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Impact Statement

FUS plays a significant role as an RNA-binding pro-
tein in several cellular processes, including RNA
splicing, DNA repair, and transcriptional regulation.
However, the RNA-binding capacity of FUS in ath-
erosclerosis is unclear. This study showed that FUS
regulated the transcriptional and AS levels of genes
closely involved in cell apoptosis and proliferation
of the HUVECs transcriptome, which indicates new
knowledge of the mechanisms of FUS associated
with atherosclerosis.

Abstract

FUS plays a significant role as an RNA-binding protein in several cellular processes,
including RNA splicing, DNA repair, and transcriptional regulation. However, the
RNA-binding capacity of FUS in atherosclerosis is unclear. We aimed to study the
functions of FUS in inflammatory regulation through the role of the splicing factor.
We knocked down FUS with siRNA to further study the overall transcriptional level
and select alternative splicing (AS) of FUS regulation in human umbilical vein
endothelial cells (HUVECs) by RNA sequencing. The results suggested that the
knockdown of FUS significantly affected gene expression in HUVECs. In addition,
the knockdown of FUS resulted in 200 differentially expressed genes (DEGs) that
were highly related to apoptotic process, signal transduction, multicellular organism
development, cell adhesion and regulation of transcription, and DNA-templated
pathways. Importantly, FUS extensively regulated 2870 AS events with a significant

difference. Functional analysis of its modulated AS genes revealed they were highly enriched in cell cycle and cell population
proliferation pathways. The gRT-PCR and RNA-seq data showed consistent results. Our findings suggested new knowledge of the

mechanisms of FUS associated with atherosclerosis.
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Introduction

Atherosclerosis is a chronic inflammatory process of the
cardiovascular system with spectral pathophysiological
features, including abnormal lipid metabolism, endothe-
lial dysfunction, vascular inflammation, and apoptosis or
proliferation of vascular smooth muscle cells (VSMCs).!
Atherosclerosis is characteristic of lipid deposition and
inflammation in the intima of many middle-sized and large
arteries.? In the early stage of the lesion, lipid deposition in
the vascular intima, oxidized low-density lipoprotein (ox-
LDL), and cholesterol in elevated lipoprotein lead to func-
tional injury to the arterial intima. Dysfunctional endothelial
cells create chemokines and growth factors to induce the
migration, accumulation and proliferation of monocytes
and VSMCs in the intima. After the circulating monocyte
migrates to the endothelial cells, it is stimulated by lipo-
protein, which is gradually divided and differentiated into
macrophages, phagocytize ox-LDL through scavenger recep-
tors and transform into foam cells, which initiate the forma-
tion of fatty streaks.>* With the increase of foam cells, fatty

ISSN 1535-3702
Copyright © 2023 by the Society for Experimental Biology and Medicine

streaks develop into atherosclerotic plaques under the action
of cytokines secreted by macrophages.* As the fibrous tissue
and surrounding smooth muscle proliferate, the atheroscle-
rotic plaques grow continuously, which narrows the lumen
of the vessel and reduces the blood flow.5 Deposition of con-
nective tissue and calcium leads to arteriosclerosis, plaque
enlargement leads to blocking the arterial lumen, and the
tissue or organ supplied by the artery becomes ischemia or
necrosis, which can lead to a variety of cardiovascular dis-
eases including myocardial infarction, claudication, stroke,
and heart failure.* RNA-binding proteins (RBPs) are a signif-
icant protein family involved in RNA regulation and metab-
olism, which mediate RNA maturation, splicing, transport,
localization, and translation through interacting with the 3'-
UTR of target mRNAs.” Several studies have demonstrated
that RBPs have a direct bearing on atherosclerosis. Ramirez
et al. found that the expression of HuR protein (an RBP) was
increased in macrophages of atherosclerotic plaques. HuR
may make a valuable contribution to atherosclerosis by post-
transcriptional regulation of ABCA1 to increase cholesterol
efflux and raise circulating HDL-C levels.?
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Table 1. The sequence table for siRNAs and negative control.
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Name Forward Reverse

siRNA1 GCCAAGAUCAAUCCUCCAUTT AUGGAGGAUUGAUCUUGGCTT
siRNA2 CGUGGUGGCUUCAAUAAAUTT AUUUAUUGAAGCCACCACGTT
siRNA3 CCACCUGUGAGAAUAUGAATT UUCAUAUUCUCACAGGUGGTT
Control UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

FUS is a nucleocytoplasmic shuttle protein with mul-
tifunctional and multiple domains, pertaining to the TET
family of RBPs.? It is mainly expressed in the nucleus, yet
it could also shuttle between the nucleus and cytoplasm.
The N-terminus of FUS plays as a transcriptional activation
portion, while the C-terminal portion can bind to RNA. FUS
plays a vital role in many cellular processes, including regu-
lation of transcription, RNA splicing, DNA repair, transport,
and damage response.!® Aberrant expression of FUS leads
to the occurrence of various human tumors and is associ-
ated with neurodegeneration. FUS-CHOP is formed after
fusing the N-terminal portion of FUS with the pro-apoptotic
transcription factor CHOP, which can lead to the occurrence
of myxoid liposarcoma.! Studies showed that FUS in Ewing
family tumors fused with ERG through at (16; 21) (P11; q24),
as well as fused with FEV through at (2;16) (q35; p11) translo-
cation.!?13 The mutation of FUS could result in amyotrophic
lateral sclerosis, in which motor neurons that control muscle
movement slowly degenerate and die, and the muscle grad-
ually shrinks.* Moreover, a recent study reported that FUS
was highly enriched in the cardiomyocyte nucleus by immu-
nofluorescence staining and subcellular separation analysis
and was associated with the promotion of cardiomyocyte
apoptosis after myocardial infarction.!> Wang et al.'6 found
that FUS inhibits the proliferation and migration of HUVECs
and reduces the inflammatory response in atherosclerosis.
However, the RNA-binding ability of FUS in atherosclerosis
remains so far unknown. To determine the underlying func-
tions of FUS in regulating gene expression and AS that may
be involved in atherosclerosis, this study knocked down FUS
expression in HUVECs and obtained the regulated transcrip-
tomes by RNA sequencing. Then, we performed qRT-PCR to
verify FUS-regulated differentially expressed genes (DEGs)
and AS events. In conclusion, this study demonstrated that
RNA-binding protein FUS acts as a key regulator of differ-
ential splicing in atherosclerosis.

Materials and methods
FUS cloning and plasmid construction

This study designed all three siRNA duplexes (Table 1) from
Gemma (Suzhou, China). The final selected siRNA target-
ing FUS (siFUS): 5'-CCACCUGUGAGAAUAUGAATT-3’
(sense). PIRES-hrGFP-1a vector was digested with EcoRI
and Xhol (NEB) for 2-3h, and then gel electrophoresis was
performed on 1% agarose gel, purified with Qiagen column
kit (Qiagen. Inc, Valencia, CA, USA). This study utilized
TRIzol reagent (15596-018, Ambion, Texas, USA) to extract
total RNA from HUVECs and synthesized cDNA with oli-
gonucleotide primers. The inserted fragment was ampli-
fied through the PCR strategy. We used the ClonExpress

IT One Step Cloning Kit (C112, Vazyme, Nanjing, China) to
add the vector and the inserted fragment into PCR micro-
tubes and introduced plasmids into Escherichia coli strains
through chemical transformation. We used universal prim-
ers to screen colonies through PCR (28 cycles). The insertion
sequence was verified through Sanger sequencing.

Cell culture and transfections

The HUVECs line (Angio-Proteomie, Boston, MA, USA) was
cultured in Ham’s F-12K at 37°C with 5% CO,. Following the
manufacturer’s instructions, We insert siRNA into a cell by
Lipofectamine RNAIMAX Transfection Reagent (Invitrogen,
Carlsbad, CA, USA). The transfected cells were harvested
after 48h for gqRT-PCR and western blotting.

Assessment of gene expression

This study utilized GAPDH to evaluate the effects of FUS
knockdown. qRT-PCR was conducted on the Bio-Rad 51000
with HieffTM qPCR SYBR® Green Master Mix (Low Rox
Plus 11202ES08, Yeasen, Wuhan, China). Supplementary
Table S1 shows the information of primers used in this
study. Then, we normalized the gene expression data to
GAPDH mRNA levels through 2-24CT method.'” Comparing
the differences between the two results using the paired
Student’s t-test through the GraphPad Prism software (San
Diego, CA, USA).

Western blot

HUVECs were cracked in ice-cold Wash Buffer supple-
mented with a protease inhibitor cocktail (Roche) and incu-
bated on ice for 30min. We used 1X SDS sample buffer to
boil the sample in boiling water for 10min and separated it
on 10% SDS-PAGE. At room temperature, incubate the mem-
branes with primary antibody for 1h using TBST buffer (20
mM Tris-buffered saline and 0.1% Tween-20) containing 5%
nonfat milk powder, followed by HRP-conjugated secondary
antibody, FUS antibody (1:1000, A5921, ABclonal, Wuhan,
China), GAPDH (1:5000, ATPA00013Rb, AtaGenix, Wuhan,
China). Finally, we used the enhanced chemiluminescence
(170506, BioRad, California, USA) to detect the binding sec-
ondary antibody (HRP Goat Anti-Mouse IgG (H+L) (1:5000,
AS003, ABclonal, Wuhan, China).

RNA extraction and sequencing

About 1 X105 cells were provided for RNA-seq library
construction for each sample. We used TRIzol reagent
(Invitrogen, cat. No 15596026) to extract total RNA from
HUVEC according to the method of Chomczynski and
Sacchi'® We used RQ1 DNase (M6101, Promega, Wisconsin,



USA) to remove DNA from total RNA. The quality and
quantity of the purified RNA were determined by meas-
uring the absorbance at 260nm /280 nm (A,y/A,g) using
NanoPhotometer N50 (Implen, Munich,Germany). The integ-
rity of RNA was further verified by 1.0% agarose gel electro-
phoresis. VAHTS® Universal V8 RNA-seq Library Prep Kit
for Illumina (NR605,Vazyme,Nanjing,China) was used for
the stranded RNA sequencing library with 1pg total RNA
per sample. Finally, the libraries were prepared following the
manufacturer’s instructions and applied to Illumina Novaseq
6000 system for 150 nt paired-end sequencing.

RNA-seq raw data clean and alignment

This study first discarded more than 2N bases in raw data
and used the FASTX toolkit (version 0.0.13) to filter the
adapter and low-quality bases (<20). After that, HISAT
software was utilized to align quality-filtered reads onto the
GRCH38 genome, allowing no more than four mismatches.!
The gene expression levels were estimated as fragments
per kilobase per million reads according to the previously
reported method.?

DEGs analysis

This study screens the DEGs by the “DESeq2” package
(Version 1.34.0) of R software (Version 4.1.0).2! The screen-
ing criteria are P value <0.01 and fold change >1.5.

Alternative splicing analysis

This study defined and quantified alternative splicing
events (ASEs) and regulatory alternative splicing events
(RASESs) between samples by the ABLas pipeline.?>?* ABLas
could detect ten types of ASE on the basis of splice junc-
tions, including exon skipping (ES), alternative 5’ splice site
(A5SS), and alternative 3’ splice site (A3SS). We assessed the
significance of changes in AS event ratios by Student’s {-test.
Those events with significant significance at the cutoff point
of P value (corresponding to the cutoff point of 5% false dis-
covery rate (FDR)) were regarded as RBP-regulated ASEs.

Functional enrichment analysis

Gene Ontology (GO) and KEGG pathways were identified
by KOBAS 2.0 server to explore the functional enrichment
categories of DEGs.?* We defined the enrichment for each
term by the hypergeometric test and the Benjamini-Hochberg
FDR with criteria as P <0.05 and FDR < 0.25.

Results
FUS regulates gene expression in HUVECs

In order to explore the molecular machinery of FUS-mediated
gene expression, we performed the siRNA-mediated gene-
silencing method to knock down FUS expression in HUVECs.
Moreover, high-quality RNA-seq sequencing experiments
were conducted to investigate the molecular mechanisms of
FUS-mediated transcriptional and posttranscriptional regu-
lation in AS. After treatment with HUVECS for 48 hours, the
inhibitory effect of predesigned siRNAs targeting FUS was
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determined by qRT-PCR. The results demonstrated that FUS
siRNAs (siFUS) inhibited the expression of FUS at the level
of mRNA and protein (Figure 1(A) and (B)). Principal com-
ponent analysis (PCA) was conducted on all samples accord-
ing to the gene expression levels. The closer the distance, the
higher the similarity between samples. The results showed
that the samples in the siFUS group and control group were
obviously separated (Figure 1(C)), indicating that there was
a certain difference in gene expression composition between
the two groups. A total of 29,678 genes were identified based
on the RNA-seq data from the siFUS and control samples.
Differential expression analysis indicated that 200 DEGs (142
upregulated, 58 downregulated) might be regulated by FUS
at the level of transcription (Figure 1(D)). Cluster analysis of
DEGs expression in the siFUS and control samples showed
that the gene expression pattern was highly in accordance
with FUS-mediated transcription in the two groups (Figure
1(E)). These results suggest that FUS widely regulates gene
expression.

FUS-regulated expression of cell apoptosis genes
in HUVECs

This study performed GO enrichment analysis of DEGs after
silencing FUS, and the results indicated that upregulated
genes were primarily enriched in “apoptotic process,” “sig-
nal transduction,” “ion transport,” “multicellular organism
development,” and other terms. While downregulation of
DEGs was predominantly involved in “cell adhesion” and
“regulation of transcription, DNA-templated” pathways.
Among them, the “apoptotic process” is closely related to
atherosclerosis.?> The most representative GO terms of up
or down-regulated DEGs were shown in Figure 2(A). The
top 25 DEGs were screened according to the expression level
based on up and down-regulated gene lists. The expression
levels of six genes related to atherosclerosis were consider-
ably different between the siFUS and control samples. FUS
actively regulates the expression of IFIT2, IDO1, CCL5, and
NEAT1 and oppositely modulates the expression of FERMT2
and AKT3 in HUVECs. We validated the reliability of DEGs
from RNA-seq data by qRT-PCR strategy, as illustrated in
Figure 2(B), the results of qRT-PCR were consistent with
RNA-seq data.

FUS regulates alternative splicing of genes in
HUVECs

A key objective of our study was to analyze the RASEs of
FUS in HUVECs. We utilized ABLas software to perform
the global changes in the AS profiles after the FUS knock-
down. A total of 2780 FUS-regulated ASEs were detected,
including 180 3pMXE1, 232 5pMXEI, 545 A3SS, 92 A3SS&ES,
725 A5SS, 127 A5SS&ES, 316 ES, 173 MXE, and 390 cassette
exons, which indicated that FUS could globally regulate AS
events of HUVECs (Figure 3(A)). We then performed GO
enrichment analyses on the RASEs-associated genes (regu-
lated alternatively spliced genes [RASGs]). We found that
genes whose AS levels were regulated by FUS were highly
enriched in “viral process,” “protein transport,” “cell cycle,”
“mRNA transport,” “cellular response to DNA damage

7o
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Figure 1. Differential gene expression responding to FUS knockdown in HUVECs. (A) Bar plot showing the knockdown efficiency for three siRNAs of FUS from RT-
qPCR result (left panel) and RNA-seq data (right panel). (B) Western blot result showing the decreased level of FUS in HUVECs. (C) PCA result showing the global
expression pattern of RNA-seq data. (D) Volcano plot showing the upregulated (red) and down-regulated (blue) genes. (E) Heatmap showing the high expression (red)
and low expression (blue) of DEGs.

stimulus,” “G2/M transition of mitotic cell cycle,” “cell ~ genes were significant differences in the expression level
population proliferation” and other pathways. The top 10  and AS level (Figure 3(C)). This study evaluated potential
terms of GO analyses are shown in Figure 3(B). Then, we  differential splicing events identified by RNA-seq results
overlapped the FUS- RASGs and DEGs and found that 12 using qRT-PCR. The results of RASEs validated through
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Figure 2. FUS regulates the expression of apoptosis-related genes. (A) The top 10 GO terms of up or down-regulated genes. (B) Genes expression of FUS regulated
from RNA-seq data and qRT-PCR validation.
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Figure 3. FUS regulates gene alternative splicing in HUVECSs. (A) Frequency distribution of different alternative splicing events types regulated by FUS. (B) The top
10 GO biological processes of RASGs. (C) Venn diagram illustrating the overlap genes of RASGs and DEGs. (D and E) FUS regulates the alternative splicing of
CD44 and FLT1. IGV-sashimi diagrams illustrate AS changes in FUS knockdown cells and control cells (left panel). The schematic plots describe the structures of
ASEs (right panel, top). The constitutive exon sequences are represented by white boxes, and the intron sequences are represented by the horizontal line, while the
alternative exons are represented by blue boxes. The bottom of the right panel shows the RNA-seq quantification and qRT-PCR validation of ASEs.



the qPCR strategy were in accordance with the RNA-seq
data, which showed that FLT1 and LRRFIP1 were consid-
erably increased, while CD44 was distinctly decreased in
the siFUS samples (Figures 3(D), (E) and S1). These genes
are involved in vascular inflammation and proliferation,
and neointima formation directly or indirectly engaged in
atherosclerosis.?6-28

Discussion

The regulatory mechanism of the RNA-binding protein FUS-
mediated transcription in the process of arteriosclerosis is
still unclear. To study the underlying molecular functions
of FUS in regulating gene expression that may be associated
with atherosclerosis, we attained FUS-regulated transcrip-
tome data in HUVECs by RNA-seq strategy. Transcriptome
sequencing analysis showed that the knockdown of FUS
resulted in an extensive change of gene expression profiles
in HUVECs. FUS knockdown caused upregulation or down-
regulation of several genes in HUVECs, including IDO1,
CCL5, NEAT1, IFIT2, FERMT2, and AKT3. In addition,
these genes were mainly enriched in “apoptotic process,”
“signal transduction,” “ion transport,” “multicellular organ-
ism development” and other terms. In addition, FUS regu-
lates the AS of multiple genes, including FLT1, CD44, and
LRRFIP1. Changes in the expression levels of these genes
are mainly involved in biological processes associated with
cell proliferation.

Apoptosis affects the morphology and structure of athero-
sclerotic arteries, as well as plaque stability. There are many
kinds of cells under the apoptosis or necrosis process in
atherosclerotic plaque, including endothelial cells, VSMCs,
and inflammatory cells. In addition, excessive cell apopto-
sis leads to plaque instability. Our findings revealed that
the expression of genes involved in the apoptotic process,
including IFIT2, was specifically overexpressed after the
knockdown of FUS expression. Stawowczyk et al. reported
that IFIT2 expression activates caspase-3 to promote apop-
tosis via a mitochondrial pathway in various human cell
lines. The apoptotic effect of IFIT2 is independent of the
P53 signaling pathway but depends on pro-apoptotic pro-
teins including Bax and Bak.?” A recent study showed that
IFIT1, IFIT2, and IFIT3 were significantly overexpressed
in M1-polarized macrophages, and immunohistochemical
staining of ApoE—/— mice tissues also confirmed the expres-
sion level of IFIT, suggesting that IFITs may be potential
markers of atherosclerosis.*

Significant upregulation of IDO1, CCL5, and NEAT1
genes was consistently revealed by RNA-seq and qPCR of
HUVECs. As a rate-limiting enzyme, IDO1 catalyzed tryp-
tophan degradation through the kynurenine pathway, which
has been investigated in the pathogenesis of atherosclero-
sis. IDOL1 is expressed in various cells of the artery wall,
including endothelial cells, VSMCs, and immune cells.31-34
Proinflammatory modulators could induce IDO1 to mediate
vasodilation and immune regulation in endothelial cells.33
The role of IDOL1 in atherogenesis is complicated, which can
not only promote the progress of atherosclerosis but also
against established atherogenesis. Liang et al.%” found that
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IDO1 expression and activity can accelerate the progression
of atherosclerosis in atherosclerotic blood samples and foam
cells. In a cohort study of young adults (aged 24-39 years),
Pertovaara et al.38 found that IDO1 activity was significantly
related to carotid intima-media thickness (IMT), an early ath-
erosclerosis biomarker, in young women but not in men. The
most likely mechanism is IDO1 participated in the immune
activation of early atherosclerosis. In addition, another cohort
study of 921 older populations (age range 46-76years) con-
firmed that IDOL1 activity positively correlated with carotid
IMT in both males and females.* In contrast, Polyzos et al.40
reported that inhibition of IDO1 with 1-MT in Apoe~/~ mice
accelerates atherosclerosis, vascular inflammation, and pro-
tein distribution and promotes an unfavorable lipoprotein
profile. Krohn et al.4! found that CCL5 upregulated in neoin-
timal versus medial smooth muscle cells compared with
medial cells in atherosclerosis-prone ApoE~/~ mice, which
mediated monocyte adhesion and promoted neointima for-
mation. Braunersreuther et al.#? reported that CCL5 could
recruit leukocytes to infiltrate the arterial wall; the enhanced
infiltration of immune cells accelerated the progression of
atherosclerosis. The recruitment of macrophages and T cells
to plaque area was found to be inhibited using CCL5 antago-
nists, but it was not confirmed which immune cells CCL5
acted on.*® Using g-PCR analysis and immunofluorescent
staining, Li et al. reported that CCL5 was mainly expressed in
CD45 + leukocytes of the aorta and colocalized with MAC3,
a macrophage marker, which indicated that the immune
cells mainly expressing CCL5 in atherosclerotic plaque are
macrophages. Moreover, IFN-y was found to promote CCL5
expression in macrophages.* A recent study showed that
NEAT1 was elevated in the blood serum of patients with
atherosclerosis. Low-density lipoprotein (ox-LDL) could
induce atherosclerosis by promoting endothelial cell dys-
function and activating foam cell formation, regulating
VSMCs and other mechanisms. Downregulation of NEAT1
expression reduces ox-LDL-induced HAECs cell prolifera-
tion and triggers apoptosis, suggesting that NEAT1 might
be involved in the prevention of atherosclerosis.*> Similarly,
Vlachogiannis et al.*¢ indicated that the expression of IncRNA
NEAT1 was substantially elevated in carotid atherosclerotic
arterial tissues than normal tissues, which was consistent
with the results in serum. Wang et al.#” demonstrated that
IncRNA NEAT1 inhibited ox-LDL-induced lipid deposition
and inflammatory reaction in THP-1 cells through sponge
miR-342-3p, suggesting that NEATT is a potential marker of
atherosclerosis.

FUS knockdown caused the downregulation of several
genes in HUVECs, including FERMT2 and AKT3. FERMT2
is a cytoplasmic protein necessary for platelet aggregation
and thrombosis, which is involved in the process of ath-
erosclerosis.*® Compared to control samples, the expres-
sion of FERMT2 was down-regulated in arterial plaque
and positively correlated with the DEGs of smooth mus-
cle-rich atherosclerotic plaque. FERMT2 might regulate
neovascularization and vascular permeability in plaque.*
A recent study demonstrated that the expression level of
FERM?2 decreased substantially in patients with atheroscle-
rosis. FERM2 could interact with serum response factor to
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transcriptionally inhibits smooth muscle cell-specific gene
expression and regulate its cell location during endothelial-
to-mesenchymal transition.?® AKT3 is one of three closely
related serine-threonine protein kinases that regulate a
variety of biological pathways, such as cell proliferation,
growth, metabolism, and angiogenesis. Evidence gathered
in the review indicates that AKT3 is highly expressed in ath-
erosclerosis, and its deletion inhibits the development of
atherosclerosis.5! Ding et al.>? found that knockout of Akt3
enhanced LDL receptor-independent uptake and elevated
ACAT1 expression level in Akt3~/- mice, which in turn pro-
moted cholesterol accumulation, an early pivotal process in
the development of atherosclerosis. However, the authors
did not elucidate the mechanism of Akt3 deficiency in pro-
moting macrophage lipoprotein uptake. Fortunately, in the
following study, they found Akt3 inhibits phagocytosis of
macrophages through WNK1/SGK1/Cdc42 pathway and
protects against atherosclerosis.>?

In this study, a total of 2780 RASEs with significant dif-
ferences were identified through the analysis of RNA-seq
data after the knockdown of FUS, which confirms that FUS
broadly regulates differential splicing of genes in HUVECs.
GO terms in which the differential RASGs were mainly
enriched were associated with cell proliferation. For the
AS results, we also confirmed that FLT1 and LRRFIP1 were
upregulated, while CD44 was decreased in siFUS samples
using qRT-PCR. This study provides new viewpoints on
the differential splicing regulation of FUS in atherosclero-
sis. FLT1 is expressed in vascular endothelial cells, SMCs,
and immune cells, which is essential in regulating angio-
genesis, the development process of the embryonic vascular
system, cell migration, cell survival, macrophage function,
and chemotaxis. Thus, FLT1 may participate in the develop-
ment of atherosclerotic plaques and angiogenesis.?® To inves-
tigate the role of FLT1 in different stages of plaque formation,
Aernout et al. chose different time points (5, 10, or 20 weeks
of age) to treat ApoE~/~ mice with anti-Fltl for 5weeks.
Anti-FIt1 administration significantly inhibits atheroscle-
rotic plaques, with a 50% reduction in aortic root plaques
in early and intermediate lesions and a 50-25% reduction
in the growth of advanced atherosclerotic plaques. Further
study found that anti-Flt1 reduced macrophage infiltration
by 40% in early and advanced atherosclerosis and inhibited
the inflammation caused by macrophages in the adventitia,
which may exert atherosclerosis protection by affecting the
function of macrophages.> Platelets are the main cells in the
process of atherosclerotic thrombosis. Through the study of
500 subjects, Goodall et al. found that LRRFIP1 protein is
abundant in the cytoplasm of megakaryocytes and platelets,
which is an important part of the platelet cytoskeleton. Based
on the protein-protein interaction network analysis, the study
reported that LRRFIP1 interacts with FLI1 and DBN1 pro-
teins, all of which are involved in the construction of actin-
binding and remodeling functional cassettes of cytoskeletal
proteins. To further verify the role of LRRFIP1 protein in
thrombogenesis, a significant reduction in thrombogenesis
was observed after silencing LRRFIP1 by morpholino injec-
tion.” On the other hand, the proliferation and migration
of VSMCs could cause arterial intima thickening, which is
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a key pathological process of atherosclerosis. Khachigian
et al.% found that inhibition of LRRFIP1 expression blocked
VSMC proliferation. Interestingly, Choe et al. observed the
number of VSMCs at 1, 3, and 5days after overexpression
of LRRFIP1, and the results indicated that the number of
cells decreased slightly at 1day and increased at 3 or 5days.
In addition, Choe concluded that LRRFIP1 induced VSMC
proliferation by the ERK1/2 signaling pathway.> Our results
indicated that changes in LRRFIP1 expression possibly affect
signaling pathways, such as “cell cycle” and “cell popula-
tion proliferation,” which are closely associated with VSMCs
proliferation and intimal hyperplasia. Local inflammation
is an important pathological process of atherosclerosis and
plaque rupture.”” Several recent studies have demonstrated
that CD44 was highly expressed in vascular endothelial
cells, inflammatory cells, and VSMCs under inflammatory
conditions.?® An early study on mice reported that CD44-
deficient ApoE~/~ mice reduced the development of athero-
sclerosis, and macrophages in the lesions were decreased by
90% compared with CD44 wild-type mice.5® The conclusion
was consistent with a study in humans; Krettek et al.5° found
that CD44 was present in macrophages of atherosclerotic
plaques, and its level is more than ten times higher than that
in healthy tissue. FUS may mediate gene regulation indi-
rectly by affecting the function of its protein partners and
directly through its RNA and DNA binding activity. Further
research is needed to thoroughly investigate the potential
molecular mechanisms, especially how FUS regulates gene
expression level and AS by playing as an RBP.

Our study is the first to investigate that silencing FUS
had regulatory effects on gene splicing and transcription
in HUVECs. FUS positively regulates the transcription of
genes related to the apoptotic process. Moreover, AS of genes
regulated by FUS were mainly enriched in cell proliferation-
related pathways. Our findings support a hypothesis that
FUS might act as a vital role in atherosclerosis by regulating
the expression and AS of proliferation-related genes, which
provides new insights for guiding the signal network of ath-
erosclerosis and potentially FUS-targeted therapy.
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