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Genes associated with inflammation and the cell cycle may
serve as biomarkers for the diagnosis and prognosis of
acute myocardial infarction in a Chinese population
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Abstract. The present study aimed to identify biomarkers for
the clinical diagnosis of acute myocardial infarction (AMI) in
a Chinese population using microarray data collected from the
Gene Expression Omnibus database under accession number
GSE97320. This included the peripheral blood samples of
three patients with AMI and three controls. Differentially
expressed genes (DEGs) were identified using the limma
package and protein-protein interaction networks were
constructed using data from the Search Tool for the Retrieval
of Interacting Genes database, followed by module analysis
to screen for hub genes. Functional enrichment analyses were
performed using the Database for Annotation, Visualization
and Integrated Discovery. The identified genes were verified
by overlapping with the target genes of microRNAs (miRs)
known to be associated with AMI, as well as the DEGs identi-
fied in other AMI datasets, including GSE24519, GSE34198
and GSE48060. As a result, 752 DEGs (449 upregulated and
303 downregulated) were identified in the GSE97320 dataset.
The upregulated DEGs were predicted to participate in
inflammatory pathways, including the toll-like receptor (TLR)
signaling pathway, including ras-related C3 botulinum toxin
substrate 1 (RACI), TLR4, C-C motif chemokine receptor
(CCR)1; cytokine-cytokine receptor interaction, including
signal transducer and activator of transcription (STAT)3;
chemokine signaling pathway, including CCR10; pathways
associated with cancer, including colony stimulating factor 3
receptor (CSF3R); and leukocyte transendothelial migration,
including matrix metallopeptidase 9 (MMP9). The down-
regulated DEGs were associated with the cell cycle, including
alstrom syndrome protein 1 (ALMS]1). These conclusions were
made following functional analysis of the genes in the three
identified modules. MMP9, TLR4, STAT3, CCR1 and ALMSI1
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were regulated by miR-21-5p, whereas RACI1 was regulated by
miR-30c-5p. A comparison among the four datasets confirmed
the roles of CSF3R and CCR10. HtrA serine peptidase 1
(HTRA1) was the only gene associated with both mortality
and recurrence. In conclusion, inflammation-associated genes,
including STAT3, CCR1, RACI, MMP9, CCR10, CSF3R
and HTRALI, as well as cell cycle-associated genes such as
ALMSI, may be biomarkers for the diagnosis and prognosis of
AMI in Chinese people.

Introduction

Acute myocardial infarction (AMI) is the most common and
serious cardiovascular disease that can induce rapid heart failure
and sudden cardiac mortality. Although a declining trend of AMI
has been observed due to economic development, its incidence
remains high at approximately 44.57 per 100,000 individuals
in 2013 (1). In addition, the mortality rate in China was esti-
mated to increase from 1987 to 2014 by 5.6-fold (2), particularly
amongst young females (3). Thus, the development of strategies
for the early diagnosis of AMI to prevent the occurrence of
sudden mortality is increasingly important.

Other than ischemic symptoms, physical examination
and electrocardiogram changes, cardiac troponins are the
most commonly used biomarker for the clinical diagnosis of
AMI (4,5). However, their sensitivity and specificity may be
limited, as increased cardiac troponin levels are also observed
in patients with non-acute coronary syndrome (6-8). Therefore,
research has attempted to develop more sensitive and specific or
combined type biomarkers for AMI. Mcmahon ef al (9) evalu-
ated the diagnostic efficacy of heart-type fatty acid-binding
protein (H-FABP), cardiac troponin I (cTnl), creatine
kinase-MB and myoglobin for the early detection of AMI
and demonstrated that H-FABP has the greatest sensitivity at
0-3 h (64.3%) and 3-6 h (85.3%) following the onset of chest
pain. The combination of ¢Inl and H-FABP measurements
increases the levels of sensitivity to 71.4, 88.2, and 92.4% at
0-3,3-6 and 6-12 h, respectively (9). Similarly, Pyati et al (10)
indicated that H-FABP has additional diagnostic power for the
early diagnosis of AMI, with its diagnostic efficiency mark-
edly higher than that of CK-MB and myoglobin within the first
6 h of chest pain (10). Wang et al (11) used receiver operating
characteristic curve analysis to reveal that the diagnostic accu-
racy of circulating monomeric C-reactive protein may be as
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high as 0.928 [95% confidence interval (CI), 0.887-0.969] for
AMI (11), whereas Han er al (12) suggested that the plasma
level of RING finger protein 207 may detect individuals
with AMI with 90.5% sensitivity and 100% specificity (12).
However, a limited number of genes were associated with the
occurrence of AMI.

The aim of the current study was to further identify new
biomarkers for the clinical diagnosis of AMI via an analysis
of the gene-expression differences of peripheral blood samples
between Chinese patients with AMI and healthy controls.

Materials and methods

AMI microarray data. Transcriptomics data were collected
from the National Center of Biotechnology Information Gene
Expression Omnibus database (NCBI GEO; www.ncbi.nlm.
nih.gov/geo) under accession number GSE97320 (study not
published). This database contained the peripheral blood
samples of three patients with AMI (mean age, 53.0+13.1) and
three healthy controls (mean age, 53.7+4.7). These participants
were Han Chinese and were recruited from the Department of
Cardiology at China-Japan Union Hospital, Jilin University of
China (Changchun, China).

Data normalization and differentially expressed gene
(DEG) identification. Raw Affymetrix Human Gene CEL
files were preprocessed and normalized using the Robust
Multichip Average algorithm (13) using the Bioconductor
affy package (version 1.34.2; www.bioconductor.
org/packages/release/bioc/html/affy.html) in R (version 3.4.1;
http://www.R-project.org/) (14). The DEGs between patients
with AMI and healthy controls were screened using the limma
method (15) using the Bioconductor package in R (version 3.32.5;
www.bioconductor.org/packages/release/bioc/html/limma.html).
P<0.05 and llog fold change (FC)I>1 were set as the threshold
values. A heatmap of the top 50 DEGs was constructed using
the pheatmap package in R (Version 0.7.7; cran.r-project.
org/web/packages/pheatmap/index.html).

Protein-protein interaction (PPI) network construction. To
screen for the crucial genes associated with AMI, DEGs were
mapped into the PPI data retrieved from the Search Tool for
the Retrieval of Interacting Genes database (version 10.0;
www.string-db.org) (16) to construct the PPI network; the
cut-off value was set as a combined score of >0.9. The PPI
network was visualized using Cytoscape 2.8 (www.cytoscape.
org) (17). The hub genes with the highest degree were selected
and plotted using the ggplot2 package in R (version 1.0.0;
cran.r-project.org/web/packages/ggplot2/index.html). To iden-
tify functionally related and highly interconnected clusters
within the PPI network, a module analysis was subsequently
performed using the Molecular Complex Detection (MCODE)
plugin of Cytoscape with the following parameters: Degree
cutoff, 6; node score cutoff, 0.2; k-core, 5; and maximum depth,
100 (version 2.2; www.baderlab.org/Software/MCODE) (18).
Modules with MCODE scores of =5 and =6 nodes were
considered significant.

microRNA (miRNA/miR) prediction. To further screen
for the crucial genes associated with AMI, microRNAs
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known to be associated with AMI were obtained from the
mir2disease database (www.mir2disease.org) that documents
1,939 relationships between 349 human microRNAs and
163 human diseases based on a review of >3,273 published
papers (19). The target genes of the AMI-associated miRNAs
were predicted using the miRWalk2 database (zmf.umm.
uni-heidelberg.de/apps/zmf/mirwalk?2) (20), which provides
the largest collection of predicted and experimentally verified
miR-target interactions using various miRNA databases. The
predicted target genes were subsequently overlapped with the
DEGs to obtain the miRNA-DEGs interaction relationships,
which were used to construct the miRNA-DEG interaction
network. These genes were visualized using Cytoscape 2.8
(www.cytoscape.org) (17).

Functional enrichment analysis. Kyoto Encyclopedia of
Genes and genomes (KEGG) (21) pathway and Gene Ontology
(GO) (22) enrichment analyses were performed to explore
the underlying functions of all DEGs, genes in modules and
miRNA-DEG networks using the Database for Annotation,
Visualization and Integrated Discovery (DAVID) online tool
(version 6.8; david.abcc.ncifcrf.gov). P<0.05 was selected as
the threshold for determining the significant enrichment for
GO and KEGG analyses.

Validation analysis. AMI microarray data were also collected
from other countries via the NCBI GEO database under acces-
sion number GSE24519 (study not published). This database
includes the whole blood samples of 17 Italian patients with
AMI and 2 healthy individuals. Two biological repeats were
performed for each patient, resulting in 34 AMI and four
control samples for analysis.

To investigate the relationship between the DEGs under
investigation and various clinical characteristics, the micro-
array datasets of GSE34198 (23) and GSE48060 (24) were also
downloaded from the NCBI GEO database. In the GSE34198
dataset (23), 97 peripheral whole blood samples were obtained,
including 45 from 41 patients with AMI (four patients had two
repeats) who were alive during the follow-up period, four from
four patients with AMI who succumbed to the disease during
the 6 month follow-up period, and 48 from 45 controls (three
patients had two repeats) from the Czech Republic. In the
GSE48060 dataset (24), 52 peripheral whole blood samples
were available, including 21 controls and patients with AMI
from the USA with (n=5) or without (n=22) any recurrent
events over an 18-month follow-up period.

All of the validated datasets were preprocessed and the
DEGs between the AMI and control groups as well as between
the subgroups of patients with AMI who succumbed to the
disease (recurrence) and those who lived (non-recurrence)
were identified using the methods similar to those described
above for the GSE97320 dataset. To visualize the shared
DEGs between the validated datasets and the Chinese dataset
GSE97320, a Venn diagram was generated using a web-based
tool (bioinformatics.psb.ugent.be/webtools/Venn).

Results

Identification of the DEGs in GSE97320. Following data
normalization, 752 genes were identified as DEGs between
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the patients with AMI and healthy controls according to the
thresholds of P<0.05 and llogFCI>1, including 449 upregulated
and 303 downregulated genes (Table I). Heatmap clustering
analysis indicated that the identified DEGs easily distinguished
patients with AMI from healthy controls (Fig. 1).

Functional enrichment analysis of DEGs. The potential func-
tions of the DEGs were predicted using the online tool DAVID.
It was demonstrated that 28 KEGG pathways were enriched
in the upregulated DEGs, such as the nuclear factor (NF)-kB
signaling pathway, including toll-like receptor (TLR)4; the
TLR signaling pathway, including ras-related C3 botulinum
toxin substrate 1 (RACI), TLR4 and C-C motif chemokine
receptor 1 (CCRI); cytokine-cytokine receptor interaction,
including RACI, signal transducer and activator of transcrip-
tion (STAT)3 and G protein subunit gamma 10 (GNGI10), the
hsa04062:chemokine signaling pathway, including CCRI,
CCRI10, and RACI; pathways in cancer, including colony
stimulating factor 3 receptor (CSF3R); and leukocyte tran-
sendothelial migration, including matrix metallopeptidase 9
(MMP9), as presented in Table II. No KEGG pathways were
enriched in the downregulated DEGs. Subsequently, the GO
term was determined, which included cell-cycle-related down-
regulated gene alstrom syndrome protein 1 (ALMSI) and
inflammatory associated upregulated genes TLR4, CCR1 and
CCRI10 (Table II).

PPI network construction and module analysis for DEGs. A
PPI network was constructed once the DEGs were mapped
into the PPI data, including 218 nodes (162 upregulated and
56 downregulated) and 477 edges (Fig. 2). By calculating their
degrees, GNGI10 (degree, 26), RAC1 (degree, 17), ubiquitin
conjugating enzyme E2 D1 (UBE2DI; degree, 16), CCR1
(degree, 12), and CCRI10 (degree, 12) were determined to be
hub genes (Fig. 3). Furthermore, three significant modules
were screened from the PPI network (Fig. 4). Module 1
was involved in ubiquitin-mediated proteolysis, including
UBE2DI; module 2 was the chemokine signaling pathway
cytokine-cytokine receptor interaction, including CCR1 and
CCR10; and module 3 was associated with the cell cycle,
including ALMSI (Table III).

DEGs regulated by miRNA. By searching the mir2disease
database, four miRNAs associated with AMI were identi-
fied, including hsa-miR-21, hsa-miR-133, hsa-miR-29 and
hsa-miR-30c. A total of 1,134 genes were predicted to be
target genes of these four miRNAs using the Mirwalk2 data-
base, which were subsequently overlapped with the DEGs.
As a result, 48 miRNA-DEG interaction pairs were obtained
to construct a miRNA-DEG network that contained three
miRNAs (hsa-miR-21-3p, hsa-miR-21-5p and hsa-miR-30c-5p)
as well as 29 upregulated and 18 downregulated DEGs (Fig. 5).
Examples include MMP9, TLR4, STAT3, CCR1 and ALMSI,
which were regulated by hsa-miR-21-5p, whereas RAC1 was
one gene regulated by hsa-miR-30c-5p.

The functional enrichment analysis indicated that the
DEGs in the network were involved in Hepatitis B (including
TLR4 and STAT3), pancreatic cancer (including RACI1
and STAT?3) and the proteoglycans associated with cancer
(including RAC1, TLR4 and STATS3; Table IV).

MOLECULAR MEDICINE REPORTS 18: 1311-1322, 2018

1313

Table I. Top 20 upregulated and downregulated differentially
expressed genes between acute myocardial infarction patients
and healthy controls.

A, Upregulated

Gene Log fold change P-value
RNF19B 1.67 1.31x10*
TNNT1 1.67 3.70x10*
NFIL3 2.30 3.91x10*
NCF4 1.69 5.86x10*
RNASE2 1.29 6.91x10*
GCA 1.84 7.04x10*
CXCL1 1.96 8.77x10*
WBP2 1.46 9.99x10*
STEAP4 1.78 1.20x107
NINJ1 1.37 1.46x107
HCAR3 3.04 1.76x10°
S100P 3.88 1.81x107
ATP6VOC 1.88 1.86x107
G6PD 1.27 1.96x10*
PTGS2 244 2.07x107
NAMPT 3.35 2.23x10°
PLIN3 1.20 2.27x107
ACSL1 247 2.32x107
TNFAIP6 323 2.35x10°
LY96 1.54 2.72x107
B, Downregulated

Gene Log fold change P-value
RP11-846E15 .4 -1.85 6.13x10*
MICU3 -1.62 7.23x10*
NPTN-IT1 -1.12 1.01x10°
FZD6 -1.37 1.27x107
LEF1-AS1 -1.99 1.53x107
PRO0471 -1.61 1.53x107
MAP2K6 -1.09 1.71x107
LOC151657 -1.33 1.79x107
GVINP1 -1.51 1.88x107
CTD-2035E11.5 -1.02 1.91x107
AC007401.2 -1.09 2.13x10°
LINCO01355 -1.14 2.21x107
C8orf37 -1.38 2.29x107
LOC202181 -1.67 2.30x107
RP11-846E15.2 -1.72 2.58x10?
CD3D -1.10 2.61x107
RPS27 -1.09 2.77x107
NDUFA12 -1.18 2.78x107?
LOC102724356 -2.22 2.83x107
RPL3 -1.20 2.96x107
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Figure 1. Heat map of the differentially expressed genes among the peripheral blood samples of three patients with acute myocardial infarction and three
healthy controls from dataset GSE97320. Expression was presented as the z-score normalized within the samples. The horizontal coordinate represented the
sample list. Blue groups represent healthy patients; pink groups represent patients with acute myocardial infarction. Red indicates upregulated expression and
green indicates downregulated expression.

Validation analysis. Following data normalization of the
GSE24519 dataset, 1,933 genes were identified as DEGs
between patients with AMI and controls, including 1,242
upregulated and 691 downregulated genes. For GSE34198,
329 DEGs were screened, consisting of 166 upregulated and
163 downregulated genes; for GSE48060, 1,171 DEGs were
obtained, containing 236 upregulated and 935 downregulated
genes. A Venn diagram analysis indicated that there were
235 overlapped DEGs between GSE97320 and GSE24519,
of which 153 had a consistent expression trend (Fig. 6A). The
DEGs of all four datasets were compared, only four common
genes were identified, including aldehyde dehydrogenase
8 family member A1 (ALDH8AT1), CSF3R, regulator of G
protein signaling 10, and CCRI10 (Fig. 6B). Among these,
the expression levels of ALDH8A1, CSF3R and CCR10 were
consistent across the four datasets (Table V).

To investigate the relationship between the 153 DEGs
exhibiting a consistent expression trend and clinical charac-
teristics, a subgroup analysis of GSE34198 and GSE48060
was also performed to screen for genes associated with
mortality or recurrence. As a result, 1,039 DEGs (864 down-
regulated and 175 upregulated) were identified between the
mortality and non-mortality groups. A total of 1,216 (629
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downregulated and 587 upregulated) were screened between
the recurrence and non-recurrence groups. Considering
the small number of common genes obtained across the
four datasets, the shared 153 genes between GSE97320
and GSE24519 were used to overlap with the mortality- or
recurrence-associated genes screened in GSE34198 and
GSE480060, respectively. Consequently, four (Fig. 6C) and 14
(Fig. 6D) overlaps were separately obtained. However, only
three were ultimately suggested as underlying biomarkers
for the prediction of mortality [exostosin like glycosyltrans-
ferase 2, chromosome 11 open reading frame 80, HtrA serine
peptidase 1 (HTRA1)] or recurrence (MAP2K2, HTRA1, and
MAFI1, homolog, negative regulator of RNA polymerase I11)
in Chinese patients with AMI, due to their consistent expres-
sion trends with GSE97320 (Table V).

Discussion

In the present study, several underlying biomarkers for the
diagnosis of AMI in Chinese people were suggested prior
to analyses. ALMSI1 was demonstrated as a key gene in the
PPI module analysis and regulated by miRNAs associated
with AMI hsa-miR-21-5p (25,26). In addition, TLR4, MMP9,



m €ddNL v¥1L ‘VOHY ‘96 AT VZddNL 01X66'Y UOT}OJUL [0 BIYOLIDYDSH JIUa3oyied :0¢ [ S0esY
T NN ‘P 1L
‘§TOXD ‘9VASH ‘¥ITAVIN ‘P TIdVIN ‘TICAVIN TIVTAIH ‘D0TASYANL ‘VIISYINL 0T1X68'+ V ezuanguy 1491 S0esy
LIdVN ‘T1LSH ‘NSIN ‘IdNVN 0IXLE Y WIST[0QEIOW SPIBUNODTU PU. AJEUNOdIN :09L008SY
VIdY ‘LIL TOQTIVL ‘dd9D 0IXLEH Kemuped syeydsoyd asojusd :0£000BSY
dSVA ‘VOHY ‘1DVY ‘vdON ‘6dININ ‘v 1MdVIN “TION ‘6NATD  01XST¥ UONBISIW [BI[YIOpUasuL) 3)K003NT :0L9H0esSY
SILY ‘T¥€ddd 1OV ‘TACAVIN ‘NAT 92d00d  01X66'€ Kemuyyed Surpeusrs 10)dadar [[90 g :79910esSY
D01 ‘TVNIJYHS ‘€D ‘TIVSD ‘01d ‘AdHL 01X66'€E $9pEOSed uone[nseod pue juswd[dwo)) :01910esy
TAOAYALY ‘TATAYALY ‘PATL ‘STOXD ‘STOXD “dETASANL ‘D0A9AIV 0TX0E € STLIYME PIOJeWnayy €Z7ESOBSY
dSVA ‘VZIOId ‘SADIVIN ‘TOVY ‘NAT TINIT ‘920D d  01X0L'T s1s0)4003eyd pajerpaw-y ewWwes d :99940esy
EMAVA ‘STOXD ‘6dININ “TACAVIN ‘T 01X0T'T Iooued 1oppeq :617S0esY
% VACASD “YedSD 9TV ‘'VOHY 1DV ‘0IDOND ‘XVIN
S ‘CIVLS ‘€3dVA 112109  INTOHE ‘S TOXD ‘11dS ‘TIVND ‘6dININ ‘TICAVIN ‘TSOLd ‘Tdcd ‘dld 01X+ 1'T Iooued ur skemyred :007SOBSY
& dS1D ‘O1¥dDd ‘VOHY ‘ IOV ‘TIVND ‘PINMdVIN ‘TATAVIN ‘VIASHANL ‘Ald  01XL9'] Aemyyed 3ureusis prdijosuryds :1L0p0esy
= €IVLS ‘TAVL TTCIO9 ‘“PITIL ‘9VASH ‘FTAdVIN ‘96 AT VIISYANL ‘Aldd  0TXES'T stsowse[dOXO], :GH TSRSy
= €IVLS ‘TIDXD ‘§TOXD ‘VOHY ' TDVY ‘0T¥DD ‘9T TOXD ‘TIDD ‘OITOND ‘NAT STOXD ‘T'IOXD 0IX8T 1 Aemyyed SureuSts suryoway) 1790y 0LsY
% ML ‘OTIADA ‘YICAVIN ‘TOVE ‘PTAAVIN ‘TICAVIN ‘NAT -01%40'1 Aemyyed Surreusts [y uofisda o :H990BsY
m SLLE dSVA VIO ‘€d1ADND ‘O1YHDd ‘VOHY ‘ISOLd ‘v IMdVIN ‘NAT ISVXIL 0IXL0'6 UOTIBATIO® 19[01B[d [ [9F0BSY
o DOHY ‘PA'LL ‘STOXD ‘1DVY ‘PISIdVIN ‘dTIY ‘TTTIONAQ ‘T TOXD 0IX8¢'L UOTIORJUI B[[QUOWI[ES :T¢ [SOBSY
o 112104 ‘LVD ‘T¥¢ddd “ 1DV ‘v INdVIN ‘VIASYAINL ‘dld (01X9TC (STV) s1s019[0s [exdje] drydonoAwy 1 0S0BSY
m TINCAV ‘TAOAIALY ‘THTA9LY ‘VAVN ‘1STdV ‘€XLS ‘TdedV ‘D0A9dIV 0IXSS'T 91040 opa1s9A ondeuAs 1/ y0esY
m D01 ‘STNTVD ‘v IL ‘8 TOXD ‘VOHY ‘v IAdVIN ‘96 AT €D ‘STOXD +-01X0S 6 SISSMI™ (€€ TS0y
g SYIL ‘TAVL PAIL ‘S TOXD vMTAVIN ‘TOVY ‘TYIL ‘P TMdVIN ‘dI'TIOL ‘TIATAVIN ‘96 X1 +-01X€0°9 Aemyyed Surreusts 103daoar NI-[[OL 1079 0BSY
% TAOA9LY ‘TATAIALY ‘TIDXD ‘8 TOXD ‘vMCAVIN ‘TOVY ‘YIMAVIN ‘NAT ‘DOAILY ,-01XcHy  uondsjur tofAd 1)0eqodr[ay ur Sur[eusIs [[99 [erjaydy 071 S0esy
5 29VL ‘94D VIO ‘PAIL ‘PIION ‘VIMAAVIN ‘D2IDIDd ‘€D ‘TION ‘TSOLd  +-01XTT 1 SISBIURWUYSIOT O [ SOBSY
m SILE ‘TAVL 11109 PAIL ‘S TOXD ‘IVTTIOL ‘96 AT ‘NAT ‘TSOLd ‘dETASANL ‘VIASYINL -01X61° 1 Kemyyed SureuSts gu-gN $9010esY
g YAVId “D01D ‘DI ‘Tddd ‘VZIDDA ‘TUdA ‘DTIDDA ‘€D ‘IO ‘TIVSD  0TX0¢ T UOTIORJUI SNAINE SNI2000[Aydels :0STSoesy
dEIODd ‘TAOA9ALY ‘STNTVD ‘VZIDDA “‘ASLD ‘OTYHOd ‘“VOHY ‘FTdVIN ‘DTdDDd
‘G704 ‘TANVT VIASYANL ‘D0A9dLY PATL TYEddd ‘TYIL ‘DSIVY ‘€D ‘Al o-01XS¢'T SIso[noIaqNy, 176 150esy
€ddNL ‘deIDD ‘TAOAIALY ‘VTIDDA ‘ 1DV ‘DTIDDA ‘4D ‘TdINV'T
‘D0A9dLY ‘TATA9ALY ‘PITL ‘vADN ‘OSAVY ‘VeddNL ‘€D ‘THON dIId ‘II'TIDNAA  ,-0IXSL'L swoso3eyd Sy 10esy
IO ‘VTIDD ‘ANNL 1DV ‘SVITIT VINdVIA ‘DTIDOA
TYITIT 920D ‘VIASYANL “MLd ‘CaVL ‘VAAIS ‘TIdS ‘T¥€ddd ‘vAON ‘TION  -0TXLSH UOTIRTIURISIIIP ISL[O0AISO) 08 HOBSY
paren3ardn
Souan) anfea-g WL,

*SwId) $$9001d [89130]01q AS0[0JUO QUL UI PAYILIUD 1M SQUAT PAJR[NTAIUMOP ) SeAIdYM ‘sAemyied sawouan) pue souan) Jo eipado[oAous 0j0AY]
Ul POYOLIUD 1M SQua3 paje[n3aidn "sjonuod Ayieay pue sjuarzed UonOIBJUL [RIPIEOOAW INOB UIM]A]Q SQUT Passaidxd A[[BUSISHIP I0J SUOIOUNJ PAYILIUS APUedyIudIS "I 9[qel,

Bz SPANDIDOS
7] ,§, PUBLICATIONS


https://www.spandidos-publications.com/10.3892/mmr.2018.9077

SU et al: BIOMARKER SCREENING IN CHINESE PATIENTS WITH AMI

1316

VAIIS ‘SVLDTS ‘TINHIL ‘Tddd ‘OTIADA ‘19dA ‘T TICd ‘6dININ ‘NAT  TIVSD ‘ddHL ‘OSd <01¥X9¢°6 uoneI3Tw 93£00)nd[~0060500:0D
AAVLd ‘Id1S “HAIV ‘D79DDd ‘d€T1dSANL
‘429D ‘DOTASYANL ‘TADN ‘TIVSD ‘IO ‘€ TAN ‘d19DDA ‘01¥DD ‘VIASIANL
D010 “PATL ‘RTOXD ‘TdIXTOd ‘TIIL ‘TIDD ‘€D ‘TLIAI ‘6dOV ‘STOXD ‘TATTI ‘ TIDXD cOTXE0'T ssuodsar aunwwi~$$69000:00D
NIV ‘Id7IS “9d2dSD ‘aNNf ‘INaV ‘ddHL
D0TASYANL ‘VIISYANL ‘2dOS ‘A TL ‘VONS ‘96XTTSOLd ‘STIXD ‘TIVSD “1dTV ‘1'TDXD 01X 606 spreydoesKjododiy 03 asuodsai~9647£00:0D
YdVILd ‘Tddd ‘TIDXD ‘8 TOXD
‘TIdA 0TIDD ‘PTAAVIA “TIDD ‘9T TOXD ‘STOXD ‘TASVNY ‘TIVSD ‘TINLIAD ‘TI0¥Ud ‘ TTDXD 01X 819 STXBIOWAYI~CE69000:0D
YAVLd ‘D0TASTANL ‘THOUd ‘9dIVANL ‘ TINIO ‘T TETHD
‘96 AT ‘NAT TIVSD ‘9109 1OV ‘VIASYANL ‘S TL ‘STAININ “Tddd ‘1L ‘TIDXD ‘SXAAd
‘8TOXD ‘TIdA ‘TITL ‘TTIZA ‘6V00IS ‘TSOLd ‘TIDD ‘€D dITIOL ‘TSHId ‘STOXD ‘TTOXD 01X 9€'6 asuodsar LrojpWWEUI~F$69000:0D
pajen3axdn
TLSVIN ‘ISIN'TV ‘062ddD ‘1SAVH ‘VI09 ‘1d40 -0IXE]'T 91042 [[20 dn03IW JO uonIsues) JA/ZH~9800000 ‘0D
9dHd ‘1LSANZ ‘99LANZ ‘S9LANZ ‘0SSANZ ‘9INVISZ ‘€ZZZ ‘dS8SANZ
‘C994NZ ‘€ddZ ‘THDVH ‘LEEANZ ‘VISEAINZ ‘S9SANZ ‘LADL ‘99SANZ ‘8¥SANZ ‘6CSINZ
“ZIGIAN ‘€9SANZ ‘1OVId ‘S LTTN ‘9MCdVIN ‘€6vANZ ‘TCLANZ ‘0vSANZ ‘00€ANZ ‘8€LANZ
‘OLLANZ ‘vIVLS ‘VAXZ ‘T'TVADL ‘8€94AN7Z ‘ 1.LNIH ‘94¢H ‘8SSANZ ‘€C8ANZ ‘VOVN ‘119ANZ +0IX0L' € porerdwal-yN( ‘uondrsuen~1$¢9000 100D
TDOHL ‘€1.0NT
‘TdISN ‘8€9ANZ ‘TAJLINS ‘0THASOHIIN ‘TANVIZ ‘T1ASYS ‘YINGY ‘87dNANS ~OIXY8°6 Suronds YNI~08£8000 :0D
9dHd ‘1LSANZ ‘99LANZ ‘S9LANZ ‘0SSANZ
‘QINVISZ ‘€777 ‘TANVYIZ ‘dS8SANZ ‘T99ANZ ‘ALTH ‘€ddZ ‘THOVH ‘LECANZ ‘VISEANZ
‘G9GANZ ‘99SANZ ‘8¥SANZ ‘6TSANZ ‘€9SANZ ‘€L TTN ‘9OMTAVIN ‘€6¥INZ ‘v XOTIN ‘1TLANZ
‘OPSANZ ‘00€AINZ ‘8E€LANZ ‘OLLANZ ‘v IVLS ‘8€9ANZ ‘ 1.LNIH ‘8SSANZ ‘€T8ANZ ‘VOVN ‘119ANZ -01%68'1 paredwal-yN( ‘uonduosuern Jo uonensai~¢se9000 :00
paren3arumod
mocomv anjeA-q W],

"panunuoD ‘1 S[quL



{=| SPANDIDOS
& PUBLICATIONS

MOLECULAR MEDICINE REPORTS 18: 1311-1322, 2018

1317

Figure 2. Protein-protein interaction network of differentially expressed genes among the peripheral blood samples of three patients with acute myocardial
infarction and three healthy controls. Red indicates the upregulated genes and green indicates the downregulated genes. The network included 218 nodes

(162 upregulated and 56 downregulated) and 477 edges.
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Figure 3. Genes ordered according to the interaction degree in the
protein-protein interaction network.

STAT3, CCR1 and RAC1 were likely important, as they are
also known to be regulated by miRNAs associated with AMI;
hsa-miR-21-5p (25,26) and hsa-miR-30c-5p (27,28). CSF3R

and CCR10 were confirmed by comparing Chinese data with
international data, and HTRA1 was the only gene associated
with both mortality and recurrence.

ALMSI is responsible for the initiation of Alstrom
syndrome when genetically mutated. Alstrom syndrome is
characterized by retinal degeneration, hearing loss, obesity,
diabetes mellitus and cardiomyopathy (29). Additional studies
have suggested that ALMSI functions in the aforementioned
diseases by interacting with endosome recycling and/or
centrosome-related proteins, including a-actinin 1, a-actinin
4, myosin Vb, rad50 interacting 1 and huntingtin associated
protein 1A, thereby influencing the cell-cycle pathway (30).
ALMSI-deficient fibroblasts proliferate continuously and
overexpress extracellular matrix components; this effect
likely triggers the excessive remodeling of the normal tissue
architecture and results in fibrosis (31). Given that athero-
sclerosis is associated with the development of intravascular
fibrous plaques, ALMSI1 mutations may directly contribute to
multiorgan fibrotic alterations, ultimately leading to AMI. A
glutamic acid repeat polymorphism on exon 1 of the ALMSI
gene is significantly associated with early onset MI (32). Taken
together, these studies suggest that ALMSI is an underlying
biomarker for the early diagnosis of AMI. However, no studies
have confirmed this hypothesis and additional research is
required.

AMI may occur predominantly as a result of athero-
sclerotic plaque rupture and thrombosis that occludes the
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Table III. Significantly enriched functions for module genes screened from the protein-protein interaction network.

Module Term P-value Genes
1 hsa04120: Ubiquitin mediated proteolysis 2.85x10° UBE4A, ANAPC4, DET1, UBE2F,
UBE2D1, UBE2B
2 hsa04062: Chemokine signaling pathway 2.84x107 CXCL1,CXCL5,GNG10,CCR1,CXCL16,
CCR10,CXCR2
hsa05150: Staphylococcus aureus infection 9.44x10° C5AR1, C3,FPR1, FPR2
hsa04060: Cytokine-cytokine receptor interaction 6.401x107 CCR1,CXCL16,CCR10,CXCR2
hsa04080: Neuroactive ligand-receptor interaction 1.07x107? P2RY13,C5AR1, FPR1, FPR2
3 GO: 0000086~G2/M transition of mitotic cell cycle 3.36x10" OFD1, BORA, HAUSI1, CEP290, ALMSI1,
OPTN
GO: 0007067 ~mitotic nuclear division 2.11x1073 OFD1, BORA, HAUS1
GO: 0042384 ~cilium assembly 3.64x107 CEP290, ALMS1
GO: 006027 1~cilium morphogenesis 3.98x10? OFD1, CEP290

Figure 4. Modules obtained from protein-protein interaction network of
differentially expressed genes among the peripheral blood samples of
three patients with acute myocardial infarction and three healthy controls.
(A) Module 1, (B) module 2 and (C) module 3. Red indicates the upregulated
genes and green indicates the downregulated genes.

vessel lumen and significantly lowers the supply of oxygen
and metabolites to the myocardium, ultimately inducing
cardiomyocyte death (33,34). Inflammation due to bacterial
infection (35) or conditions including hypercholesterolemia
or hyperlipidemia, are important contributors to athero-
sclerotic plaque rupture, including both local and systemic
inflammation (36). Ishikawa et al (37) performed immunos-
taining analysis and demonstrated that TLR4 was positively
expressed in infiltrated macrophages in ruptured plaque
material. In addition, local and systemic levels of TLR4
and TLR2 were significantly higher in patients with AMI,
particularly those with cardiovascular events, compared with

)

@»

&
e

&

@ gp @

Figure 5. miRNA-gene interaction network. Orange indicates the upregu-
lated genes and green indicates the downregulated genes. All miRNAs were
associated with acute myocardial infarction. miRNA/miR, microRNA.

patients with stable angina or controls (37,38). Activated
TLRs may weaken the fibrous cap and predispose the plaque
to rupture by mediating the high expression of inflammatory
genes, including interleukin (IL)-18 receptor (R)1, IL-18R2,
IL-8, CCR1, CCR10 and MMP9, via the myeloid differ-
entiation primary response protein MyD88/RAC1/NF-xB
pathway (39-42). Thus, TLRs and their downstream genes
may be underlying biomarkers for the early diagnosis of
AMI. This theory is supported by the current results and
those of a previous study, that revealed the extent of TLR
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Table IV. Significantly enriched pathways for genes in the microRNA-target gene network.

Term P-value Genes

hsa05161: Hepatitis B 1.18x102 E2F2, MMP9, TLR4, STAT3

hsa05212: Pancreatic cancer 1.94x10 E2F2,RACI1, STAT3

hsa05205: Proteoglycans in cancer 2.76x10 MMP9, RAC1, TLR4, STAT3
A GSE24519 B GSE24519

GSE97320

Shared between
GSEY97320 and GSE24519

GSE34198 (mortality

vs. non-mortality)

GSE9732

D

Shared between
GSE97320 and GSE24519

GSE48060 (recurrence

vs. without recurrence)

Figure 6. Venn diagram analyses of the common differentially expressed genes among the different datasets. Overlap between differentially expressed genes
in (A) GSE97320 and GSE24519 datasets; (B) GSE97320, GSE24519, GSE34198 and GSE48060 datasets; (C) GSE97320 and GSE24519, and GSE34198

datasets; (D) and GSE97320 and GSE24519, and GSE48060 datasets.

activation and IL-18R1/2 expression in circulating cells
preceding the excessive release of troponin-T (39), which
indicates a potential advantage for their use as biomarkers
for early diagnosis compared with troponin-T. Furthermore,
high serum MMP-9 levels are associated with an increased
risk of AMI (odds ratio, 1.06; 95% CI, 0.87-1.28) (43),
and significantly higher levels of CCR1 are detected in
patients with AMI compared with controls (3.76+0.85
vs. 0.66+0.19 ng/ml, P<0.05) (44). In addition to TLR, the
activation of the tyrosine-protein kinase JAK1 (JAK)/STAT
signaling pathway has an important role in the onset of AMI
by transducing the intracellular signals of various cytokines,
such as tumor necrosis factor-a (TNF-a) (45). Inhibition
of the JAK/STAT signaling pathway by AG490 inhibits
NF-kB protein expression in cardiomyocytes and reduces
plasma TNF-a concentrations to prevent the development of
AMI (45). However, no studies have directly investigated the
diagnostic efficiency of STAT3 in patients with AMI, which
may be a future research direction.

Granulocyte colony-stimulating factor (G-CSF) is a multi-
functional cytokine that interacts with its receptor G-CSFR,
which is encoded by CSF3R. G-CSF promotes inflammation by

enhancing the function of mature granulocytes and increasing
the number of neutrophils (46). These effects suggest that the
expression levels of G-CSF and CSF3R increase with disease
progression. This hypothesis was supported by the current
study and Li ef al (47), who demonstrated that G-CSF and its
receptor CSF3R were significantly upregulated in patients with
AMI compared with controls and patients with stable angina.
However, other studies have suggested that G-CSF and CSF3R
improve cardiac function and reduce mortality following
AMI by inducing the regeneration of cardiac myocytes and
blood vessels through the mobilization of bone marrow stem
cells (48), which suggests that high CSF3R expression is a
protective response.

HTRAL is also a gene associated with to oxidative stress
and the inflammation response. HTRAL is highly expressed
in activated macrophages and interacts with growth differ-
entiation factor 15 to mediate inflammation and promote cell
senescence through the p38 mitogen-activated protein kinase
pathway, ultimately predisposing the individual to high risk for
the development of age-related macular degeneration (49,50).
AMLI is particularly prevalent in elderly people (51). Thus,
HTRAT1 may be important with regard to AMI. In line with
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Table V. Shared differentially expressed genes among different datasets.

A, Differentially expressed genes screened in four datasets

GSE97320* GSE24519* GSE34198* GSE48060*

Gene logFC P-value logFC P-value logFC P-value logFC P-value
ALDHS8AL1 -1.60 1.20x1072 -2.67 2.94x10* -1.94 1.03x1072 -1.97 7.88x107
CSF3R 1.06 1.22x1072 1.11 3.38x10° 1.59 1.85x1072 1.20 1.6x10*
CCR10 1.58 8.81x10° 1.53 7.24x107 1.18 3.86x107 1.95 2.4x1072
B, Mortality-related differentially expressed genes

GSE97320° GSE24519* GSE34198°
Gene logFC P-value logFC P-value logFC P-value
EXTL2 -2.17 3.54x107 -1.01 8.24x107 -1.70 2.75x107
C110orf80 -1.35 1.50x1072 -1.85 2.92x1072 -1.98 2.31x10*
HTRAI 1.06 1.18x1072 1.11 6.42x10° 2.56 1.09x107
C, Recurrence-related differentially expressed genes

GSE97320* GSE24519* GSE48060°¢
Gene logFC P-value logFC P-value logFC P-value
MAP2K2 1.17 1.74x1072 1.23 3.46x102 1.10 2.65x1072
HTRAI 1.06 1.18x10 1.11 6.42x107 1.81 1.36x102
MAF1 1.05 6.78x107 1.10 9.42x107 1.84 1.42x1072

FC, fold-change. “AMI vs. control; "mortality vs. non-mortality; crecurrence vs. non-recurrence.

the above study, the present study demonstrated that HTRA1
was significantly upregulated in the AMI group, particularly in
patients who succumbed to the disease following a recurrence.

In conclusion, the present study preliminarily suggests that
inflammation markers,including STAT3,CCR1,RAC1,MMP?9,
CCRI10, CSF3R and HTRAL, as well as cell-cycle-associated
genes including ALMSI, have a potential role that is crucial
for the diagnosis and prognosis of AMI in Chinese people.
However, additional clinical studies are required to confirm
the above findings, which represents a limitation of the present
study.
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