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Abstract—Macrophage-derived lipid-laden foam cells from the subendothelium play a
crucial role in the initiation and progression of atherosclerosis. However, the molecule
mechanism that regulates the formation of foam cells is not completely understood. Here,
we found that SLAMF7 was upregulated in mice bone marrow—derived macrophages and
RAW?264.7 cells stimulated with oxidized low-density lipoprotein (ox-LDL). SLAMF7
promoted ox-LDL-mediated macrophage lipid accumulation and M1-type polarization.
SLAMF7 deficiency reduced serum lipid levels and improved the lesions area of carotid
plaque and aortic arch in high-fat diet-fed ApoE~'~ mice. In response to ox-LDL, SLAMF7
downregulated NR4A1 and upregulated RUNX3 through transcriptome sequencing analy-
sis. Overexpression NR4A1 reversed SLAMF7-induced lipid uptake and M1 polarization
via inhibiting RUNX3 expression. Furthermore, RUNX3 enhanced foam cell formation and
MI-type polarization. Taken together, the study suggested that SLAMF7 play contributing
roles in the pro-atherogenic effects by regulating NR4A1-RUNX3.
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INTRODUCTION

Carotid atherosclerosis (CAS) is a high-risk factor
for ischemic strokes and a main cause of death and dis-
ability worldwide [1, 2]. The formation and development
of atherosclerotic lesions are a chronic process character-
ized by the deposition of excessive lipid in the arterial
intima [3, 4]. The current studies suggest multiple modi-
fications of low-density lipoprotein (LDL) occurring in
the blood or vessel wall, such as desialylation, lipid per-
oxidation, and the ability to aggregate, rather than native
LDL, are the major source of lipids that accumulate in
the atherosclerotic plaques [5]. Although the desialylation
modification is likely the early and the most important
modification, oxidized low-density lipoprotein (ox-LDL)
modification is the most widely studied. Ox-LDL can
stimulate inflammatory activation of macrophages, vas-
cular smooth muscle cells, and other cells in the vicinity.
In addition, LDL can be oxidized by malondialdehyde,
copper, phosphatidylserine, and phosphorylcholine [6].
Accumulating evidence shows that macrophages play
a critical role in all stages of atherosclerosis, from the
lesion initiation, expansion, and rupture of the lesion
[7]. Macrophages take up excessive ox-LDL and become
engorged with lipids resulting in foam cell formation
[8]. When these lipid-laden foam cells die and cannot
be cleared from the subendothelium, they contribute to
necrotic core formation and lead to plaque rupture and
thrombosis [9, 10]. Therefore, understanding the molec-
ular mechanisms involved in macrophage-derived foam
cell formation is crucial for developing novel targets to
combat CAS.

The signaling lymphocyte activation molecular
family 7 (SLAMF?7) is expressed on different types of
cells such as NK cells, CD8* T cells, B cells, activated
dendritic cells, and macrophages, affecting immune cell
differentiation and function [11, 12]. Abnormal expres-
sion of SLAMF?7 is involved in the development of vari-
ous diseases, such as myeloma [13, 14], autoimmune dis-
ease [15, 16], and virus infection [17]. Recently, studies
have shown that SLAMF7 has a double immunomodula-
tory effect on macrophages. On the one hand, SLAMF7
regulates protective immune to infectious microbes by
inhibiting inflammatory responses and promoting M2
polarization of macrophages [18, 19]. On the other hand,
SLAMF?7 drives a strong wave of inflammatory cytokine
expression, resulting in aberrant macrophage activation
and pathological inflammation, such as Crohn’s disease,
rheumatoid arthritis, and severe COVID-19 disease [20].

We previously performed whole genome DNA
methylation profiling, transcriptome sequencing analy-
sis, and higher order pathological phenotypic analysis
of carotid plaque from CAS patients. We revealed that
SLAMF7 expression was upregulated on macrophage
of carotid plaque, particularly in unstable plaque, and
SLAMEF?7 deletion suppressed macrophage secretion of
proinflammatory cytokines [21]. Macrophage-derived
foam cell formation is the initial stage of atherosclerosis,
and lipid-laden macrophage accumulation is also con-
sidered the symbol of unstable plaque [22]. However,
the effect and mechanism of SLAMF7 on macrophage-
derived foam cell formation are still unclear.

In this study, we found that ox-LDL induced
increased expression of SLAMF7 in RAW264.7 cells
and bone marrow—derived macrophages (BMDM:s).
SLAMF7 promoted ox-LDL-induced foam cell forma-
tion and M1 polarization in RAW264.7 cells. Meanwhile,
deletion of SLAMF7 ameliorated carotid atherosclerosis
in mice. Mechanistically, we demonstrated that SLAMF7
enhanced foam cell formation by inhibiting NR4A1
expression. When NR4A1 was inhibited, RUNX3 was
upregulated in RAW264.7 cells, thereby promoting
atherosclerosis.

MATERIALS AND METHODS

Reagents

Oxidized low-density lipoprotein (ox-LDL) was
purchased from Yiyuan Biotechnologies (Guangzhou,
China) [23, 24]. For preparation of ox-LDL, human
LDL was purified to homogeneity via ultracentrifugation
(1.019-1.063 g/cc) and was oxidized using Cu,SO, in
PBS at 37 °C for 18 h. Oxidation was terminated by add-
ing excess EDTA-Na,. Each lot was analyzed on agarose
gel electrophoresis for migration versus LDL. This lot of
ox-LDL migrated 2.0-fold further than the native LDL.
Mouse macrophage colony-stimulating factor (M-CSF)
was purchased from Peprotech (NJ, USA). p-Actin
(3700S) and FLAG (14793S) antibody were acquired
from Cell Signaling Technology (MA, USA). NR4A1
antibody was obtained from Proteintech (25851-1-AP,
IL, USA). RUNX3 antibody was acquired from Santa
Cruz (sc-376591, CA, USA). FITC Rat IgG2b, « isotype
control antibody (400633) and FITC anti-mouse CD86
antibody were purchased from BioLegend (CA, USA).
gPCR-related reagents were purchased from Vazyme



532 Yuan, Wei, Cheng, Wang, Gu, Li, Zhao, Sun, Ban, Zhou and Xia

(Shanghai, China). Western blot-related reagents were
purchased from Beyotime (Nanjing, China).

Cell Culture and Stably Transfected Cell Line
Generation

The RAW264.7 mouse macrophage cell line was
obtained from Cell Bank of Chinese Academy of Sci-
ences and cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM, Gibco, USA) supplemented with 10%
fetal bovine serum (FBS, Gibco, USA) at 37 °C under a
5% CO, atmosphere.

To generate mouse BMDMs, C57BL/6 J mice were
euthanized, and bone marrows in femurs were flushed out
using a 25-G needle filled with DMEM medium follow-
ing by filtering through a 70-um strainer. The obtained
bone marrow cells were then incubated in red blood cell
lysis buffer (Solarbio, Beijing, China) for 10 min and
washed with DMEM medium to remove red blood cells.
Cells were cultured in DMEM supplemented with 10%
FBS and 20 ng/mL murine M-CSF for 6 days with the
medium refreshed every 2-3 days.

RAW264.7 cells were infected with lentivirus
encoding SLAMF7 (GeneChem, Shanghai, China),
NR4A1, and RUNX3 (OBiO Technology, Shanghai,
China) and subjected to puromycin and blasticidins
S selection, respectively. The overexpression was con-
firmed by qPCR and Western blot analysis.

To make lipid-loaded cells, RAW264.7 and BMDMs
were stimulated with ox-LDL (50 pug/mL) for 24 h.

RNA Isolation and Quantitative Real-Time
Polymerase Chain Reaction (qPCR)

Total RNA was isolated from cells with RNA iso-
later and reverse-transcribed to cDNA using HiScript® ITI
RT SuperMix for qPCR kit. qPCR was carried out using
ChamQ SYBR gqPCR Master Kit in an ABI QuantStudio
Q5 analyzer (Applied Biosystems, Thermo Fisher, USA).
The relative mRNA expression levels of indicated genes
were determined using the 2724 method. The primers
were synthesized from Sangon Biotech (Shanghai, China)
and listed in Supplementary Table 1.

Western Blot
Cells were harvested, and cell lysates were

resolved by sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE), then transferred to a

polyvinylidene difluoride membrane. After blocking with
5% nonfat dry milk (BD Biosciences, USA) in TBST,
the membranes were incubated with primary and sec-
ondary antibody (ZSGB-BIO, Beijing, China). Western
blots were developed using a Gel Doc Imaging System
(ChemiDoc MP, Bio-Rad, USA), and the intensities of
bands were compared using ImagelJ software.

Qil Red O (ORO) Staining

ORO staining was performed according to manu-
facturer’s instructions (Solarbio, Beijing, China). Briefly,
RAW264.7 cells were gently rinsed twice with PBS and
fixed with ORO fixative for 30 min. After discarding fix-
ative and washed twice with sterile water, the cells were
pretreated with 60% isopropanol for 5 min and stained
with ORO solution for 10 min. The cells were observed
by light microscopy (x400), and the percentages of ORO
positive cells in 5 microscopic fields for each independent
experiment were counted and calculated.

Total Cholesterol Assay

The concentrations of total cholesterol in cells
were measured using a total cholesterol assay kit (E1015,
Applygen Technologies, Beijing, China). Briefly, after
washed twice with PBS, RAW264.7 cells were added
to 0.1 mL lysate and shaken for 10 min. The mixture
was centrifuged at 2000 g for 5 min, and the supernatant
was taken for enzymatic determination and BCA protein
quantification. Cholesterol content was corrected with
protein concentration per milligrams.

Flow Cytometry

RAW264.7 cells were collected and washed twice
with cold PBS and then incubated with FITC-CD86 or
isotype control antibody at 4 °C for 30 min. The cells
were then analyzed and quantified using flow cytometry
(CytoFLEX SRT, Beckman Coulter, USA).

Mouse Model and Atherosclerosis Assessment

Seven-week-old ApoE™~ mice were obtained from
the Beijing Vital River Laboratory Animal Technology.
The mice were randomly divided into four experimen-
tal groups (five mice per group). The Blank group was
only fed a high-fat diet (HFD) for 13 weeks. The Control
group, Negative control group (shNC), and SLAMF7
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knockdown group (shSLAMEF7) were fed HFD for
5 weeks, then injected with 150 uL PBS, 10'!vg control
adeno-associated virus serotype type 9 (AAV9) vector
carrying GFP, and AAV9-SLAMF7-short hairpin RNA
(shRNA) (GeneChem, Shanghai, China) diluted in 150 uL
PBS, respectively, via tail vein. Supplementing a HFD
feeding for 1 more week, these three groups were carried
on carotid ligation surgery as previously reported [25,
26]. HFD was continued for another 7 weeks. Finally,
these mice were taken blood from heart and collected
aortic arch and carotids. Aortic arch and carotids were
fixed with 10% formalin and embedded with OCT or par-
affin, respectively. They were stained with hematoxylin
and eosin (H&E), ORO, Masson or Sirius Red staining
for the evaluation of lesion area, lipid content, and col-
lagen according to manufacturer’s instructions (Solarbio,
Beijing, China). The quantification of staining was meas-
ured by Image-Pro plus software (Media Cybernetics,
MD, USA).

This study was performed in line with the princi-
ples of the Declaration of Helsinki. Animal experiment
was conducted according to the Institutional Animal
Care and Use Committee of the Model Animal Research
Center. Approval was granted by the Ethics Committee
of Liaocheng People’s Hospital.

Serum Lipid Analysis

The serum total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C) levels were meas-
ured using biochemical kits (Biosino Bio-Technology
and Science, Beijing, China) and Mindray BS-420 auto-
matic biochemical analyzer.

RNA Sequencing

After isolation of total RNA, RNA integrity was
evaluated using the Agilent Fragment Analyzer 5400 sys-
tem. RNA libraries were prepared with the NEBNext®
Ultra™ RNA Library Prep Kit for Illumina (New England
Biolabs, MA, USA) described by the manufacturer. Sam-
ples were sequenced on Illumina NovaSeq 6000 instru-
ment (Illumina, CA, USA). Raw reads were assessed for
quality issues with FastQC [27] to ensure library genera-
tion and sequencing were suitable for further analysis.
featureCounts v1.5.0-p3 [28] was used to count the reads
numbers mapped to each gene. And then, FPKM of each
gene was calculated based on the length of the gene and

reads count mapped to this gene. Differentially expressed
genes were identified with DESeq2 [29]. The resulting
P-values were adjusted using the Benjamini-Hochberg’s
approach [30] to control the false discovery rate. The
above experiments were completed with the assistance
of Novogene (Beijing, China).

Statistical Analysis

Data were analyzed using GraphPad Prism 9.0
software. Two-sided Student’s ¢ test and one- or two-way
ANOVA test were used to compare difference between
groups. Data were displayed as the mean+SD. A 95%
confidence interval was considered significant and was
defined as P <0.05. *P <0.05, ¥**P <0.01, ***P <0.001.

RESULTS

Ox-LDL Induces SLAMEF7 Expression
in Macrophages

We have found that SLAMF7 is highly expressed
in carotid plaque, especially in macrophages of unsta-
ble plaque [21]. Howeyver, its specific mechanism is still
unclear. Foam cell formation, induced by uptaking of
ox-LDL by macrophages in atherosclerotic plaques, is
an important factor in the early onset of AS [31]. We cul-
tured RAW264.7 cells and BMDMs with ox-LDL (50 pg/
mL) for 24 h and found ox-LDL promoted the expression
of SLAMF7 in macrophage (Fig. 1a, b).

SLAMEF7 Promotes Ox-LDL-Induced Foam
Cell Formation of Macrophages

We further investigated whether SLAMF7 could
regulate foam cell formation in ox-LDL-activated mac-
rophages via overexpressing SLAMF7 (Fig. 2a and Sup-
plementary Fig. S1). ORO staining showed that compared
with control cells, SLAMF7 overexpression significantly
increased the lipid droplets area in RAW?264.7 cells
(Fig. 2b). In addition, SLAMF7 heightened total choles-
terol levels in RAW264.7 cells (Fig. 2c). Macrophage-
derived foam cells can release different inflamma-
tory cytokines to affect the stability of plaque, and the
change of M1/M2 phenotype of macrophages is a key
factor in the regulation of inflammation [32]. Thus, we
further explored the effect of SLAMF7 on macrophage
polarization. In ox-LDL-treated macrophages, SLAMF7
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Fig. 2 SLAMF7 promoted ox-LDL-induced foam cell formation of macrophages. RAW264.7 cells were transfected with control or SLAMF7 lenti-
viruses and incubated with ox-LDL (50 ug/mL) for another 24 h. A Western blot analysis for SLAMF7 overexpression using FLAG antibody. B The
lipid accumulation was measured by ORO staining in SLAMF7 overexpression RAW264.7 cells and control cells, respectively. The graph shows the
proportion of ORO-positive cells. The scale: 10 um. C Quantitative results of total cholesterol. D qPCR analysis for CD86, iNOS, IL-6, and Arg-1
expression. E Representative images and quantitative results of CD86 expression by flow cytometry. **P <0.01, ***P <0.001.
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«Fig. 3 Deletion of SLAMF7 alleviated the development of carotid
atherosclerosis in mice. A Establishment of a mouse model with
carotid atherosclerosis, adenovirus-associated virus was used to knock
out SLAMF7. B Representative Oil Red O staining (red) in aortic
arches of each group mouse. C Quantification of plaque area in aor-
tas of mouse of each group as a percentage of total aorta area (n=>5
per group). D Quantification of aortic root lesion area in each group
mouse (n=35 per group). E H&E staining, Masson staining, and Sir-
ius Red staining of carotid plaque in each group mouse. Scale bar:
100 um. F Quantification of carotid plaque area to total vessel area. G
Quantification of collagen area to total vessel area in carotid plaque.
H Quantification of TC, TG, LDL-C, and HDL-C in serum of each
group mouse. *P<0.05, ¥**P <0.01, ***P <0.001.

overexpression upregulated the expression of iNOS,
CD86, and IL-6 mRNA and downregulated the expres-
sion of Arg-1 mRNA (Fig. 2d). Flow cytometry results
also showed that SLAMF7 promoted CD86 expression
(Fig. 2e). These results demonstrated that SLAMF7
enhanced ox-LDL-induced foam cell formation and M1
polarization of macrophages.

Deletion of SLAMF7 Alleviates the Development
of Carotid Atherosclerosis in Mice

To explore the role in carotid atherosclerosis of
SLAMEF?7 in vivo, ApoE™~ mice underwent right-sided
tandem stenosis carotid surgery 6 weeks after commenc-
ing HFD [33]. In the 5th week, AAV9-loaded SLAMF7
shRNA was injected with tail vein (Fig. 3a). GFP flu-
orescence intensity was observed in carotid artery to
monitor the infection efficiency 2 weeks after injection
(Supplementary Fig. S2). SLAMF7 deletion significantly
decreased the lesion area in the en face ORO staining of
aortic arch (Fig. 3b, c). We also observed the suppres-
sion in the atherosclerotic lesion area in the aortic roots
of SLAMF7 deficient mice (Fig. 3d). Moreover, H&E,
Masson, and Sirius Red staining revealed that deletion
of SLAMF7 reduced carotid plaque burden with less
necrotic core and more collagen (Fig. 3e—g). Meanwhile,
the deficiency of SLAMF7 declined the levels of TC,
TG, and LDL-C, but increased HDL-C in mouse serum
(Fig. 3h). Together, these results indicated that SLAMF7
promoted the formation of carotid plaques in mice.

SLAMEF7 Promotes Foam Cell Formation
by Inhibiting NR4A1 Expression

In order to investigate the molecular mechanism
of SLAMF7 in carotid atherosclerosis, we undertook

transcriptome assay using RNA sequencing in SLAMF7
overexpression cells treated with ox-LDL. Multiple
genes related to carotid atherosclerosis were identified
by differential gene expression analysis, such as RGS1,
TRIB1, MMP9, NR4A1, and RUNX3 (Fig. 4a, Sup-
plementary Fig. S3, and Table S2). NR4A1 deficiency
polarizes macrophages towards an inflammatory phe-
notype and enhances atherosclerosis [34-36]. We fur-
ther confirmed that ox-LDL downregulated NR4A1 and
upregulated RUXN3 expression and SLAMF7 ampli-
fied the effect through qPCR and Western blot analysis
(Fig. 4b, c and Supplementary Fig. S4). Interestingly,
in the absence of ox-LDL, overexpression of SLAMF7
alone had no effect on NR4A1 and RUNX3 expres-
sion compared with the vector group (Supplementary
Fig. S4), which might explain why SLAMF7 overex-
pression alone without ox-LDL did not affect CD86
expression (Fig. 2). Wu et al. also found that without
LPS, the mRNA levels of Tnf, 111b, and 116 did not
change in RAW264.7 cells stably expressing SLAMF7
versus control vector cells [18].

We next explored whether the overexpression of
SLAMF7 promoted foam cell formation through inhibit-
ing NR4AT1 expression. To test this, lentiviruses over-
expressing SLAMF7 and NR4A1 were co-transfected
with RAW?264.7 cells (Fig. 4d). ORO staining showed
that compared with SLAMF7 overexpressing group,
intracellular lipid droplet area was significantly reduced
in SLAMF7 + NR4AT1 overexpressing group (Fig. 4e).
The concentration of total cholesterol also decreased in
SLAMF7 and NR4A1 co-overexpression cells (Fig. 4f).
Furthermore, NR4A1 inhibited SLAMF7-induced the
expression of CD86 in response to ox-LDL (Fig. 4g).
The above results illustrated that NR4A1 could reverse
SLAMF7-induced macrophage foam cell formation and
M1-type polarization.

SLAMF7 Promotes Foam Cell Formation
by Regulating NR4A1-RUNX3

Previously reported that NR4A1 regulates the
development and frequency of CD8* T cells through
direct transcriptional control of RUNX3 [37]; interest-
ingly, we found SLAMF7 promoted RUNX3 expression,
although inhibited NR4A1 according to the transcriptome
sequencing assay (Fig. 3a). Likewise, NR4A1 reduced
RUNX3 expression induced by SLAMF7 (Fig. 5a, b).
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Overexpression of RUNX3 increased foam cell forma-
tion and M1-type polarization (Fig. 5c—e). Together,
the results suggested that SLAMF7 play contribut-
ing roles in the pro-atherogenic effects by regulating
NR4A1-RUNX3.

DISCUSSION

Carotid atherosclerosis is an important pathological
basis for the occurrence of ischemic stroke [38]. Accu-
mulation of lipid-laden foam cells in the arterial wall
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Fig. 5 SLAMF7 promotes foam cell formation by regulating NR4A1-RUNX3. RAW264.7 cells were co-transfected with SLAMF7 and NR4A1
lentiviruses and incubated with ox-LDL (50 pg/mL) for another 24 h. A gPCR analysis for RUNX3 expression. B Western blot and quantitative
analysis for RUNX3 expression. C-E RAW?264.7 cells were transfected with RUNX3 lentiviruses and treated with ox-LDL (50 pg/mL) for another
24 h. C The lipid accumulation was measured by ORO staining. The graph shows the proportion of ORO-positive cells. The scale: 10 um. D Quan-
titative results of total cholesterol. E Representative images and quantitative results of CD86" expression by flow cytometry. *P <0.05, **P <0.01.

plays a central role in atherosclerotic lesion develop-
ment, plaque progression, and late-stage complications
of atherosclerosis [39, 40]. Therefore, a better cognition
of the mechanism leading to foam cell formation may
discover the new therapeutic targets for atherosclerosis.
Nonetheless, it is remain poorly understood. Here, we
reported that SLAMF7 influenced the occurrence and
development of CAS by inducing macrophage-derived
foam cell formation.

As an important driver in atherosclerosis, foam
cells are regulated by a complex network of interacting
genes and proteins [41]. The accumulation of ox-LDL in
macrophages is the initial step in the foam cell formation
[42, 43]. In our study, we found that ox-LDL stimulated

the expression of SLAMF7 in macrophages. The upreg-
ulated SLAMF7 promoted ox-LDL-inducing foam cell
formation, which was shown in the increase of lipid
droplet area and total cholesterol content in SLAMF7
overexpression cells. Foam cell formation is related to
the significant changes of many kinds of lipids [44]. In
SLAMEF?7 deficiency ApoE_/_ mice, the levels of TC,
TG, and LDL-C were lessened, but HDL-C was risen.
We also observed the reduction of plaque area, necrosis
core, and lipid deposition in SLAMF7 deficiency mice
by histopathological staining. All these indicated that
SLAMF7 promoted atherogenesis. It has been reported
that atherosclerosis is an immune system-mediated,
chronic inflammatory disease [45]. M1 inflammatory
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Fig. 6 Schematic illustration of SLAMF7-NR4A1-RUNX3 pathway
in foam cell formation of macrophage during carotid atherosclerosis

macrophages predominate in the progression of ath-
erosclerosis plaque, and M2 anti-inflammatory mac-
rophages play a leading role in the regression of plaque
[46]. In our study, we found that SLAMF7 induced the
expression of iNOS, CD86, IL-6, and suppressed the
expression of Arg-1 in ox-LDL stimulated macrophages.
SLAMF7 regulates immune balance in monocytes/mac-
rophages. Studies have shown that IFN-y can regulate
SLAMF7 expression, thereby driving an inflammatory
signaling cascade in macrophages of inflammatory syn-
ovial tissue [20]. In the initial stage of viral or bacterial
infection, the elevated SLAMF7 promotes inflamma-
tion, while in the later stage, the sustained high expres-
sion of SLAMF?7 alleviates inflammation by promoting
macrophage M2 polarization [19]. Thus, SLAMF7 may
also affect atherosclerosis by modulating macrophage
MI1-type polarization.

We next employed transcriptome assay using
RNA sequencing to reveal that NR4A1 was inhibited in
macrophages overexpressed with SLAMF7. In response
to ox-LDL, overexpression of NR4A1 could reverse
SLAMF7-inducing foam cell formation. In line with
our observation, previous findings reveal that NR4A1
alleviates atherosclerosis by decreasing macrophage
NLRP3 inflammasome-mediated inflammation [47].
NR4A1 deletion in bone marrow or marginal zone B
cells accelerates atherosclerosis [35, 48]. In addition,

NR4A1 deficiency polarizes macrophages towards an
inflammatory phenotype, leading to aggravation of
atherosclerosis [34, 36]. We also found that overex-
pression of NR4A1 downregulated SLAMF7-induced
macrophage CD86 expression. All of these findings
suggested that SLAMF7 may promote macrophage
foam formation by downregulating NR4A1.

Interestingly, we also found that SLAMF7 pro-
moted RUNX3 expression; however, NR4A1 blocked
this effect. Moreover, RUNX3 could increase lipid
droplet area and M1 polarization in ox-LDL-stimulated
macrophages, which leading to foam cell formation.
Previous findings reveal that RUNX3 may play a role
in inflammation and metabolism of atherosclerosis by
regulating Th17 and monocytes [49-52].

In summary, we reported that SLAMF7 had a pro-
atherogenic role in facilitating the foam cell formation
by regulating NR4A1-RUNX3 (Fig. 6). This finding
pointed to the potential of SLAMF7 as a therapeutic
target for atherosclerosis.
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