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Abstract: Myocarditis is an inflammatory heart disease mainly caused by viral infection. Viral myocarditis can be 
divided into the acute viral phase, subacute immune phase, and chronic cardiac remodeling phase. Although myo-
carditis can be diagnosed clinically by histology and cytology, its biomarkers are not clear enough and can cause 
misdiagnosis. Thale’s mouse encephalomyelitis virus (TMEV) belongs to the genus Myocardia and can cause myo-
carditis in susceptible mice. Using transcriptome microarray data, this study used infected mice as the research 
subjects and performed bioinformatics analysis, including differential analysis, co-expression analysis, enrichment 
analysis, and predictors of pivot regulators. Through WGCNA analysis, we obtained nine related dysfunction mod-
ules. Reviewing the functions and pathways of interest , we investigated the regulation of vasculature development, 
which were associated with the other nine dysfunction modules. Finally, the transcription factors and ncRNA of the 
regulatory dysfunction module were analyzed to obtain key regulators such as Stat1, Stat3, and G730013B05Rik. 
Among them, Stat1 and Stat3 have significant regulatory effects on vasculature development. In summary, by con-
trolling vascular system development, we believe that Stat1 and Stat3 affect the pathogenesis of viral myocarditis. 
Stat1 and Stat3 may be used as therapeutic targets for the treatment of viral myocarditis induced by TMEV infec-
tion, and may also serve as biomarkers for the diagnosis of myocarditis.
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Introduction

In 1995, the World Health Organization defin- 
ed myocarditis as an inflammatory disease of 
the myocardium through histological, immuno-
logical and immunohistological criteria [1]. At 
present, there are about 1.5 million cases of 
myocarditis found worldwide each year, with  
an estimated incidence of 10-20 cases per 
100,000 people [2]. According to statistics, 
more than half of the cases of myocarditis 
occur in patients under 40 years of age, and 
after autopsy analysis, the prevalence rate is 
3.5%-5% [3]. Dilated cardiomyopathy is a com-
mon indication for heart transplantation and  
is believed to be the cause of accidental dea- 
th in young adults [4]. Despite the best medi- 
cal management, the overall mortality has not 
changed over the past 30 years [5]. A study  
of sudden death syndrome has linked viruses 
(enterovirus, adenovirus, parvovirus B19, and 

Epstein-Barr virus infections) to patients with 
sudden death syndrome [6]. Epidemiological 
studies have shown that most Coxsackie B 
virus infections are an important causes of 
myocarditis. Although most of them are beni- 
gn, the effects cannot be underestimated. In 
order to treat myocarditis better and faster, it  
is necessary to diagnose myocarditis accurate-
ly. Currently, many studies have validated the 
diagnosis by classical methods of endomyo- 
cardial biopsy (EMB) through establishing his- 
tological, immunological and immunohistoch- 
emical criteria [7-9]. Some studies have used 
the new T2*w MRI techniques to rapidly and 
sensitively determine the pattern and severity 
of acute and chronic enteroviral myocarditis 
[10]. The pathophysiology of viral myocarditis 
can be broken down into direct viral-mediat- 
ed damage, which can also trigger acute and 
chronic autoimmune responses and subsequ- 
ent adverse remodeling [11]. The pathogenesis 
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summary analysis shows the cause of myocar-
ditis. These include infectious diseases (Ech- 
ovirus, spore virus), autoimmune diseases (der-
matomyositis, giant cell myocarditis), allergic 
reactions (cephalosporins, tetracycline), toxicity 
of drugs (amphetamine, phenolamine in chil-
dren), and radiation therapy [12]. After infection 
with viral myocarditis, patients develop natural 
and adaptive immune responses that gradually 
evolve into severe injury, persistent inflamma-
tion and persistent viral infections and dilate 
the cardiomyopathy [3]. As a result, the vital 
organs and tissues of the body do not have 
enough oxygen and nutrients to get rid of the 
waste, eventually leading to congestive heart 
failure [13, 14]. Clinically, typical manifesta-
tions of myocarditis are often accompanied by 
other viral diseases (fever, myalgia, respiratory 
or gastrointestinal symptoms). It is associated 
with symptoms of heart failure with a dilated 
cardiomyopathy phenotype [15, 16]. Among 
them, sudden death is a characteristic of myo-
carditis, which is usually diagnosed histologi-
cally [17]. Arrhythmia patients can be treated 
with heart rhythm adjustments, but most pa- 
tients with arrhythmia myocarditis need a per-
manent pacemaker after restoring atrioventric-
ular conduction [18]. Studies have shown that 
thyroid hormone and antibody levels contribute 
to chronic viral myocarditis (VMC) in children 
and diseases caused by complications of arrhy- 
thmia [19]. In the case of normal coronary angi-
ography, both adults and children with simulat-
ed myocardial infarction had severe chest pain. 
At this time, the results of electrocardiogram 
examination and serum creatinine kinase were 
increased [20]. However, from a diagnostic po- 
int of view, cardiomyopathy is easily identified 
by some clinical features. So we need to better 
understand its molecular levels, gene levels, 
and pathogenesis. Through specific biomark-
ers, we found key indicators of myocarditis and 
made further systematic and accurate diagno-
sis. After comparing the analytical data, we 
know that RBP4 can be used for early screen-
ing as a specific biomarker [21]. Serum galec-
tin-3 may be a useful biomarker for viral infec-
tions of myocarditis caused by acute myocardi-
al fibrosis [22]. Studies have shown that miR-
20b may be a potential therapeutic target for 
the treatment of viral myocarditis and a useful 
marker for the diagnosis of viral myocarditis 
[23]. In this study, the expression of genes 
related to myocarditis in mice infected with 

encephalomyelitis virus was analyzed to fur- 
ther understand the pathogenesis of myocar- 
ditis.

Materials and methods

Data resources

For high-throughput gene expression and other 
functional genomic data sets, the Gene Expre- 
ssions Comprehensive Database is a public 
knowledge base. With the rapid development  
of technology, high-throughput data are now 
used for many other data applications, includ-
ing detection of genomic methylation, chroma-
tin structure, and genomic-protein interaction 
data. In the GEO database, we downloaded 
gene expression data from mice infected with 
TMEV and compared them to uninfected mice 
and performed a differential analysis [24].

Difference analysis

The differential expression analysis of the gene 
expression profile data of this study was per-
formed using the R language limma package 
[25-27]. First, the background correction func-
tion is used and normalization of the data, set-
ting the threshold as P<0.05. 

Co-expression analysis

In order to explore the molecular progression of 
viral myocarditis in mice, we conducted differ-
ential analysis in infected mouse samples (4, 7, 
60 days) and normal mouse samples, and final-
ly obtained differential gene expression profiles 
[28]. Based on the regulatory capacity of each 
gene in the dysfunctional module, we explored 
the key factors leading to dysfunctional mod-
ules, which are considered to be the critical 
genes responsible for the development of viral 
myocarditis in mice.

Enrichment analysis

The exploration of functional and signaling pa- 
thways contributes to the study of molecular 
mechanisms of disease. For the genes of the 
dysfunctional modules, we performed an enri- 
chment analysis of functions and pathways. It 
explores gene expression of mouse viral myo-
carditis and is an effective means of treating 
myocarditis. Therefore, we obtained nine dys-
functional gene modules in both infected C3H 
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mice and uninfected mice. The R language 
Clusterprofiler package [29] was used for en- 
richment analysis of Go function and KEGG 
pathway. Cluster profile is a Bioconductor soft-
ware package for functional clustering analy- 
sis. Besides, for the integrated module net-
work, Cytoscape’s BinGO [30] application was 
also used for path analysis. The operational 
mechanism of the relevant modules was iden- 
tified by further enriching the function and 
pathway of the module genes.

Transcription factors and non-coding RNAs 
that regulate dysfunctional modules

The transcription and post-transcriptional regu-
lation of genes are often driven by non-coding 
RNA (ncRNA) and transcription factors (TF). Th- 
erefore, we scientifically tested the expressed 
genes of viral myocarditis in mice. A pivot regu-
lator is defined as a modulator that has a sig-
nificant regulatory role in the development of 
mouse viral myocarditis, including non-coding 
RNA and TF. We require that the control connec-
tion between each regulator and each module 
be greater than or equal to two. At the same 
time, according to the calculation of hypergeo-
metric test, the target significance of enrich-
ment in each module is P-value <0.01.

Statistical analyses

The results of the transcriptome microarray 
data test were analyzed with bioinformatics 
analysis, including differential analysis, co-ex- 
pression analysis, enrichment analysis, and 
prediction of pivot regulators. Through WGCNA 
analysis, we obtained nine related dysfunction 
modules.

Results 

Determining the disordered molecules of viral 
myocarditis in mice

Biologists have conducted experiments and 
studies on the pathogenesis of viral myocardi-
tis in mice, and have identified underlying 
genes for the development of viral myocarditis 
in mice. However, the links between the com-
plex molecules of these likely genes and their 
overall impact are unclear. In order to identify 
the role of differential gene expression (DEG) in 
mouse viral myocarditis, this study first inte-
grated differential genes to obtain genes that 

may lead to the development of viral myocardi-
tis in mice. We believe that there is an expres-
sion disorder of viral myocarditis in these dif-
ferential genes. 

Mouse viral myocarditis functional disorder 
module

Biological networks characterize global under-
lying pathogenic mechanisms, with each mod-
ule marking potential mechanisms. First, we 
constructed an expression profile matrix in the 
samples based on the 448 differentially ex- 
pressed genes and their interaction genes that 
are dysregulated in mouse viral myocarditis. 
Gene expression behaviors in mice infected 
with viral myocarditis (4, 7, 60 days) and unin-
fected mice were clustered into individual mod-
ules. By identifying the co-expression panel as 
a module, we obtained nine functional barrier 
modules (Figure 1A, 1B). Based on the func-
tional disorder module, we identified the essen-
tial genes and acquired core genes, including 
Vav1, Hif1an, and Phf11d (Table S1). By corre-
lating the module with phenotypic data (Figure 
1C), we can find that the MEpink module is 
associated with the gene expression of mouse 
viral myocarditis at the beginning of infection (4 
days of disease). At seven days after infection, 
the MEyellow module was associated with gene 
expression in mouse viral myocarditis. At 30 
days after infection, the MEred and MEbrown 
modules were associated with gene expression 
in mouse viral myocarditis.

Functions and pathways involved in the gene 
of interest

We performed enrichment analysis on GO fun- 
ction and KEGG pathway of 9 module genes 
and obtained 33,457 biological processes, 
3,676 cells, 6,311 molecular functions, and 
1,699 KEGG pathways. Then we used Cytos- 
cape to visualize the results of GO enrichment 
analysis, and we can see that these functions 
are mainly focused on biological processes 
such as biological metabolic processes and 
gene recombination.

On the other hand, we visualized the enrich-
ment results of the KEGG pathway (Figure  
2), reflecting that the differentially expressed 
genes in infected mice with viral myocarditis 
and uninfected mice are mainly related to dif-
ferent viral infections, including influenza A 



Effect of Stat1 and Stat3 on the progression of viral myocarditis

4176	 Int J Clin Exp Med 2020;13(6):4173-4182

Figure 1. Synergistic expression of differentially expressed genes be-
tween virally infected myocarditis mice and uninfected mice. A. The 
nine co-expression panels obtained by clustering were identified as 
modules, and nine colors represent nine co-expression modules. B. 
Expression heat map of all genes in the sample, whose expression 
behavior is clustered into nine co-expression modules. C. Each row 
represents a module. Each column represents a phenotype; the color 
of each cell is mapped by the corresponding correlation coefficient. 
The value is from -1 to 1, the color transitions from blue to white, and 
then transitions to red.
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virus and Shiman disease. For the functions 
and pathways that regulate the most genes in 
the dysfunctional module, they can be consid-
ered to play the most critical role in the dys-
functional module. In this study, the obtained 
dysfunctionality modules were analyzed, and 
since the biological functions associated with 
the nine modules were relatively large, screen-
ing was required. The regulation of vasculature 
development can be a crucial feature. Its main 

function is to regulate vascular system develop-
ment, including the genes IDs Stat1, Stat3.

TF and ncRNA that drive the development of 
viral myocarditis in mice

In this study, we performed a critical analysis of 
the co-expression module genes and explored 
key transcriptional regulators that regulate the 
development of viral myocarditis in mice. The 

Figure 2. GO enrichment analysis and KEGG enrichment analysis. KEGG enrichment analysis, each color represents 
a different pathway process.
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results (Figure 3A, 3B) showed that a total of 
151 ncRNAs involved 178 ncRNA-module regu-
latory pairs and 55 transcription factors affect-
ed 65 TF-module target pairs. Besides, in the 
ncRNA pivot analysis, we obtained three dys-
functional module genes involved in regula- 
tion (Figure 3A). In the TF pivot analysis, we 
selected transcription factors with higher as- 
sociations, including Stat1, Stat3, Rb1, Trp53, 
Cebpb, Spi1 and Rela (Figure 3B). Among them, 
Stat1 and Stat3 are connected to the most 
modules, and the expression of 3 modules is 
connected. Therefore, we can judge the poten-
tial role of Stat1 and Stat3 in the development 
of mouse viral myocarditis. These transcription 
factors and ncRNAs may regulate the progres-
sion of viral myocarditis in mice by mediating 
dysfunctional modules. 

Discussion

Viral myocarditis is a kind of cardiomyopathy 
caused by viral infection, which is one of the 
high risk diseases threatens human health.  
The odds ratio in the untreated group was  
7.39 (95% CI 0.91 to 59.86), the survival ratio 
in the treatment group was 49.5%, and the  
survival rate in the placebo group was 35.9% 
(risk difference was 13.6%, 95% CI was 5.1 to 
22.1%, P value =0.001) [31]. Common symp-
toms of viral myocarditis include fever, discom-
fort, myalgia, vomiting, and diarrhea. Adults 
may experience difficulty breathing, chest pain 
and arrhythmia. Children have a snoring brea- 
th and intercostal retraction. Infants have out-
break syndrome, including fever, hypoxia with 
purpura, respiratory distress, and even cardiac 
arrest.

Patients with severe myocarditis require circu-
latory support in the form of extracorporeal 
membrane oxygenation and ventricular assist 
devices. Clinically, we can use some methods 
to diagnose myocarditis, which monitor cardiac 
function and morphological changes. More- 
over, myocardial edema imaging is the most 
effective parameter for predicting left ventri- 
cular ejection fraction [32]. We need to further 
study its genetic level and explore the patho-
genesis of its genetic level. After data analysis, 
the pathogenic genes were further analyzed, 
and nine functional disorder modules were ob- 
tained. Based on the functional barrier mo- 
dule to identify the critical genes of each mod-

ule, we acquired core genes based on Vav1, 
Hif1an, Phf11d, etc. Studies have shown that 
the heart contains two significant subsets  
of conventional dendritic cells (CDC), namely 
CD103+ and CD11b+. Among them, antigen-
specific T cells play an essential role in the cli- 
nical period of viral myocarditis, and IL-35, 
CD4+, and EBI3+ T have been found to play an 
indispensable role in the progression of VMC 
[33-35]. In this study, after obtaining the dys-
functional module and the core genes, the 
functions and modules of the gene of interest 
were analyzed. In the pathway analysis of the 
involved genes, we obtained a 9-module regu-
lation of vasculature development, including in 
the management of vascular system develop-
ment. This indicates that the involvement of 
Stat1 and Stat3 changed the development of 
the cardiovascular system and ultimately affe- 
cted the development of myocarditis.

Some studies report that interleukin-17A (IL- 
17A) and interleukin-13 (IL-13) have been link- 
ed the pathogenesis of viral myocarditis. Am- 
ong them, SNP rs2275913 in IL-17A gene may 
affect susceptibility, while IL-13 can reduce  
cardiac damage and protect heart function by 
enhancing M2 macrophage polarization [36, 
37]. Studies have shown that the expression 
level of TNF-α, IL-18 and cTnI and the expres-
sion level of miR-1 and miR-146b can be used 
to predict viral myocarditis in children [38]. By 
studying these regulatory factors, the diagnos-
tic level of VMC can be effectively enhanced, 
and the accuracy of its determination can be 
further guaranteed. 

Finally, we performed a pivotal analysis of co-
expression modules. We explored the vital tr- 
anscriptional regulators that regulate the pro-
gression of viral myocarditis. The results show- 
ed that there were a total of 151 ncRNAs and 
55 transcription factors. Besides, in ncRNA and 
TF pivot assays, we obtained potential regula-
tory factors including G730013B05Rik, Rb1, 
Stat1, Stat3, Trp53, Cebpb, Spi1, and Rela.  
We initially identified dysfunctional molecules 
involved in the pathogenesis of viral myocardi-
tis. Through the above analysis, regarding the 
prevention and treatment of myocarditis, we 
can start from the potential mechanism of 
action for prevention and treatment.

In contrast, the regulation of TGF-β1/Smad7 
signaling pathway promotes myocardial fibro- 
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Figure 3. Modulatory effects of regulators on dysfunction modules. A. The blue hexagon represents the module, and the yellow circle represents the ncRNA. B. The 
red square represents the module, and the purple circle represents the TF.
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sis in VMC mice [39]. In the acute and resolu-
tion/chronic phase of Biya, cardiac-related miR-
208a levels were significantly increased in the 
acute phase. Therefore, the determination of 
miR-208b level has prognostic significance for 
the functional recovery of the left ventricle  
[40]. Based on the study of gene expression 
specificity in mice with viral myocarditis, we 
found that Stat1 and Stat3 may regulate the 
development the of vascular system to guide 
the development of viral myocarditis. This stu- 
dy not only helps us understand the potential 
role of gene regulation in viral myocarditis, but 
also provides a reference for clinical treatment. 
Many drugs have been put into use, but the 
study of their active ingredients requires fur-
ther research. At present, total flavonoids of 
astragalus (TFA) and dried root extract (ARDE) 
are used in the treatment of viral myocarditis. 
Its mechanism of action is to reduce the levels 
of miR-146b and miR-155 to improve cardiac 
function in patients with VMC. TFA prevents 
loss of mRNA and protein levels of calmodulin. 
ARDE regulates miR-1 levels to rescue CVB3-
induced endogenous Cx43 expression [41-43]. 
Chinese patented drug Shenfu injection (SFI), 
andrographolide, tanshinone IIA (TSA), Shenqi 
Fuzheng Injection (SFI) and cinnamaldehyde 
have been shown to have the function of pro-
tecting myocardium and effectively relieving 
myocarditis [43-47]. Ulinastatin (UTI), CQ10 
and trimetazidine, ivabradine are widely used 
in clinic [24, 48-51]. In summary, all the mecha-
nisms of action are based on the molecular 
regulatory mechanisms at the gene level to 
inhibit the development of viral myocarditis. 
Therefore, through the analysis of biological 
information data, this study further confirmed 
that Stat1 and Stat3 affect the development  
of viral myocarditis in mice by regulating the 
development of the vascular system. 

Disclosure of conflict of interest

None.

Address correspondence to: Lijuan Li, Clinical 
Laboratory, Shengli Hospital, No. 107, Beier Road, 
Dongying District, Dongying 257055, Shandong, 
China. Tel: +86-18678673059; E-mail: rfa6zt@163.
com

References

[1]	 Richardson P, McKenna W, Bristow M, Maisch 
B, Mautner B, O’Connell J, Olsen E, Thiene G, 

Goodwin J, Gyarfas I, Martin I and Nordet P. Re-
port of the 1995 World Health Organization/
International Society and Federation of Cardi-
ology task force on the definition and classifi-
cation of cardiomyopathies. Circulation 1996; 
93: 841-842.

[2]	 Kang M and An J. Viral myocarditis. In: Stat-
Pearls [Internet]. Treasure Island (FL): Stat-
Pearls Publishing; 2020 Jan-2019 Mar 8.

[3]	 Schultheiss HP, Kuhl U and Cooper LT. The 
management of myocarditis. Eur Heart J 2011; 
32: 2616-2625.

[4]	 Cooper LT Jr. Myocarditis. N Engl J Med 2009; 
360: 1526-1538.

[5]	 Casadonte JR, Mazwi ML, Gambetta KE, Palac 
HL, McBride ME, Eltayeb OM, Monge MC, 
Backer CL and Costello JM. Risk factors for car-
diac arrest or mechanical circulatory support 
in children with fulminant myocarditis. Pediatr 
Cardiol 2017; 38: 128-134.

[6]	 Calabrese F, Rigo E, Milanesi O, Boffa GM, An-
gelini A, Valente M and Thiene G. Molecular 
diagnosis of myocarditis and dilated cardiomy-
opathy in children: clinicopathologic features 
and prognostic implications. Diagn Mol Pathol 
2002; 11: 212-221.

[7]	 Filipowicz A, Coca MN, Blair BM and Chang PY. 
Acute myocarditis with cardiogenic shock and 
multiple organ failure, followed by bilateral 
panuveitis masquerading as endogenous en-
dophthalmitis, due to toxoplasma gondii in an 
immunocompetent patient. Retin Cases Brief 
Rep 2019; [Epub ahead of print].

[8]	 Seo KW and Park JS. Sinus of valsalva aneu-
rysm and multiple aortic aneurysms provoked 
by viral myocarditis. Korean Circ J 2019; 49: 
194-196.

[9]	 Price JF. Congestive heart failure in children. 
Pediatr Rev 2019; 40: 60-70.

[10]	 Helluy X, Sauter M, Ye YX, Lykowsky G, Kreutner 
J, Yilmaz A, Jahns R, Boivin V, Kandolf R, Jakob 
PM, Hiller KH and Klingel K. In vivo T2* weight-
ed MRI visualizes cardiac lesions in murine 
models of acute and chronic viral myocarditis. 
PLoS One 2017; 12: e0172084.

[11]	 Ellis CR and Di Salvo T. Myocarditis: basic and 
clinical aspects. Cardiol Rev 2007; 15: 170-
177.

[12]	 Bejiqi R, Retkoceri R, Maloku A, Mustafa A, Be-
jiqi H and Bejiqi R. The diagnostic and clinical 
approach to pediatric myocarditis: a review of 
the current literature. Open Access Maced J 
Med Sci 2019; 7: 162-173.

[13]	 Kuhl U, Pauschinger M, Seeberg B, Lassner D, 
Noutsias M, Poller W and Schultheiss HP. Viral 
persistence in the myocardium is associated 
with progressive cardiac dysfunction. Circula- 
tion 2005; 112: 1965-1970.

[14]	 Bratincsak A, El-Said HG, Bradley JS, Shayan 
K, Grossfeld PD and Cannavino CR. Fulminant 

mailto:rfa6zt@163.com
mailto:rfa6zt@163.com


Effect of Stat1 and Stat3 on the progression of viral myocarditis

4181	 Int J Clin Exp Med 2020;13(6):4173-4182

myocarditis associated with pandemic H1N1 
influenza a virus in children. J Am Coll Cardiol 
2010; 55: 928-929.

[15]	 Soongswang J, Durongpisitkul K, Nana A, Lao-
haprasittiporn D, Kangkagate C, Punlee K and 
Limpimwong N. Cardiac troponin T: a marker in 
the diagnosis of acute myocarditis in children. 
Pediatr Cardiol 2005; 26: 45-49.

[16]	 Nussinovitch U and Shoenfeld Y. The clinical 
and diagnostic significance of anti-myosin au-
toantibodies in cardiac disease. Clin Rev Aller-
gy Immunol 2013; 44: 98-108.

[17]	 Leonard EG. Viral myocarditis. Pediatr Infect 
Dis J 2004; 23: 665-666.

[18]	 Saji T, Matsuura H, Hasegawa K, Nishikawa T, 
Yamamoto E, Ohki H, Yasukochi S, Arakaki Y, 
Joo K and Nakazawa M. Comparison of the 
clinical presentation, treatment, and outcome 
of fulminant and acute myocarditis in children. 
Circ J 2012; 76: 1222-1228.

[19]	 Fu MY, Wang QW, Xue Y, Xu F, Li CL and An XJ. 
Relevant researches on chronic viral myocardi-
tis (CVMC) in children, complicated with ar-
rhythmia and thyroid hormone level. Eur Rev 
Med Pharmacol Sci 2017; 21: 3083-3087.

[20]	 Kern J, Modi R, Atalay MK and Kochilas LK. 
Clinical myocarditis masquerading as acute 
coronary syndrome. J Pediatr 2009; 154: 612-
615.

[21]	 Zhao ZL, Du S, Shen SX, Luo P, Ding SK, Wang 
GG and Wang LX. Biomarkers screening for vi-
ral myocarditis through proteomics analysis of 
plasma exosomes. Zhonghua Yi Xue Za Zhi 
2019; 99: 343-348.

[22]	 Noguchi K, Tomita H, Kanayama T, Niwa A, 
Hatano Y, Hoshi M, Sugie S, Okada H, Niwa M 
and Hara A. Time-course analysis of cardiac 
and serum galectin-3 in viral myocarditis after 
an encephalomyocarditis virus inoculation. 
PLoS One 2019; 14: e0210971.

[23]	 Xu HF, Gao XT, Lin JY, Xu XH, Hu J, Ding YJ and 
Zhu SH. MicroRNA-20b suppresses the expres-
sion of ZFP-148 in viral myocarditis. Mol Cell 
Biochem 2017; 429: 199-210.

[24]	 Clough E and Barrett T. The gene expression 
omnibus database. Methods Mol Biol 2016; 
1418: 93-110.

[25]	 Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, 
Shi W and Smyth GK. limma powers differen-
tial expression analyses for RNA-sequencing 
and microarray studies. Nucleic Acids Res 
2015; 43: e47.

[26]	 Law CW, Chen Y, Shi W and Smyth GK. voom: 
precision weights unlock linear model analysis 
tools for RNA-seq read counts. Genome Biol 
2014; 15: R29.

[27]	 Smyth GK. Linear models and empirical bayes 
methods for assessing differential expression 

in microarray experiments. Stat Appl Genet 
Mol Biol 2004; 3: Article3.

[28]	 Langfelder P and Horvath S. WGCNA: an R 
package for weighted correlation network anal-
ysis. BMC Bioinformatics 2008; 9: 559.

[29]	 Yu G, Wang LG, Han Y and He QY. clusterProfil-
er: an R package for comparing biological 
themes among gene clusters. OMICS 2012; 
16: 284-287.

[30]	 Maere S, Heymans K and Kuiper M. BiNGO: a 
Cytoscape plugin to assess overrepresentation 
of gene ontology categories in biological net-
works. Bioinformatics 2005; 21: 3448-3449.

[31]	 Robinson J, Hartling L, Vandermeer B and 
Klassen TP. Intravenous immunoglobulin for 
presumed viral myocarditis in children and 
adults. Cochrane Database Syst Rev 2015; 
CD004370.

[32]	 Ouyang HC, Ouyang FC, Mai LL, Chen YY, Hu 
YZ, Chen HX and Li WS. Predictive value of car-
diac magnetic resonance-derived parameters 
on the improvement of left ventricular function 
in patients with acute viral myocarditis. Zhong-
hua Xin Xue Guan Bing Za Zhi 2017; 45: 758-
764.

[33]	 Clemente-Casares X, Hosseinzadeh S, Barbu I, 
Dick SA, Macklin JA, Wang Y, Momen A, Kan-
tores C, Aronoff L, Farno M, Lucas TM, Avery J, 
Zarrin-Khat D, Elsaesser HJ, Razani B, Lavine 
KJ, Husain M, Brooks DG, Robbins CS, Cybul-
sky M and Epelman S. A CD103(+) convention-
al dendritic cell surveillance system prevents 
development of overt heart failure during sub-
clinical viral myocarditis. Immunity 2017; 47: 
974-989, e978.

[34]	 Ouyang H, Xiang L, Chen J, Xu W, Jiao Y and 
Shen H. Significant reduction of peripheral 
blood interleukin-35 and CD4(+)EBI3(+) T 
cells, which are negatively correlated with an 
increase in the plasma IL-17 and cTnI level, in 
viral myocarditis patients. Cent Eur J Immunol 
2017; 42: 91-96.

[35]	 Zeng X, Gao X, Wu W and Wei B. VCAM-1-medi-
ated migration of CD34(+)VLA-4(+) bone mar-
row derived cells into myocardial tissues in 
mice with acute viral myocarditis. Xi Bao Yu 
Fen Zi Mian Yi Xue Za Zhi 2017; 33: 881-885.

[36]	 Tang H, Pei H, Xia Q, Tang Y, Huang J, Huang J 
and Pei F. Role of gene polymorphisms/haplo-
types and serum levels of interleukin-17A in 
susceptibility to viral myocarditis. Exp Mol 
Pathol 2018; 104: 140-145.

[37]	 Yang H, Chen Y and Gao C. Interleukin-13 re-
duces cardiac injury and prevents heart dys-
function in viral myocarditis via enhanced M2 
macrophage polarization. Oncotarget 2017; 8: 
99495-99503.

[38]	 Wang D, Li T, Cui H and Zhang Y. Analysis of the 
indicating value of cardiac troponin I, tumor 



Effect of Stat1 and Stat3 on the progression of viral myocarditis

4182	 Int J Clin Exp Med 2020;13(6):4173-4182

necrosis factor-alpha, interleukin-18, Mir-1 
and Mir-146b for viral myocarditis among chil-
dren. Cell Physiol Biochem 2016; 40: 1325-
1333.

[39]	 Xue YM, Chen MG, Chen DW, Wu WF, Liu YL 
and Lin FH. The effect of microRNA-21 on myo-
cardial fibrosis in mice with chronic viral myo-
carditis. Zhonghua Xin Xue Guan Bing Za Zhi 
2018; 46: 450-457.

[40]	 Goldberg L, Tirosh-Wagner T, Vardi A, Abbas H, 
Pillar N, Shomron N, Nevo-Caspi Y and Paret G. 
Circulating microRNAs: a potential biomarker 
for cardiac damage, inflammatory response, 
and left ventricular function recovery in pediat-
ric viral myocarditis. J Cardiovasc Transl Res 
2018; 11: 319-328.

[41]	 Zhang Z, Dai X, Qi J, Ao Y, Yang C and Li Y. As-
tragalus mongholicus (Fisch.) bge improves 
peripheral treg cell immunity imbalance in the 
children with viral myocarditis by reducing the 
levels of miR-146b and miR-155. Front Pediatr 
2018; 6: 139.

[42]	 Zhou X, Xin Q, Wang Y, Zhao Y, Chai H, Huang X, 
Tao X and Zhao M. Total flavonoids of astraga-
lus plays a cardioprotective role in viral myocar-
ditis. Acta Cardiol Sin 2016; 32: 81-88.

[43]	 Wang Y, Li J, Xuan L, Liu Y, Shao L, Ge H, Gu J, 
Wei C and Zhao M. Astragalus Root dry extract 
restores connexin43 expression by targeting 
miR-1 in viral myocarditis. Phytomedicine 
2018; 46: 32-38.

[44]	 Zhao Y, Wang M, Li Y and Dong W. Androgra-
pholide attenuates viral myocarditis through 
interactions with the IL-10/STAT3 and P13K/
AKT/NF-kappabeta signaling pathways. Exp 
Ther Med 2018; 16: 2138-2143.

[45]	 Guo G, Zhao Q, Wang Q and Li E. Tanshinone 
IIA ameliorate coxsackie virus B3-induced viral 
myocarditis through the inhibition of inflamma-
tion and modulation T Helper 1/T Helper 2 bal-
ance in mice. Pharmacology 2019; 103: 136-
142.

[46]	 Wu T, Chen J, Fan L, Xie W, Xu C and Wang H. 
Effects of Shenqi Fuzheng injection on Fas/
FasL protein expression levels in the cardio-
myocytes of a mouse model of viral myocardi-
tis. Exp Ther Med 2016; 11: 1839-1846.

[47]	 Li XQ, Liu XX, Wang XY, Xie YH, Yang Q, Liu XX, 
Ding YY, Cao W and Wang SW. Cinnamalde-
hyde derivatives inhibit coxsackievirus B3-in-
duced viral myocarditis. Biomol Ther (Seoul) 
2017; 25: 279-287.

[48]	 Song F, Kong F, Zhang H, Zhou Y and Li M. 
Ulinastatin protects against CVB3-induced 
acute viral myocarditis through Nrf2 activation. 
Inflammation 2018; 41: 803-810.

[49]	 Shao L, Ma A, Figtree G and Zhang P. Combina-
tion therapy with coenzyme Q10 and trimetazi-
dine in patients with acute viral myocarditis. J 
Cardiovasc Pharmacol 2016; 68: 150-154.

[50]	 Yue-Chun L, Guang-Yi C, Li-Sha G, Chao X, Xin-
qiao T, Cong L, Xiao-Ya D and Xiangjun Y. The 
protective effects of ivabradine in preventing 
progression from viral myocarditis to dilated 
cardiomyopathy. Front Pharmacol 2016; 7: 
408.

[51]	 Li-Sha G, Li L, De-Pu Z, Zhe-Wei S, Xiaohong G, 
Guang-Yi C, Jia L, Jia-Feng L, Maoping C and 
Yue-Chun L. Corrigendum: ivabradine treat-
ment reduces cardiomyocyte apoptosis in a 
murine model of chronic viral myocarditis. 
Front Pharmacol 2019; 10: 1126.



Effect of Stat1 and Stat3 on the progression of viral myocarditis

1	

Table S1. Hub gene of modules
color HubGenes Module
black Podn m7
blue Phf11d m2
brown Smim20 m3
green Hif1an m5
magenta Cidec m9
pink Fam107a m8
red Gpnmb m6
turquoise Vav1 m1
yellow Gusb m4


