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Dysregulated circulating SOCS3 and haptoglobin expression 
associated with stable coronary artery disease and acute coronary 

syndrome: An integrated study based on bioinformatics analysis and 
case–control validation

Introduction

Coronary artery disease (CAD), including stable CAD and 
acute coronary syndrome (ACS), is associated with substantial 
morbidity and mortality worldwide. According to the American 
Heart Association (AHA) and American College of Cardiology 
(ACC), CAD accounts for one in 7 deaths in the US, and about 
7.9 million US adults have had a myocardial infarction (MI) (1, 2). 
Owing to the complexity of interactions between genetic factors 
and epigenetic regulatory mechanisms, cardiovascular risk fac-

tors, such as hypertension, diabetes, and hyperlipidemia, have 
been established but are not sufficient to fully explain and predict 
the risk of disease. Serum biomarkers such as brain natriuretic 
peptide (BNP), high-sensitivity C-reactive protein (hs-CRP), and 
inflammatory factors play a substantial role in this regard but 
nevertheless have limited value in terms of predictive capacity 
for the diagnosis of early CAD and its prognosis.

With the rapid development of new technologies, such as 
next generation sequencing, much progress has been made in 
the exploration of diagnostic and therapeutic biomarkers for car-
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diovascular diseases. Bioinformatics analysis of these big data 
provides novel clues and core data for identifying reliable and 
functional differentially expressed genes (DEGs), miRNAs and 
non-coding transcripts; nevertheless, reanalyzing these data 
using an online database remains necessary because doing so 
may lead to novel insights. Moreover, the integration of studies 
from various medical sources saves resources and provides evi-
dence for mapping molecular pathogenetic networks.

We analyzed two publicly available microarray datasets re-
trieved from Gene Expression Omnibus (GEO), a database reposi-
tory that archives, annotates, and freely shares high-throughput 
functional genomics data submitted by the international research 
community. Using computational approaches, we screened out 
common DEGs associated with ACS and stable CAD, conducted 
pathway analysis, constructed protein–protein interaction (PPI) 
networks as well as miRNA-mediated transcriptional regula-
tion networks. Dysregulated critical hub genes, the genes with 
higher scores detected by MCODE software (Cytoscape), were 
validated in a Chinese case–control study. Using the bioinfor-
matic analyses and clinical validation data, we hoped to provide 
novel insights into the pathogenesis of CAD and to identify novel 
altered transcripts that could be potential biomarkers for distin-
guishing different disease states.

Methods

Expression Profile Datasets Selection: In order to iden-
tify transcriptomes potentially involved in the development and 
progression of acute MI/ACS, several related datasets were 
taken into account. First, the GEO DataSets portal, which is pub-
licly available (NCBI, https://www.ncbi.nlm.nih.gov/geo/), was 
searched for registered datasets of mRNA profiling by array. In 
particular, for the selection of suitable datasets, an advanced 
search was carried out by inserting the terms “[(“expression 
profiling by array” [DataSet Type] and acute myocardial infarc-
tion) and “Homo sapiens” [porgn: _txid9606]”]; “[(“mRNA profil-
ing by array” [DataSet Type] and acute coronary syndrome) and 
“Homo sapiens” [porgn: _txid9606]”]. With this approach, we 
obtained a list of all acute MI/ACS datasets containing mRNA 
expression levels. Of these datasets, only those that fit the below 
criteria were selected for subsequent evaluation. Inclusion cri-
teria: (1) datasets containing peripheral blood mononuclear cell 
mRNA expression levels of ST-segment elevation myocardial 
infarction (STEMI); (2) datasets reporting the mRNA expression 
levels of patients with acute MI and patients with stable CAD. 
Exclusion criteria: datasets containing information about the ex-
pression of circulating endothelial cells, platelets or nucleated 
cell–related cell lines.

The search criteria applied in GEO DataSets allowed us to 
preliminarily identify eight different datasets [GSE66360 (3), 
GSE9820 (4), GSE48060 (5), GSE34198, GSE9128 (6), GSE23746, 
GSE62646(7), GSE59867(8)] of acute MI/ACS expression profil-

ing by array (published up to December 2018). However, most of 
them did not apply with respect to the exclusion and inclusion 
criteria. After the application of the aforementioned criteria, only 
two datasets were selected as discovery datasets for perform-
ing the differential analyses [(GSE62646: stable CAD (14 samples) 
vs. STEMI (28 samples) and GSE59867: stable CAD (46 samples) 
vs. STEMI (111 samples)].

Data processing and DEG identification: The raw microarray 
data of the two datasets downloaded from the GEO database 
(9) were processed with the LIMMA package of the R language 
(http://www.R-project.org, The R Foundation) to identify genes 
that were differentially expressed in peripheral blood between 
stable CAD patients and STEMI patients. The adjusted p values 
(adj. p) and Benjamini–Hochberg false discovery rate were ap-
plied to strike a balance between the discovery of statistically 
significant genes and the limitations of false positives. Probe sets 
without corresponding gene symbols or genes with more than 
one probe set were removed or averaged, respectively. |logFC| 
(fold change) >0.5 and adj. P<0.05 were set as the cut-off criteria 
for DEGs. The lists of dysregulated genes from the two selected 
GEO DataSets platforms were subsequently compared in order 
to identify the DEGs overlapping between the two datasets and 
with fold-change (|logFC|) >0.5. Venn diagrams were created us-
ing Venn diagram software (http://bioinformatics.psb.ugent.be/
webtools/Venn/) to display the overlap of DEGs between the two 
discovery datasets.

Functional and pathway enrichment analysis: Upregulated 
and downregulated genes underwent Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis using the Database for Annotation, Visualization and In-
tegrated Discovery (DAVID, version 6.8; david.ncifcrf.gov/home.
jsp) software (10). GO and KEGG pathway enrichment analysis 
were performed to identify DEGs using the DAVID database. 
P<0.05 was considered statistically significant.

PPI network construction and module analysis: The Search 
Tool for the Retrieval of Interacting Genes (STRING, version 10.0; 
http://string-db.org) database was used to predict the PPI net-
work (11). STRING was used to analyze the PPIs of DEGs, and 
an interaction with a combined score of >0.4 was considered 
statistically significant. Then, according to the interaction infor-
mation, the network was constructed and visualized with Cyto-
scape software (12) (version 3.7.0, http://www.cytoscape.org/). 
The Cytoscape Network Analyzer plugin was used for further 
analysis, and the topological properties of the PPI network, node 
degree, were calculated to search for hub genes from the PPI 
network. Cytoscape’s Molecular Complex Detection (MCODE) 
was used to screen the significant modules of the PPI network 
with the cutoff paramaters set as follows: MCODE scores >5 (13, 
14), degree cut-off=2, node score cut-off=0.2, Max depth=100 
and k-score=2 (15-17). Cytoscape’s Biological Networks Gene 
Oncology (BiNGO) (version 3.0.3) tool was used to perform and 
visualize the biological process analysis of hub genes.

MiRNA regulatory network of hub genes: The interactive 
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regulation network of hub genes and miRNAs, predicted and ob-
tained from TargetScan (http://www.targetscan.org/) and miRDB 
(http://mirdb.org/miRDB/) was visually presented using Cyto-
scape software.

Patient sample preparation and peripheral blood collection: 
Three hundreds and two individuals were recruited to conduct 
a case–control study to seek further confirmation of a potential 
relationship between the expression of hub genes and the devel-
opment of CAD. From September 2017 to July 2019, blood samples 
for subsequent RNA extraction from 100 patients with stable CAD, 
102 patients with ACS and 100 healthy controls were enrolled in 
the Taihe Hospital of Shiyan of Hubei Province (Hubei, China). 
Informed consent was obtained from all individuals. The inclu-
sion and exclusion criteria were the same as those described in 
our previous reports. At baseline, the collection and treatment 
approaches of peripheral blood samples from emergency CAD 
patients were identical to those in our previous research (18). In 
addition, a panel of 16 serum biomarkers was selected and ana-
lyzed at the core lab of Taihe Hospital. This case–control study 
was performed in accordance with the ethical guidelines of the 
Declaration of Helsinki and was approved by the Medical Ethics 
Committee of Taihe Hospital of the Hubei University of Medicine.

Cell culture and treatment: Human monocytic THP-1 cells 
were cultured in RPMI-1640 medium (Gibco, USA) containing 
10% fetal bovine serum (FBS; Gibco) at 37 °C, 5% CO2 incubator 
and incubated with 50 ng/mL of Phorbol-12-myristate-13-acetate 
(PMA; Beyotime Biotechnology, Shanghai, China) for 48 h to dif-
ferentiate into macrophages. Subsequently, THP-1 macrophages 
were exposed to ox-LDL in 2 ml of RPMI-1640 culture growth me-
dium containing 1% FBS for 48 h to induce foam cells.

RNA extraction and quantitative polymerase chain reaction 
(qPCR): Total RNA was extracted from leukocytes and cultured 
cells using TRIZOL Regent (Invitrogen, Carlsbad, CA), and cDNA 
synthesis was performed with a HiScript® II Q RT SuperMix for 
qPCR Kit (Nanjing Vazyme Biotech Co., Ltd, Nanjing, China). Five 
nanograms of cDNA were used for real-time reactions using 
ChamQTM SYBR® qPCR Master Mix (Nanjing Vazyme Biotech Co., 
Ltd, Nanjing, China) and a ViiATM 7 Real-time PCR System (Applied 
Biosystems, Foster City, CA). Relative gene expression levels were 
calculated using the comparative crossing threshold method of 
relative quantification (ΔCq) and fold change (FC) values. ΔCq was 
designated as the mean Cq (mean of duplicates) of a target gene 
subtracted by the mean Cq (mean of duplicates) of a reference 
gene [glyceraldehyde 3-phosphate dehydrogenase (GAPDH)]. 
Based on recommendations from the manufacturer, the Cq expres-
sion cutoff was set to 30; this was applied to all calculations. In 
order to compare mean expression levels between the CAD group 
and the control group, FC was designated as 2-ΔCq. Detailed prim-
er information and qPCR data processing are shown in Table S1.

Statistical analysis
For descriptions and comparisons of baseline demographic, 

clinical and laboratory characteristics, the normal distribution of 

quantitative data were expressed as mean ± standard deviation 
(SD); and comparison between the two groups was determined 
via student’s t-test. Abnormal distributions of quantitative data 
were expressed with median and inter quartile ranges, and 
Mann-Whitney U-tests were applied for comparison. The quali-
tative data were expressed by frequency and composition. The 
differences in constituent ratio between the two groups were 
compared by Chi-square test or Fisher’s exact test. The Pear-
son’s or Spearman’s rank correlation test was used to analyze 
correlation analysis. All p values were two sided and considered 
statis¬tically significant if p<0.05. Both univariate (unadjusted) 
and multivariate (adjusted) logistic regression were performed 
to determine independent clinical factors and biomarkers asso-
ciated with CAD. All statistical analyses and plotting were per-
formed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA), 
Prism 8 (GraphPad Prism 8.0.1, San Diego, California, USA) and R 
(http://www.R-project.org, The R Foundation).

Results

DEG screening and enrichment analysis: The differential 
analysis performed with the R language on the two datasets 
from the GEO database allowed for the identification of lists of 
dysregulated genes in STEMI patients compared to patients with 
stable CAD (Fig. 1). As shown in the Venn diagram of DEGs (Fig. 
1a), a total of 119 common DEGs were obtained, of which 71 were 
downregulated and 48 were upregulated. Next, a principal com-
ponent analysis (PCA) model for the DEGs was established for all 
participants (STEMI patients compared to stable CAD patients) 
in the two discovery datasets. Figure 1b shows the score plots 
of their first two principal components, which demonstrates a 
separation between them on the score plots. The DEG details are 
listed in Table 1. The volcanic maps showed more intuitively the 
distribution of up- and downregulated DEGs in the STEMI group 
compared to the stable CAD group (Fig. 1c). Furthermore, the 
heatmap of DEGs in these two microarrays shows a hierarchi-
cal clustering of changed transcription in different groups (Fig. 
1d), which may help identify the function of unknown transcripts 
or the unknown function of known transcripts by gathering the 
same expression pattern or similar genes of a class. All of these 
analyses revealed the characteristics and functions of common 

Table S1. Primer sequences used for qPCR

Gene name Primer sequence 5’-3’ Method

SOCS3 F: AGCAGCGATGGAATTACCTGGAAC qPCR

 R: TCCAGCCCAATACCTGACACAGAA

HP  F: TGAATGTGAAGCAGTATGTGGGA qPCR

 R: CATTGATCAGCGTGGCACC

GAPDH F: GAAGGTGAAGGTCGGAGTC qPCR

 R: GAAGATGGTGATGGGATTTC
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and special DEG transcripts between the STEMI patients and 
stable CAD patients.

According to the GO analysis of results from the DAVID da-
tabase, the changes in biological processes of DEGs were sig-
nificantly enriched in the cell surface receptor signaling path-
way, regulation of immune response, innate immune response, 
signal transduction, inflammatory response, et al. (Table S2). 
KEGG pathway analysis revealed that the pathways enriched by 
dysregulated DEGs included osteoclast differentiation, antigen 
processing and presentation and inflammatory bowel disease.

PPI network analysis: To systematically analyze the biologi-
cal functions of the DEGs obtained from the two groups, the PPI 
network of DEGs was constructed using Cytoscape with protein 
interaction information. With a PPI score >0.4, a PPI network 
with 112 nodes and 459 edges was constructed, as presented 

in Figure 2a. Two modules were obtained from a PPI network 
of DEGs using MCODE, one with 13 nodes and 38 edges (Fig. 2b, 
Cluster 1), and one with 6 nodes and 9 edges (Figure 2b, Cluster 
2). The biological process analysis of the hub genes is shown in 
Figure 2c, which is mainly related to the cellular response to ex-
tracellular stimulus, cell adhesion, biological regulation, cellular 
metabolic process, and regulation of gluconeogenesis.

Two hub gene probe expression in the datasets and gene-
miRNA regulatory network: As presented in Figure S1, the probe 
expression levels of SOCS3 and HP were significantly upregu-
lated in patients with STEMI when compared to stable CAD pa-
tients in GSE59867 (all p<0.001; Figure S1a, b), while in GSE62646, 
probe expression levels distinctly increased in patients with 
STEMI when compared to stable CAD patients (all p<0.05; Figure 
S1c and d).

Figure 1. Transcriptome of peripheral blood analysis in GSE59867 and GSE62646 microarray. (a) Venn diagram of 119 DEGs from two microarray 
datasets. (b) PCA score plots of STEMI group and stable CAD group in these two datasets. (c) The volcano plots of DEGs in two datasets. Red 
indicates genes with high levels of expression, blue indicates genes with low levels of expression, and gray indicates genes with no differential 
expression based on the criteria of P<0.05 and |logFC| >0.05, respectively. (d) Heatmap of DEGs in two microarrays showed hierarchical clustering 
of changed transcription of genes in clustering analysis in different groups
CAD - coronary artery disease; DEGs - differentially expressed genes; PCA - principal component analysis; STEMI - ST-segment elevation myocardial infarction
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Cluster 1 Cluster 2

a

b

c

Figure 2. PPI network of DEGs identified in STEMI. (a) DEGs identified in at least two datasets were used to construct the PPI network. SOCS3 and 
HP are shown in red, other hub genes as yellow and the rest of the nodes as blue. The lines between nodes represent the interactions between 
genes. The thickness of the line represents the combined score. (b) two modules contained SOCS3 (cluster 1) and HP (cluster 2). (c) the biological 
process analysis of hub genes was constructed using BiNGO. The color depth of nodes refers to the corrected P-value of ontologies. The size of 
nodes refers to the numbers of genes involved in the ontologies. P<0.05 was considered statistically significant
DEGs - differentially expressed genes; HP - haptoglobin; PPI - protein–protein interaction; SOCS3 - suppressor of cytokine signaling 3
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For the two hub genes, we identified a visualized gene-miR-
NA regulatory network constructed with Cytoscape, including 
two genes and 83 miRNAs. As shown in Figure S2, suppressor 
of cytokine signaling 3 (SOCS3) was potentially regulated by 

78 miRNAs while haptoglobin (HP) was potentially regulated 
by five miRNAs. Within the network, hsa-miR-6836-5p and hsa-
miR-6132 were demonstrated to interact with both of the two 
hub genes.

Table 1. One hundred nineteen DEGs were screened from GSE59867, GSE62646 microarrays for STEMI

DEGs Gene symbol*

Upregulated (48) LILRB4, FCGR1CP, FCGR1B, FCGR1A, STAB1, VSIG4, EDA2R, MIR223, CYP27A1, TNFAIP6, FMN1, RNASE1, STEAP4,

 ASGR2, TRIB1, NFE2, PRR13, FAM20C, AQP9, ECRP, RNASE2, LOC441081, FAM20A, SOCS3, SASH1, SLED1, TCN2,

 GPR162, CCR1, SIGLEC16, PPARG, ADM, SIGLEC9, LILRA5, LILRA3, TBC1D2, SH3PXD2B, LILRA6, FLVCR2, PLB1,

 CYP1B1, HP, CR1,TMEM176A, PADI2, EGR1, DYSF, ST14, TMEM150B, TSPO

Downregulated (71) MYBL1, SNHG16, SNORD61, EPB41L4A, SNORD82, FGFBP2, DTHD1, SNORD45C, TGFBR3, SYNE2, PDGFD, BIRC3,

 FAM169A, KLRF1, KLRC1, CLEC2D, RORA, SH2D1A, SAMD3, TARP, CEP78, KLRC4-KLRK1, CD226, SNORA16A,

 SCARNA9, CLC, SNORD45B, SCARNA9L, SNORD54, SNORD58A, SNORD28, SNORD50A, HLA-DOB, HRH4,

 SNHG1, MYO6, SNORD59B, KLRG1, ODF2L, SNORD81, JAKMIP2, SNHG1, GNG2, LOC102725104, GBP5, C12orf75,

 NPM1, ARAP2, SNORA8, CPA3, KLRC4-KLRK1, KLRC3, VPS13A, KLRA1P, SYTL2, KLRC4-KLRK1, SLC4A4, PRSS23,

 SNORA20, SLCO4C1, KPNA5, SNORD6///TAF1D, MS4A3, KLRC2, SNORD73A, KLRD1, SNORD30, IL18RAP, C1orf21,

 WEE1, LINC00680-GUSBP4

*8 hub genes (PPI network) are in bold italics. DEGs - differentially expressed genes; STEMI - ST-segment elevation myocardial infarction

Table S2. Significant enriched GO terms and Kyoto Encyclopedia of Genes and Genomes pathways of common differentially 
expressed genes

Term Description Count P-value

Biological process

GO:0007166 Cell surface receptor signaling pathway 10 5.46E-06

GO:0050776 Regulation of immune response 8 2.04E-05

GO:0045087 Innate immune response 9 9.23E-04

GO:0007165 Signal transduction 14 2.83E-03

GO:0006968 Cellular defense response 4 3.10E-03

GO:0045954 Positive regulation of natural killer cell mediated cytotoxicity 3 3.18E-03

GO:0002250 Adaptive immune response 5 5.22E-03

GO:0006954 Inflammatory response 7 8.86E-03

GO:0002228 Natural killer cell mediated immunity 2 9.39E-03

GO:0031100 Organ regeneration 3 2.06E-02

GO:0007155 Cell adhesion 7 2.10E-02

GO:0060850 Regulation of transcription involved in cell fate commitment 2 2.33E-02

GO:0070301 Cellular response to hydrogen peroxide 3 2.95E-02

GO:0007267 Cell–cell signaling 5 3.18E-02

GO:0060670 Branching involved in labyrinthine layer morphogenesis 2 4.16E-02

GO:0006955 Immune response 6 4.82E-02

KEGG pathway

hsa04380 Osteoclast differentiation 6 5.44E-04

hsa04612 Antigen processing and presentation 5 6.20E-04

hsa05321 IBD 3 4.38E-02

IBD - inflammatory bowel disease; qPCR - quantitative polymerase chain reaction
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Clinical parameters of participants in validation study: A total 
of 302 subjects were recruited for our study, including 100 healthy 
controls, 100 patients with stable CAD and 102 patients with ACS. 
The principal characteristics of all subjects are summarized in 
Table 2. With regard to age, gender, apolipoprotein B (apo B), and 
lactate dehydrogenase (LDH), no significant statistical difference 
was observed between the control and two patient groups. Ap-
proximately 55%, 29% and 12% of stable CAD patients, and 51%, 
23%, and 12% of ACS patients, had experienced hypertension, 
diabetes and hyperlipidemia, respectively. In the analysis of lipid 
parameters, the levels of triglyceride (TG) and lipoprotein a [Lp(a)] 
were significantly increased in the patient groups, while the levels 
of total cholesterol (TC), high density lipoprotein cholesterol (HDL-
C), low density lipoprotein cholesterol (LDL-C), and apolipoprotein 
A1 (apo A1) were significantly decreased in the patient groups 
compared to the control group (all p<0.05). Compared to the con-
trol group, stable CAD patients had more inconsistent patterns of 
variation of certain biomarkers relative to the ACS patients; for ex-
ample, myocardial enzymes (aspartate aminotransferase (AST), 
creatine kinase (CK) and hydroxybutyrate dehydrogenase (HBDH)) 
were significantly decreased in stable CAD patients, while their 
levels were elevated in ACS patients, when compared to controls.

The ACS patients we recruited for this study consisted of 
STEMI and non-STEMI (NSTEMI) patients. To further investigate 
whether the state of disease was associated with the variation 
of two hub genes, we conducted a sub-group analysis in patients 
with a different disease state. As shown in Table S3, compared 
to stable CAD patients, STEMI patients had a more severe in-
flammatory reaction, i.e., higher levels of high sensitivity C re-
active protein (hs-CRP; p=0.002) and higher levels of myocardial 
enzymes, i.e., AST (p<0.001), creatine kinase (CK; p<0.001), cre-
atine phosphokinase with isoenzymes (CK-MB; p=0.029), lactate 
dehydrogenase (LDH; p=0.001) and HBDH (p<0.001). Meanwhile, 
patients with NSTEMI were shown to have higher levels of AST 
(p=0.002), CK-MB (p=0.043) and hs-CRP (p=0.047) when com-
pared to stable CAD patients.

SOCS3 and HP expression in the validation study: As shown 
in Table 2, the expression levels of both SOCS3 and HP were 
significantly downregulated in two groups of patients: SOCS3 
was significantly downregulated in patients with stable CAD 
(p=0.040) as well as in patients with ACS (p=0.005) when com-
pared to healthy controls (Fig. 3a). Meanwhile, HP expression 
was also shown to be significantly decreased in patients with 
stable CAD (p=0.001) as well as in patients with ACS (p=0.048) 

Figure S1. SOCS3 and HP expression levels of probe value in GSE59867 and GSE62646
HP - haptoglobin; SOCS3 - suppressor of cytokine signaling 3; STEMI - ST-segment elevation myocardial infarction
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when compared to healthy controls (Fig. 3b). Consistent with 
the variation pattern shown in the datasets, the expression of 
HP was significantly upregulated in STEMI patients (p=0.041) 
compared to stable CAD patients (Fig. 3d). In contrast, SOCS3 
mRNA levels were not significantly different between STEMI 
and stable CAD patients (Fig. 3c). SOCS3 mRNA levels were 
not significantly different between STEMI and stable CAD pa-
tients (Fig. 3c). Consistent with the variation pattern shown in 
the datasets, the expression of HP was significantly upregu-
lated in STEMI patients (p=0.041) compared to stable CAD pa-
tients (Fig. 3d).

Correlation between SOCS3 and HP expression and risk 
factors for cardiovascular disease: To evaluate whether de-
terministic risk factors for CAD were correlated with SOCS3 
and HP expression, we performed correlation analysis for all 
participants. As described in Table 3, according to the Pearson 
or Spearman correlation method, SOCS3 shows a positive as-
sociation with TC (r=0.121, p=0.040) and a negative association 
with LP(a) (r=–0.151, p=0.045) and homocysteine (HCY; r=–0.137, 
p=0.035). In contrast, HP shows a positive association with hs-
CRP (r=0.308, p<0.001) and a negative association with LP(a) 
(r=–0.199, p=0.008).

Figure S2. The hub gene-miRNAs regulatory network. Red nodes stand for the hub genes, blue nodes represent miRNAs
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Associations between SOCS3 and HP and risk factors for 
CAD: The association between lower levels of SOCS3 and HP 
and an increased risk for CAD was further evaluated by logistic 
stepwise regression. As summarized in Table 4, in the stable CAD 
patients, odds ratios (ORs) for HP were significant after adjust-
ment for age, gender, hyperlipidemia, diabetes and hypertension 
[OR 0.52, 95% confidence interval (CI) 0.31~0.87, p=0.013]. In con-
trast, in the ACS patients, ORs for HP were significant after ad-
justment for age and gender (OR 0.48, 95% CI 0.30~0.79, p=0.003); 
however, these associations were abolished when hyperlipid-
emia, diabetes and hypertension were included as the covari-
ates (OR 0.67, 95% CI 0.44~1.02, p=0.059). On the other hand, in 

the ACS patients, ORs for SOCS3 were significant after adjust-
ment for age, gender, hyperlipidemia, diabetes and hypertension 
(OR 0.66, 95% CI 0.46~0.94, p=0.023).

Expression of SOCS3 and HP in THP-1-derived foam cells: 
To further determine the role of SOCS3 and HP in the process 
of foam cell formation, we examined the mRNA expression of 
SOCS3 and HP in foam cells derived from THP-1 cells. As shown 
in Figure 4, expression levels of SOCS3 mRNA were signifi-
cantly upregulated in THP-1 macrophages and ox-LDL-induced 
THP-1 foam cells when compared to the control group (THP-1 
monocytes; all p<0.001). Interestingly, there was a significant 
decrease of SOCS3 mRNA expression levels in ox-LDL-induced 

Table 2. General characteristics of the study participants

                                              Patients   P

Characteristic Controls Stable CAD ACS  P 1 P 2

  (n=100) (n=100) (n=102)

Demographics

Age (years) 57.39±7.69 58.32±8.39 59.74±9.67 0.415 0.057 0.415

Male 43 51 68 0.321 0.001 0.321

Risk factors

Hypertension (%) 12 55 51 <0.001 <0.001 <0.001

Diabetes mellitus (%) 0 29 23 <0.001 <0.001 <0.001

Hyperlipidemia (%) 0 12 12 <0.001 <0.001 <0.001

Clinical parameters

TC (mmol/L) 5.04±0.84 3.73±0.99 3.92±1.01 <0.001 <0.001 <0.001

TG (mmol/L) 1.04 (0.76, 1.33) 1.45 (0.83, 2.02) 1.16 (0.84, 1.98) <0.001 0.002 <0.001

HDL-C (mmol/L) 1.60±0.35 1.05±0.27 1.04±0.26 <0.001 <0.001 <0.001

LDL-C (mmol/L) 2.42±0.54 2.01±0.70 2.18±0.75 <0.001 0.016 <0.001

 Apo-A1 (g/L) 1.65±0.21 1.49±0.24 1.41±0.28 <0.001 <0.001 <0.001

Apo-B (g/L) 0.89±0.17 0.84±0.19 0.86±0.20 0.112 0.291 0.112

LP(a) (mg/L) 90.45±88.38 176.21±204.23 166.20±170.11 0.011 0.008 0.011

 AST (IU/L) 25.00 (22.00, 29.00) 22.00 (17.00, 30.00) 28.00 (18.25, 59.50) 0.017 0.001 0.017

CK(IU/L) 113.77±64.89 76.68±38.63 294.60±493.64 <0.001 <0.001 <0.001

CKMB (IU/L) 7.16±4.86 13.51±9.98 31.59±53.90 <0.001 <0.001 <0.001

LDH (IU/L) 205.11±142.39 183.10±52.55 250.59±120.35 0.297 0.336 0.297

 HBDH (IU/L) 127.05±22.99 119.05±27.98 182.22±108.70 0.046 <0.001 0.046

 hs-CRP (mg/L) 4.06 (2.41, 6.11) 3.36 (1.30, 8.25) 6.52 (2.84, 17.17) 0.138 <0.001 0.138

 HCY (μmol/L) 12.10 (9.90, 14.80) 13.00 (8.65, 15.97) 15.40 (11.05, 20.20) 0.974 0.023 0.974

 CysC (mg/L) 0.60±0.09 0.65 (0.56,0.73) 0.63±0.20 <0.001 0.052 <0.001

GSP (mmol/L) 2.60±0.274 2.77±0.54 1.73±1.07 0.014 <0.001 0.014

SOCS3 (fold change) 1.00±1.04 0.84±0.83 0.75±0.68 0.040 0.005 0.040

HP (fold change) 1.00±0.70 0.54±0.73 0.73±0.72 0.001 0.048 0.001

P value<0.05 was considered statistically significant. P 1 value: CAD vs. controls comparison. P 2 value: ACS vs. controls comparison.
ACS - acute coronary syndrome; CAD - coronary artery disease; apo-A1 - apolipoprotein A1; apo-B - apolipoprotein B; AST - aspartate aminotransferase; CK - creatine kinase;
CKMB - creatine phosphokinase isoenzymes; CysC - cystatin C; GSP - glycated serum protein; HBDH - hydroxybutyrate dehydrogenase; HCY - homocysteine; HDL-C - high density 
lipoprotein cholesterol; HP - haptoglobin; hs-CRP - high sensitivity C reactive protein; LDH - lactate dehydrogenase; LDL-C - low density lipoprotein cholesterol; LP(a) - lipoprotein a; 
SOCS3 - suppressor of cytokine signaling 3; TC - total cholesterol; TG - triglyceride
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THP-1 foam cells compared to THP-1 macrophages (p<0.001). 
However, compared with the control group, HP mRNA expres-
sion levels showed no significant change in THP-1 macrophages 
and ox-LDL-induced THP-1 foam cells.

Discussion

Despite significant advances in pharmacotherapy, revascu-
larization strategies and heart transplantation, CAD remains a 
major cause of morbidity and mortality worldwide. Evaluation of 
risk factor profiles, including hypertension, metabolic syndrome 

and diabetes mellitus, plays an important role in disease preven-
tion and risk stratification (19). Molecular biomarkers, such as 
myocardial enzymes, serum inflammatory markers, and blood 
lipid–metabolic parameters, have gained increased attention in 
this regard but have only provided modest increases in predic-
tive capacity, stimulating the search for more sensitive disease 
markers to reveal initial dysregulation and the underlying mech-
anisms of disease (5). Gene expression profiling by microarray 
is a comprehensive tool to elucidate underlying mechanisms of 
disease and to identify disease-related genes as well as dys-
regulated pathways that may not have been previously linked to 
cardiovascular diseases (20). Nevertheless, the huge amount of 

Table S3. General characteristics of the study participants

                                                         ACS patients                                P

Characteristic  Stable CAD STEMI NSTEMI

  (n=100) (n=87) (n=15) P 1 P 2

Demographics     

Age (years) 58.32±8.39 59.52±10.17 64.86±7.56 0.375 0.005

Male 51 58 10 0.037 0.283

Risk factors

Hypertension (%) 55 42 9 0.382 0.786

Diabetes mellitus (%) 29 20 3 0.406 0.553

Hyperlipidemia (%) 12 8 4 0.638 0.221

Clinical parameters

TC (mmol/L) 3.73±0.97 3.90±1.01 3.90±1.01 0.279 0.299

TG (mmol/L) 1.45 (0.83, 2.02) 1.15 (0.84, 1.98) 1.33 (0.98, 2.04) 0.125 0.560

HDL-C (mmol/L) 1.05±0.27 1.04±0.27 1.06±0.27 0.742 0.939

LDL-C (mmol/L) 2.01±0.70 2.14±0.73 2.45±0.89 0.242 0.054

 Apo-A1 (g/L) 1.49±0.24 1.43±0.29 1.41±0.28 0.249 0.017

Apo-B (g/L) 0.84±0.19 0.85±0.20 0.89±0.20 0.724 0.519

LP(a) (mg/L) 176.21±204.23 167.53±176.30 152.03±86.07 0.798 0.776

 AST (IU/L) 22.00 (17.00, 30.00) 27.00 (18.00, 58.00) 40.50 (25.25, 59.75) <0.001 0.002

CK(IU/L) 76.68±38.63 303.48±524.34 239.33±235.06 <0.001 0.072

CKMB (IU/L) 13.51±9.98 31.87±57.67 29.88±20.43 0.029 0.043

LDH (IU/L) 183.10±52.55 241.55±107.31 305.89±179.85 0.001 0.076

 HBDH (IU/L) 119.05±27.98 174.47±94.50 229.56±165.11 <0.001 0.077

 hs-CRP (mg/L) 3.36 (1.30, 8.25) 5.67 (2.78, 16.57) 12.66 (3.05, 20.84) 0.002 0.047

 HCY (μmol/L) 13.00 (8.65, 15.97) 13.00 (9.80, 18.60) 20.65 (17.35, 23.80) 0.537 0.025

 CysC (mg/L) 0.65 (0.56, 0.73) 0.62 (0.54, 0.70) 0.75±0.19 0.107 0.655

GSP (mmol/L) 2.77±0.54 1.89±1.10 1.06±0.61 <0.001 <0.001

SOCS3 (fold change) 1.00±0.99 0.91±0.84 0.77±0.56 0.489 0.386

HP (fold change) 1.00±1.34 1.42±1.37 0.97±0.93 0.041 0.945

P value<0.05 was considered statistically significant. P 1 value: STEMI patients vs. stable CAD patients. P 2 value: NSTEMI patients vs. stable CAD patients.
ACS - acute coronary syndrome; CAD - coronary artery disease; apo-A1 - apolipoprotein A1; apo-B - apolipoprotein B; AST - aspartate aminotransferase; CK - creatine kinase;
CKMB - creatine phosphokinase isoenzymes; CysC - cystatin C; GSP - glycated serum protein; HBDH - hydroxybutyrate dehydrogenase; HCY - homocysteine; HDL-C - high density 
lipoprotein cholesterol; HP - haptoglobin; hs-CRP - high sensitivity C reactive protein; LDH - lactate dehydrogenase; LDL-C - low density lipoprotein cholesterol; LP(a) - lipoprotein a; 
SOCS3 - suppressor of cytokine signaling 3; TC - total cholesterol; TG - triglyceride
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data, either deriving from individual basic science experiments, 
or collected by large international consortia, often generates 
conflicting results. This discrepancy could be attributed to vary-
ing sample sizes, differing ethnic cohorts, inconsistency in dis-

ease states of recruited patients, or incorrect analysis by inves-
tigators. Under such circumstances, the integration of various 
transcriptome profiling datasets–so-called “data mining”–may 
be a promising way to eliminate bias and locate reliable biomark-
ers for disease.

To assess the feasibility and sensitivity of divergent gene ex-
pression profiling of peripheral blood, we initially conducted a 
whole-genome microarray analysis of the blood of two carefully 
selected discovery studies of patients with STEMI and patients 
with stable CAD. Our analysis revealed divergent gene expres-
sion of 119 DEGs consisting of 71 downregulated genes and 
48 upregulated genes that were functionally enriched for cell 
surface receptor signaling, immune response, signal transduc-
tion, cellular defense response and pathway in STEMI patients 
compared to stable CAD patients. These findings are consistent 
with myocardial tissue–based studies of animal models of isch-
emia and reperfusion injury that also exhibited divergent gene 
expression profiles enriched in immune response and inflam-
mation pathways, raising the possibility that transcriptional 
changes in relative pathways contributed to pathological myo-
cardial changes.

Figure 3. Relative expression of SOCS3 and HP in healthy controls, patients from stable CAD, ACS, STEMI and NSTEMI
ACS - acute coronary syndrome; CAD - coronary artery disease; HP - haptoglobin; NSTEMI - non-ST-elevation myocardial infarction; SOCS3 - suppressor of cytokine signaling 
3; STEMI - ST-segment elevation myocardial infarction
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We identified two DEGs as critical hub genes in the PPI net-
work through the hub module analysis. In the datasets, both 
of two hub genes were significantly upregulated in STEMI 
patients compared with stable CAD patients. The expression 
levels of these DEGs were further validated in a case–control 

study; consistent with the variation pattern in the datasets, HP 
was significantly upregulated in STEMI patients when com-
pared with stable CAD patients. However, SOCS3 showed no 
significant change in the two groups of patients.HP, an acute 
phase hemoglobin (Hb) binding serum protein primarily synthe-
sized in the liver, functions mainly in infection and inflamma-
tion, where it acts as a natural antagonist for receptor-ligand 
activation of the immune system (21). Changes in the measured 
concentrations of HP in serum may help to assess disease 
status. Hb was reported to release at localized sites of inflam-
mation, injury and in atherosclerotic plaque (22). The elevated 
expression of HP in STEMI patients, which was identified in the 
datasets and validated in our research, may reflect the activa-
tion of the inflammatory mechanism during the pathogenesis of 
CAD. The correlation analysis in this study also reinforced that 
the serum levels of the inflammatory biomarker hs-CRP were 
positively correlated with HP mRNA expression levels. In re-
cent decades, substantial research efforts have been put into 
addressing the role of HP in the pathogenesis of CAD; Posta et 
al. (23) reported that in complicated atherosclerotic lesions, Hb 
oxidation triggers dysfunction and induces a proinflammatory 
response in the endothelium, while HP inhibited Hb fragmenta-
tion provoked by peroxide (23). HP prevents Hb-induced hyper-
tension and renal damage from its intravascular sequestration 
function, which is a critically important stimulus capable of pro-
moting the influx of macrophages into atherosclerotic lesions 
(24); the HDL-raising agent in ApoE-deficient mice decreases 
HP expression, which contributes to the attenuation of aortic 
lipid deposition (25); the previous study illustrated that endo-
cytosis of HP/Hb complexes could be involved in the progres-
sion of atherosclerosis through the mediator CD163 (26, 27), 
and, furthermore, Srivastava (28) also uncovered that HP could 
play a potential role in macrophage cholesterol efflux and the 
progression of atherosclerosis. Hb-HP was increased in the 
HDL of atherogenic/hyperlipidemic mice and in the HDL of indi-
viduals with CAD (29) and the amount of Hb bound to HDL cor-
relates with the proinflammatory properties of dysfunctional 

Table 3. Correlation analysis of gene expression with 
detective parameters of all participants

Clinical parameters               SOCS3                       HP

                          (n=302)                       (n=302)

 r P 1 r P 2

TC 0.121 0.040 0.096 0.106

TG 0.015 0.807 0.034 0.571

HDL-C 0.044 0.470 0.035 0.565

LDL-C 0.095 0.116 0.055 0.359

Apo-A1 -0.008 0.897 -0.074 0.259

Apo-B 0.076 0.240 0.043 0.509

LP(a) -0.151 0.045 -0.199 0.008

AST -0.033 0.566 -0.067 0.248

CK -0.072 0.297 -0.041 0.551

CKMB -0.110 0.108 -0.044 0.519

LDH -0.084 0.220 -0.042 0.539

HBDH -0.092 0.181 -0.006 0.931

hs-CRP 0.062 0.291 0.308 <0.001

HCY -0.137 0.035 -0.076 0.244

CysC 0.012 0.851 -0.016 0.797

GSP 0.110 0.107 0.060 0.380

P value<0.05 was considered statistically significant.
apo-A1 - apolipoprotein A1; apo-B - apolipoprotein B; AST - aspartate aminotransferase; 
CK - creatine kinase; CKMB - creatine phosphokinase isoenzymes; CysC - cystatin C; 
GSP - glycated serum protein; HBDH - hydroxybutyrate dehydrogenase;
HCY - homocysteine; HDL-C - high density lipoprotein cholesterol; HP - haptoglobin; 
hs-CRP - high sensitivity C reactive protein; LDH - lactate dehydrogenase; LDL-C - low 
density lipoprotein cholesterol; LP(a) - lipoprotein a; SOCS3 - suppressor of cytokine 
signaling 3; TC - total cholesterol; TG - triglyceride

Table 4. Conditional logistic regression analysis of independent correlates between circulating leukocyte mRNA variability 
and stable CAD and ACS

                                                      Stable CAD                                                 ACS

  SOCS3 HP SOCS3 HP

Model 1 OR 0.728 0.522 0.588 0.484

 95% CI 0.544~0.973 0.351~0.776 0.413~0.839 0.298~0.785

 P-value 0.032 0.001 0.003 0.003

Model 2 OR 0.772 0.521 0.658 0.667

 95% CI 0.537~1.108 0.311~0.873 0.459~0.943 0.437~1.016

 P-value 0.160 0.013 0.023 0.059

Model 1 was adjusted for age and gender; Model 2 was adjusted for age, gender, hyperlipidemia, diabetes and hypertension.
ACS - acute coronary syndrome; CAD - coronary artery disease
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HDL (29). Recently, a study reported that HP regulates vascular 
health through several means (30). Strikingly, we found that, 
compared to healthy participants, HP expression levels were 
significantly downregulated in stable CAD and ACS patients, 
which is inconsistent with the previous study; in animal mod-
els of myocardial ischemia, the HP protein has been implicated 
in coronary collateral development (31); Jahagirdar et al. (25) 
found that HP protein levels were significantly upregulated in 
humans with cardiovascular disease, and HDL isolated from 
mice lacking this protein was involved in anti-inflammatory 
activity compared to Wild-type mice. We speculate that this 
discrepancy may be partly related to the different races or eth-
nic groups involved, the inconsistency between translation and 
transcription efficiency led by complications in the regulatory 
network, and, more importantly, the medications administered 
to the participants. The majority of the CAD patients involved in 
the current study were exposed to related primary disorders 
prior to recruitment; most of them received a wide range of 
medications on a daily basis. Medication may profoundly influ-
ence the internal regulatory network. It is also possible this is 
why the average serum cholesterol and glucose levels of pa-
tients were controlled at a relatively low level compared to the 
healthy controls.

SOCS3 is involved in negative regulation of cytokines that 
signal through the JAK/STAT pathway and is induced by vari-
ous inflammatory mediators and proinflammatory cytokines. 
Recently, increasing evidence has demonstrated the extensive 
regulatory functions of SOCS3, including in immune disorders, 
diabetes, metabolic disorders, such as obesity, cancer and vas-
cular inflammatory diseases (32-35). In this study, we found that 
SOCS3 was significantly downregulated in CAD patients, which 
might reflect the chronic inflammation status of the disease. 
Lack of SOCS3 in liver tissue was previously reported to simu-
late chronic inflammation via the nuclear factor kappa-light-
chain-enhancer of activated B cells pathway, which may also 
result in systemic insulin resistance (36). In addition, SOCS3 
was reported as an anti-inflammatory cytokine (37) that affects 
cardiac function via various inflammatory cytokines; SOCS3 
deficiency in the heart promotes cardiac hypertrophy by en-
hancing the JAK/STAT activity induced by IL-6 (38); SOCS3 
deficiency in T cells increases IL-17 production and reduces 
atherosclerotic lesion development and vascular inflamma-
tion, whereas overexpression of SOCS3 in T cells reduces IL-
17 and accelerates atherosclerosis (39). Moreover, Barrett et 
al. (40) demonstrated that platelets promoted the development 
of atherosclerosis by increasing an inflammatory phenotype 
of plaque macrophages and SOCS3 expression. In vitro, we 
found a significant upregulation of SOCS3 during the progres-
sion of THP-1 foam cell formation, which is in stark contrast to 
the decreasing trend seen in the leukocytes of CAD patients. 
The discrepancy in our research in SOCS3 mRNA expression 
between the circulating leukocytes and in vitro THP-1 mono-
cytes may be due to the heterogeneous composition of differ-

ent blood cells within whole blood samples. In the peripheral 
blood cells, monocytes account for less than 10% of the total 
cell count, while circulating clotting factor (platelets), inflam-
matory cells (granulocytes), immune cells (lymphocytes), and 
other plasma components, such as exosome-transported non-
coding RNA, collectively build up a complicated microenviron-
ment that influences the expression of SOCS3. These incon-
sistent findings indicate that different leukocyte subtypes may 
weigh differently on the regulatory network in homeostasis and 
further in vitro studies based on sorting cells are necessary. 
Furthermore, we found a decreasing expression of SOCS3 in 
the THP-1 foam cells compared to THP-1 macrophages, which 
implied a dynamic regulatory role for SOCS3 in the progres-
sion of foam cell formation; and, this could partly explain the 
inconsistent expression patterns of certain genes between our 
validation data and the gene expression profiling by microarray 
from public resources.

Conclusion

The present study was designed to identify DEGs that may 
be involved in the pathogenesis of CAD. The expression of two 
critical hub genes was validated in a Chinese case–control 
study, and dysregulated SOCS3 and HP were identified and may 
be regarded as diagnostic biomarkers for CAD. However, further 
studies are needed to elucidate the biological function of these 
genes in CAD, including stable CAD and ACS.
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