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YB1 dephosphorylation
attenuates atherosclerosis by
promoting CCL2 mRNA decay
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Chronic inflammation is a key pathological process in atherosclerosis. RNA
binding proteins (RBPs) have been reported to play an important role in
atherosclerotic plaque formation, and they could regulate the expression of
inflammatory factors by phosphorylation modification. Y-box binding protein
1 (YB1) is an RBP that has participated in many inflammatory diseases.
Here, we found an increased expression of phosphorylated YB1 (pYB1)
in atherosclerotic plagues and demonstrated that YB1 dephosphorylation
reduced lipid accumulation and lesion area in the aorta in vivo. Additionally, we
found that inflammatory cytokines were downregulated in the presence of YB1
dephosphorylation, particularly CCL2, which participates in the pathogenesis
of atherosclerosis. Furthermore, we demonstrated that CCL2 mRNA rapid
degradation was mediated by the glucocorticoid receptor-mediated mRNA
decay (GMD) process during YB1 dephosphorylation, which resulted in the
downregulation of CCL2 expression. In conclusion, YB1 phosphorylation
affects the development of atherosclerosis through modulating inflammation,
and targeting YB1 phosphorylation could be a potential strategy for the
treatment of atherosclerosis by anti-inflammation.
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Introduction

Atherosclerosis is a chronic inflammatory and age-related disease characterized by
progressive luminal narrowing and obliteration (1). As reported by the Global Burden
of Disease Study 2019, atherosclerotic cardiovascular disease (ASCVD) is a leading
cause of death worldwide since 1990 (2). Although lipid-lowering and antithrombotic
agents are currently applied for clinical therapy in patients with atherosclerosis, there
are still 70-80% residual risks of major adverse cardiovascular events (MACE) among
them and are suggested to be associated with insufficient control of anti-inflammatory
responses (3).

Currently, statins are the only therapeutic agent which has an anti-inflammatory
effect for atherosclerosis in clinical therapy (4, 5), but their anti-inflammatory effect
is limited due to the first-pass metabolism and low bioavailability. Beyond that,
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canakinumab is a monoclonal antibody that targets IL-1p,
leading to a substantially lower rate of MACE in patients
with post-myocardial infarction (6). Nonetheless, it causes
immunosuppression in patients and results in persistent
infection. Considering the limitations of anti-inflammation
through directly targeting one of the cytokines, new anti-
inflammation strategies were required. The transcriptional
level of inflammatory genes was controlled by regulatory
elements through post-transcription regulation. Focusing on
inflammatory mRNA regulatory elements may be a new strategy
for atherosclerosis therapy.

RBPs regulate inflammatory cytokine mRNA expression by
adjusting their own phosphorylation modification (7) followed
by interaction with cis-regulatory elements of cytokines. They
have been reported to participate in the progression of
chronic inflammatory diseases (8), including cardiovascular
diseases (CVDs). Especially in atherosclerosis, where RBPs
can modulate the vascular cellular phenotype (9, 10). YB1
(encoded by YBX1I), as a member of RBPs, regulates multiple
biological processes, including cell apoptosis, differentiation,
proliferation, and stress response (11-13), and it also involves
a variety of DNA/RNA-dependent events, including DNA
repair, transcription, mRNA splicing, mRNA stability, and
translation (14, 15). Additionally, YB1 phosphorylation is a post-
translational modification that plays an important role in the
progression of inflammation (16-19), but the mechanism of
pYBI in regulating inflammation is still unclear and warrants
further exploration.

Vascular smooth muscle cells (VSMCs) are among the
critical cell types involved in the pathogenesis of atherosclerosis.
In addition, the major source of extracellular matrix and plaque
cells originated from VSMCs and VSMC-derived cells. VSMCs
secrete pro-inflammatory factors and contribute to many plaque
cell phenotypes, including foam cells and macrophage-like
cells, they are present at all stages of the development of
atherosclerosis (20). A single-cell RNA sequencing (scRNA-seq)
study revealed that YBI is a master regulating factor for VSMC
phenotype switch which contributes to atherosclerotic plaque
formation (21). These studies indicated the important role of
VSMCs in atherosclerosis, while the role played by pYBI1 in
VSMCs in atherosclerosis remains unknown.

To further explore and confirm the roles of pYBI in
atherosclerosis, we detected the expression of pYB1 and YB1
in human and mouse atherosclerotic lesions. Subsequently,
gain and loss of function experiments were performed in
vivo, and the function of YBI phosphorylation at Ser-100 was
also validated in vivo. Finally, the molecular mechanism of
pYBI in atherosclerosis was explored in vitro, we constructed
the YB1 phosphorylation site (Ser-100) mutant stable smooth
muscle cell line (3ds-V5) and performed RNA profiling through
RNA-seq. The candidate genes regulated by pYB1 were further
verified and the regulation mechanism was investigated by RNA
immunoprecipitation and mRNA decay assay.
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In this study, we provide evidence that pYB1 aggravates
atherosclerosis by regulating inflammatory mRNA expression.
Herein, the dephosphorylation of YB1 at Ser-100 may become a
potential target for atherosclerotic therapy.

Materials and methods

Analysis of the bulk transcriptomics data

All bioinformatics analysis was performed with R software
(v3.6.0). DEGs between atherosclerosis (carotid plaque tissues)
and controls (intact carotid tissues) from the dataset GSE43292
were obtained using the limma package (v3.42.2) (22). DEGs
with adjusted p <0.05 were selected for further analysis. DEGs
between human stable and unstable atherosclerotic plaques from
the dataset GSE120521 were obtained using the limma package
with p < 0.05, and absolute fold change >1.2. The Human
RBP list was downloaded from the RBPDB database (http://
rbpdb.ccbr.utoronto.ca/). Next, we identified RBPs responsible
for atherosclerosis from the intersection of DEGs and the
human RBPs list. The Venn diagram was plotted using the
VennDiagram package (v1.6.20). The heatmap was plotted using
the ComplextHeatmap package (v2.2.0).

Analysis of single-cell RNA sequencing
data

Data were analyzed using the Seurat package (v3.2.3).
Human and mouse scRNA-seq data from the dataset GSE131780
and the data were analyzed separately using the same pipeline:
Data of each sample was normalized by the number of UMIs
per cell and 4,000 variable features were analyzed. Then, the
data from all the samples were integrated using canonical
correlation analysis (23), and unsupervised clustering was
performed following the standard procedure of Seurat. Cell
clusters were annotated using reported cell type markers (24).

Analysis of RNA-seq data

Briefly, the reads of the RNA-seq data of 3ds-V5 and
YBI-V5 were aligned to the Rattus_norvegicus reference
genome (v6.0.92) using HISAT2 (v2.1.0) software (25), DEGs
between the 3ds-V5 and YB1-V5 (control) group were got
using the DESeq2 package (v1.26.0) (26). DEGs that meet the
following criteria were selected: adjusted p < 0.01, and absolute
fold change > 2. Gene Ontology (GO) enrichment analysis
was performed using the Metascape webtool (v3.14.3) (27) and
plotted using ggplot2 (v3.3.3). The heatmap was plotted using
the pheatmap package (v1.0.12).
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Cell culture

The Rat Aortic Smooth Muscle Cell was purchased
from ScienCell Research Laboratories, USA and cultured in
Smooth Muscle Cell Medium (SMCM, Sciencell) containing
2% fetal bovine serum (FBS, Gibco), 1% smooth muscle
(SMCGS, Sciencell), 1%
penicillin/streptomycin solution (Sciencell). HEK293T Cell

cell growth supplement and
was purchased from the National Infrastructure of Cell Line
Resource, China, and cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Gibco, USA), containing 10% FBS, 100 IU/ml
penicillin, and 100 p.g/ml streptomycin (Gibco), and incubated

in a humidified incubator at 37°C with 5% CO>.

Lentiviral vector construction and virus
packaging

Lentiviral vector construction and virus packaging: the
mutant mouse YB1 phosphorylation at Ser-100 and YBI
overexpression plasmids were cloned into the SgfI-Miul
sites of the lentiviral vector pLenti-C-Myc-DDK (OriGene
Technologies, Maryland, USA) to generate Lv-S100A and
Lv-YBI, respectively. YBI knockdown plasmid was cloned
into the BamH I-EcoR I sites of the lentiviral vector pSIH-
H1-siLuc-CopGFP. All the lentiviral vector constructs were
verified by DNA sequencing. Virus packing was performed
according to the manufacturer’s instructions for the lentivirus
packaging kit (System Biosciences, CA, USA). Virus particles
were concentrated by PEG-it Virus Precipitation Solution
(System Biosciences, CA, USA).

Rat mutant vector construction: YB1 (Gene Bank accession
no. NM031563) cDNA was cloned between Hind III and Xba
I of the multiple cloning sites in pBluescript II KS (+). All
the site-directed YB-1 mutations were generated by PCR and
subcloned into pcDNA3.1/V5-His A between Hind III and Xba
I. The constructs were verified by DNA sequencing.

Mutant cell lines

RASMC at 40% confluence were transfected with 1
png construct DNA linearized with Pvu I. Around 24h
after transfection, Lipofectamine 2000 (Invitrogen, USA) was
removed, and neomycin was added at a concentration of
300 pg/ml. Two weeks after transfection, five colonies from
each transfection were isolated. The stably transfected cells were
cultured without Neomycin for all experiments.

Human vascular tissue samples

Human atherosclerotic aortic tissues were obtained from
patients undergoing carotid endarterectomy (CEA). Normal
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aortic tissues were obtained from patients undergoing coronary
bypass surgery or organ donors.

Animals

A total of 27 male ApoE_/_ (C57BL/6J) mice aged 8
weeks old were purchased from Vital River Laboratory Animal
Technology Co. Ltd. (Beijing, China), and maintained at a
constant temperature of 23°C and humidity of 55% under
specific-pathogen-free (SPF) conditions. Mice were fed a high-
fat diet (HFD) until sacrifice. At the age of 12 weeks, mice were
randomly divided into five groups accompanied by lentiviral
infection via tail vein injection. Mice from Lv-control group
(n = 5) and Lv-GFP (n = 5) were treated as empty vector
expression controls, mice from Lv-YBI group (n = 6) and Lv-
S100A group (n = 6) were treated as YB1 over-expression and
phosphorylation site mutant (Ser-100), mice from Lv-shYB1
group (n = 5) were treated as YB1 knockdown.

MRNA stability assay

VSMCs were cultured in six-well plates to 60% confluence,
then cells were, respectively, transfected with Lv-YB1 and
Lv-S100A plasmids using Lipofectamine 2,000 reagent. After
72 h of transfection, cells were treated with 5 pg/ml actinomycin
D (Sigma-Aldrich, USA) for the indicated time points.

RNA preparation and RT-gPCR

Total RNA of cells was isolated by using TRIzol reagent
(Invitrogen) according to the manufacturer’s instructions.
RNA concentration and purity (A260/A280) were assessed
using Nanodrop (Thermo Fisher Scientific, USA). The first
strand cDNA synthesis was performed with the FastKing
RT Kit (TianGen, China) according to the manufacturer’s
instructions. The RT-qPCR was performed by using a 2x
Taq master mix (TianGen, China) as previously described
(28). The following primers were used: Rat CCL2 forward:
5 -TCGGCTGGAGAACTACAAGAGAA-3 , Rat CCL2
Reverse: 5 -CTTCTGGACCCATTCCTTATTGG-3; Mouse
YBI forward: 5 -GGAGAAGTGATGGAGGGTGCT-3', Mouse
YBI Reverse: 5-CCTTCGGAATCGTGGTCTGTA-3'. Final
data were calculated by using the 272ACt method, and
relative gene mRNA expression levels were normalized to that
of B-Actin.

Immunoprecipitation

A total of 293T cells were transiently transfected
with Lv-control, Lv-YB1, and Lv-S100A plasmids using
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Lipofectamine 2000 for 48h to overexpress YBI1, and YBI
mutant. After that, cells were lyzed in RIPA (50 mM Tris
(PH7.4), 150mM NaCl, ImM EDTA, 10% (v/v) glycerol,
1% Triton X-100) for immunoprecipitation. According to
the manufacturer’s instructions for Anti-Flag-M2 Afhinity
Gel (Sigma-Aldrich), 800 pl of cell lysate was added to the
washed resin (The ratio of suspension to packed gel volume
should be 2:1), then the mixed suspension was allowed to
shake in a roller shaker gently in 4°C overnight. Next, the
supernatant was removed after centrifuging the suspension
for 30s at 5,000 x g and the resin was washed with RIPA
three times. Finally, the supernatant was removed and
resin-bound proteins were eluted with 0.1M glycine HCl
and separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) for subsequent analysis
by immunoblotting.

RNA immunoprecipitation

VSMCs were transiently transfected with Lv-control,
Lv-YBI1, and Lv-S100A plasmids using Lipofectamine 2,000 for
72h to overexpress YB1 and YBI1 Ser-100 mutant. In addition,
cells were treated with PDGF-BB (20 ng/pl) for 3 h. After that,
cells were collected and a RIP assay was performed using the
RIP assay Kit (MBL Beijing Biotech, China) according to the
manufacturer’s instructions (29).

Cytokine assays by ELISA

CCL2 levels in cell culture supernatant or mouse plasma
were tested by ELISA (R&D Systems, MN, USA), according to
the manufacturer’s instructions.

Western blot analysis

The VSMC cell lysate was prepared in RIPA lysis
buffer with inhibitor
and the concentration of total proteins was measured
using the BCA Protein Assay Kit (Thermo Scientific).
Protein samples were separated on 10% SDS-PAGE and

a protease cocktail for 30min,

transferred to a polyvinylidene difluoride (PVDF) membrane
(Millipore, USA). Next, the membrane was blocked with
5% milk in TBST and incubated with primary antibody
(Supplementary Table 1) overnight at 4°C. After washing
three times with TBST,
with a secondary antibody for 1h at room temperature
and then washed with TBST three times. Finally, the
membrane was incubated with ECL reagents (Thermo

the membrane was incubated

Scientific) for the detection of target bands by the Tanon
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Chemiluminescence/Fluorescence
(Tanon, China).

Image Analysis System

Histological staining and analysis

Fresh tissues (aorta) from humans or mice were embedded
in OCT compounds and sectioned with the cryotome
(Leica 3050S) at 6 pm/slice. The staining methods for
Oil Red O and IHC have been described in the previous
(30). Briefly, for IHC,
the frozen tissue sections were permeabilized by 0.025%
Triton X-100 for 5min, endogenous peroxidase
activity was quenched with 0.3% H;O; for 15min, then
the nonspecific binding was blocked with goat serum for

study with some modifications

and

30 min, the tissue sections were incubated with the primary
antibodies (Supplementary Table 2) for overnight at 4°C.
After being washed with PBS 3 times, the tissue sections
were incubated with anti-rabbit HRP-conjugated secondary
antibody for 30min at room temperature. Finally, the
visualization was obtained by using an AEC kit (FuZhou Maixin
Biotechnology Development Co., Ltd, 1:200 dilution) for
about 15 min. Images were captured using Nikon microscopy.
The positive staining areas were analyzed by Image-Pro
Plus software.

Lipid measurement

Blood samples from ApoE~/~ mice were collected
by cardiac puncture and kept on the ice until further
centrifugation at 1,500 x g for 10min at 4°C. According
to the manufacturer’s instructions, the levels of plasma total
cholesterol, triglycerides, Low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C)
were measured by the total cholesterol assay kit (ApplyGen,
Beijing, China), triglycerides assay kit (ApplyGen), LDL-C
assay kit (ApplyGen), and HDL-C assay kit (ApplyGen),
respectively. Finally, the absorbance values were detected with a
microplate spectrophotometer.

Statistical analysis

Data analysis was performed using GraphPad Prism 8.0 and
presented as the mean + SEM. All the cell experiments were
performed for three independent experiments. Histological and
IHC stains of animal experiments were assessed by a single
observer blinded to treatment, and numbers of animals (1)
were described in the figure legends. In general, the unpaired
Student’s t-test and the one-way ANOVA analysis with Tukey’s
post-test were used for evaluating the differences between the
two groups and multiple comparisons, respectively. Differences
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with p < 0.05 were considered statistically significant (two-
sided).

Results

YB1 expression was upregulated in
patients with carotid atherosclerosis by
transcriptomic profiling

Several RBPs have been demonstrated to have implications
for the initiation and development of CVDs (9). To explore the
RBPs profiling in atherosclerosis, the transcriptome microarray
data of patients with carotid atherosclerosis were analyzed. We
identified 7,691 differentially expressed genes (DEGs) between
carotid atheroma and paired macroscopically intact tissue
adjacent to the atheroma plaque of each patient (Figure 1A) and
4,961 DEGs between stable and unstable atherosclerotic plaque
(Figure 1B). A total of 165 RBPs were substantially changed in
carotid atheroma (Figure 1C), and 69 RBPs were differentially
expressed in unstable atherosclerotic plaque (Figure 1D). A total
of 30 shared up-regulated RBPs of the two data were found
through intersection of the DEGs, among the DEGs, YBI was
the most abundantly expressed RBP both in carotid atheroma
(Figure 1E) and unstable atherosclerotic plaque (Figure 1F).

YB1 and phosphorylated YB1 were
elevated in atherosclerotic plaques

To confirm our findings, the protein expression levels of
YB1 and pYBI in human and mouse atherosclerotic lesions
were detected by immunohistochemical (IHC). The results
showed that the expression of pYB1 and YB1 were markedly
elevated in human atherosclerotic plaques compared with the
vessels of normal tissues by IHC staining analysis (Figures 2A,B).
Consistent with the above results in human tissues, pYBI
and YB1 were also elevated in mouse atherosclerotic tissues
compared with the normal tissues (Figures 2C,D).

YB1 dephosphorylation attenuates
atherosclerosis in ApoE~/~ mice

To investigate the role of pYB1 and YBI in the development
of atherosclerosis, we constructed and packaged YBI
knockdown  (Lv-shYBI), (Lv-YB1),
Ser-100 phosphorylation site mutant lentivirus (Lv-S100A).
LV-control, Lv-shYB1, Lv-YBI1, Lv-S100A, and Lv-GFP were
respectively injected into ApoE~/~ mice via tail vein one

over-expressed and

time per week (1 x 107 Pfu per injection per mouse) at
the age of 12 weeks. After gain or loss of YB1 function
using tail vein injection lentivirus for another 4 weeks,
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the mice were sacrificed (Figure3A). Lentivirus-mediated
YB1 overexpression elevated pYBI1 expression in the aortic
tissue compared with the YB1 S100A mutant or the Lv-
control group (Supplementary Figures 1A,B). Furthermore,
the YB1-knockdown in aortic tissue was confirmed by IHC,
showing a considerable decrease (Supplementary Figures 1C,D).
Remarkably, analysis of atherosclerotic lesion formation by
Oil-Red O staining revealed that lipid accumulation and lesion
area increased more than two times after overexpressing YBI
(compared with the control group), while lipid accumulation
and lesion area reversed in the YBl SI00A mutant group
when compared with the YB1 overexpression group. In
addition, the lipid deposition was alleviated obviously after
YB1 knockdown both in the aortic arch(Figures 3B-D) and
aortic root (Supplementary Figures 1E-H). These indicated that
YB1 phosphorylation played a crucial role in atherosclerotic
plaque formation.

To explore the effect of pYBI on lipid dysfunction which
was important in atherosclerosis, we detected the plasma lipid
levels. As shown in Figures 3E-H, there was no considerable
difference in total cholesterol, triglyceride, LDL cholesterol,
and HDL cholesterol levels. These results suggested that YB1
dephosphorylation attenuated atherosclerosis was independent
of plasma lipid levels.

Phosphorylated YB1 expression in VSMCs
was elevated in atherosclerosis

Accumulating studies highlight that VSMCs play a crucial
role in atherosclerosis (31), To further explore the mechanism of
the pYBI1 in atherosclerosis, we analyzed the cellular localization
of YBI in different types of cells in humans and mouse
atherosclerotic tissues by scRNA-seq (24). Cell types were
annotated based on the expression patterns of canonical marker
genes (Supplementary Figures 2A,B). We found that YB1 was
mainly expressed in VSMCs, endothelial cells, and macrophages
(Figures 4A,B), and the expression of YB1 was increased in
VSMCs, fibroblasts, and macrophages in the mouse aorta at the
8th and 16™ weeks of the atherosclerotic model compared to the
controls (Supplementary Figures 2C,D). We then validated the
localization of pYB1 in mouse aorta and found that pYB1 was
primarily expressed in VSMCs, only marginally expressed in the
endothelial cells and macrophages (Supplementary Figure 3A).
While pYBI expression in VSMCs was substantially elevated
in the atherosclerotic lesion in ApoE~/~ mice compared with
normal ones (Figures 4C,D). Furthermore, immunofluorescence
co-staining revealed that Flag or GFP tag colocalized with aSMA
in lentivirus mice (Supplementary Figures 3B,C). This indicated
that lentivirus successfully infected the aorta and functioned
well in VSMCs. Therefore, we further explored the specific
mechanism of pYBI in VSMCs.
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FIGURE 1

The expression of YB1 was upregulated in patients with carotid atherosclerosis by transcriptomic profiling. (A,B) Volcano plot visualization of the
differentially expressed genes (DEGs) between normal tissue and atherosclerotic plaque in patients with atherosclerosis [(A) GSE43292, n = 32]
and between stable and unstable plaque in patients with atherosclerosis [(B), GSE120521, n = 4], respectively. Red dots indicate upregulated
genes in plague, and blue dots indicate genes with decreased expression; (C,D): Venn diagram indicating the upregulated and downregulated
RBPs in the GSE43292 (C) and GSE120521 (D) datasets, respectively. (E,F): Heatmap illustrates substantially upregulated RBPs in GSE43292 (E)
and GSE120521 (F) datasets, respectively. The expression data was z-scores scaled by rows. Each row represented an RBP and was shown in
descending order by average expression.
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The expression of YB1 and phosphorylated YB1 were elevated in atherosclerosis. (A) Representative immunohistochemical staining image of
YB1 and pYB1 in the human aorta, and the related quantitative analysis (B). (C) Representative immunohistochemical staining images of YB1 and
pYBL1 in the aortic arch of ApoE~/~ mice, and the related quantitative analysis (D). Data are presented as the mean + SEM. Student’s two-tailed
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YB1 dephosphorylation promotes
glucocorticoid receptor-mediated CCL2
mMRNA decay

To investigate the specific role of pYBl1 in VSMCs,
we constructed rat smooth muscle cell lines of stably
expressed 3ds-V5 cells (lacking the phosphorylation site at
position 100) and YBI-V5 cells (Supplementary Figure 4A),
pYBI1 was remarkably decreased in 3dS-V5 compared with
YB1-V5 cells (Supplementary Figure 4B). By performing Gene
Ontology (GO) biological process enrichment analysis on
the DEGs between the two cells revealed by RNA-seq,
we showed that the predominantly enriched pathway was
the “inflammatory response” (Figure 5A). Moreover, genes
associated with the inflammatory pathways were mainly pro-
inflammatory chemokines and cytokines, this result was further
validated by qPCR (Figure 5B). CCL2 is a chemokine that
mediates peripheral blood monocytes recruit into the arterial
wall, resulting in neointima formation in atherosclerosis
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(32-35), and CCL2 deficiency reduces atherosclerotic plaque
formation in mice of diverse genetic backgrounds (36, 37).
As shown in Figure 5B, CCL2 was highly expressed in
the YBI-V5 group and substantially decreased in the 3dS-
V5 YBI mutant. Meanwhile, the GO enrichment analysis
in Figure 5A showed that the “response to glucocorticoid”
pathway was enriched, which had been reported to be
associated with the rapid degradation of CCL2 mRNA (38-
40). Therefore, we hypothesized that pYB1 regulates mRNA
levels of cytokines by glucocorticoid receptor-mediated mRNA
decay (GMD). To validate this hypothesis, we transfected
HEK?293T cells with Lv-control, Lv-YB1, and Lv-S100A and then
detected the expression of endogenous GMD complexes (GR,
PNRC2, DCP1A, UPF1, HRSP12) after immunoprecipitation.
As expected, YB1 dephosphorylation promoted the binding
of YB1 with GMD complexes (Figure 5C), resulting in an
increase of CCL2 mRNA in the complexes (Figure 5D), which
contributes to CCL2 mRNA reduction by affecting mRNA
stability (Figure 5E). These results demonstrated that YBI
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YB1 dephosphorylation attenuates atherosclerosis in ApoE~/~ mice. (A) Schematic diagram of the experimental animal model of atherosclerosis
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dephosphorylation facilitated CCL2 mRNA binding to the GMD (Figure 5F)  and  aorta  (Figures 5G,H) were both

complexes, resulting in the rapid CCL2 mRNA decay in vitro. decreased in the Lv-S100A  group. These results
In addition, compared with the Lv-YBl group, indicated the important role of pYBI in the regulation
the expression level of CCL2 in mouse plasma of CCL2 in vivo.
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(n = 3-5 for each group).

MK2206 inhibited the phosphorylation of
YB1

YB1 phosphorylation was regulated by phosphorylated
Akt (41), MK2206 is the specific inhibitor of AKT which
can inhibit AKT phosphorylation, and it is a drug in clinical
phase II. In our previous study (28), we demonstrated
that MK2206 suppressed atherosclerosis by
inflammation, and CCL2 was in this
model after the treatment of MK2206. Thus, we speculate

inhibiting

reduced mouse

Frontiers in Cardiovascular Medicine

that MK2206 may attenuate atherosclerosis by inhibiting
the YB1 phosphorylation. To validate this conjecture,
VSMCs were treated with MK2206, and the expression
of pYBl and CCL2 was both reduced in the MK2206-
treated group compared with the control group detected
by the Western blot (Figures 6A-D). Besides, pYBl was
also decreased in the MK2206-treated mice compared with
the control group (Figures 6E,F). The in vitro and in vivo
data indicate that targeting pYBI could be a novel strategy

for anti-atherosclerosis.
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Discussion

In the present study, we proposed pYBI as a potential

therapeutic target of atherosclerosis and demonstrated
its molecular mechanism in atherosclerosis progress by
regulating inflammation. We found that pYBI expression was
considerably elevated in atherosclerotic lesions in patients
and mouse aortic arch. Gain- and loss-function assay in vivo
confirmed that pYBI played a key role in atherosclerosis by
regulating inflammation, but not in lipid. Mechanistically,
YB1 dephosphorylation increased the binding of GMD
with CCL2 to promote CCL2 mRNA decay. Combining
this study and a preclinical study on the small molecular
compound MK2206 (28), it is suggested that target YBI
phosphorylation will benefit atherosclerosis therapy by
reducing inflammation.

Previous studies showed that monocytic YB1 expression
is positively associated with pro-inflammatory cytokines
infiltration of the vessel wall in hemodialysis patients (42, 43),
while phosphorylation of YBI at Serl02 (homo sapiens) in
response to endotoxin, enhancing chemokine expression (44),
and the expression of CCL5 is regulated by phosphorylation
of YBI at Serl02 in another study (45). The above researches

suggest a crucial role of phosphorylation of YB1 at Ser102
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in the regulation of pro-inflammatory cytokines, our study
confirmed this speculation. In our study, we demonstrated
that YBI dephosphorylation at Serl00 (mus musculus)
reduced mouse atherosclerotic plaque formation and plasma-
CCL2 levels in vivo. Meanwhile, YB1 dephosphorylation
decreased CCL2 by promoting mRNA decay in VSMCs
in vitro. Besides, our previous study demonstrated that
Akt-specific inhibitor MK2206, a clinical phase II drug,
showed an anti-atherosclerosis activity in vitro and in vivo,
and it reduced plasma-CCL2 levels in ApoE*/ ~ mice (28).
Interestingly, as a downstream of AKT, pYBI1 is downregulated
in MK2206 treated-VSMCs and -mice, which were shown in
this study. These results suggested that MK2206 attenuates
atherosclerosis by inhibiting the phosphorylation of YBI1. This
further indicated the great potential for clinical application in
attenuating atherosclerosis by targeting phosphorylation of YB1
at Ser100/102.

CCL family proteins are members of pro-inflammatory
cytokines which are implicated in a wide range of diseases
(46, 47) and vparticularly in vascular disorders such as
ASCVD (48, 49). CCL2 has been implicated as a key
agonist for monocyte recruitment, which enhances the
(50).
mice of diverse genetic backgrounds such as low-density

occurrence and progression of atherosclerosis In
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lipoprotein receptor-deficient mice (LDLR~/~) and ApoE~/~,
CCL2 deficiency reduces most of the atherosclerotic plaque
formation and macrophage infiltration (36, 37). Moreover,
CCL2 and its receptor CCR2 are important mediators
of macrophage accumulation in atherosclerotic lesions,
which are considered targets to inhibit the progression
of atherosclerosis (51-55). In addition, a phase II clinical
drug MLN1202 (CCR2-specific antibody) (56) has been
reported to have a good effect on reducing C-reactive protein
(CRP) levels in atherosclerotic patients. In our study, we
demonstrated that CCL2 mRNA expression was dramatically
to YBI

Consistently, we also revealed that CCL families were

downregulated in response dephosphorylation.
substantially inhibited by downregulating YB1 phosphorylation
in atherosclerosis, leading to the suppression of atherosclerotic
plaque formation.

Macrophages, endothelial cells, and VSMCs are key cell types
in the development of atherosclerosis, and YB1 was also mainly
expressed in the three cell types that were exhibited in the
human and mouse single-cell sequencing data. Previous studies
showed that YB1 inhibited VSMC proliferation and promoted
VSMC differentiation (57), and it also decreased lipid uptake and
inflammation in ox-LDL-treated macrophages (58), suggesting
a potential role of YB1 in preventing vascular diseases. The
above studies suggest that YB1 could play different roles in
different cell types. In our study, we mainly demonstrated
that YBI dephosphorylation attenuated atherosclerosis in vivo,
and YB1 dephosphorylation decreased CCLs (CCL2, CCL7,
CCL11, CCL12) expressions in VSMCs in vitro, which may
be a critical determinant of the reduction in atherosclerotic
plaques. Although our study showed that YB1 is a key regulator
of atherosclerosis progression by affecting inflammation in
VSMCs, we cannot deny that YBI in endothelial cells and
macrophages may also play roles in the development of
atherosclerosis. The cell-type-specific deletion or overexpression
mice will help us to further define the functions of YBI in
different cell types in the future. In addition, we evaluated
the expression of YBI in human and mouse arteries with
three samples in each group, the sample size is a limitation
of our study. However, the upregulation of YB1 have be
further supported by public data from 32 human samples.
Moreover, sample size does not affect the major finding of
this study, which is about the increased expression of YBI
phosphorylation in atherosclerosis and the related mechanism
of CCL2 decay.

Conclusion

It is crucial to treat inflammation in atherosclerotic
cardiovascular disease as emerging therapies to improve
the prognosis (59). Here, we have uncovered a novel
role of pYBI in regulating the progress of pathological
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atherosclerosis. YB1 dephosphorylation decreased lipid
deposition and inflammation in vivo. In addition,
pYB1 deletion in VSMCs reduced CCL2 expression by
promoting GMD-mediated mRNA decay in vitro. Our
study highlights that YBI1

inflammatory response and provides novel therapeutic targets

dephosphorylation decreased

for atherosclerosis.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://doi.org/10.
5281/zenodo.5785222,
GSE43292, https://www.ncbi.nlm.nih.gov/geo/,
https://www.ncbi.nlm.nih.gov/geo/, GSE131780.

https://www.ncbi.nlm.nih.gov/geo/,
GSE120521,

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of Peking Union Medical
College Hospital. The patients/participants provided their
written informed consent to participate in this study. The animal
study was reviewed and approved by Animal Care and Use
Committee of Peking Union Medical College.

Author contributions

JW, HZhan, and HZhao: conceptualized the study.
JW conceived and supervised the project. HZhan, YT,
and ZL prepared the manuscript. The method used in
assigning the authorship order among co-first authors is
the importance of each author’s work. HZhao and HY
performed most of the animal experiments. YT performed
most of the molecular biological experiments, analyzed
the data, and prepared the figures. ZL performed all the
bioinformatics analysis in this study. CG, SL, YX, and YY
assisted with the routine experiments. BL and TZ performed
the lentivirus construction. All authors read and approved the

final manuscript.

Funding

This study was financially supported by the National Key
Research and Development Program of China, Grant Nos.
2019YFA0801804 and 2019YFA0801703 (to JW), the National
Natural Science Foundation of China, Grant No. 81800359
(to HZhao), and the Chinese Academy of Medical Sciences
Innovation Fund for Medical Sciences, Grant No. 2021-12M-1-
016 (to HZhao).

frontiersin.org


https://doi.org/10.3389/fcvm.2022.945557
https://doi.org/10.5281/zenodo.5785222
https://doi.org/10.5281/zenodo.5785222
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Tang et al.

Acknowledgments

We are grateful to all the subjects who participated in
this study.

Conflict of interest

Author
Zhongtai Biotechnology.

BL was employed by the company Jilin

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

References

1. Libby P. Inflammation in atherosclerosis. Nature. (2002) 420:868-
74. doi: 10.1038/nature01323

2. Benjamin EJ, Blaha M]J, Chiuve SE, Cushman M, Das SR,
Deo R, et al Heart Disease and Stroke Statistics-2017 Update: A
Report From the American Heart Association. Circulation. (2017)

135:¢146-603. doi: 10.1161/CIR.0000000000000485

3. Charo IE, Taub R. Anti-inflammatory therapeutics for the treatment of
atherosclerosis. Nat Rev Drug Discov. (2011) 10:365-76. doi: 10.1038/nrd3444

4. Kinlay S, Schwartz GG, Olsson AG, Rifai N, Leslie SJ, Sasiela W], et al. High-
dose atorvastatin enhances the decline in inflammatory markers in patients with
acute coronary syndromes in the MIRACL study. Circulation. (2003) 108:1560—-
6. doi: 10.1161/01.CIR.0000091404.09558.AF

5. Inoue I, Goto S, Mizotani K, Awata T, Mastunaga T, Kawai S, et
al. Lipophilic HMG-CoA reductase inhibitor has an anti-inflammatory effect:
reduction of MRNA levels for interleukin-1beta, interleukin-6, cyclooxygenase-
2, and p22phox by regulation of peroxisome proliferator-activated receptor
alpha (PPARalpha) in primary endothelial cells. Life Sci. (2000) 67:863-
76. doi: 10.1016/S0024-3205(00)00680-9

6. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH,
Ballantyne C, et al. Antiinflammatory therapy with canakinumab for
atherosclerotic disease. N Engl ] Med. (2017) 377:1119-31. doi: 10.1056/NEJMoal
707914

7. Palanisamy V, Jakymiw A, Van Tubergen EA, D’Silva NJ, Kirkwood KL.
Control of cytokine mRNA expression by RNA-binding proteins and microRNAs.
J Dent Res. (2012) 91:651-8. doi: 10.1177/0022034512437372

8. Uchida Y, Chiba T, Kurimoto R, Asahara H. Post-transcriptional regulation
of inflammation by RNA-binding proteins via cis-elements of mRNAs. J Biochem.
(2019) 166:375-82. doi: 10.1093/jb/mvz067

9. de Bruin RG, Rabelink TJ, van Zonneveld AJ, van der Veer EP. Emerging roles
for RNA-binding proteins as effectors and regulators of cardiovascular disease. Eur
Heart ]. (2017) 38:1380-8. doi: 10.1093/eurheartj/ehw567

10. Herman AB, Autieri MV. Inflammation-regulated mRNA stability and
the progression of vascular inflammatory diseases. Clin Sci. (2017) 131:2687—
99. doi: 10.1042/CS20171373

11. Ladomery M, Sommerville ], A. role for Y-box proteins in cell proliferation.
Bioessays. (1995) 17:9-11. doi: 10.1002/bies.950170104

12. Eliseeva IA, Kim ER, Guryanov SG, Ovchinnikov LP, Lyabin DN. Y-
box-binding protein 1 (YB-1) and its functions. Biochemistry. (2011) 76:1402—
33. doi: 10.1134/S0006297911130049

13. Lyabin DN, Eliseeva IA, Ovchinnikov LP. YB-1 protein: functions and
regulation. Wiley Interdiscip Rev RNA. (2014) 5:95-110. doi: 10.1002/wrna.1200

14. Hasegawa SL, Doetsch PW, Hamilton KK, Martin AM, Okenquist
SA, Lenz J, et al. DNA binding properties of YB-1 and dbpA: binding to
double-stranded,  single-stranded, and abasic site containing DNAs.

Frontiers in Cardiovascular Medicine

13

10.3389/fcvm.2022.945557

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.945557/full#supplementary-material

Nucleic  Acids  Res. (1991) 19:4915-20.  doi: 10.1093/nar/19.18.

4915

15. Tzumi H, Imamura T, Nagatani G, Ise T, Murakami T, Uramoto H, et
al. Y box-binding protein-1 binds preferentially to single-stranded nucleic acids
and exhibits 3’->5" exonuclease activity. Nucleic Acids Res. (2001) 29:1200-
7. doi: 10.1093/nar/29.5.1200

16. Wang F, Gong S, Wang T, Li L, Luo H, Wang J, et al. Soyasaponin II
protects against acute liver failure through diminishing YB-1 phosphorylation
and Nlrp3-inflammasome priming in mice. Theranostics. (2020) 10:2714-
26. doi: 10.7150/thno.40128

17. Stenina OI, Poptic EJ, DiCorleto PE. Thrombin activates a Y box-binding
protein (DNA-binding protein B) in endothelial cells. ] Clin Invest. (2000) 106:579—-
87. doi: 10.1172/JCI19075

18. Capowski EE, Esnault S, Bhattacharya S, Malter JS, Y. box-
binding factor promotes eosinophil survival by stabilizing granulocyte-
macrophage  colony-stimulating  factor mRNA. ] Immunol. (2001)
167:5970-6. doi: 10.4049/jimmunol.167.10.5970

19. van Roeyen CR, Eitner E Martinkus S, Thieltges SR, Ostendorf
T, Bokemeyer D, et al. Y-box protein 1 mediates PDGF-B effects in
mesangioproliferative glomerular disease. ] Am Soc Nephrol. (2005) 16:2985-
96. doi: 10.1681/ASN.2004111009

20. Basatemur  GL, Jorgensen
cells in atherosclerosis. Nat
44. doi: 10.1038/s41569-019-0227-9

21. Pan H, Xue C, Auerbach BJ, Fan J, Bashore AC, Cui J, et al. Single-
cell genomics reveals a novel cell state during smooth muscle cell phenotypic
switching and potential therapeutic targets for atherosclerosis in mouse and
human. Circulation. (2020) 142:2060-75. doi: 10.1161/CIRCULATIONAHA.120.
048378

22. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers
differential expression analyses for RNA-sequencing and microarray studies.
Nucleic Acids Res. (2015) 43:e47. doi: 10.1093/nar/gkv007

HF.
Rev

muscle
16:727-

smooth
(2019)

Vascular
Cardiol.

23. Ayari H, Bricca G. Identification of two genes potentially associated in iron-
heme homeostasis in human carotid plaque using microarray analysis. ] Biosci.
(2013) 38:311-5. doi: 10.1007/s12038-013-9310-2

24. Wirka RC, Wagh D, Paik DT, Pjanic M, Nguyen T, Miller CL, et al.
Atheroprotective roles of smooth muscle cell phenotypic modulation and the
TCF21 disease gene as revealed by single-cell analysis. Nat Med. (2019) 25:1280-
9. doi: 10.1038/s41591-019-0512-5

25. Kim D, Langmead B, Salzberg SL, HISAT. a fast spliced aligner with
low memory requirements. Nat Methods. (2015) 12:357-60. doi: 10.1038/nmeth.
3317

26. Love MI, Huber W, Anders S. Moderated estimation of fold change
and dispersion for RNA-seq data with DESeq2. Genome Biol. (2014)
15:550. doi: 10.1186/s13059-014-0550-8

frontiersin.org


https://doi.org/10.3389/fcvm.2022.945557
https://www.frontiersin.org/articles/10.3389/fcvm.2022.945557/full#supplementary-material
https://doi.org/10.1038/nature01323
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.1038/nrd3444
https://doi.org/10.1161/01.CIR.0000091404.09558.AF
https://doi.org/10.1016/S0024-3205(00)00680-9
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1177/0022034512437372
https://doi.org/10.1093/jb/mvz067
https://doi.org/10.1093/eurheartj/ehw567
https://doi.org/10.1042/CS20171373
https://doi.org/10.1002/bies.950170104
https://doi.org/10.1134/S0006297911130049
https://doi.org/10.1002/wrna.1200
https://doi.org/10.1093/nar/19.18.4915
https://doi.org/10.1093/nar/29.5.1200
https://doi.org/10.7150/thno.40128
https://doi.org/10.1172/JCI9075
https://doi.org/10.4049/jimmunol.167.10.5970
https://doi.org/10.1681/ASN.2004111009
https://doi.org/10.1038/s41569-019-0227-9
https://doi.org/10.1161/CIRCULATIONAHA.120.048378
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1007/s12038-013-9310-2
https://doi.org/10.1038/s41591-019-0512-5
https://doi.org/10.1038/nmeth.3317
https://doi.org/10.1186/s13059-014-0550-8
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Tang et al.

27. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk
O, et al. Metascape provides a biologist-oriented resource for the analysis of
systems-level datasets. Nat Commun. (2019) 10:1523. doi: 10.1038/s41467-019-
09234-6

28. Tang YQ Li ZW, Feng YE Yang HQ, Hou CL, Geng C, et al
MK2206 attenuates atherosclerosis by inhibiting lipid accumulation,
cell migration, proliferation, and inflammation. Acta Pharmacol Sin.
(2021). doi: 10.1038/s41401-021-00729-x

29. Hirdtner C, Kornemann J, Krebs K, Ehlert CA, Jander A, Zou
J. et al. Inhibition of macrophage proliferation dominates plaque
regression in response to cholesterol lowering. Basic Res Cardiol. (2020)
115:78. doi: 10.1007/s00395-020-00838-4

30. Wang J, Cheng X, Xiang MX, Alanne-Kinnunen M, Wang JA, Chen H, et al.
IgE stimulates human and mouse arterial cell apoptosis and cytokine expression
and promotes atherogenesis in Apoe-/- mice. J Clin Invest. (2011) 121:3564-
77. doi: 10.1172/JC146028

31. Bennett MR, Sinha S,
muscle cells in  atherosclerosis.
702. doi: 10.1161/CIRCRESAHA.115.306361

32. Rosenfeld ME, Tsukada T, Chait A, Bierman EL, Gown AM, Ross R.
Fatty streak expansion and maturation in Watanabe Heritable Hyperlipemic and
comparably hypercholesterolemic fat-fed rabbits. Arteriosclerosis. (1987) 7:24-
34. doi: 10.1161/01.ATV.7.1.24

33. Watanabe T, Hirata M, Yoshikawa Y, Nagafuchi Y, Toyoshima H, Watanabe
T. Role of macrophages in atherosclerosis. Sequential observations of cholesterol-
induced rabbit aortic lesion by the immunoperoxidase technique using monoclonal
antimacrophage antibody Laboratory investigation. J Tech Methods Pathol.
(1985) 53:80-90.

34. Joris I, Zand T, Nunnari JJ, Krolikowski FJ, Majno G. Studies on the
pathogenesis of atherosclerosis. I Adhesion and emigration of mononuclear cells
in the aorta of hypercholesterolemic rats. Am J Pathol. (1983) 113:341-58.

smooth
118:692—-

GK.
Res.

Vascular
(2016)

Owens
Circ

35. Gerrity RG. The role of the monocyte in atherogenesis: I. Transition
of blood-borne monocytes into foam cells in fatty lesions. Am ] Pathol.
(1981) 103:181-90.

36. Boring L, Gosling J, Cleary M, Charo IF. Decreased lesion formation in
CCR2-/- mice reveals a role for chemokines in the initiation of atherosclerosis.
Nature. (1998) 394:894-7. doi: 10.1038/29788

37. Dawson TC, Kuziel WA, Osahar TA, Maeda N. Absence of CC
chemokine receptor-2 reduces atherosclerosis in apolipoprotein E-deficient
mice. Atherosclerosis.  (1999) 143:205-11. doi:  10.1016/S0021-9150(98)
00318-9

38. Cho H, Park OH, Park J, Ryu I, Kim J, Ko J, et al. Glucocorticoid
receptor interacts with PNRC2 in a ligand-dependent manner to recruit UPF1
for rapid mRNA degradation. Proc Natl Acad Sci USA. (2015) 112:E1540-
9. doi: 10.1073/pnas.1409612112

39. Dhawan L, Liu B, Pytlak A, Kulshrestha S, Blaxall BC, Taubman MB.
Y-box binding protein 1 and RNase UK114 mediate monocyte chemoattractant
protein 1 mRNA stability in vascular smooth muscle cells. Mol Cell Biol. (2012)
32:3768-75. doi: 10.1128/MCB.00846-12

40. Park OH, Park J, Yu M, An HT, Ko J, Kim YK. Identification and
molecular characterization of cellular factors required for glucocorticoid receptor-
mediated mRNA decay. Genes Dev. (2016) 30:2093-105. doi: 10.1101/gad.2864
84.116

41. Evdokimova V, Ruzanov P, Anglesio MS, Sorokin AV, Ovchinnikov

LP, Buckley J, et al. Akt-mediated YB-1 phosphorylation activates
translation of silent mRNA species. Mol Cell Biol. (2006) 26:277-
92. doi: 10.1128/MCB.26.1.277-292.2006

42. Ewert L, Fischer A, Brandt S, Scurt FG, Philipsen L, Miiller AJ, et al.
Cold shock Y-box binding protein-1 acetylation status in monocytes is associated

Frontiers in Cardiovascular Medicine

14

10.3389/fcvm.2022.945557

with systemic inflammation and vascular damage. Atherosclerosis. (2018) 278:156—
65. doi: 10.1016/j.atherosclerosis.2018.09.020

43. Brandt S, Ewert L, Scurt FG, Reichardt C, Lindquist JA. Altered monocytic
phenotypes are linked with systemic inflammation and may be linked to mortality
in dialysis patients. Sci Rep. (2019) 9:19103. doi: 10.1038/s41598-019-55592-y

44. Hanssen L, Alidousty C, Djudjaj S, Frye BC, Rauen T, Boor P, et al. YB-1 is an
early and central mediator of bacterial and sterile inflammation in vivo. ] Immunol.
(2013) 191:2604-13. doi: 10.4049/jimmunol.1300416

45. Alidousty C, Rauen T, Hanssen L, Wang Q, Alampour-Rajabi S,
Mertens PR, et al. Calcineurin-mediated YB-1 dephosphorylation regulates CCL5
expression during monocyte differentiation. J Biol Chem. (2014) 289:21401-
12. doi: 10.1074/jbc.M114.562991

46. Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte chemoattractant
protein-1 (MCP-1): an overview. ] Interferon Cytokine Res. (2009) 29:313-
26. doi: 10.1089/jir.2008.0027

47. Yadav A, Saini V, Arora S. MCP-1:
role beyond immunity: a review. Clin Chim Acta.
9. doi: 10.1016/j.cca.2010.07.006

48. Golledge J, Clancy P, Moran C, Biros E, Rush C, Walker P, et al. The novel
association of the chemokine CCL22 with abdominal aortic aneurysm. Am J Pathol.
(2010) 176:2098-106. doi: 10.2353/ajpath.2010.090416

49. Singh NK, Janjanam J, Rao GN. pl15 RhoGEF activates the Racl
GTPase signaling cascade in MCP1 chemokine-induced vascular smooth
muscle cell migration and proliferation. J Biol Chem. (2017) 292:14080-
91. doi: 10.1074/jbc.M117.777896

chemoattractant with a
(2010) 411:1570-

50. Charo IF, Taubman MB. Chemokines in the pathogenesis of vascular disease.
Circ Res. (2004) 95:858-66. doi: 10.1161/01.RES.0000146672.10582.17

51. Clair RW, Randolph RK. Jokinen MP, Clarkson TB, Barakat HA.
Relationship of plasma lipoproteins and the monocyte-macrophage system to
atherosclerosis severity in cholesterol-fed pigeons. Arteriosclerosis. (1986) 6:614—
26. doi: 10.1161/01.ATV.6.6.614

52. Clinton SK, Libby P. Cytokines and growth factors in atherogenesis. Arch
Pathol Lab Med. (1992) 116:1292-300.

53. Taubman MB, Fallon JT, Schecter AD, Giesen P, Mendlowitz M, Fyfe BS, et
al. Tissue factor in the pathogenesis of atherosclerosis. Thromb Haemost. (1997)
78:200-4. doi: 10.1055/5-0038-1657526

54. Libby P, Geng YJ, Aikawa M, Schoenbeck U, Mach E Clinton SK, et
al. Macrophages and atherosclerotic plaque stability. Curr Opin Lipidol. (1996)
7:330-5. doi: 10.1097/00041433-199610000-00012

55. Davies MJ. Stability and instability: two faces of coronary Paul Dudley
White Lecture 1995. Circulation. (1996) 94:2013-20. doi: 10.1161/01.CIR.94.8.
2013

56. Gilbert J, Lekstrom-Himes ], Donaldson D, Lee Y, Hu M, Xu J, et al. Effect
of CC chemokine receptor 2 CCR2 blockade on serum C-reactive protein in
individuals at atherosclerotic risk and with a single nucleotide polymorphism of
the monocyte chemoattractant protein-1 promoter region. Am J Cardiol. (2011)
107:906-11. doi: 10.1016/j.amjcard.2010.11.005

57. Shi JH, Zheng B, Li YH, Sun Y, Han AL, Zhang XH, et al. Novel insight
into Y-box binding protein 1 in the regulation of vascular smooth muscle
cell proliferation through targeting GC box-dependent genes. FEBS Lett. (2013)
587:1326-32. doi: 10.1016/j.febslet.2013.02.047

58. Cao X, Zhu N, Li L, Zhang Y, Chen Y, Zhang J, et al. Y-
box binding protein 1 regulates ox-LDL mediated inflammatory responses
and lipid uptake in macrophages. Free Radic Biol Med. (2019) 141:10-
20. doi: 10.1016/j.freeradbiomed.2019.05.032

59. Klingenberg R, Hansson GK. Treating inflammation in atherosclerotic
cardiovascular disease: emerging therapies. Eur Heart ]. (2009) 30:2838-
44. doi: 10.1093/eurheartj/ehp477

frontiersin.org


https://doi.org/10.3389/fcvm.2022.945557
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41401-021-00729-x
https://doi.org/10.1007/s00395-020-00838-4
https://doi.org/10.1172/JCI46028
https://doi.org/10.1161/CIRCRESAHA.115.306361
https://doi.org/10.1161/01.ATV.7.1.24
https://doi.org/10.1038/29788
https://doi.org/10.1016/S0021-9150(98)00318-9
https://doi.org/10.1073/pnas.1409612112
https://doi.org/10.1128/MCB.00846-12
https://doi.org/10.1101/gad.286484.116
https://doi.org/10.1128/MCB.26.1.277-292.2006
https://doi.org/10.1016/j.atherosclerosis.2018.09.020
https://doi.org/10.1038/s41598-019-55592-y
https://doi.org/10.4049/jimmunol.1300416
https://doi.org/10.1074/jbc.M114.562991
https://doi.org/10.1089/jir.2008.0027
https://doi.org/10.1016/j.cca.2010.07.006
https://doi.org/10.2353/ajpath.2010.090416
https://doi.org/10.1074/jbc.M117.777896
https://doi.org/10.1161/01.RES.0000146672.10582.17
https://doi.org/10.1161/01.ATV.6.6.614
https://doi.org/10.1055/s-0038-1657526
https://doi.org/10.1097/00041433-199610000-00012
https://doi.org/10.1161/01.CIR.94.8.2013
https://doi.org/10.1016/j.amjcard.2010.11.005
https://doi.org/10.1016/j.febslet.2013.02.047
https://doi.org/10.1016/j.freeradbiomed.2019.05.032
https://doi.org/10.1093/eurheartj/ehp477~
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	YB1 dephosphorylation attenuates atherosclerosis by promoting CCL2 mRNA decay
	Introduction
	Materials and methods
	Analysis of the bulk transcriptomics data
	Analysis of single-cell RNA sequencing data
	Analysis of RNA-seq data
	Cell culture
	Lentiviral vector construction and virus packaging
	Mutant cell lines
	Human vascular tissue samples
	Animals
	mRNA stability assay
	RNA preparation and RT-qPCR
	Immunoprecipitation
	RNA immunoprecipitation
	Cytokine assays by ELISA
	Western blot analysis
	Histological staining and analysis
	Lipid measurement
	Statistical analysis

	Results
	YB1 expression was upregulated in patients with carotid atherosclerosis by transcriptomic profiling
	YB1 and phosphorylated YB1 were elevated in atherosclerotic plaques
	YB1 dephosphorylation attenuates atherosclerosis in ApoE–/– mice
	Phosphorylated YB1 expression in VSMCs was elevated in atherosclerosis
	YB1 dephosphorylation promotes glucocorticoid receptor-mediated CCL2 mRNA decay
	MK2206 inhibited the phosphorylation of YB1

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


