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ABSTRACT

In recent years, findings suggest that long noncoding RNAs (IncRNAs) are closely related to the
development of atherosclerosis (AS), but there is a lack of studies on the involvement of IncRNA-
regulated cytosolic burial in the regulation of AS. In this study, we investigated the mechanism by
which IncRNA SCARNAS8 affects macrophage cell burial to regulate AS. The cytosolic burial-
associated target gene regulated by IncRNA SCARNA8 was PPARG. LncRNA SCARNA8 was
increased in the carotid unstable plaque group, whereas PPARG was decreased. Ox-LDL led to
the up-regulation of IncRNA SCARNAS8 expression and apoptosis in Raw264.7 cells in a time-,
concentration-dependent manner. Knockdown of IncRNA SCARNA8 upregulated PPARG and
reduced apoptosis in Raw264.7 cells. In addition, knockdown of IncRNA SCARNA8 improved the
stability of atherosclerotic plaques by promoting cellular burial of Raw264.7 cells. LncRNA
SCARNAS is a key regulator of plaque vulnerability, and targeting IncRNA SCARNA8 May provide
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a novel means for the prevention and treatment of AS.

Introduction

Atherosclerosis (AS) is a slow-progressing, chronic
inflammatory disease characterized by endothelial
dysfunction, lipid infiltration, and foam cell produc-
tion, leading to the formation of atherosclerotic pla-
ques, which in turn leads to hardening, stenosis, and
thrombosis of the vascular wall [1,2]. Atherosclerotic
plaque instability is the main cause of AS [3,4].
Although most atherosclerotic plaques remain rela-
tively stable clinically, some unstable plaques may
suddenly rupture after decades of slow progression,
leading to life-threatening acute ischemic events
[5,6]. The pathologic process includes multiple com-
ponents such as vascular endothelial cell injury,
inflammatory cell recruitment, increased macro-
phage death and impaired clearance, and its devel-
opment is always accompanied by an inflammatory
response, in which the interaction of macrophages,
inflammatory factors, and inflammatory pathways
that progressively amplify the inflammatory
response is one of the most important factors leading

to progression of the plaque to instability and plaque
rupture [7]. Studies have shown that the stability of
plaques is mainly closely related to the morphologi-
cal characteristics and major components of the
plaque, including the size of the lipid core, the thick-
ness of the fibrous cap, the degree of inflammatory
cell aggregation, the content of matrix collagen, and
the number of neovascularization within the plaque
[8]. Therefore, early identification and stabilization
of vulnerable plaques have important clinical signif-
icance and social value for patients at high risk of
plaque rupture.

Long non-coding RNAs (IncRNAs) are a class of
RNAs longer than 200 nucleotides that are currently
thought to have no or minimal protein-coding capa-
city and are involved in epigenetic regulation by
modulating gene expression [9]. There is increasing
evidence that some AS-associated IncRNAs are
involved in lipid homeostasis, such as cholesterol
uptake, modified lipoprotein uptake, and reverse
cholesterol transport, and thus influence the
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progression of AS [10,11]. In addition, recent studies
have shown that IncRNAs are present in the circula-
tion and can be used as independent biomarkers
reflecting the local progression of cardiovascular dis-
ease [12,13]. Screening of IncRNAs in atherosclerotic
ischemic stroke by gene microarray detection of
whole blood RNA from subjects revealed that the
IncRNA SCARNAS was most significantly upregu-
lated, suggesting that it may play an important role
in the pathological process of atherosclerotic
ischemic stroke [14].

In AS, uptake of oxidized lipoproteins by macro-
phages exceeds cholesterol efflux, leading to choles-
teryl ester deposition and subsequent foam cell
formation [15,16]. Apoptosis secondary to foam
cell necrosis is thought to be the primary cause of
lipid core progression and vulnerable plaque forma-
tion [17,18]. Under physiological conditions, these
apoptotic cells are rapidly removed by macrophages
and other phagocytes in a process known as effer-
ocytosis. Recent evidence has shown that in
advanced plaques in humans and animals, defective
cytosolic burial leads to a continuous accumulation
of necrotic cells within the plaque, exacerbating the
inflammatory response and plaque destabilization
[19-21]. PPPARG, a regulator of lipid and glucose
metabolism, has been found to be associated with
AS and cytosolic burial [22]. Foam cell formation
can be inhibited by activating the PPARG-LXRa-
ABCA1/G1 pathway. It also improves lipid metabo-
lism and the inflammatory microenvironment, thus
synergizing its anti-atherosclerotic effects [23].
Bioinformatics analysis revealed that the cytosolic
burial-associated  target gene regulated by
SCARNAS IncRNA is PPARG. However, whether
there is a targeted regulatory relationship between
IncRNA SCARNAS8 and PPARG, and the specific
mechanisms of both in macrophage cytosolic burial
and atherosclerotic plaque instability are not clear.
To address these questions, we preliminarily
explored the mechanism of action of IncRNA
SCARNAS in clinical and in vitro atherosclerotic
plaques.

Materials and methods

Data collection and processing

The dataset GSE43292 was obtained from the Gene
Expression Omnibus (GEO) database (https://

www.ncbi.nlm.nih.gov/gds), which is a dataset of
expression profiles of atherosclerotic plaque sam-
ples and intact tissue samples.

Differential analysis of LncRNA

The GSE43292 expression profiling dataset was sub-
jected to differential analysis using the R package
‘limma;’ the threshold of differentially expressed
genes (DEGs) was set to [logFC|>0.585&&p.adjust
<0.05. SCARNAS differential expression boxplots
were plotted using the R packages ggpubr and

ggplot2.

LncRNA target gene set

The target target genes were screened using the
LncRNA2Target v3.0 database (http://bio-
annotation.cn/Incrna2target) [24].

Enrichment analysis

The Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment ana-
lysis of DEGs using the R package clusterProfiler,
org.Hs.eg.db, and visualization wusing the
R package enrichplot.

Differential genes, intersection of cytosolic genes
and target genes of SCARNA8

Cytosolic genes were obtained from the NCBI
database  (https://www.ncbi.nlm.nih.gov/), and
cytosolic genes were obtained by screening the
species ‘Homo sapiens; they were analyzed by
using the website venn 2.0, Venny 2.1.0 (liux-
iaoyuyuan.cn) for analysis.

Patient sample preparation

The study included 21 patients with with unstable
plaques of AS aged 65years and 9 patients with
stable plaques of AS aged 62 years. The male-to-
female ratio was 9:1. All patients were from the
department of Neurosurgery, Peking University
Third Hospital. The patients with AS were con-
firmed by intracranial angiography and imaging.
The patients included in this study constituted
consecutive cases of carotid endarterectomy
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(CEA). All patients had stenosis confirmed by
bilateral carotid ultrasound, head and neck CTA,
head MRA, or digital subtraction angiography
(DSA) prior to surgery. The inclusion criteria for
CEA surgery were as follows:I. The carotid artery
stenosis rate was greater than 50% in symptomatic
patients. In the case of asymptomatic patients, the
carotid artery stenosis rate must be greater than
70%. The patient’s general condition must allow
them to undergo general anaesthesia and must
have a life expectancy of more than five years.
Exclusion criteria include: complete occlusion of
the carotid artery; serious systemic diseases, such
as severe coronary heart disease, heart failure (left
ventricular ejection fraction less than 30%), severe
chronic lung disease, uncontrolled diabetes or
other systemic metabolic diseases. Furthermore,
non-atherosclerotic stenosis, including conditions
such as Takayasu arteritis and a history of cervical
radiation therapy, was excluded from the study.
We obtained demographic data and clinical infor-
mation by analyzing the patients’ medical record,
and completed the patients’ investigation of the
medical history (Supplementary Table SI).
Peripheral venous blood was collected from sub-
jects for RNA extraction and subsequent analysis.
The study was approved by Peking University
Third Hospital. In addition, all signed informed
consents were obtained from the study subjects.
Sample collection and morphology Carotid
atherosclerotic plaque tissue samples were
obtained from symptomatic patients who consti-
tuted consecutive cases of CEA. These samples
were sourced from the Maastricht Pathology
Tissue Collection (MPTC). The carotid plaque
specimens were sectioned into parallel transverse
segments, each measuring 5mm in thickness.
Subsequently, every other segment was rapidly
frozen in liquid nitrogen and stored at-80°C,
while the adjacent segments were fixed in for-
malin for 24h and then subjected to

Table 1. Si-SCARNAS8 sequence.
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decalcification for 4h before being processed
and embedded in paraffin for histological
analysis.

Cell culture

RAW 264.7 cells (Punosai Life Sciences, China)
were grown in Dulbecco’s minimum essential
medium (DMEM) (Gibco) with 10% fetal bovine
serum (FBS) (Excell Bio, China) and 1% penicillin-
streptomycin (Beyotime, China) and cultured at
37C, 5% CO2 in an incubator. When the cell
density reached over 80%, the cells were disso-
ciated using 1 mL of 0.25% trypsin (Gibco) for 60
seconds. Once the cells detached and became
rounded, 5mL of DMEM was added. Following
this, the cells were transferred to culture flasks or
6-well plates for further cultivation. After the
RAW 264.7 cells grew to 50-60% fusion, the indu-
cer Oxidized Low-density Lipoprotein (ox-LDL)
(0, 25, 50, 100, 150 ug/mL, L34357, Thermofisher,
USA) was added to establish an in vitro AS model.
For the co-culture of Raw 264.7 cells with bone
marrow macrophages (BMDMs) (IMMOCELL,
China), BMDMs (6 x 10° cells/well) were inocu-
lated in 24-well plates overnight, and serum-free
medium was changed 2 h before co-culture.

Plasmid si-SCARNA8 knockdown construction

The construction of plasmid si-SCARNAS8
(Suzhou Jimar Gene) was to insert si-SCARNAS
into pLKO.1 with siRNA construct. After con-
struction, it was packaged into lentivirus using
lentiviral packaging system. After obtaining the
constructed lentiviral expression vector, it can be
transfected into cells. The si-SCARNAS8 and its
negative control (NC) sequence is provided in
the Table 1.

Plasmid

Sequence (5'-3')

si-SCARNAS8

Forward: AAAGTGAGTTAAGCGGGACCATTCAAGAGATGGTCCCGCTTAACTCACTTT

Reverse: GTCCCGCTTAACTCACTTTAGAAGTTCTCTCTAAAGTGAGTTAAGCGGGAC
si-NC Forward: CACCGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAA G
Reverse: GATCCAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAC
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Cell transfection

When RAW 264.7 cells population reached to
70-80% confluence, si-SCARNAS8 plasmid was
used to infect RAW 264.7 cells and polybrene
was added to enhance the viral transfection effect.
The virus solution was withdrawn after 8 h, and
the culture was switched to DMEM and continued
for 24 h. Subsequently, the RAW 264.7 cells were
switched to PURO-containing DMEM and contin-
ued to be cultured. After 7d, SCARNAS8 knock-
down RAW 264.7 cells were constructed.

Real-time reverse transcription quantitative
polymerase chain reaction (RT-qPCR)

The tissue samples and RAW 264.7 cells were
employed to extract total RNA with Trizol reagent
(10296028; Invitrogen). RNA purity was assessed
by the absorbance ratio at 260 and 280 nm.
Detection through RT-qPCR was done with the
Platinum SYBR Green qPCR SuperMix-UDG Kkit
(Invitrogen, USA). Gene expression levels were
quantified using the 2-AACt method alongside
internal controls like Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) or endogenous small
nuclear RNA U6. The primer sequence is provided
in Table 2.

Western blotting (WB)

Proteins were isolated by utilizing a cell lysis
solution (Biosharp, China). The concentration
of proteins was determined using the Bradford
assay kit. After mixing thoroughly by vortex,
equal amounts of proteins from each sample
were analyzed by sodium dodecyl sulfate-

Table 2. Primer sequence.

Primer Sequence (5'-3')
SCARNAS Forward: GTACTGCTCCAGTTGTCACT
Reverse: ATTGTCTGCCCCGTATCTGTC
TNF-a Forward: CCCTCACACTCACAAACCAC
Reverse: ACAAGGTACAACCCATCGGC
FG-E8 Forward: CACAGCCGTCCCCAATACT

Reverse: GACGAGGCGGAAATCTGTGA
GAS6 Forward: ATGAAGATCGCGGTAGCTGG
Reverse: GCCAACTCCTCATGCACCCAT

PPARG Forward: CTGTGAGACCAACAGCCTGA
Reverse: AAGTTGGTGGGCCAGAATGG
GAPDH Forward: CCCTTAAGAGGGATGCTGCC

Reverse: TACGGCCAAATCCGTTCACA

polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene fluoride
(PVDF) membranes (NCM Biotech, China).
The PVDF membranes were then blocked with
5% skim milk and incubated overnight at 4°C
with antibodies targeting PPARG, TNF-a, GAS6
(1:1000, Thermofisher, USA; Abcam, UK; pro-
teintech, China) and MFGES8 (1:1000, Abcam,
UK). Subsequently, a 2-hour incubation was car-
ried out with a secondary antibody at a 1:10000
dilution (Bioss, China) The signal was visualized
using an enhanced chemiluminescence Kkit
(NCM Biotech, China).

MTT cell proliferation and cytotoxicity assay

RAW 264.7 cells (6 x 10> cells/well) were seeded
in 96-well plates. After cell attachment, MTT cell
proliferation and  cytotoxicity assay kit
(Beyotime, China) was added to RAW 264.7
cells. The amount of MTT solution added to
each well is 10 pul at a concentration of 0.5 mg/
ml. The MTT reaction time is 4h, MTT will be
taken up by the cells and reduced to purple
methyl formate. Methyl formate was solubilized
by adding 100 ul of DMSO dissolution solution
and the IC50 of the cells was determined by
measuring the OD value.

Flow cytometry (FCM)

RAW 264.7 cells were extracted and centrifuge for
5 minutes. Remove the supernatant, rinse the cells
with 1 mL of PBS and centrifuge again. Cell sus-
pensions were prepared according to Annexin V,
FITC/PI Apoptosis Detection Kit (DOJINDO,
Japan). RAW 264.7 cells were labeled with
pHrodo Green (Thermo Fisher Scientific, USA)
and unphagocytosed apoptotic RAW 264.7 cells
were removed by PBS after co-culture and incuba-
tion with BMDMs for 2 h, respectively. Apoptosis
and cellular burial were detected on an Attune
NxT flow cytometer.

Immunofluorescence (IF)

RAW 264.7 cells were labeled using 2.5 uM live cell
fluorescent dye CFSE (Life Technologies,
Burlington, Ontario, Canada). After co-culture with



BMDMs, unphagocytosed apoptotic RAW 264.7
cells were removed by PBS. Inverted fluorescence
microscopy was performed and imaged. The phago-
cytosis index is defined as the number of apoptotic
cells containing CFSE+ per 100 BMDMs.

Statistical analysis

Data were analyzed and plotted using GraphPad
Prism 9 (Version 9.4.0), and figures were orga-
nized using Adobe Illustrator 2023. Mean values
with standard deviations (SD) were used to display
the data. T-tests were employed for comparing two
groups, and ANOVA tests were utilized for com-
parisons across multiple groups. Statistical signifi-
cance was determined at a threshold of p <0.05.

Result

Identification of SCARNAS8 target genes
associated with cellular burials

The dataset of GSE43292 was obtained from the
GEO database, which contained 64 samples, includ-
ing 32 atherosclerotic tissue samples (AS) and 32
control samples (NAS), and a total of 25,279 genes
were obtained after screening, and the expression
profiles of the screened samples were normalized
using the R package ‘limma’ (Figure 1(a)). The
R package ‘limma’ was used to identify 950 DEGs
between NAS and AS groups, which were visualized
by volcano plots, including 558 differentially up-
regulated genes and 392 differentially down-
regulated genes (Figure 1(b)). The grouped box line
plots showed that SCARNAS was significantly dif-
ferent between the AS and NAS groups (Figure 1(c)).
The results of GO enrichment analysis indicated that
DEGs were significantly enriched in the immune
response-regulating signaling pathway (Figure 1
(d)). The results of KEGG enrichment analysis
showed that DEGs were mainly enriched in the
Cytokine-cytokine receptor interaction (Figure 1
(e)). The target genes of SCARNAS were screened
according to the results of LncRNA2Target V3.0
database assay, and finally 2572 differentially
expressed target genes were collected from the data-
base. Subsequently, the intersection gene PPARG
between differentially expressed target genes, cyto-
solic burial cytosolic burial genes, and DEGs was
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screened by plotting the Wayne diagram, and it
was used as a SCARNAS8-related cytosolic burial-
related gene (Figure 1(f)).

Patients with unstable atherosclerotic plaques
had elevated levels of IncRNA SCARNAS in
peripheral blood and tissue does

The presence of unstable plaques was confirmed
according to color ultrasound and MRI in the
unstable plaque group (n=21), while the stable
plaque negative control group (n=9) was con-
firmed to have stable plaques. Peripheral blood
and carotid plaque tissues were collected from
patients, and RT-qPCR analysis demonstrated
that the levels of IncRNA SCARNAS in the per-
ipheral blood and tissues of patients in the
unstable plaque group were significantly higher
than those in the stable plaque group, whereas
PPARG was downregulated (Figure 2a,b). The
protein expression of PPARG in the unstable pla-
que group was found to be consistent with the
mRNA expression, as determined by WB testing
of patients’ carotid plaque tissues (Figure 2c). This
suggests that IncRNA SCARNA8 May be asso-
ciated with atherosclerotic stability in clinical
practice.

Apoptosis and the expression pattern of IncRNA
SCARNAS in an in vitro as model

Previous studies have shown that ox-LDL plays an
important role in the formation of atherosclerotic
lesions. Therefore, to mimic apoptotic macro-
phages within atherosclerotic plaques in vitro,
RAW 264.7 cells were stimulated with different
concentrations of ox-LDL and different interven-
tion times. The MTT assay revealed that cell via-
bility was reduced (Figure 3(a,b)). The RT-qPCR
assay demonstrated that ox-LDL could lead to the
up-regulation of the expression of IncRNA
SCARNA8 in a time- and concentration-
dependent manner (Figure 3(c,d)). Furthermore,
the results indicated that the optimal induction
concentration and time of ox-LDL was 100 pg/
mL for 24h. Apoptosis was observed to occur
following ox-LDL induction, as determined by
FCM (Figure 3(e)).
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Figure 1. Identification of SCARNAS target genes associated with cellular burials. (a) Normalized data boxplot (black: NAS group, red:
AS group). (b) Volcano plot of GSE43292 intergroup difference analysis (blue dots: down-regulated genes, gray dots: unchanged
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Knockdown of IncRNA SCARNAS8 attenuates
apoptosis in vitro

RT-qPCR confirmed the effectiveness of si-
SCARNAS (Figure 4(a)). To investigate whether

si-SCARNAS8 could ameliorate apoptosis in RAW
264.7 cells, cell viability was detected by MMT and
FCM, as well as apoptosis-related genes were
detected by RT-qPCR and WB, and it was found
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that knocking down the IncRNA SCARNAS after
ox-LDL induction promoted cell proliferation and
reduced apoptosis, compared with the induction
group (Figure 4(b,c)). In addition, knockdown of
IncRNA SCARNAS down-regulated the expression
of TNF-a and up-regulated the expression of

MFG-E8, GAS6, and PPARG at the mRNA level
and protein level (Figure 4(d,h)). This suggests
that knockdown of IncRNA SCARNAS attenuated
RAW 264.7 apoptosis in an in vitro AS model, in
which IncRNA SCARNAS8 and PPARG may have
a targeting relationship.



a * Kk
-
£ £ 1.0
o S
g3
Zs
O B 0.5
(2] [ :
s
= X q
*"'f o
©
©  g0-
o >
& &
¥
2
%*
d * %k * %k
< 44
go |
[3
L e 4
z 8
o 24
Qo0
> = 1
=1
© x 1
° o
(4 -
o-
o v v v
& TP
< %O ,‘o“'
¢ £
& &
v
2
é\
h
>
&©
&
TNF-a

b c
1 * ok ok
2 1.0
> * %k k %
2 B ~
8 0.5
0.0-
>
&‘(0 '1?‘ ,bb‘-“ mb?
* o O
M +>' +.V
°+ *0 %x°
s &
& 2
9 ol
%\ ~
e * Kk
s
"E » 1.04
[3
88 |
o5 * Kk
]
= @ 0.5
$s
§3
[]
12
0.0-
> v v v
O 9 9
& VoV
(S 0"°+ Q,xo"'
N
&
<)
2
>
&
0\/
N »
5 > S
'Lb‘ .\9 e?t'b
N oF S
> % o
o & 2

MFG-ES MR e s S

GASO WD wwn e —

PPARC 4D e s s

creon i M -

Control

ox-LDL 24h

sTar

14

Q2

5.68 9.93

5Tt

Q2

0.84 16.4

PI-BL3

3 101

821 225

0 176.9

Q4 Q3

5.89

10o 101 102 103 104 10510

Annexin V-FITC

siNC+ox-LDL 24h

100 10l 102 103 104 10510

Annexin V-FITC

siSCARNA8+ox-LDL 24h

EPIGENETICS (&) 9

Cell apoptosis rate(%)

10° a1 @ 10° Q1 @
1004071 17.6 1004512 125
1041 7 1041
1077 E 10”7
102" 102"
10t Q4 Q3 1044 Q3
0376.8 4.91 01789 3.56
10 ™ Al ™y as ™ 10 ™ il Yy ™ T
1()0 101 10z 103 104 10510 1()0 101 1()z 103 104 10510
Annexin V-FITC Annexin V-FITC
. g *ok K
<
s » 1.0 g o 1.0
[ E®
55 *ok K 0d |
ae ] s * %
< 9 S
% 0.5+ a 2 0.5
> 2 g
= £ g
8 X 4 s 3 1
T O s °
L3 4
0.0- 0.0-
O v & o S & & o
SRR &
< & O ¢ & &
& N
YRS @ &
¥ ¥
o X
& &>
. 1 xxx
5 ok k ** o §
¥ 5 4 uw-g 4.0-
Lo U *
z2 ri
g 4 -
o X x
> o ()
T £ 2- £ £ 05-
2 s "
2% 2 |
0- 0.0-
S IO SIS
0\" D q?‘ '],b‘ (& Wb‘ '1?‘ ,th
Qv Qv & Qv %
CHRRR CHRIRR
& o o o o o
(¢} >
S ¥ & ¥
v?" v?‘
(¢ (¢)
® ®
s 1.5 05 1 kX
o *k K 9
§ - X 2 1.0 *ok ok
O £ 1.0- * a £
Q ' oo .
o X x
20 J Lo
®E s c
S S o5 &g 057
xo o |
(=3 B o
0.0- 0.0-
) N NN N ) SN N N
& B S & A
L O < O O
M MoV M MoV
o & o o o o
ox %X ox $x
N N\a
> &S 2 S
o g
® ®

Figure 4. Knockdown of IncRNA SCARNAS8 attenuates apoptosis in vitro. (@) LncRNAMRNA SCARNA8 cRNA levels after knockdown.
(b) Cell activity of ox-Idl on Raw264.7 cells after IncRNA SCARNA8 knockdown. (c) FCM of ox-ldl on Raw264.7 cells after InmRNA
SCARNA8 knockdown. (d-g) tnf-a. MFG-E8, GAS6 and PPARG cRNA levels of ox-ldl on Raw264.7 cells after IncRNA SCARNAS8
knockdown. (h) TNF-a. MFG-E8, GAS6 and PPARG protein levels of ox-Idl on Raw264.7 cells after Inundefined SCARNA8 knockdown.
Data are reported as means + SD with three replicates. *p < 0.05, **p < 0.01, ***p < 0.001.
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Knockdown of IncRNA SCARNA8 promotes cell
burial in apoptotic macrophage in vitro

To investigate whether IncRNA SCARNAS
improved the stability of atherosclerotic plaques
by promoting RAW 264.7 cell cytoburial and
thereby improving the stability of atherosclerotic
plaques, IF and FCM assays were used and found
that si-SCARNAS effectively enhanced the cyto-
burial of apoptotic macrophages (Figure 5(a,b)).

Discussion

In this study, bioinformatics analysis revealed that
the cell-cell burial-associated target gene regulated
by IncRNA SCARNAS is PPARG. We verified the
correlation between IncRNA SCARNAS8 and the
stability of atherosclerotic plaques from clinical
and in vitro experiments, respectively, and further
demonstrated that it can promote macrophage
cell-cell burial through knocking down IncRNA
SCARNAS in cell burial and thereby ameliorating
atherosclerotic plaque instability, which may be
achieved by targeting PPARG.

LIncRNAs play a role in a multitude of biologi-
cal regulatory functions, particularly at the epige-
netic, transcriptional, and post-transcriptional
levels, as well as in other aspects of biological
processes [25]. It has been demonstrated that
IncRNA plays a pivotal role in the pathogenesis
of cardiovascular diseases, particularly in the con-
text of coronary atherosclerotic heart disease [26].
The presence of circulating blood IncRNA can be
utilized for the early diagnosis of disease, suggest-
ing disease development. Li et al. demonstrated
that the expression of IncRNA NEATI in the per-
ipheral blood of patients with ischemic stroke was
higher than that of normal control patients, and
that IncRNA NEAT1 was positively correlated
with inflammatory factors such as CRP, TNF-q,
IL-6, IL-8, IL-22, etc. Furthermore, a negative cor-
relation was observed between IncRNA NEATI
and the inflammatory inhibitory factor IL-10, indi-
cating that IncRNA NEAT1 May serve as a novel
biomarker for predicting the risk of ischemic
stroke and monitoring disease severity, inflamma-
tion levels, and prognosis in this condition [27].
Furthermore, apoptosis, oxidative stress, and
adhesion molecule release in HUVEC were

alleviated by LncRNA MIR4697HG in an in vitro
model. In an in vivo model, it was observed that
LncRNA MIR4697HG could alleviate the progres-
sion of atherosclerosis in mice through the FUS/
ANXAS axis [28]. In this study, we analyzed the
expression of IncRNA SCARNAS8 in peripheral
blood and plaque tissues of patients with acute
ischemic stroke and further validated it in an
in vitro AS model. Our findings suggest that
IncRNA SCARNAS is an important IncRNA that
correlates with the stability of atherosclerosis, and
that its expression is increased and released into
the pericellular environment. IncRNA SCARNAS
May serve as a novel indicator for the early diag-
nosis of acute ischemic stroke and the evaluation
of arterial plaque stability.

Previous studies have demonstrated that the com-
ponents of atherosclerotic plaques, such as the
necrotic core composed of apoptotic cells, are the
primary contributors to their destabilization [29]. In
contrast, atherosclerosis is a lipid-driven inflamma-
tory disease of the arterial intima, where the balance
of pro- and anti-inflammatory mechanisms deter-
mines the final clinical outcome [30]. Endothelial
infiltration and modification of plasma-derived lipo-
proteins and their uptake mainly by macrophages,
followed by the formation of lipid-filled foam cells,
initiate the formation of atherosclerotic lesions.
Insufficient in vitro cellular clearance of apoptotic
and foam cells can promote plaque progression.
Defective cytosolic burial, a hallmark of inadequate
inflammatory abatement, can lead to secondary
accumulation of necrotic macrophages and foam
cells and formation of advanced lesions with
a necrotic lipid core, suggesting plaque vulnerability
[7]. In this study, we constructed an in vitro AS
model using ox-LDL-treated macrophages, which
resulted in upregulation of Raw264.7 cell IncRNA
SCARNAS expression in a time- and concentration-
dependent manner. The results of the MTT, FCM,
RT-qPCR, and WB assays indicated that the knock-
down of IncRNA SCARNAS reduced macrophage
apoptosis and increased macrophage clearance of
apoptotic cells. These findings suggest that the
knockdown of IncRNA SCARNAS8 could slow
down the progression of atherosclerosis and increase
plaque stability. Additionally, this may explain the
observed decrease in necrotic core and the increase
in plaque stability.
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Figure 5. Knockdown of IncRNA SCARNAS8 promotes cell burial in apoptotic macrophage in vitro. (a) FCM of cellular burial of ox-IdI
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One of the primary causes of the enlargement of
the necrotic core is the malfunctioning of the cellular
components in advanced atherosclerotic plaques.
This results in an increasing accumulation of apop-
totic cells within the plaque, impaired clearance, and
an inflammatory second necrotic core caused by
apoptosis. Ultimately, this leads to the destabilization
of the plaque [31]. To elucidate the mechanism
through which si-SCARNAS8 enhances the stability
of atherosclerotic plaques, we observed that si-
SCARNAS stimulates macrophage proliferation via
flow cytometry and immunofluorescence analysis.
PPARG exhibited a correlation with cellular prolif-
eration. Dolichosperm methylin exerts a protective
effect against atherosclerosis by regulating the for-
mation of foam macrophages and the inflammatory
response through the FABP4/PPARG signaling
pathway [32]. In allergic asthma, PGRN deficiency
enhances cytosolic burial via the PPARG/MFG-E8
pathway, which may contribute to the suppression of
respiratory inflammation in allergic asthma due to
PGRN deficiency [33]. The ability of macrophages to
undergo cell death in a lupus mouse model can be
restored by activating the PPARG/LxR signaling
pathway [34]. In this study, we confirmed the target-
ing relationship between IncRNA SCARNAS8 and
PPARG by bioinformatics, and also found that
knockdown of IncRNA SCARNAS upregulated the
expression of PPARG, which was decreased in ather-
osclerotic plaque instability, by RT-qPCR and WB
assay. LncRNA SCARNAS8 may promote macro-
phage cell death and thus provide atherosclerotic
plaque stability by targeting PPARG, but the specific
molecular mechanisms need to be further explored.
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