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Abstract

Background Clq and TNF related protein 1 (C1QTNF1) is known to be associated with coronary artery diseases. However,
the molecular function of C1IQTNF1 on the vascular smooth muscles remains to be investigated.

Objective This study was therefore undertaken to investigate the effect of CIQTNF1 on gene expression of human smooth
muscle cells and to reveal potential molecular mechanisms mediated by C1QTNF1.

Methods Vascular smooth muscle cells were incubated with recombinant CIQTNF1 for 16 h, followed by determining any
change in mRNA expressions by Affymetrix genechip. Gene ontology (GO), KEGG pathway, and protein—protein interac-
tion (PPI) network were analyzed in differentially expressed genes. In addition, validation of microarray data was performed
using quantitative real-time PCR.

Results The mRNA expressions of annotated 74 genes were significantly altered after incubation with recombinant
C1QTNFI1; 41 genes were up-regulated and 33 down-regulated. The differentially expressed genes were enriched in biologi-
cal processes and KEGG pathways associated with inflammatory responses. In the PPI network analysis, IL-6, CCL2, and
ICAM1 were identified as potential key genes with relatively high degree. The cluster analysis in the PPI network identified
a significant module composed of upregulated genes, such as IL-6, CCL2, NFKBIA, SOD2, and ICAMI1. The quantitative
real-time PCR results of potential key genes were consistent with microarray data.

Conclusion The results in the present study provide insights on the effects of CIQTNF1 on gene expression of smooth mus-
cle cells. We believe our findings will help to elucidate the molecular mechanisms regarding the functions of CIQTNF1 on
smooth muscle cells in inflammatory diseases.
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Introduction

Clq and TNF related protein 1 (C1QTNF1) is an adipokine
of the C1q/TNF family, characterized by variable collagen-
like region and conserved C-terminal globular domain
(Wong et al. 2008). It was initially identified as a vascular
wall protein that regulates collagen-induced platelet acti-
vation and aggregation (Lasser et al. 2006). CIQTNF1 is
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involved in diverse processes under various physiological
and pathological conditions. CIQTNF1 stimulates aldoster-
one production in the zona glomerulosa of the adrenal cortex
(Jeon et al. 2008). C1QTNF1 increases fatty acid oxidation
by activating the AMP-activated protein kinase (Peterson
et al. 2012). It is involved in chondrocyte proliferation and
maturation through the activation of ERK1/2 signaling path-
way (Akiyama et al. 2013). Recently, CIQTNF1 was found
to exert anti-apoptotic and anti-inflammatory responses
through the S1P and cAMP signaling pathways (Yuasa et al.
2016). CIQTNFI is expressed in primary macrophages and
is responsible for the induction of proatherogenic factors
(Wang et al. 2016b).

Accumulating evidences suggest that CIQTNF]1 is asso-
ciated with coronary artery diseases such as atherosclero-
sis. CIQTNF1 expression are increased in atherosclerosis
plaque, and recombinant CIQTNF1 promotes atherogenesis
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in ApoE-knockout mice (Lu et al. 2016). Serum levels
of CIQTNFI are also increased in coronary artery dis-
ease patients (Tang et al. 2015; Wang et al. 2016a; Yuasa
et al. 2014). C1QTNFI is upregulated in macrophages in
response to oxidized LDL in a PPAR-y-dependent manner,
and enhances the secretion of proatherogenic factors (Wang
et al. 2016b). A recent study has reported it to be a mechano-
sensitive proinflammatory factor that promotes endothelial
cell dysfunction under disturbed flow (Liu et al. 2017). Con-
versely, CIQTNF1 prevents the progression of pathologi-
cal vascular remodeling after artery injury (Kanemura et al.
2017). Thus, the molecular mechanism by which C1QTNF1
affects atherogenesis remains uncertain and needs to be fur-
ther investigated.

Vascular smooth muscle cells play important roles in the
initiation and progression of atherogenesis through produc-
tion of extracellular matrix proteins, cell surface receptors
for lipid uptake, cell adhesion molecules, and cytokines
(Braun et al. 1999; Falk 2006; Raines and Ferri 2005; Rong
et al. 2003). In the present study, we investigated changes
in gene expression of smooth muscle cells regulated by
C1QTNFI. Our results indicate that CIQTNF1 regulates
the expression of inflammatory genes such as interleukin-6
(IL6), C—C chemokine 2 [CCL2, as referred in Monocyte
chemoattractant protein 1 (MCP-1)], and intercellular adhe-
sion molecule 1 (/CAM1I). Our findings therefore provide
information on the effects of C1qTNF1 in smooth muscle
cell function.

Materials and methods
Cell culture

Human aortic smooth muscle cells (CC-2571) were pur-
chased from Ronza and grown in SmGM-2 smooth muscle
growth medium (Ronza) supplemented with 5% fetal bovine
serum (FBS). 293FT cells were purchased from Invitrogen
and maintained in DMEM supplemented with 10% FBS
and antibiotics (100 units/ml of penicillin and 100 pg/ml of
streptomycin).

Purification of recombinant C1QTNF1

The DNA fragments corresponding to the coding sequences
of human C1QTNFI1 and C1QTNFS5 genes were amplified
by polymerase chain reaction (PCR) using human spleen
cDNA (Clontech) with the following primers: CIQTNF1
(forward), 5'-AAA AGG ATC CCG GTG CAA GAG CCA
CTA C-3’; C1QTNF1 (reverse), 5'-AAA ACT CGA GGG
GCT CGG TGG CGT GCT T-3'; C1QTNF5 (forward),
5'-AAA AGA ATT CAC TGC GAG AGG ACC CCG-3
CIQTNFS5 (reverse), 5'-AAA ACT CGA GAG CAA AGA
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CTG GGG AGC TG-3'". The PCR products for CIQTNF1
and C1QTNF5 were cloned into the BamHI/Xhol and
EcoRI/Xhol restriction sites of the pcDNA3.1 vector with
FLAG tag, respectively. Using Lipofectamine 2000 (Invitro-
gen), 293FT cells plated in 100-mm dishes were transfected
with the plasmid encoding human CIQTNF1 or C1QTNFS5,
in accordance with manufacturer’s instruction. After 24 h,
the medium was refreshed with growth medium (DMEM
supplemented with 10% FBS) and incubated for further 48 h,
after which the culture medium was collected and secreted
C1QTNF1 or C1QTNFS5 proteins were isolated using anti-
FLAG M2 affinity gel (Sigma).

Affymetrix cDNA microarray

Vascular smooth muscle cells were seeded in a 6-well dish
at a density of 1x 10° cells/well. After 24 h, the cells were
incubated with 5 ug/ml recombinant C1QTNF1 proteins or
vehicle for 16 h, in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 0.5% FBS. Total RNAs iso-
lated from three independent experiments using the RNeasy
mini kit (Qiagen) were pooled and used for gene expres-
sion analysis by GeneChip human gene 1.0 ST arrays
(Affymetrix). Briefly, 300 ng of total RNA was mixed with
T7-(N)6 Primers/Poly-A RNA control solutions. The syn-
thesis of first-cycle, first and second strand cDNA was per-
formed using the GeneChip™ WT cDNA synthesis kit. The
first-cycle cRNA was synthesized using the GeneChip WT
cDNA amplification kit and the GeneChip sample cleanup
module. The second-cycle, single-strand cDNA was syn-
thesized using the GeneChip WT cDNA synthesis kit and
was purified using the GeneChip sample cleanup module.
Fragmentation and labeling of single strand cDNA were
performed using the GeneChip WT terminal labeling kit.
Sample hybridization, washing, and staining were performed
using the GeneChip hybridization, wash and stain kit. The
samples were washed and stained on the GeneChip Fluidics
Station 450, and arrays were scanned using the GeneChip
Scanner 3000 7G controlled by the GeneChip Operating
Software (GCOS, Affymetrix Inc.).

Data processing

The microarray scan data were analyzed using the GeneChip
operating software, expression console software (Affymetrix
Inc., USA), and GenPlex v3.0 (ISTECH, Inc., Korea). To
compare the results of different hybridization experiments,
the signal intensity of each gene in an array was normal-
ized with respect to the total intensity of all genes in the
array. The corresponding normalized signals of different
arrays were compared. Genes with relative gene expression
changes of > 1.5-fold and normalized signal (log2) of >4
were considered to represent up- or down-regulation.
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Gene ontology (GO) analysis

Gene ontology (GO) analysis was conducted for differen-
tially expressed genes using the Database for Annotation,
Visualization, and Integrated Discovery (DAVID, version
6.8), an online analysis resource (http://david.abce.ncifc
rf.gov/). The GO terms were divided into three categories,
such as biological process (BP), cellular component (CC),
and molecular function (MF). The GO terms with P value
<0.05 were considered as significant. The GO terms for
differentially expressed genes were ranked by the —log(P
value).

KEGG pathway analysis

The KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathway was analyzed using DAVID Bioinformatics
Resources 6.8. The pathways with number of different genes
>?2 and P value <0.05 were considered as significant.

Construction of protein—protein interaction (PPI)
network

To evaluate the interactive relationships for differentially
expressed genes, the PPI network was constructed using the
online Search Tool for the Retrieval of Interacting Genes
database (STRING, version 10.5) (http://string-db.org)
(Szklarczyk et al. 2015). The interactions with a confidence
score > 0.4 (default setting) were selected as significant. The
analysis result of PPI network from STRING was imported
into Cytoscape software (version 3.6.1; http://www.cytos
cape.org) (Shannon et al. 2003). The Network Analyzer

plug-in of Cytoscape was used to investigate the topologi-
cal properties of PPI network, including node degree, clus-
tering coefficient, and closeness centrality. The nodes with
high degree score was selected as important genes (named
‘hub genes’). To detect densely connected regions in the
PPI network, the clustering in the PPI network was analyzed
by the Molecular Complex Detection (MCODE) plug-in of
Cytoscape with default setting (a degree cut-off =2, node
score cut-off =0.2, k-core =2, and max. depth=100).

Quantitative real-time PCR

cDNA synthesis was performed in a final volume of 30 pl,
comprising of 2 pg of total RNA, 200 ng of oligo(dT),;
primer, 1 X reverse transcription buffer, 0.5 mM deoxynu-
cleotide triphosphate (AINTP) mixture, 200 units of Molo-
ney Murine Leukemia Virus (M-MLV) reverse transcriptase
(Invitrogen), and diethylpyrocarbonate (DEPC)-treated
water. After incubation at 42 °C for 50 min, reverse tran-
scription was terminated by heating at 70 °C for 15 min. To
verify changes of gene expression by genechip analysis, the
cDNA was diluted fivefold, and used to amplify target genes
by a LightCycler 480 (Roche Applied Science) using SYBR
green master mix (Roche Applied Science), with beta-actin
(ACTB) as the reference gene. Real-time PCR amplification
was carried out as follows: initial denaturation at 95 °C for
5 min, 45 cycles of amplification (denaturation at 95 °C for
30 s, annealing at 58 °C for 30 s, and extension at 72 °C for
30 s), 1 cycle of melting curves (95 °C for 5 s, 65 °C for
1 min, and 97 °C continuous) followed by a final cooling
step at 40 °C for 30 s. The primers used in this study are
presented in Table 1. qRT-PCR results were analyzed using

Table 1 Primers used for

oo X Identity Nucleotide sequences Product
quantitative real-time PCR size (bp)
IL-6 Forward: 5'"-TAGTGAGGAACAAGCCAGAG-3’ 238
Reverse: 5'-ATGCTACATTTGCCGAAGAG-3’
C3 Forward: 5'-GAAGAACGGCTGGACAAGGC-3' 249
Reverse: 5'-CCAGAAATCGGAGGAGAGAC-3'
SOD2 Forward: 5'-GCACCACAGCAAGCACCACG-3’ 288
Reverse: 5'-GAGCCTTGGACACCAACAGATG-3'
CCL2 Forward: 5'-CTTCTGTGCCTGCTGCTCATAG-3' 169
Reverse: 5'-CTTCTTTGGGACACTTGCTG-3'
ICAM1 Forward: 5'-TGTCATCATCACTGTGGTTTC-3' 147
Reverse: 5'-GTGGCTTGTGTGTTCGGTTTC-3’
NFKBIA Forward: 5'-GACCTGGTGTCACTCCTGTTG-3' 215
Reverse: 5'-TCGTCCTCTGTGAACTCCGTG-3'
TNFAIP3 Forward: 5'-CAAAAGGACTACAGTAGAGGC-3' 296
Reverse: 5'-AATGAGGCAGCAGCAAAATG-3'
CCL4 Forward: 5'-GCTTCCTCGCAACTTTGTGGTAG-3’ 140
Reverse: 5'-GGTCATACACGTACTCCTGGAC-3’
B-Actin Forward: 5'-TCACCCACACTGTGCCCATCTACGA-3' 351

Reverse: 5'-GGATGCCACAGGACTCCATGCCCA-3'
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the comparative cycle threshold (C;) method, as previously
described (Park et al. 2005). Briefly, relative expressions for
any given gene (expressed as fold induction over the con-
trol) were calculated by determining the difference between
the Cy of the target gene and the C of the reference gene
(ACTB) using the formula 2744€T,

Statistical analysis

All statistical analyses were carried out using the SPSS
software (v23). Comparisons between two groups were per-
formed using the Mann—Whitney U test (for non-normally
distributed data). Results are expressed as means+s.d. P
values < 0.05 are considered statistically significant.

Results

C1QTNF1 regulates gene expression in vascular
smooth muscle cells

Vascular smooth muscle cells play important roles in the ini-
tiation and progression of atherogenesis through production
of extracellular matrix proteins, cell surface receptors for
lipid uptake, cell adhesion molecules, and cytokines (Braun
et al. 1999; Falk 2006; Raines and Ferri 2005; Rong et al.
2003). To assess the effect of CIQTNF1 on human vascular
smooth muscle cells, recombinant human C1QTNF1 pro-
teins were isolated from the supernatant of 293FT cell cul-
ture transfected with plasmid encoding human C1QTNF1
(Fig. 1a). CIQTNF1 expression is shown to be increased in
atherosclerosis plaque (Lu et al. 2016) and in sera of coro-
nary artery disease patients (Tang et al. 2015; Wang et al.
2016a; Yuasa et al. 2014), suggesting that CIQTNF1 might
have a prolonged effect on progression of coronary artery

diseases. Thus, we incubated vascular smooth muscle cells
in the presence of the recombinant human C1QTNF1 pro-
tein (5 ug/ml) or vehicle for 16 h and analyzed gene expres-
sion changes using an Affymetrix genechip. The results
revealed that annotated 74 genes and 11 pseudogenes were
significantly regulated by C1qTNF1: 41 and 33 genes were
up-regulated or down-regulated, respectively, in response
to recombinant C1IQTNF1 protein, barring the 11 pseudo-
genes. The majority of differentially expressed genes exhib-
ited less than twofold changes, whereas 15 genes (4 up and
11 down) are differentially regulated by more than twofold
(Fig. 1b). All the up- and down-regulated genes (> 1.5-fold)
are presented in Supplementary Table 1. Expression level of
C1QTNF1 gene was not changed by treatment of recombi-
nant CIQTNF]1 (fold change: 1.015).

Genes differentially regulated by C1IQTNF1 are
enriched in biological processes and pathways
related to inflammatory responses

The differentially expressed 74 genes were assigned into
BP, CC, and MF categories based on GO annotations.
In the category of BP, genes differentially regulated by
C1QTNF1 were enriched in 21 GO terms. According to
P value, top 5 GO terms were cellular response to inter-
leukin-1 (GO:0071347), cellular response to amino acid
(G0O:0043200), cellular response to tumor necrosis factor
(GO:0071356), cellular response to lipopolysaccharide
(GO:0071222), and inflammatory response (GO:0006954)
(Fig. 2a). This result indicates that differentially expressed
genes were enriched in GO terms associated with inflamma-
tion. Genes involved in these GO terms are for IL6, CCL2,
chemokine (C-C motif) ligand 4 (CCL4), ICAM1, Tumor
necrosis factor, alpha-induced protein 3 (TNFAIP3, as also
referred in A20), Complement component 3 (C3), and Rac
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Fig.1 CIQTNFI1 regulates gene expression in smooth muscle cells.
a Recombinant CIQTNF]I protein was subjected to SDS-PAGE and
stained with Coomassie blue. Arrow indicates CIQTNF1 protein. b
Vascular smooth muscle cells were incubated with 5 pg/ml recom-
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Number of differentially regulated genes

binant C1QTNF1 proteins for 16 h, and global gene expression was
analyzed by Affymetrix genechip. Distribution of the fold changes
shown by genes regulated by C1IQTNF1 is presented
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Table 2 DEGs included in top 5 GO terms (biological process)

Symbol Gene name Regulation  Fold

1L6 Interleukin-6 Up 2.08
C3 Complement component 3 Up 1.82
RACI Rac family small GTPase 1 Up 1.78
CCL2 Chemokine (C—C motif) ligand 2 Up 1.72
ICAM1 Intercellular adhesion molecule 1 ~ Up 1.69
TNFAIP3 Tumor necrosis factor, alpha- Up 1.52

induced protein 3
CCL4 Chemokine (C—-C motif) ligand 4 Down -241

family small GTPase 1 (RAC1) (Table 2; Supplementary
Fig. 1). Of these, IL6, CCL2, ICAM1, TNFAIP3, C3, and
RACI1 were upregulated, whereas CCL4 was downregu-
lated. In the category of CC and MF, mitochondrial inner
membrane (GO:0005743) and DNA binding (GO:0003677)
were GO terms enriched in differentially expressed genes,
respectively (Fig. 2b, c¢). To further analyze the function
of differentially expressed genes, we analyzed the Kyoto
encyclopedia of genes and genome (KEGG) pathways using
the DAVID online tool (http://david.abcc.nciferf.gov/). As

0.0 0.5 1.0 15 2.0 25 3.0 35
—Log (P-value)

Category: GOETRM_MF_DIRECT

DNA binding

r T T T T T T 1

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
—Log (P-value)

shown in Table 3, differentially expressed genes were closely
associated with pathways related to inflammatory responses,
including TNF signaling, NOD-like receptor signaling,
NFxB signaling, and toll-like receptor signaling pathways,
suggesting that CIQTNF1 may modulate the functions of
vascular smooth muscle cells under inflammatory diseases.

CCL2, IL6, and ICAM1 are key genes regulated
by C1QTNF1

We constructed PPI network for differentially expressed
genes using the STRING online tool. The network consisted
of 57 nodes (proteins produced by DEGs) and 25 edges (pro-
tein—protein associations) with an average local clustering
coefficient of 0.219, a PPI enrichment P value of 0.0416
and an average node degree of 0.877 (Fig. 3). In PPI net-
work, the degree of a node represents the number of protein
linked with the node. The nodes with high degree are known
to play an important role in maintaining the PPI network.
DEGs encoding nodes with a high degree are considered
as important genes in the network, named ‘hub genes’. The
nodes with degree > 5 were IL6 (degree 8), ICAMI1 (degree
7), and CCL2 (degree 6), indicating that these genes are key
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Table 3 The pathway analysis

. . KEGG pathway Genes P value

of genes differentially regulated

by CTPR1 (P<0.05) TNF signaling pathway CCL2, IL6, ICAM1, NFKBIA, TNFAIP3 44x107
Legionellosis IL6, C3, HSPA6, NFKBIA 8.1x10™*
NOD-like receptor signaling pathway CCL2, IL6, NFKBIA, TNFAIP3 8.6x107*
Influenza A CCL2, IL6, ICAM1, HSPA6, NFKBIA 2.8%1073
NF-kappa B signaling pathway NFKBIA, TNFAIP3, ICAM1, CCL4 32x1073
Chagas disease CCL2, IL6, C3, NFKBIA 53%1073
Toll-like receptor signaling pathway IL6, NFKBIA, RAC1, CCL4 5.6x1073
Measles IL6, NFKBIA, TNFAIP3, HSPA6 1.0x 1072
Malaria CCL2, IL-6, ICAM1 1.2x1072
Non-alcoholic fatty liver disease NDUFABI1, COX7B, IL6, RAC1 1.5x1072
Cytosolic DNA-sensing pathway IL6, NFKBIA, CCL4 2.0x1072
Herpes simplex infection CCL2, IL6, C3, NFKBIA 2.5%1072
Chemokine signalling pathway CCL2, NFKBIA, RAC1, CCL4 2.6x1072
Epstein—Barr virus infection ICAMI1, NFKBIA, TNFAIP3, HSPA6 2.7%x1072
Virual carcinogenesis H2BFM, NFKBIA, C2, RACI1 3.3%1072
Salmonella infection CCL2, IL6, ICAM1 3.3%x1072
Rheumatoid arthritis CCL2, IL6, ICAM1 3.7%1072

genes in the PPI network regulated by CIQTNF1. Next, we
performed module analysis in the PPI network using the
MCODE plug-in of Cytoscape and found a module com-
posed of 5 nodes and 10 edges (Fig. 4). The genes included
in this module were CCL2, IL6, NF«B inhibitor alpha
(NFKBIA), superoxide dismutase 2 (SOD2) and ICAMI,
which were upregulated in response to CIQTNF1. The most
associated KEGG pathway with these genes is TNF signal-
ing pathway.

Validation of differentially expressed genes
by quantitative real-time PCR

To confirm the genes differentially regulated by recombinant
C1QTNF1 protein, we selected eight candidate genes among
genes involved in top five GO terms and in a significant
module of the PPI network. Expression of these genes was
analyzed by quantitative real-time PCR. In agreement with
our microarray results, IL-6, C3, SOD2, CCL2, ICAMI,
NFKBIA, and TNFAIP3 were up-regulated, and CCL4 was
down-regulated (Fig. 5). Furthermore, fold changes of these
genes as determined by microarray and quantitative real-
time PCR were similar (Table 4). To address the possibil-
ity that increased expression of inflammatory genes is due
to non-specific effects derived from recombinant protein,
we generated recombinant human C1QTNFS5 protein and
examined the effect of CIQTNFS5 on expression of IL-6 and
CCL2 which are representative proatherogenic genes regu-
lated by CIQTNF1. A significant change in mRNA expres-
sion of these genes was not observed in vascular smooth
muscle cells treated with CIQTNFS5 protein (Supplementary
Fig. 2).
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Discussion

C1QTNF1 is a relatively uncharacterized adipokine and
associated with coronary artery diseases, such as atheroscle-
rosis (Lu et al. 2016; Tang et al. 2015; Wang et al. 2016a;
Yuasa et al. 2014). However, the effect of C1IQTNF1 on
functions of smooth muscle cells has not been determined.
Microarray analysis is a powerful tool for examining
changes in gene expression in response to specific stimuli.
In this study, we generated recombinant human C1QTNF1
proteins from mammalian cells and investigated the effect
of CI1qTNF1 on gene expression of human vascular smooth
muscle cells using the Affymetrix genechip.

GO enrichment and KEGG pathway analysis from dif-
ferentially expressed genes revealed that genes regulated by
C1QTNF1 are enriched in BP and pathway associated with
inflammatory responses. Using the PPI network analysis,
IL6, CCL2, and ICAMI1 were identified as potential key
genes regulated by CIQTNF1. These genes were upregu-
lated by C1QTNF1, and their expression was verified by
quantitative real-time PCR. Of them, IL-6 and CCL2 are
known as proatherogenic factors that contribute to pathogen-
esis of atherosclerosis. IL-6 is a proinflammatory cytokine
expressed in atherosclerotic plaques from coronary artery
disease patients and hyperlipidemic animals (Ikeda et al.
1992; Lu et al. 2016) and promotes migration and prolif-
eration of vascular smooth muscle cells (Lee et al. 2012;
Morimoto et al. 1991). Likewise, treatment of ApoE-defi-
cient mice with recombinant IL.-6 and high-fat diet markedly
increased atherosclerotic lesions (Lu et al. 2016). CCL2 is a
C-C chemokine having potent chemotactic activity toward
monocytes (Rollins 1991). It is reported to accelerate
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Fig.3 The protein—protein
interaction (PPI) network of
genes differentially regulated
by C1QTNF1. The PPI network
was constructed by the String
online tool with a confidence
score of > 0.4 and P value of
<0.05. The disconnected nodes
in the network were hidden

C3

atherosclerosis in ApoE-deficient mice (Aiello et al. 1999).
Several studies show that blockade of CCL2 inhibits the for-
mation of atherosclerotic lesions and attenuates progression
of established atherosclerosis in ApoE-deficient mice (Inoue
et al. 2002; Ni et al. 2001). Vascular smooth muscle cells
express several adhesion molecules, leading to retention of
inflammatory cells such as macrophages and lymphocytes
in the vascular walls. ICAMI1 is known to promote leuko-
cyte adhesion to smooth muscle cells and enhance smooth
muscle cell proliferation (Wang et al. 1994). Our microar-
ray result showed that ICAM1 expression is upregulated by
C1QTNF]1. Consistent to this result, a recent study showed

TNFAIP3

NFKBIA

SOD2

NDUFAB1

MT-ND6

S

ICAM1

PLXNC1

SGK494

HIST1H3A

A

H2BFM

NS

that expression levels of ICAM-1 were decreased in aortic
tissues from C1QTNF1~'~ mice (Lu et al. 2016). In addition,
CI1QTNFI increased expression of several genes involved
in proliferation of smooth muscle cells, including C3 and
claudin-1 (CLDN1). Complement C3 and C3a regulate mac-
rophage and smooth muscle cell proliferation through acti-
vation of the ERK1/2 pathway (Wang et al. 2007). CLDN1
was found to regulate proliferation of pulmonary artery
smooth muscle cells via the activation of ERK1/2 (Cheng
et al. 2017). Thus, CIQTNF1 may contribute to progression
of diseases in atherosclerotic lesions through induction of
proatherogenic factors.
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Fig.4 A module from protein—protein interaction (PPI) network.
The module analysis was conducted by the MCODE plug-in of
Cytoscape. The MCODE score of the module is 5.0

4 4
l;l
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<3, | <3, |
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Fig.5 Quantitative determination of transcript levels by real-time
PCR. Human vascular smooth muscle cells were incubated with 5 pg/
ml recombinant CIQTNF]1 for 16 h. Expression levels of eight genes
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On the other hand, in the present study, several genes
involved in the negative regulation of NFkB signaling
pathway, including NFKBIA and TNFAIP3, were also
differentially upregulated. NFKBIA (as referred in IkBa)
inhibits NFxB activation by sequestering it in the cytosol
(Baeuerle and Baltimore 1996) and exerts a proapoptotic
activity in most cells (Luo et al. 2005). TNFAIP3 is a
potent anti-inflammatory protein that inhibits NFkB signal-
ing. In smooth muscle cells, TNFAIP3 was found to exert
anti-inflammatory and anti-proliferative effects, leading to
prevention of neointimal hyperplasia (Patel et al. 2006).
Furthermore, in the present study, CIQTNF1 also downreg-
ulated the expression of the gene required to sustain inflam-
matory responses, namely CCL4 [as referred in Macrophage
inflammatory protein-1 beta (MIP-p)], which is otherwise
upregulated in vulnerable atherosclerotic plaques (Reape
and Groot 1999). CCL4 induces cell adhesion to endothelial
cells through production of reactive oxygen species (Tatara
et al. 2009). Thus, the differential regulation of inflamma-
tion-related genes appears to exert pro-inflammatory or anti-
inflammatory effects, and thus, their effects may be depend-
ent on the stage of the inflammatory diseases.

In this study, we analyzed genes regulated by CIQTNF1
and their PPI network using integration of microarray with
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(IL-6, C3, SOD2, CCL2, ICAMI1, NFKBIA, TNFAIP3, and CCL4)
were examined by quantitative real-time PCR. Results represent the
means +s.d. (n=4). Mann—Whitney U test: *P <0.05
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Ta.ble 4 Verification of Lo Symbol Description Fold (genechip) Fold (qPCR)

microarray data by quantitative

real-time PCR IL6 Interleukin-6 2.08 2.93+0.31
C3 Complement component 3 1.82 1.84+0.41
SOD2 Superoxide dismutase 2 1.77 2.05+0.10
CCL2 Chemokine (C-C motif) ligand 2 1.72 1.86+0.11
ICAM1 Intercellular adhesion molecule 1 1.69 2.52+0.31
NFKBIA Nuclear factor of kappa B inhibitor, alpha 1.63 1.82+0.18
TNFAIP3 Tumor necrosis factor, alpha-induced protein 3 1.52 1.66+0.30
CCL4 Chemokine (C-C motif) ligand 4 —-241 —-2.28+1.05

bioinformatics tools and identified important genes for
C1QTNF1-mediated cellular responses. However, PPI net-
work did not coverage all genes represented by the array.
Furthermore, DEGs from microarray contained many unan-
notated genes and RNAs. This could result in the loss of
information. Thus, characterization of these unannotated
genes may be necessary to acquire more information.

The present study provides insights on the effects of
C1QTNF1 on gene expression of smooth muscle cells. GO
enrichment, KEGG pathway, and PPI network analysis sug-
gest that IL6, CCL2, and ICAM1 are key genes regulated
by C1QTNF1. Furthermore, we believe our findings will
help to elucidate the molecular mechanisms regarding the
effects of CIQTNF1 on smooth muscle cells in coronary
artery diseases.
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