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Background: Aberrant gene expression occurs in almost all diseases including constrictive pericarditis (CP).
However, the dysregulation of genes underlying the CP remains unclear. This study aims to investigate the
potential molecular mechanisms underlying CP and screen hub genes critical for the pathogenesis of CP.
Methods: Differentally expressed mRNAs, miRNAs, IncRNAs and circRNAs in pericardial tissues were
screened using RNA-seq in CP patients and controls. Furthermore, functional annotation analysis and
protein-protein interaction (PPI) network were carried out to investigate the potential key pathways and
identify hub genes in CP. Subsequently, a ceRNA network was established and the key circRNAs were
determined by Gene Set Enrichment Analysis (GSEA). Finally, the corresponding RNA-seq results were
confirmed and validated with a quantitative real time-PCR (qRT-PCR).

Results: Functional annotation analysis revealed that differentially expressed mRINAs (DEMs) mainly
participated in inflammatory response related pathways and the 10 top genes with the highest degree in PPI
network were considered as the hub genes. In addition, a total of 377 regulatory relationships among the
differentially expressed genes (DEGs) could be constructed, from which a subsequent ceRNA network was
also established, while the circRNAs were further validated with qRT-PCR and the key biological pathways
were identified using GSEA as well.

Conclusions: The genes determined to have altered expression levels in CP may participate in a number
of biological signaling processes leading to inflammation and fibrosis frequently encountered in CP, and,
therefore, our novel findings may provide an insight into the pathogenesis, molecular biomarkers, and

potential therapeutic targets in CP.
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Introduction due to a poor filling of the heart caused by the limitation

Constrictive pericarditis (CP) is secondary to acute of the stiff pericardium serves as one of major factors

pericarditis and represents the final stage of chronic contributing to heart failure (1). Although many risk

inflammation of the pericardium. The altered hemodynamics factors were proposed for their potential involvements
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Table 1 Baseline characteristics of patients

Chen et al. ceRNA network of constrictive pericarditis

Group Patient No. Age (y) Sex Cause (operation) Use
Case C2-3 23 F IPCP (pericardial resection) Seq + gPCR
Case C4-1 48 M IPCP (pericardial resection) Seq + gPCR
Case CP2-2 51 M IPCP (pericardial resection) Seq + gPCR
Case CP3-2 57 M IPCP (pericardial resection) qPCR
Case C5-2 52 M IPCP (pericardial resection) qgPCR
Case C6-10 63 F IPCP (pericardial resection) qPCR
Normal N3-1 48 M infective endocarditis (aortic valve replacement) Seq + qPCR
Normal N6-1 53 M coronary artery bypass grafting Seq + qPCR
Normal N7-2 27 F aortic stenosis (aortic valve replacement) Seq
Normal N5-1 60 M aortic stenosis (aortic valve replacement) qgPCR
Normal N4-2 62 M Mitral stenosis (mitral valve replacement) qgPCR
Normal N2-2 44 F Mitral stenosis (mitral valve replacement) qPCR

F, female; M, male; IPCP, idiopathic constrictive pericarditis; Seq, high-throughput sequencing; gPCR, quantitative real time-PCR.

in patients with CP such as previous cardiac surgery and
radiation therapy, most patients present with the idiopathic
constrictive pericarditis IPCP) (2,3). For patients at the
end stage of pericardial inflammation, the surgical resection
is the primary treatment option for relieving clinical
symptoms (4,5), but such procedures also provoke to the
formation of fibrosis of the remaining uncut pericardium,
causing repeat surgery and increasing mortality. Up to
today, there is no other effective treatment to control the
progression of the disease (6).

Recent studies show that changes in gene expression
could be directly associated with inflammation and the
subsequent formation of fibrosis (7-11), the key pathological
process underlying the CP. Furthermore, an array of
changes in non-coding RNAs, including microRNAs
(miRNAs), long non-coding RNAs (IncRNAs) and circular
RNAs (circRNAs) were believed to play a critical role in
the relevant molecular signaling pathways and biological
processes leading to fibrosis. For instance, as competing
endogenous RNAs (ceRINA), both IncRNAs and circRNAs
are capable of competing against binding of a specific
miRNA on its target mRNA, thereby serving as a “miRINA
sponge” to affect the expression of downstream genes
(12,13). Nevertheless, how these molecular substrates
mediate the CP is still poorly understood.

High-throughput sequencing and bioinformatics analysis
have been widely exploited to identify specific genes
associated with various diseases (14,15). These interesting
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findings promoted us to explore if there are abnormally
expressed genes and signaling pathways involved in the
inflammation and fibrosis processes of CP. In the current
study, we analyzed the differentially gene expression profile
in CP including mRNAs, miRNAs, IncRNAs and circRNAs,
and constructed PPI and ceRNA network on this basis. Our
novel findings provided critical information for elucidating
molecular mechanisms underlying CP and developing both
diagnostic tools and therapeutic intervention in the future.

Methods
Clinical specimens

Pericardial specimens were collected from six IPCP
patients (four males and two females with a mean age of
49 years old and a range of 23-63 years old) who underwent
pericardial resection. Additionally, normal pericardial
specimens were obtained from six patients who received the
same surgical procedures for medical conditions unrelated
to CP. The diagnosis of CP and the normal tissues was
independently confirmed by two pathologists. The baseline
characteristics of the patients were shown in Tuble 1.
After the surgical resections, the fresh specimens were
immediately preserved in liquid nitrogen and stored at -80
°C for further experiments.

All pericardial specimens were obtained from the
Department of cardiac surgery in Shengjing Hospital of
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Figure 1 Flow chart of the present study. DEMs, differentially expressed mRNAs; DEMis, differentially expressed miRNAs; GO, gene

ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction; ceRINA, competing endogenous RINA;
GSEA, Gene Set Enrichment Analysis; DECs, differentially expressed circRNAs.

China Medical University from 2017 to 2019. This study
was approved by the Ethical Committee of Shengjing
Hospital (approval number: 2017PS06K). All patients
recruited in this study provided informed consent with
adequate understanding. The detailed flow chart of this
study design was shown in Figure 1.

RNA extraction and RNA-seq analysis

Total RNA was extracted from the CP and control tissues
using Trizol reagent (Invitrogen life technologies, Carlsbad,
CA) following the manufacturer’s protocol. Illumina
transcriptome sequencing RNA was collected with oligo
(dT) magnetic beads according to the manufacturer’s
specifications. Following fragmenting the RINAs into short
sequences with fragmentation buffer, KAPA Stranded RNA-
Seq Library Prep Kit (Illumina) was applied to synthesize
the ¢cDNA. Finally, sample integrity was assessed on an
Agilent 2100 Bioanalyzer. RNA-seq and miRNA-seq of the
samples were performed with Illumina HiSeq 4000.

© Annals of Translational Medicine. All rights reserved.

Data processing and differentially expressed genes
screening

Fragments-per-kilobase-million (FPKM) in samples was
calculated using Cufflinks. The differentially expressed
genes (DEGs) between CP and control samples were
screened using R software edgeR package (16). The criteria
for defining a DEG were as follows: 11log2(fold change)| >1,
and P value <0.05. Raw and processed original data of
RNA-seq and miRNA-seq have been deposited in Gene
Expression Omnibus (GEO) and were accessible through
GEO at accession number GSE122903 and GSE122904.

Functional enrichment analysis

To determine the biological significance of an arrays of
genes critical for the formation of CP, the functional
enrichment analysis was performed using clusterProfiler
from Bioconductor (17). Gene ontology (GO) includes three
categories: biological process (BP), cellular component (CC)
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Table 2 Primer sequences of PCR
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Gene Forward primer (5'-3") Reverse primer (5'-3")
B-actin (H) GTGGCCGAGGACTTTGATTG CCTGTAACAACGCATCTCATATT
hsa_circ_0006238 GCTGAATTGGAGAGCTGAACA GGGATGCCGTTACTTGGTT
hsa_circ_0008679 TTACCAAGCAGCAGAAAAATCTC CTTCCTGTAAAGCCTGTTTCAAT
hsa_circ_0013093 CAAACTAGCTGGAAACCCATT CACTCACATTCTCAGAAAACGG
hsa_circ_0070659 GGACCTACAAAATGAAGATAAGGG ACACGCAAAACCTGCTGTGA

and molecular function (MF). Furthermore, the enriched
GO terms and Kyoto Encyclopedia of Genes and Genomes
(KEGQG) pathways with a P value <0.05 were considered
significant. The top 10 GO terms and KEGG pathways
were visualized using R software ggplot2 package (18).

PPI network construction

The PPI network of CP genes was constructed using
STRING (a search tool for the retrieval of interacting
genes, http://string-db.org) online database (19). In the
current study, the combined score >0.7 was considered
as the cutoff criterion. The PPI network was visualized
on a free bioinformatics platform provided by Cytoscape,
(https://cytoscape.org/). Cytoscape app MCODE was also
used to screen the potential hub modules.

The ceRNA network construction

MiRNAs with P value <0.01 and [log2(fold change)| >1 and
circRNAs with P value <0.05 and Ilog2(fold change)| >2
were selected for the construction of the ceRNA network.
The miRwalk2.0 and starbase 3.0 were employed to predict
the interactions of mRNA-miRNA and miRINA-circRNA,
respectively (20,21). By further alignment and prediction
of the target genes, a ceRNA network was constructed.
KEGG pathway enrichment analysis of the genes within the
network was also performed using R software.

GSEA

Potential pathways and biological processes involved in the
up-regulated differendally expressed circRNAs (DECs) from
the ceRNA network were analyzed using GSEA (http://
www.broadinstitute.org/gsea). The gene sets of KEGG
were adopted from the Molecular Signatures Database
(MSigDB) (22). After repeating 1,000 times to normalize the
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data according to the default weighted enrichment statistical
method, the gene sets with a false discovery rate (FDR) value
<0.05 were considered to be significantly significant.

Validation of candidate circRNAs using gRT-PCR

Trizol reagent (Invitrogen) was applied to extract total RNA
from the collected tissues according to the manufacturer’s
protocol. Total RNA was reverse transcribed into
cDNA using SuperScriptT’M III Reverse Transcriptase
(Invitrogen). The qRT-PCR was conducted in triplicate for
each sample by using the comparative Ct method following
the manufacturer’s protocol. The primers used were listed
in Table 2. The expression of hsa_circ_0008679, hsa_
circ_0006238, hsa_circ_13093 and hsa_circ_0070659 was
normalized with B-actin.

Statistical analysis was performed using GraphPad
Prism 8. The differences between two groups were
compared by using student’s 7-test.

Results
The presence of fibrosis in CP tissues

Histological results (Figure 2) of the pericardia from CP
patients indicated the presence of inflammation and fibrosis
which was confirmed by two pathologists independently.
Immunohistological analysis (Figure 3) further revealed
high levels of a-smooth muscle actin (a-SMA) isoform, a
well-accepted marker of myofibroblast differentiation and
fibrosis, along with an abundance of vimentin and collagen
type III (col-III) in the fibrous pericardia of CP tissues but
not in normal pericardium. Since de novo expressed a-SMA
was usually incorporated into neo-formed connective
tissue, confirming that there were inflammatory processes
occurred in these pericardia, thus these tissues were used in
the subsequent experiments.
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Figure 2 Histology of the pericardial specimens from CP patients. Paraffin-embedded pericardial specimens were stained with hematoxylin-
eosin (H&E). All these pericardial tissues manifested fibrosis and inflammatory cells infiltration. The inflammatory cell response to injury
was mainly composed of lymphocyte and plasmocyte. H&E also showed mesodermal hyperplasia. Bar =400 pm (A,B,C) and 200 pm (D,E,F).
CP, constrictive pericarditis.

Vimetin a-SMA col-lll

Normal pericardia

CP parients pericardia

Figure 3 Immunohistological analysis of paraffin-embedded CP and control pericardium. Pericardium tissues in CP were shown increased
a-Smooth muscle actin (a-SMA) and collagen type III (col-III) compared to tissues in normal, suggesting that fibrosis changes occurred in
CP pericardial specimens. Representative photographs were shown. Bar =200 pm. CP, constrictive pericarditis.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(8):549 | http://dx.doi.org/10.21037/atm-20-2912



Page 6 of 15

A

12 ' ' ' ‘ 7

Genes expression level of test

0 2 4 6 8 10 12
Genes expression level of control

12 ’ 71

10 f . el

Genes expression level of test

8 10 12
Genes expression level of control

Chen et al. ceRNA network of constrictive pericarditis

T T T T T
’
”
16 | rad 1
oy
27 s
s ve
' . rd
’
w 14 + ,{, g & 1
Q
= L
5 € o X
—_ o % oo'/
Q 12 . W TN
k3] . vy e
& o/
s "..,"'0: W ,"} .
@ 10 - /{.:;," .~ 1
o AR A
3] A A o
o 8F u om0 S ]
< - 'vn: . o
=z . Lag .
x ':;3’}"1?‘{/:)
€ 6 WP s il
. ¥,
tpageAtTe
" )
.

4 6 8 10 12 14 16
miRNAs expression level of control

14 F ¥ X T ¥ o7 g

12

10

oo
———— %

circRNAs expression level of test

4 6 8 10 12 14
circRNAs expression level of control

Figure 4 Differentially expressed mRNAs, miRNAs, IncRINAs and circRINAs expression between CP and matched control samples. (A)
Scatter plot of mRNAs; (B) Scatter plot of miRNAs; (C) Scatter plot of IncRNAs; (D) Scatter plot of circRNAs. The values on the x- and

y-axes are the averaged normalized signal values of groups of samples (log2-scaled). The grey lines are fold change lines. The genes above

the higher line and below the lower line indicate >2-fold change between the two compared groups. CP, constrictive pericarditis.

The identification of differentially expressed mRNAs,
miRNASs, IncRNAs and circRNASs in CP tissues

Differentially expressed mRNAs, miRNAs, IncRNAs and
circRNAs with |log2(fold change)| >1 and P value <0.05
were identified from three CP specimens and three controls
first collected. The scatter plot and heatmap presented the
variation of gene expression between CP and control group

© Annals of Translational Medicine. All rights reserved.

were shown in Figures 4 and 5. 681 DEMs were screened,
and among them, there were 344 up-regulated mRNAs and
337 down-regulated mRNAs (Figures 44,54). A total of 32
DEMis were isolated and, among them, 21 DEMis were
up-regulated while 11 were down-regulated (Figures 4B,5B).
Furthermore, 33 differentially expressed IncRNAs (DELs)
were determined, including 14 up-regulated and 19 down-
regulated (Figures 4C,5C). Finally, of 155 DECs identified,
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Figure 5 Heatmap for DEMs, DEMis, DELs and DECs in the two compared groups. (A) Differentially expressed mRNAs (DEMs); (B)
differentially expressed miRNAs (DEMis); (C) differentially expressed IncRNAs (DELs); (D) differentially expressed circRINAs (DECs).

103 were up-regulated while 52 were down-regulated
(Figures 4D,5D).

Functional annotation of DEMs

GO and KEGG pathway enrichment analysis were carried
out to explore potential biological processes and pathways

© Annals of Translational Medicine. All rights reserved.

enriched by DEMs. The top ten enriched BP, CC, MF
terms and KEGG pathways are presented in Figure 6.
Notably, the enriched BP terms were mainly related
to inflammation processes, such as apoptotic process,
regulation of immune system process, cell activation
and leukocyte activation. Similar to GO terms, KEGG
pathway enrichment analysis showed that DEMs are mainly
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Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; MF, molecular function.

involved in FeyR-mediated phagocytosis, T cell receptor
signaling pathway, B cell receptor signaling pathway, cell
adhesion molecules (CAMs), focal adhesion and chemokine
signaling pathways. In addition, to intensify the reliability,
the functional annotation analysis of the up-regulated
DEMs was also performed and the results of KEGG
pathway enrichment showed that up-regulated DEMs
were mainly enriched in inflammatory response-
related pathways such as chemokine signaling pathway,
T cell receptor signaling pathway and FeyR-mediated
phagocytosis (Tuble 3).

PPI network construction of DEMs

After removal of the unconnected nodes and nodes could
not connect to the main network, a PPI network consisting
of 699 interactions among 248 nodes was established and
was shown in Figure 7. Among them, the 10 top genes with
the highest degree such as POLR2B, HRAS, 7UN, UBC,
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HSP90AB1, LCK, RPS27A, MAPKS, HSP90AAI and RAC2
were identified and considered as hub genes (Figure 74).
MCODE in Cytoscape was applied to identify hub module
in PPI network, which further revealed the biological
functions of the key protein complexes with the highest
degree of inter-connections in CP tissues. As illustrated in
Figure 7B, top three modules with the highest score were
selected as the potential hub modules (Module 1, 2, 3),
where the hub genes such as HSP90AB1, HSP90AAL,
POLR2B, UBC and RPS27A were included.

The ceRNA network and gRT-PCR

By building a ceRNA network, a role of mRNAs, IncRNAs
and circRNAs after competitively combined with miRNAs
in the progression of the CP was further investigated.
As shown in Figure 8, a total of 377 interactions between
the selected genes were identified and visualized. It was
notably that a multitude of circRNAs (green rhombuses)
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Table 3 KEGG pathway enrichment analysis for the up-regulated DEMs (top 10 terms)

ID Description Count Gene ratio P value Q value
hsa04666 Fc gamma R-mediated phagocytosis 11 11/131 6.85121E-06 0.000635
hsa04062 Chemokine signaling pathway 15 15/131 1.6275E-05 0.000731
hsa04660 T cell receptor signaling pathway 11 11/131 2.36816E-05 0.000731
hsa04514 Cell adhesion molecules (CAMs) 12 12/131 4.2636E-05 0.000987
hsa04141 Protein processing in endoplasmic reticulum 13 13/131 8.0365E-05 0.001489
hsa04662 B cell receptor signaling pathway 8 8/131 0.000232144 0.003274
hsa04670 Leukocyte transendothelial migration 10 10/131 0.00024744 0.003274
hsa04612 Antigen processing and presentation 8 8/131 0.000305117 0.00343
hsa04664 Fc epsilon RI signaling pathway 8 8/131 0.000333242 0.00343
hsa04940 Type | diabetes mellitus 6 6/131 0.000429755 0.003981

KEGG, Kyoto Encyclopedia of Genes and Genomes; DEMs, differentially expressed mRNAs.

were included, which serve as ceRNAs to capture down-
stream miRNAs (yellow triangles), thereby regulating
the expression of mRNAs (red and blue filled circles,
respectively) to influence the phenotype. In addition, hsa-
miR-20b-5p, hsa-miR-23a-3p, hsa-miR-656-3p, hsa-
miR-194-5p and hsa-miR-543 were also found to possess
the highest degree in the network. Furthermore, the
DEMs within the network were found to mainly enrich in
hypertrophic cardiomyopathy and dilated cardiomyopathy
as demonstrated (P value <0.05) in Figure 9.

In addition, we analyzed the expression of a subset of DECs
with high fold change in the ceRNA network. qRT-PCR
analysis of CP and control tissues was used to validate the
following up-regulated circRNAs, namely hsa_circ_0008679
(fold change =3.98), hsa_circ_0006238 (fold change =34.53),
hsa_circ_0013093 (fold change =7.94) and hsa_circ_0070659
(fold change =35.16), respectively. The results showed that the
expression patterns of hsa_circ_0008679, hsa_circ_0006238
and hsa_circ_0013093 were consistent with the RNA-seq
results. Moreover, Hsa_circ_0070659 demonstrated a similar
tendency in expression detected by qRT-PCR and RNA-seq
analysis (P value >0.05) (Figure 10).

GSEA

After identifying differentially expressed circRNAs in the
ceRNA network, GSEA was employed to explore potential
signaling pathways of these circRNAs. As an example,
part of the KEGG pathway enrichment analysis results
of circRNA hsa_circ_0008679 were shown in Figure 11.

© Annals of Translational Medicine. All rights reserved.

We found that hsa_circ_0008679 was involved in many
inflammation-related pathways. The gene sets of CP
were enriched in a total of 50 pathways, including “B cell
receptor signaling pathway” (Figure 114), “T cell receptor
signaling pathway” (Figure 11B), “antigen processing and
presentation” (Figure 11C) and “intestinal immune network
for IgA production” (Figure 11D), respectively. Collectively,
these signaling pathways may participate in the biological
responses to tissue injury following biological insults.

Discussion

In this study, we employed RNA-seq on the tissues isolated
from patients with CP and detected a number of the
differentially expressed genes such as mRNAs, miRNAs,
IncRNAs and circRNAs. An array of hub genes and
potential signaling pathways associated with inflammation
and fibrosis in CP were identified by functional annotation
analysis and the construction of PPI network based on
the DEGs. The ceRNA network was constructed and we
found that genes in the network were mainly involved
in pathway of hypertrophic cardiomyopathy and dilated
cardiomyopathy. More importantly, several circRNAs
such as hsa_circ_0008679, hsa_circ_0006238 and hsa_
circ_0013093 were confirmed to be up-regulated in CP
as verified by qRT-PCR. Finally, GSEA analysis of these
circRNAs within the ceRNA network revealed their
functions in inflammation related biological pathways.

We took advantage of RNA-seq to screen 681 DEMs, 32
DEMis, 33 DELs and 155 DECs in this CP cohort study.
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The results of functional enrichment analysis revealed that
DEMs were primarily enriched in several inflammatory
processes related GO biological processes. Furthermore,
KEGG enrichment analysis also revealed that up-regulated
DEMs were highly enriched in the pathways related to
inflammation, such as Fc gamma R-mediated phagocytosis,
T cell receptor signaling pathway, B cell receptor signaling
pathway and chemokine signaling pathway, indicating
that prominent inflammation processes may underline

© Annals of Translational Medicine. All rights reserved.

the CP formation. Our findings are consistent with the
notion that overexpression genes were involved in fibrosis
and inflammation as seen in tuberculous pericarditis
samples (23).

The PPI network which was constructed based on
aberrantly expressed mRNAs in CP revealed a group of hub
genes with the highest degree of intra-module connectivity
such as POLR2B, HRAS, JUN, UBC, HSP90ABI, LCK,
RPS27A4, MAPKS, HSP90AAI and RAC2. Among the
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Figure 9 KEGG pathway enrichment analysis for DEMs within
the ceRNA network. KEGG, Kyoto Encyclopedia of Genes
and Genomes; DEMs, differentially expressed mRINAs; ceRINA,
competing endogenous RNA.

hub genes, HSP90AB1, HSP90AAI, POLR2B, UBC
and RPS27A4 were contained in the three hub modules
identified by MCODE. With their known biological
activity in various biological processes, these hub genes

could constitute molecular substrates facilitating fibrosis

of CP. For example, proteins coded by MAPKS, RAC2
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and JUN were involved in inflammatory response related
pathways such as focal adhesion, T cell receptor signaling
pathway, B cell receptor signaling pathway and cell adhesion
molecules (CAMs) (24-26). In addition, TGFBRI complex
consisting of extracellular HSP90AA1 and HSP90AB1
binds to TGFP receptor I participates in TGFB-mediated
collagen production in myocardial fibroblasts (27). These
results have been confirmed in an aortic banding model
with pathological cardiac remodeling as level of Hsp90
expression increased in remodeled mice (27). Overexpressed
MAPKS, a C-Jun N-Terminal Kinase 1 and an potent factor
for promoting fibrosis of liver and kidney (28,29), has been
shown to accelerate myocardial fibrosis in diabetes (30).
Meanwhile high activation of MAPKS is reported in high
breast density and tumor stroma, which is associated
with fibrosis, inflammation and dryness (31). RAC2 and
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Figure 10 qRT-PCR and RNA-seq results on 4 circRNAs in
clinical specimens. For qRT-PCR, the target gene expression was
normalized to B-actin (ACt). For RNA-seq, the expression level
was normalized to FPKM. Results are presented as mean + SD
(Normal-qRT-PCR, n=5; Case-qRT-PCR, n=6; Normal-FPKM,
n=3; Case-FPKM, n=3). *** P<0.001.

JUN also contribute to fibrosis of lung, liver and kidney
(32,33). Taken together, these hub genes are closely related
to inflammation and fibrosis, and their function in CP
warrants further study.

By further alignment and prediction of the selected
differentially expressed genes, a ceRINA regulatory network
was established. Interestingly, the genes in the network
could modulate cardiac remodeling, because they were
enriched in several pathways associated with hypertrophic
cardiomyopathy and dilated cardiomyopathy. It is notably
that hsa-miR-20b-5p, hsa-miR-656-3p, hsa-miR-106b-5p,
hsa-miR-23a-3p, hsa-miR-194-5p and hsa-miR-543 could
play a critical role in the pathogenesis of CP as suggested by
the ceRNA network. There is evidence that hsa-miR-23a
is up-regulated in hypertrophic cardiomyopathy and
skeletal muscle atrophy, suggesting that miR-23a is highly
correlated with cardiac hypertrophy (34-36). Nie et al.
demonstrated that the overexpression of circulating miR-
194 is significantly related to the impaired human cardiac
function, including ejection fraction and N'T-proBNP
level (37). Even though the effects of hsa-miR-543, hsa-
miR-656-3p, hsa-miR-106b-5p and hsa-miR-20b-5p in
CP and other cardiac diseases have not been reported,
therefore, our findings could form a framework to launch
more investigations on this issue. Additionally, we also
discovered STAT'1 and RUNX3, two transcriptional factors
in the network with known the role in inflammation. For

© Annals of Translational Medicine. All rights reserved.

Chen et al. ceRNA network of constrictive pericarditis

instance, cross-talk between TLR and JAK/STAT signaling
pathways suggests that STAT1 plays a significant role in
TLR-induced inflammation (38). Lotem found that IL-
2-activated CD8(+) T and NK cells contained three times
higher Runx3-regulated genes that were common to both
cell types. CD8(+) T and NK Runx3-regulated genes were
mainly involved in immune-associated terms including
lymphocyte activation, migration, cytotoxicity, proliferation
and cytokine production, emphasizing the role of Runx3
played in inflammatory response (39). Runx3 has been
confirmed to be overexpressed in mature CD8-T cell and
NK cell, which plays a paramount role in cell proliferation
and activation (40,41).

As far as we know, a molecular mechanism whereby how
the circRNAs regulate the fibrosis of CP development has
not been well addressed. In our study, the expression of
hsa_circ_0008679, hsa_circ_0006238 and hsa_circ_0013093
were confirmed to be significantly up-regulated in CP
samples but not in controls. As suggested by ceRNA
network analysis, circRNAs serve as ceRINAs to capture
miRNAs, and ultimately alter the gene expression pattern
in CP formation, in which hsa_circ_0008679 functions
as a sponge of hsa-miR-656-3p. Furthermore, both hsa_
circ_0006238 and hsa_circ_0013093 serve as sponges of
hsa-miR-106b-5p, hsa-miR-23a-3p and hsa-miR-20b-5p,
respectively, to regulate down-stream gene expression. It has
been reported that hsa-miR-23a positively promotes cardiac
hypertrophy, but little is known about how hsa-miR-656-3p,
hsa-miR-106b-5p and miR-20b-5p affect the progression
of CP (35,36). The result of GSEA indicated that hsa_
circ_0008679 was engaged in many pathways related to
immune response. As we know, little has been discovered
about the role of hsa_circ_0008679, the dysregulated
circRNAs in our study possess the potential value in CP.
Since our results were based on a computational prediction,
more molecular biological experiments are needed to further
delineate the roles of these circRINAs identified in CP. Taken
together, our results provide novel evidence and insightful
information regarding molecular mechanisms of CP.

Conclusions

We conducted RNA-seq on CP tissues to identify the
differentially expressed mRNAs, miRNAs, IncRNAs and
circRNAs, which may be potentially associated with CP
development. Among them, hub genes such as JUN,
MAPKS, HSP90AAI, HSP90ABI and RAC2 were involved
in the immune and fibrosis related pathway. In addition,
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Figure 11 KEGG pathway enrichment analysis of circRNA hsa_circ_0008679. (A) Enrichment of genes in the KEGG B cell receptor signaling pathway;

(B) enrichment of genes in the KEGG T cell receptor signaling pathway; (C) enrichment of genes in the KEGG antigen processing and presentation; (D)

enrichment of genes in the KEGG intestinal immune network for IgA production. KEGG, Kyoto Encyclopedia of Genes and Genomes.

hsa_circ_0008679, hsa_circ_0006238 and hsa_circ_0013093
were identified to be differentially expressed in CP. Taken
together, our results might provide a novel insight for
identifying biomarkers and potential therapeutic targets in
CP management.
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