgery. Furthermore,
effective DEGs were further validated using reverse transcription-quantitative polymerase chain reaction
(RT-PCR) analysis.

Results: Three datasets were downloaded from the GEO. As many as 950 DEGs were recoded from
GSE57338 and GSE141910, and 43 common DEGs were identi�ed. DEGs were mostly enriched in
extracellular matrix structural components, extracellular adhesion, oxygen binding and carrying,
apoptosis, and phagosomes. Four hub genes were identi�ed from the intersection of the PPI and BioGPS
system. The diagnostic level of natriuretic peptide A (NPPA), haemoglobin subunit beta (HBB), and
hyaluronan and proteoglycan link protein 1(HAPLN1) were validated by a GSE116250 dataset. SNHG16-
miR-23-3p/miR-103-5p/HAPLN1 and XIST-miR-23-3p/ miR-103-5p/HAPLN1 might regulate the disease
progression of HF at the transcriptional level. Moreover, the mRNA levels of HAPLN1 and CD163 were
also validated in an animal model of HF.

Conclusions: HAPLN1 might be a new potential biomarker of HF and CD163 may participate in the
progression of HF. SNHG16-miR-23-3p/ miR-103-5p / HAPLN1 and XIST-miR-23-3p/miR-103-5p/HAPLN1
may be involved in the transcriptional regulation during HF.

Background
Heart failure (HF) is the most common �nal pathophysiological process of many cardiovascular
diseases, and it poses a serious threat to human life and health. Owing to the increased age of the
population and the extended life expectancy coupled with advanced medical conditions, the number of
patients with HF is expected to continuously accumulate and become the most common reason for
hospitalization [1]. Once patients enter the development stage of HF, they will become irreversible and
need long-term drug and device maintenance to slow down the development of the disease. Since there is
no effective method to completely reverse HF at present, early detection and intervention into HF as early
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as possible to delay the progression of the disease are of great importance. Although many HF markers
have been proposed, none of them could completely satisfy the need for both sensitivity and speci�city.
Indicators with high sensitivity are affected by many factors, such as brain natriuretic peptide (BNP) and
N-terminal pro-brain natriuretic peptide (NT-proBNP)[2]. Therefore, we need to explore and discover new
biomarkers of HF. Transcription and microarray data analysis has been widely used to identify new
biomarkers including both tumors and common diseases that rely on bioinformatic analysis. Moreover,
emerging evidence has indicated a pivotal role of noncoding RNAs (ncRNAs) in remodeling related
cardiovascular diseases as shown in transcriptome and chip technology experiment [3]. In addition,
competitive endogenous RNA (ceRAN) networks can reveal new potential mechanisms that regulate
disease development at the transcriptional regulatory level[4]. In this study, we conducted a
transcriptional microarray data analysis combined with ceRNA network construction to explore new
biomarkers of HF. Hypertension is the most common disease among many cardiovascular diseases, and
HF caused by hypertension is one of the main causes of myocardial remodeling. Therefore, early
screening markers of HF caused by hypertension are of great signi�cance for the diagnosis and
treatment of HF. Pressure overload-induced HF under hypertension or aortic valve stenosis is
characterized by initial compensated cardiac hypertrophy and subsequent aggravation into
decompensated HF which could serve as a proper animal model mimic of hypertension-induced HF. The
target gene will be more convincing after the veri�cation by this model.

Methods
Microarray data download

Representative microarray data sites of human left ventricle heart tissue with various reasons for HF were
downloaded. The typical gene expression pro�les GSE57338, GSE116250, and GSE141910 were
downloaded from the GEO (https://www.ncbi.nlm.nih.gov/geo/) database, among which GSE116250
was regarded as the validation dataset. The gene expression pro�les of GSE57338 contain different HF
samples of cardiac tissue from 313 subjects, including 95 patients with ischemic heart disease and 82
patients with dilated cardiomyopathy as well as 136 samples with non-failing donors, heart. GSE116250
dataset was comprised of 37 dilated cardiomyopathy, 13 ischemic cardiomyopathy, and 14 non-failing
donors, heart. GSE141910 included 166 non-failing donor hearts. and 200 failing hearts of with
peripartum cardiomyopathy (PPCM), hypertrophic cardiomyopathy (HCM), and dilated cardiomyopathy
(DCM) samples. The speci�c information was shown in Table1.

Table1. GEO database of heart failure pro�le dataset
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Organ Dataset ID Control HF

Left ventricle GSE57338 136 177

Left ventricle GSE141910 166 200

Left ventricle GSE116250 14 50

Differentially expressed genes (DEGs) screening 

DEGs expression of GSE57338 and GSE141910 between the HF groups and the control group was
analyzed by using the Limma package of R. The empty probe was removed after corresponding to the
gene. Once a gene was associated with a different probe, the average values of the different probes were
regarded as the �nal expression values. All DEGs expressions levels were log2 transformed to
quantitative the normalized signal intensity. An adjusted P value less than 0.05 and log fold-change |
(FC)| >1 were considered thresholds for DEGs screening. 

Functional enrichment analysis, PPI interaction, and tissue speci�city analysis

DEGs were analysed by Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and the
REACTOME cluster method using the pro�ler R package. GO terms included the compromise of biological
processes (BP), cellular components (CC), and molecular functions (MF). Protein interaction networks
were constructed according to the STRING dataset, and the individual node genes were rejected. Genes
speci�cally expressed in cardiovascular tissues or cells among the differential genes were listed
according to the BioGPS database. The screening criteria were as follows: (1) the expression value of
transcripts located in a single organ system was 10 times greater than the median of all of the other
organs and tissues, (2) the expression of the second most abundant tissue did not exceed one-third of the
highest tissue expression [5]. Four hub genes were obtained by taking the intersection of the differential
genes screened by the STRING dataset and BioGPS.

Construction of the ceRNA network 

Four online miRNA databases were adopted for the prediction of target miRNAs including
TargetScanHuman (), micro-T-CDS(), miRWalk (http://mirwalk.umm.uni-heidelberg.de/), and miRDB ().
The relationship of mRNA and miRNA predicted by at least two databases was recorded, and the co-
expression network was constructed the in Cytoscape. The interactions among miRNA, lncRNA, and
circRNA were constructed in starbase (https://starbase.sysu.edu.cn/), and the ceRNA network was
constructed in Cytoscape.

Anima model of HF

Adult male-speci�c pathogen-free (SPF) grade C57BL/6 mice (n=30, 8-10 weeks old, weighing 23.5-25.5
g) were obtained from the Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences,
Beijing, China. After one week of adaptive feeding, the mice underwent aortic banding (AB) surgery to
mimic the pressure overload-induced HF model. After the mice were anesthetize with 3% pentobarbital
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sodium by intraperitoneal injection, the thoracic aorta was stripped and exposed under a microscope
vision. Then, a 27G blunt needle was placed next to the aortic segment and tightly tied to it by 7-0 silk
thread. The blunt needle was pulled out after ligation, leading to almost 70% contraction. Sham-operated
mice underwent a similar procedure without ligation of the aorta. After eight weeks, the mice were
euthanized by the use of an overdose of sodium pentobarbital (200 mg/kg, intraperitoneal injection). All
of the experimental procedures were approved by the Ethics Committee of Peking Union Medical College
Hospital. All of the experimental operation were conformed to the Guidelines of the Care and Use of
Laboratory Animals published by the United States National Institutes of Health.

Echocardiographic measurement

At 8 weeks after the operation, echocardiography parameters were collected to assess the change in the
left ventricular (LV)structure and function in mice by inhalation of 1.5% iso�urane. Echocardiography was
conducted with the MyLab 30CV system (Esaote SpA) with a 10 MHz linear array ultrasound transducer.
All of the two-dimensional images were acquired from the LV parasternal long axis and parasternal short-
axis near the papillary muscles. The left ventricular end-systolic diameter (LVESD) and end-diastolic
diameter (LVEDD), LV ejection fraction (EF), and LV fractional shortening (FS) were recorded at the
papillary level in M-mode with a sweep speed of 50 mm/s. 

Histological Analysis

After the collection of echocardiographic parameters, the mice were immediately euthanized. Biomarkers
of HF such as body weight (BW), heart and lung weight (HW, LW), and tibial length (TL) were speci�cally
recorded for each mouse. Hearts were immersed in 10% kcl and �xed with 10% formalin. After 24 hours,
the hearts were embedded in para�n and cut into 5‐µm sections transversely. Haematoxylin-eosin (HE)
and picrosirius red (PSR) staining were used for histological analysis of the cardiac cross-sectional area
(CSA) and �brosis level. After staining, a digital analysis system (Image-Pro Plus, version 6.0; Media
Cybernetics, Bethesda, MD, USA) was adopted to evaluate the CSA of the myocytes and the percentage of
collagen.

Real-Time Polymerase Chain Reaction Analysis

RNA was extracted from the left ventricle of frozen hearts via TRIzol (Invitrogen; Thermo Fisher Scienti�c,
Inc. cDNA was synthesized from 1 𝜇g RNA from each group using oligo(dT) primers. Quantitative gene
expression was conducted using the Light Cycler 480 SYBER Green Master Mix (Roche Diagnostics).
Relative target gene expression of mRNA was normalized to the internal control of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). All details about the primers were presented in Table 2.

Table 2. Primers used in the study



Page 6/21

Gene names Forward Reverse

GAPDH TCATCAACGGGAAGCCCATC CTCGTGGTTCACACCCATCA

NPPA ACCTGCTAGACCACCTGGAG CCTTGGCTGTTATCTTCGGTACCGG

CD163 ATGGGTGGACACAGAATGGTT CAGGAGCGTTAGTGACAGCAG

HALPN1 CCCCCGTCTACTTGTGGAAG TCCTGAGCCAAATGCTGTAGG

Statistics analysis

The R software package ggpubr, ggplot2 and ROC were used to identify hub genes. The data were
expressed as the mean ± standard error. Student’s t-test was used to detect the differences between the
two groups. IBM SPSS Statistics25 (SPSS, Inc., Chicago, IL, USA) was used to analyse the data and
receiver operating characteristic curve (ROC) curve.

Results
Differential genes screening

Two sets of gene expression data GSE57338 and GSE141910 were downloaded from the GEO database.
A total of 48 different genes were obtained from the GSE57338 dataset, including 25 up-regulated genes
and 23 down-regulated genes, and 902 differential genes were collected from the GSE141910 dataset
composed of 622 up-regulated genes and 280 down-regulated genes. (Figure 1 A-F). The two datasets
had 679 samples, so the selected genes were fully representative. 

Enrichment of differentially expressed genes by GO, KEGG pathway, and REACTOME analysis

A total of 43 stable differentially expressed genes were obtained from the two datasets which were in
accordance with up and down regulated patterns in the GSE57338 and GSE 141910 datasets (Figure 2A).
After GO enrichment analysis of 43 genes, it was found that the function of BP mainly focused on the
adhesion of extracellular or epidermal cells, myocardial hypertrophy and regulation, the bone
morphogenetic protein (BMP) signal pathway, in�ammatory response, and blood pressure regulation. The
cell component of CC was mainly enriched in extracellular collagen, blood particles, and other molecular
components. MF was mainly enriched in extracellular matrix structural components, oxygen binding, and
endopeptidase activity. (Figure 2C-E) Through KEGG enrichment analysis, the genes were mainly enriched
in gap junctions, apoptosis, phagosomes, the cGMP-PKG signaling pathway, and tight junctions (Figure.
2B), which was consistent with the GO enrichment analysis. For the reactome analysis, DEGs were mainly
enriched in interferon signal interleukins, asparagine-N-linked glycosylation, neutrophil degranulation, and
regulation of Toll-like receptor (TLR) by endogenous ligand (Figure 2F-G). 

PPI network based on DEGs and identi�cation of tissue-speci�c genes by BioGPS
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The PPI network of DEGs was constructed according to the STRING database, and individual differential
gene nodes were deleted. The PPI network contained 25 differentially expressed genes (Figure 3A). The
tissue-speci�c analysis of the DEGs showed that 37 of the 43 genes were tissue-speci�c expression
genes (Table 3 and Figure 3B), among which 6 genes were speci�cally expressed in cardiovascular-
related tissues or cells, natriuretic peptide A (NPPA), hemoglobin subunit beta (HBB), eukaryotic
translation initiation factor 1A Y-linked (EIF1AY), serpin family A member 3 (Serpina3), hyaluronan and
proteoglycan link protein 1(HAPLN1) and CD163 (Figure 3C).

Table 3. speci�c expressed genes identi�ed by BioGPS

Tissue-speci�c differentially expressed genes Non-tissue
speci�c
differentially
expressed
genes

MGST1, SLCO4A1, MXRA5, SERPINE1, SFRP4, OGN, ASPN, ECM2, SMOC2, IL1RL1,
MYOT, LYVE1, IFI44L, AOX1, MNS1, PHLDA1, LUM, FCN3, CYP4B1, HAPLN1, VSIG4,
FRZB, PI16, ANKRD2, RNASE2, METTL7B, NPPA, CD163, COL14A1, PLA2G2A,
SERPINA3, MYH6, HBB EIF1AY, MME SFRP1 USP9Y

PDE5A,
ADAMTS4,
ADAMTS9,
FNDC1,
FREM1,
HMGCS2  

Identi�cation of hub genes and validation of important gene expression levels with independent datasets

Four hub genes (NPPA, HBB, CD163, and HAPLN1) were obtained by the intersection of 25 genes
constituting the PPI network and 6 genes speci�cally expressed in the cardiovascular system (Figure 3C)
The main functions of the NPPA gene were related to muscular hypertrophy, myocardial adaptation, and
blood pressure regulation. The main functions of the HBB and HAPLN1 genes were oxygen binding and
regulation of the extracellular matrix. The four selected key genes of HF were all signi�cantly
differentially expressed in the validation dataset. The expression of the NPPA, HBB, and HAPLN1 genes in
patients with HF was signi�cantly up-regulated. The up-regulation range of the NPPA gene was the
largest, logFC=3.907, and CD163 was down-regulated in patients with HF, logFC = 1.108 (Figure 3D-G)

Diagnostic e�cacy analysis based on the four hub genes of HF

Except for CD163, all the other three genes demonstrated good diagnostic results, and the diagnostic
accuracy of the HBB gene was as high as 93.14%. The area under the curves (AUCs) of NPPA and
HAPLN1 were estimated to 0.8734 and 0.8414, respectively, which demonstrates a similar diagnostic
value between NPPA and HAPLN1. The AUC value of CD163 was 0.2286, which may discriminate HF
patients from healthy people (Figure 4A-D).

ceRNA network analysis

The ceRNA network was constructed for the four key genes of HF (the mRNA and miRNA interaction
relationship was obtained based on the public database, as well as the miRNA-lncRNA and miRNA-



Page 8/21

circRNA interactions). A ceRNA network was constructed for the four selected four key genes. It was
found that each gene was regulated by multiple miRNAs, which suggests a new direction for the further
treatment of HF by regulating their upstream genes (Figure 4E-H). A previous study revealed that the long
non-coding RNAs (lncRNAs) SNHG16 and XIST were signi�cantly upregulated in mouse hypertrophic
hearts and phenylephrine (PE)-stimulated cardiomyocytes [6, 7], therefore, we speculate that SNHG16-
miR-23-3p/ miR-103-5p / HAPLN1 and XIST -miR-23-3p/miR-103-5p/HAPLN1 might be potential RNA
regulatory methods of HF.

Construction of HF model in mice

Eight weeks after AB surgery, the mice had developed obvious HF. After AB surgery, the mice manifested
an obvious cardiac pathological remodeling phenotype, with increased HW/BW, LW/BW, and HW/TL
ratios (Figure 5A-C). AB mice also exhibited deteriorated cardiac function compared with sham-operated
mice by echocardiographic examination with LVEDd, LVESd, FS, and EF (Figure 5D-G,M). The average
CSA after AB surgery by H&E staining also con�rmed the adverse pathological changes of AB surgery on
cardiac remodeling (Figure 5 H and N). Fibrosis was evaluated by picrosirius red staining and AB surgery
had resulted in obvious cardiac interstitial �brosis (Figure 5 I and O). Based on these results, the
successful establishment of AB-induced HF in mice was con�rmed.

Detection of mRNA level of DEGs in a mouse model of HF

As shown in Figure 5I-L, the mRNA level of ANP was signi�cantly higher than that of the sham-operated
group which proved the successful establishment of the HF model. The level of HAPLN1 was
upregulated, and CD163 was down-regulated in the HF group under pressure-overload induced heart
failure.

Discussion
HF is one of the most common end-stages of various cardiovascular diseases. With the aging of the
population and the advancements in acute cardiovascular treatment, the incidence of chronic HF was
increasing. Once the patient enters the stage of HF, it will continue to progress irreversibly, and mortality
will increase signi�cantly. HF patients need to take drugs or receive mechanical treatment for a long time,
which will lead to serious economic and living burdens on society and individuals. Therefore, early and
accurate identi�cation of HF plays an essential role in slowing down the progression of heart
deterioration. Plasma levels of BNP or pro-BNP have been widely used in the diagnosis of HF, however,
the level is easily affected by multiple factors such as age, obesity, and kidney function. Although new
biomarkers such a as soluble isoform of suppression of tumorigenicity 2(sST2), growth differentiation
factor-15(GDF15), heart-type fatty acid-binding protein (H-FABP), and galectin-3 have been widely
discussed in terms of the diagnosis of HF, none of them can achieve a perfect diagnosis with satisfactory
sensitivity and speci�city [8]. Thus, further study is required for the detection of early and accurate
biomarkers of HF.
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Our study demonstrated 43 common DEGs from GEO datasets of GSE57338 and GSE 141910 from
various HF and non-HF donor hearts. GO and KEGG pathways indicated that regulation of the
extracellular matrix, oxygenation, and the degradation of hemoglobin, and macrophage phagocytosis
were the major mechanisms involved in the process of HF. Four hub genes were screened out after the
PPI network and were validated by another GEO dataset and subsequently by ROC curve analysis. We
identi�ed that NPPA, HBB and HAPLN1 were signi�cantly upregulated in HF, and CD163 was down-
regulated. Moreover, NPPA, HBB, and HAPLN1 all achieved a good diagnosis value. In addition, we
constructed mRNA-miRNA co-expression and ceRNA regulation networks and speculate that SNHG16-
miR-23-3p/ miR-103-5p/HAPLN1 and XIST-miR-23-3p/miR-103-5p/HAPLN1 might be involved in the RNA
regulated pathway. Furthermore, the mRNA levels of HAPLN1 and CD163 were also validated in an
animal model of HF.

NPPA, also known as atrial natriuretic peptide (ANP), is a peptide hormone synthesized and released by
atrial myocytes. The major function of ANP is to relax vascular smooth muscle and promote renal water-
sodium excretion. Elevated levels of ANP are released into the blood under atrial wall stress such as
excessive blood volume and pressure, changes in body position, and elevated central venous pressure [9]
[10]. ANP has been proved to be a vital diagnostic and prognostic serum marker in congestive HF[10][11].
Mid-regional pro-atrial natriuretic peptide (MR-proANP) has acquired a sensitivity ranging from 0.95 to
0.97 and a negative predictive value ranging from 0.90 to 0.97 at a recommended threshold of 120
pmol/L according to a systematic review and meta-analysis [11]. The selection of NPPA also validates
the accuracy and credibility of our study. HBB is an important molecule for oxygen delivery and is one of
the main globin genes in the blood of mature organisms. HBB, together with HBA determines the structure
of the hemoglobin polypeptide chain [12]. Its abnormal structure often induces blood diseases such as
thalassemia and sickle cell anemia and it affects the metabolic function of the human kidney and liver
[13]. Cell-free hemoglobin (CFH) is increased in patients with pulmonary arterial hypertension (PAH)
compared with healthy individuals, and is positively associated with mean PAH and pulmonary vascular
resistance and inversely associated with the cardiac index in PAH patients [14]. After being released from
RBCs into blood, hemoglobin could serve as a potential oxidant and vasoconstrictor associated with poor
clinical outcomes. Previous studies have demonstrated that the level of CFH is elevated in patients with
sepsis and is associated with poor outcomes, including an increased risk of acute kidney dysfunction,
myocardial injury, and death [15, 16]. Moreover, an early study also discovered that the mRNA level of
HBB was elevated in sudden cardiac death patients [17]. In addition, anemia and iron de�ciency are both
common comorbidities that coexist in patients with HF. Both complications were closely associated with
a poor clinical condition and worse outcomes neither together nor independently[18]. Hence, we speculate
that hemolysis may occur in patients with HF, resulting in increased HBB release. HAPLN1, which act as
the combination platform of proteoglycan with hyaluronic acid has been reported to play a signi�cant
role in cell adhesion and extracellular matrix structure conformation [19]. HAPLN1 stabilizes interactions
between versican and hyaluronan, and participates in the proliferation of �broblasts and their conversion
to myo�broblasts in cultured human lung �broblasts [20].Previous studies have demonstrated that the
cancer-associated �broblasts (CAF) derived HAPLN1 is up-regulated in CAFs of gastric cancer and that



Page 10/21

increased HAPLN1 levels are accompanied by shorter overall survival. They also discovered that the
upregulation of HAPLN1 was regulated by the activation of the transforming growth factor-β(TGF-β1)
/Smad2/3 signaling pathway [21]. HAPLN1 was also related to the process of endocardial epithelial-to-
mesenchymal transformation (EMT) in valvular interstitial cells and deletion of HAPLN1 in mice resulted
in hypoplastic valves during heart development which may imply a potential role for promoting EMT
[22].Regarding the critical role of EMT and TGF-β1/Smad2/3 in the pathology of cardiac �brosis, we
speculate that HAPLN1 may participate in the development of cardiac �brosis in HF. CD163 is a
transmembrane glycoprotein speci�cally limited to the membrane surface of monocytes/macrophages,
and it is de�ned as hemoglobin scavenger receptor (SRCR). Dynamic alteration of CD163 is considered to
be one of major signs of macrophage switching to alternatively activated phenotypes under
in�ammation [23]. Pevious studies have illustrated that the serum level of CD163 is upregulated in
patients with atrial �brillation, coronary heart disease, and doxorubicin-related cardiac damage [24, 25].
The in�ammatory response and macrophage in�ltration mediate the main mechanism of HF and up-
regulated soluble decoy receptor CD163 (sCD163) was discovered in HF patients compared with healthy
subjects by ELISA kits according to a previous study [26]. However, our study found a reduced level of
CD163 in cardiac tissues which may deserve further study. An elevated level of HBB may consume
CD163 positive macrophages which may result in reduced CD163.

Regarding the regulatory mechanism of RNA, LncRNAs play a signi�cant role in the development of
cardiac remolding mainly through the ceRNA mechanism [27].

MicroRNAs have been identi�ed in tissue and are also involved in several pathophysiological processes
related to HF, such as cardiac �brosis and hypertrophy [28]. MicroRNAs can also be detected in the
circulation, and are potential diagnostic and prognostic biomarkers in HF.

miR-23-3p was able to activate the TGF-ß signal in human keratinocytes by increasing SMAD2
phosphorylation [29], moreover, miR‐23‐3p was also up-regulated in patients with liver cirrhosis compared
with hepatocellular carcinoma (HCC) [30], which may indicate that miR‐23‐3p participates in the process
of liver �brosis. Another report also demonstrated that LINC00909 could promote the EMT transition of
ovarian cancer cells via regulation of MRC2 by the function of ceRNA and sponging miR-23-3p[31]. All of
these results indicated that miR-23-3p might participate in the regulation of the �brosis process. miR-103-
5p was reduced in obese patients which indicates that miR-103-5p participates in lipid metabolism which
was also associated with HF [32].

A previous study revealed that SNHG16 was upregulated in the cardiac hypertrophy model and down-
regulation of SNHG16 could inhibit the expression of hypertrophic markers and reduce CSA induced by
Ang II [6]. Moreover, SNHG16 might also be involved in TGF-β signaling and extracellular matrix (ECM)-
receptor interaction [33]. LncRNA XIST was increased in patients with chronic HF and played a regulatory
role in cardiomyocyte function, moreover, XIST was also proven to be signi�cantly upregulated in
hypertrophic mouse hearts and PE-stimulated cardiomyocytes while knockdown of XIST alleviated PE-
induced cardiomyocyte hypertrophy [34]. Therefore, we speculate that SNHG16-miR-23-3p/miR-103-



Page 11/21

5p/HAPLN1 and XIST -miR-23-3p/ miR-103-5p/HAPLN1 may participate in the development of HF and
are probably involved in cardiac �brosis. Given the differences in species, further prospective cohort
studies and basic experiments are needed to con�rm our views.

Conclusions
This study found that levels of HBB, HPLN1, ANP, and CD163 in HF hearts were different from those in
control hearts, and proposed that HBB, and HPLN1 may be potential markers for the diagnosis of HF. The
pressure load myocardial hypertrophy model also demonstrated obvious changes in CD163 and HPLN1.
This study proposed for the �rst time that HPLN1 was involved in the process of HF, and SNHG16-miR-23-
3p/miR-103-5p/HAPLN1 and XIST -miR-23-3p/miR-103-5p/HPLN1 may regulate HF development.
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Figure 1

Differential genes in the GSE57338 and GSE141910 data sets. Fig. note: GSE57338: A-differential gene
volcano map; B- quantitative distribution of up and down-regulated genes; C-differential gene expression
pro�le; GSE141910: D-differential gene volcano map; E- quantitative distribution of up and down-
regulated genes; F-differential gene expression pro�le
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Figure 2

Gene enrichment analysis. Fig. note: A: The vein map of common genes between GSE57338 and GSE
141910 data sets; B: KEGG enrichment analysis; C: GO enrichment analysis of BP; D: GO enrichment
analysis of CC; F: GO enrichment analysis of MF; F: Reactome enrichment plot; G: GSEA analysis for the
�rst �ve speci�c pathways of Reactome enrichment
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Figure 3

The identi�cation of hub gene and the expression values. A: Construction of PPI network by DEGs. B:
Tissue expression pro�les of different genes in BioGPS C: Different genes in PPI network and vein map
speci�cally expressed in the cardiovascular system; D: Independent validation of HBB gene in
GSE116250 data set; E: Independent validation of NPPA gene in GSE116250 data set; F: Independent
validation of Hapln1 gene; G: Independent validation of --CD163 gene.

Figure 4

Diagnostic e�cacy analysis of hub gene in GSE116250 and ceRNA net-work constrcution. Note: A: ROC
diagnosis of HBB gene; B: ROC diagnosis of NPPA gene; C: ROC diagnosis of HAPLN1 gene; D: ROC
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diagnosis of CD163 gene; E-H: ceRNA network analysis of HBB, NPPA, HAPLN1 and CD163.

Figure 5

Construction of pressure-overload induced cardiac failure and target gene validation.
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(A-C)-Statistical results of the HW/BW, LW/BW, and HW/TL ratios; (D-G,M)- Echocardiography parameters
of LVESd, LVEdd, EF and FS). (H and N) Representative hematoxylin and eosin staining and statistical
results for the CSA; (J-L) Reverse transcription-quantitative polymerase chain reaction analysis validation
of mRNA expression levels of ANP CD163 and HAPLN1; M-N-H, EF, and FS). (I and O) Representative
picrosirius red staining on histological sections and statistical results. *P<0.05; The scale bar represents
50um. HW, heart weight; BW, body weight; LW, lung weight; TL, tibial length; LVESd, left ventricular (LV)
end-systolic diameter; LVEDd, LV end-diastolic dimension; EF, LV ejection fraction; FS, LV fractional
shortening; ANP, atrial natriuretic peptide.


