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Abstract. Recurrent cardiovascular events are vital to the 
prevention and treatment strategies in patients who have 
experienced primary cardiovascular events. However, the 
susceptibility of recurrent cardiovascular events varies among 
patients. Personalized treatment and prognosis prediction are 
urged. Microarray profiling of samples from patients with 
acute myocardial infarction (AMI), with or without recur-
rent cardiovascular events, were obtained from the Gene 
Expression Omnibus database. Bioinformatics analysis, 
including Gene Oncology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG), were used to identify genes 
and pathways specifically associated with recurrent cardio-
vascular events. A protein‑protein interaction (PPI) network 
was constructed and visualized. A total of 1,329 genes were 
differentially expressed in the two group samples. Among 
them, 1,023 differentially expressed genes (DEGs; 76.98%) 
were upregulated in the recurrent cardiovascular events group 
and 306 DEGs (23.02%) were downregulated. Significantly 
enriched GO terms for molecular functions were nucleotide 
binding and nucleic acid binding, for biological processes 
were signal transduction and regulation of transcription 
(DNA‑dependent), and for cellular component were cyto-
plasm and nucleus. The most significant pathway in our 
KEGG analysis was Pathways in cancer (P=0.000336681), 
and regulation of actin cytoskeleton was also significantly 
enriched (P=0.00165229). In the PPI network, the signifi-
cant hub nodes were GNG4, MAPK8, PIK3R2, EP300, 
CREB1 and PIK3CB. The present study demonstrated the 
underlying molecular differences between patients with AMI, 

with and without recurrent cardiovascular events, including 
DEGs, their biological function, signaling pathways and key 
genes in the PPI network. With the use of bioinformatics and 
genomics these findings can be used to investigate the patho-
logical mechanism, and improve the prevention and treatment 
of recurrent cardiovascular events.

Introduction

With the significant advances in medication, reperfusion 
therapy, cardiac rehabilitation and organ transplantation, 
cardiovascular disease remains one of the major causes of 
mortality worldwide (1). Evaluation of cardiovascular disease 
based on risk factors is important in the clinical prevention 
and treatment of cardiovascular disease, which may alter the 
risk stratification and guide the treatment and prognosis (2,3). 
More and more indexes are included in the risk stratification 
as clinical and experimental research develops, including 
brain natriuretic peptide, C reactive protein and blood homo-
cysteine. However, the prediction of cardiovascular disease is 
not so satisfying (4), particularly in personalized prevention 
and treatment. Sensitivity of risk factors varies in different 
individuals, and clinical doctors must be aware of this and 
objective to the current risk factors and stratification (5). More 
superior and systematic algorithms for stratification remain to 
be elucidated (6).

The evaluation and stratification of cardiovascular 
diseases depend more on primary cardiovascular events, 
which elevate the stratification and enhance the treatment 
once they occur. However, recurrent cardiovascular events 
are also vital, which indicate that the current intervention is 
not marked enough to prevent disease progression. Although 
patients receive standard treatment based on the risk factors 
stratification, recurrent cardiovascular events still occur, 
which indicates that certain individuals are more prone to 
recurrent cardiovascular events. These patients may require 
more aggressive therapies, involving susceptibility screening 
and personalized treatment (7). With the development and 
application of clinical genomics technology and bioinfor-
matics, novel biomarkers are used in the diagnosis and 
prognosis of cardiovascular disease (8,9). Previous research 
revealed that the expression of different genes varies in 
different stages of cardiovascular diseases, and these genes 
are involved in the pathological process, and may even predict 
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the cardiovascular events (10). With the help of genomics and 
bioinformatics, patient susceptibility to recurrent cardiovas-
cular events may be screened out, and personalized treatment 
can be made. This may reduce the recurrence of cardiovas-
cular events and improve the prognosis. The present study 
used genomics and bioinformatics technology, and associ-
ated software to analyze the differentially expressed genes 
(DEGs) associated with recurrent cardiovascular events. 
The present study also aimed to identify the key genes in 
the pathological process and provide alternative guidance 
in the preventions, and personalized treatment of recurrent 
cardiovascular events.

Materials and methods

Microarray data and clinical characteristics. The micro-
array dataset, GSE48060 with GPL570 [HG‑U133_Plus_2] 
Affymetrix Human Genome U133 Plus 2.0 Array platform, 
was obtained from the Gene Expression Omnibus (GEO) 
database  (11). The data samples were peripheral blood 
samples collected from patients with acute myocardial infarc-
tion (AMI) 48 h within the primary AMI. All 27 samples 
were divided into two groups, according to the recurrence 
of cardiovascular events in the 18 month follow‑up. A total 
of five patients exhibited recurrent cardiovascular events 
and 22 did not. The definition of recurrent cardiovascular 
events is recurrent myocardial infarction, re‑vascularization, 
evidence of restenosis, hospitalization for unstable angina 
or heart failure, cardiovascular mortality, stroke or transient 
ischemic attack, or amputation due to peripheral vascular 
disease.

Raw data processing. All 27 sample files were downloaded 
from the GEO database and were reanalyzed using R soft-
ware (version 3.1.1; http:// www.r‑project.org/). The Affy 
package was applied to read the probe set data from the CEL 
files (12). Robust Multiarray Averaging was used to normalize 
the original data. Following standardization, a total of 54,675 
probe set IDs' expression levels in different samples were 
obtained.

Screening and annotation of the DEGs. The limma package 
in the R software was used to compare the expression levels of 
the probe sets between the two groups (13). The threshold was 
set as P<0.05 or a fold change >1.5. The annotate package was 
used to annotate the DEGs.

Enrichment analysis of DEGs. GeneCodis online tools 
(http://genecodis2.dacya.ucm.es/) were used to annotate 
and analyze the DEGs (14,15). The annotation and analysis 
were predominantly focussed on the molecular function, 
the biological process and the cellular component of Gene 
Ontology (GO) enrichment and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis. The threshold was 
set as P<0.05.

Protein‑protein interaction (PPI) network analysis. Cytoscape 
(version 3.1.1; The Cytoscape Consortium, San Diego, CA, 
USA) and reactome plugin were applied to analyze the 
DEGs (16), and to construct and visualize the PPI network. 

Further analysis of the key nodes in the PPI network were 
processed.

Results

Clinical characteristics of the two group samples. According 
to Suresh et al  (11), the clinical characteristics between the 
recurrence and no recurrence groups, including age, sex, body 
mass index, cardiovascular risk factor score, lipid profile and 
severity of AMI, were similar with the exception of the usage 
of beta‑blockers. The clinical characteristic details are listed in 
Table I.

Recurrent cardiovascular event‑associated DEGs. By 
comparing the two group samples of with or without recurrent 
cardiovascular events in the 18 month follow‑up following 
primary AMI, 1,329 genes (2.43% of total probe set) were 
identified to be differentially expressed and annotatable. A 
total of 1,023 DEGs (76.98%) were upregulated and 306 DEGs 
(23.02%) were downregulated in the recurrent cardiovascular 
events group. The top 10 markedly up or downregulated genes 
with a fold change >1.5 are listed in Tables II and III, respec-
tively.

Significant GO enrichment. To gain insights into the biological 
roles of the DEGs in recurrent cardiovascular events, a GO cate-
gories enrichment analysis was performed using GeneCoDis. 
GO categories are predominantly in three groups: Biological 
process, cellular component and molecular function. The 
significantly enriched GO terms for molecular functions were 
nucleotide binding (GO:0000166, P=8.24‑19) and nucleic acid 
binding (GO:0003676, P=1.94‑07), for biological processes were 
signal transduction (GO:0007165, P=5.26‑08) and regulation of 
transcription, DNA‑dependent (GO:0006355, P=9.19‑06), and for 
cellular component were cytoplasm (GO:0005737, P=8.98‑25) 
and nucleus (GO:0005634, P=1.91‑23; Fig. 1).

Significant pathways. KEGG pathway enrichment analysis was 
performed to further evaluate the biological significance of the 
DEGs. The most significant pathway in our KEGG analysis was 
Pathways in cancer (P=0.000336681). Furthermore, Melanoma 
(P=0.000336681) and Regulation of actin cytoskeleton 
(P=0.00165229) were revealed to be highly enriched. The top 15 
enriched KEGG pathways of the DEGs are listed in Table IV.

PPI network construction and visualization. By analyzing 
the identified 1,329 DEGs using Cytoscape and the reactome 
plugin, 330 genes (node) and 796 gene‑gene interactions (edge) 
were identified. The result was visualized in Cytoscape and 
the majority of the nodes were located within one network. 
To modify the PPI network, the sizes of the nodes were set 
according to their interaction density with the other nodes. The 
node color of the upregulated DEGs were made red and those 
downregulated were made blue (Fig. 2). The more that one gene 
interacts with the other genes, the larger the node was and the 
more central this gene occurs within the network. The genes, 
GNG4, MAPK8 and PIK3R2 were the three predominantly 
upregulated genes, while EP300, CREB1 and PIK3CB were the 
predominantly downregulated genes in the PPI network. The 
details of the nodes are listed in Table V.
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Table I. Baseline clinical characteristics of AMI patients with or without recurrent events following primary AMI, who under-
went whole‑genome blood gene expression microarray analysis.

Variable	 Event (n=5)	 No event (n=22)	 P‑value

Age, years	 51 (41‑53)	 56.5 (48‑65)	 0.110
Gender, male, n (%)	 3 (60)	 13 (59)	 0.972
Body mass index, kg/m2	 36.5 (25.0‑46.5)	 31.5 (22.9‑48.4)	 0.140
Cardiovascular risk factor score	 5 (4‑6)	 4 (1‑6)	 0.266
Cardiovascular history, n (%)			 
  Arterial hypertension, n (%)	 5 (100)	 13 (59)	 0.080
  Smoking, n (%)	 2 (40)	 16 (73)	 0.161
  Diabetes mellitus, n (%)	 0 (0)	 3 (14)	 0.381
  Family history of coronary artery disease, n (%)	 5 (100)	 12 (55)	 0.057
Lipid profile, mg/dl			 
  Total cholesterol, mg/dl	 128 (110‑219)	 191 (126‑325	 0.190
  Low density lipoprotein cholesterol, mg/dl	 65 (41‑152)	 115 (70‑254)	 0.169
  HDL cholesterol, mg/dl	 31 (25‑47)	 38 (25‑72)	 0.165
Medication			 
  Statin therapy, n (%)	 3 (60)	 7 (33)	 0.271
  Aspirin, n (%)	 4 (80)	 12 (55)	 0.296
  ACE inhibitor, n (%)	 1 (20)	 4 (19)	 0.961
  Beta blocker, n (%)	 4 (80)	 5 (22)	 0.014
Severity of AMI			 
  Ejection fraction, %	 55 (43‑65)	 57 (35‑71)	 0.240
  Troponin, ng/ml	 2.24 (0.11‑9.51)	 0.47 (0.04‑16.43)	 0.142
  STEMI, n (%)	 2 (40)	 7 (32)	 0.726

AMI, acute myocardial infarction.

Table II. Top 10 upregulated genes.

	 Mean of intensity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene	 Fold change	 Recurrence	 No recurrence	 P‑value	 Official gene name

LRRC18	 1.58	 21.38 	 13.50 	 1.14‑04	 Leucine rich repeat containing 18
IRAK1BP1	 1.77	 90.64 	 51.19 	 6.19‑04	 Interleukin‑1 receptor‑associated
					     kinase 1 binding protein 1
MGAT4A	 1.57	 385.69 	 245.89 	 6.00‑03	 Mannosyl (α‑1,3‑)‑glycoprotein β‑1,
					     4‑N‑acetylglucosaminyltransferase, 
					     isozyme A
BZW2	 1.74	 921.80 	 529.93 	 9.33‑03	 Basic leucine zipper and W2 
					     domains 2
LOC152586	 1.64	 19.38 	 11.84 	 1.25‑02	 MGAT4 family, member D
ADTRP	 1.78	 272.08 	 153.19 	 1.46‑02	 Androgen‑dependent TFPI‑regulating 
					     protein
SMC1B	 1.78	 24.76 	 13.94 	 2.02‑02	 Structural maintenance of chr 1B
LOC283788	 1.53	 147.03 	 96.39 	 2.39‑02	 Hypothetical protein LOC283788
CLDN12	 1.52	 37.24 	 24.58 	 2.56‑02	 Claudin 12
LEF1‑AS1	 1.79	 74.60 	 41.72 	 3.32‑02	 LEF1 antisense RNA 1

Genes with a fold change >1.5 are shown. Data are sorted by P‑value.
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Discussion

Cardiovascular events are important in the prevention and 
treatment of cardiovascular diseases. When it occurs in patients 
with risk factors, the heart function must be re‑evaluated, 
and the prevention and treatment strategy must be adjusted. 
For patients who had experienced cardiovascular events, the 
prevention and treatment strategies are not uniform between 

different regions and hospitals. There are divergences between 
different area and different grades of hospitals (17), conserva-
tive and aggressive strategies are being used, not to mention the 
circumstances vary among individuals, efficient and effective 
personalized evaluation and treatment are urged (18). Previous 
research has revealed that whole‑genome sequencing can be 
used in cardiovascular disease risk‑prediction algorithms, 
to more accurately forecast whether patients will develop 

Table III. Top 10 downregulated genes.

	 Mean of intensity
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene	 Fold change	 Recurrence	 No recurrence	 P‑value	 Official gene name

HIST1H2AC	 1.57	 2086.82 	 3273.74 	 2.50‑03	 Histone cluster 1, H2ac
NEXN	 1.65	 199.36 	 329.40 	 4.46‑03	 Nexilin (F actin binding protein)
SIRPB2	 1.76	 102.91 	 181.12 	 4.77‑03	 Signal‑regulatory protein β2
TUBB1	 1.56	 462.45 	 719.52 	 5.44‑03	 Tubulin β1
HIST1H2BD	 1.56	 254.17 	 397.28 	 5.81‑03	 Histone cluster 1, H2bd
TSPAN2	 1.76	 142.35 	 250.81 	 6.02‑03	 Tetraspanin 2
GUCY1A3	 1.55	 12.14 	 18.80 	 6.57‑03	 Guanylate cyclase 1, soluble, α 3
FAR2	 1.77	 129.96 	 230.38 	 7.84‑03	 Fatty acyl CoA reductase 2
STON2	 1.66	 91.55 	 151.83 	 9.06‑03	 Nexilin (F actin binding protein)
DLEU2	 1.62	 63.13 	 102.52 	 1.11‑02	 Deleted in lymphocytic leukemia 2

Genes with a fold change >1.5 are shown. Data are sorted by P‑value.

Figure 1. GO enrichment. (A) Molecular functions, (B) biological processes and (C) cellular components for the differentially expressed genes. The order of 
GO enrichment terms were sorted by P‑value. GO, gene ontology.

  A   B

  C
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disease (19). However, there remains a lack of research about 
microarray profiling in recurrent cardiovascular events. The 
present study performed a microarray profiling of peripheral 
blood samples from patients with AMI, downloaded from the 
GEO database, to focus on the DEGs of those with or without 
recurrent cardiovascular events 18 months following AMI.

R is an integrated suite of software facilities for data 
manipulation, calculation and graphical display. Using R soft-
ware and certain packages, the present study identified the 
DEGs between patients with AMI, with or without recurrent 
cardiovascular disease. A total of 1,329 genes were identified 
and 1,023 were upregulated in recurrent group compared with 
the no recurrent group, while 306 of them were downregulated. 
The genes with the most significant P‑value and fold change 
>1.5 in the up and downregulated DEGs are listed in Tables II 
and III. Among them, TUBB1 (tubulin β1, class VI; P=0.00544; 
fold change=1.56) encodes a member of the β tubulin protein 
family, and this protein is specifically expressed in platelets 
and megakaryocytes, and may be involved in proplatelet 
production and platelet release. Previous research revealed 
that the prevalence of TUBB1 was higher among healthy 
individuals compared with patients with cardiovascular 
disease (20). This may be associated with the TUBB1 function 
of suppressing microtubule dynamics, fragmenting microtu-
bules and inhibiting cell division (21). Although there is little 
previous research about other significant genes involved in 
cardiovascular diseases, the method in the present study may 
be the initial and alternative way to explore the pathological 
mechanism of recurrent cardiovascular events.

To further investigate the roles of the DEGs identified 
in the pathological mechanism of recurrent cardiovascular 
events, GO enrichment analysis and KEGG pathway analysis 
was used. GO is widely used as the tool for the organization 
and functional annotation of molecular aspect  (22). It was 
revealed that the significantly enriched GO terms for molecular 

functions were nucleotide binding and nucleic acid binding, 
for biological processes were signal transduction and regu-
lation of transcription (DNA‑dependent), and for cellular 
component were cytoplasm and nucleus. The GO terms 
mentioned above are basic and vital to the biological and 
pathological process. Fibroblast growth factor receptor 
signaling pathway (GO:0008543; P=0.00151494), blood 
coagulation (GO:0007596; P=0.00166723) and cell adhesion 
(GO:0007155; P=00170222) were also significantly enriched 
in GO biological process. Ronca et al (23) reported that fibro-
blast growth factor receptor‑1 gene knockout impairs cardiac 
and haematopoietic development in murine embryonic stem 
cells, and the fibroblast growth factor receptor is required for 
cardiomyocyte differentiation. Yukawa et al (24) demonstrated 
that impaired fibroblast growth factor receptor gene would 
suppress the growth of vascular smooth muscle. As for blood 
coagulation and cell adhesion, which are associated with the 
formation and breaking off of thrombosis, they are important 
in both primary and recurrent cardiovascular events.

In KEGG pathway analysis, regulation of actin cytoskel-
eton is significantly enriched. Actin cytoskeleton is involved 
in the inward remodeling process associated with cytoskeletal 
modifications. It is also involved in reducing the passive 
diameter of resistance vessels, which are the vascular compo-
nents of the circulatory system, and exert a preponderant role 
in the regulation of blood flow and the modulation of blood 
pressure (25). Therefore, the regulation of actin cytoskeleton 
may have profound consequences on the incidence of cardio-
vascular events.

The results from PPI network analysis of the top 10 up and 
downregulated DEGs revealed the significant nodes, including 
GNG4, MAPK8, PIK3R2, EP300, CREB1 and PIK3CB. 
MAPK8 is one member of the MAPK family, which has vast 
implications in signaling and crosstalk with other signaling 
networks. The MAPK signal pathway is highly associated 

Table IV. Top 15 enriched KEGG pathways of differentially expressed genes.

KEGG ID	 KEGG pathway	 Gene no.	 P‑value

hsa05200	 Pathways in cancer	 12	 3.37-04

hsa05218	 Melanoma	 12	 3.37-04

hsa04810	 Regulation of actin cytoskeleton	 9	 1.65-03

hsa05215	 Prostate cancer	 11	 1.77-03

hsa04010	 MAPK signaling pathway	 23	 2.04-03

hsa04120	 Ubiquitin mediated proteolysis	 14	 6.34-03

hsa04660	 T cell receptor signaling pathway	 4	 7.80-03

hsa05340	 Primary immunodeficiency	 4	 7.80-03

hsa05214	 Glioma	 7	 8.34-03

hsa05222	 Small cell lung cancer	 10	 9.31-03

hsa04510	 Focal adhesion	 6	 1.68-02

hsa04144	 Endocytosis	 16	 1.98-02

hsa03030	 DNA replication	 4	 2.07-02

hsa03430	 Mismatch repair	 4	 2.07-02

hsa04115	 p53 signaling pathway	 8	 2.28-02

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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with mitochondria, the power houses of the cell, which provide 
>80% of ATP for normal cardiomyocyte function and have a 
crucial role in cell death (26). EP300 is the node with the most 
interactions with other nodes in the PPI network, and previous 
research revealed that it is associated with arterial stiffness 
prior to hypertension, increased pulse pressure, and struc-
tural vessel wall changes (27). CREB1, also termed CREB, 
phosphorylation induced by the prostacyclin/IP pathway may 
suppress cardiac fibrosis, which is a consequence of numerous 
cardiovascular diseases, and contributes to impaired ventric-
ular function (28). The PPI results suggested that MAPK8, 
EP300 and CREB1 may be important in the development of 
recurrent cardiovascular events.

The results from the present study suggested that DEGs 
exist between patients with AMI, with and without recurrent 
cardiovascular events. These genes are involved in different 
GO enrichment terms and signaling pathways, from which 
insights into the pathological processes of recurrent events 
can be obtained. Several genes, including TUBB1, GNG4, 
MAPK8, PIK3R2, EP300 and CREB1, with or without 
previous research, may provide potential candidates for 
distinguishing the susceptibility to recurrent cardiovascular 
events in the future. Therefore, the present research may 
provide important references for the prevention and treatment 
strategies in patients with primary cardiovascular events. 
Nevertheless, the genes and the associated GO enrichment 

Figure 2. Protein‑protein interaction network visualization of differentially expressed genes. The nodes in red represent the upregulated genes and those in 
blue represent the downregulated genes. The larger size nodes interact more with other nodes. The type of edges represents the interaction between the nodes, 
→ to indicate activating/catalyzing, ‑| to indicate inhibition, ‑ for functional interactions extracted from complexes or inputs and --‑ for predicted functional 
interactions.
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terms and pathways identified here require further investiga-
tion and confirmation.

In conclusion, the present study revealed the underlying 
molecular differences between patients with AMI, with and 
without recurrent cardiovascular events, including DEGs, 
their biological function, signaling pathways and key genes 
in the PPI network, which may contribute to the prevention 
of recurrent events and personalized treatment for primary 
cardiovascular events. Further functional studies may provide 
additional insights into the role of the DEGs in the pathological 
process of recurrent cardiovascular events.
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