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Background: Thoracic aortic aneurysm/dissection (TAA/D) are complicated vascular disorders with 
rapid development and high mortality. Vascular smooth muscle cells (VSMCs) phenotype switching plays an 
important role in the pathological process of TAA/D. Previous studies have indicated a potential correlation 
between long non-coding RNA (lncRNA) RP11-465L10.10 and matrix metallopeptidase 9 (MMP9) involved 
in the development of TAA/D. This study aims to investigate the role of lncRNA RP11-465L10.10 in 
VSMCs phenotype switching and the molecular mechanism in regulating MMP9 expression.
Methods: The expression of RP11-465L10.10 in vascular tissues and in VMSCs was detected by RT-
qPCR. To investigate the role of RP11-465L10.10 on VSMCs phenotype switching, an RP11-465L10.10-
overexpressed lentiviral vector was constructed and transfected into VSMCs. Through EdU staining, 
migration assay, flow cytometry analysis, the roles of RP11-465L10.10 were estimated. Bioinformatics 
indicated that RP11-465L10.10 upregulating MMP9 expression via NF-κB signaling, and SN50 (a specific 
inhibitor of NF-κB pathway) was used to inhibit the NF-κB pathway activation, then the expression of 
MMP9 was detected in RP11-465L10.10 overexpressed VMSCs.
Results: In this study, we found RP11-465L10.10 and MMP9 were highly increased in TAD patient 
tissues, which was consistent in angiotensin II-induced VSMCs phenotype switching. RP11-465L10.10 
overexpression facilitated VSMCs phenotype switching and MMP9 expression. Mechanismly, NF-κB signal 
pathway was involved in RP11-465L10.10 induced VSMCs phenotype switching and MMP9 expression by 
transcriptome data analysis and experimental confirm.
Conclusion: This study demonstrated that RP11-465L10.10 induces VSMCs phenotype switching and 
MMP9 expression via the NF-κB signal pathway, suggesting that RP11-465L10.10 might be a potential 
therapeutic target for TAA/D treatment.
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Introduction

Thoracic aortic aneurysm and dissection (TAA/D), caused 
by aortic vascular smooth muscle cells (VSMCs) loss and 
extracellular matrix (ECM) degradation, are complex 
vascular disorders with rapid development and high 
mortality (1,2). Increasing evidence has demonstrated that 
VSMCs phenotype switching plays a central role in the 
pathophysiologic development and progression of TAA/
D (3-5). However, no effective medications have been 
shown to clinically prevent aortic degeneration and disease 
progression, due to the lack of understanding about the 
signaling mechanisms involved in VSMCs phenotypic 
switch.

Long noncoding RNAs (lncRNA) are a new class of 
ncRNAs, which function as powerful mediators in multiple 
aspects of molecular regulation under physiological and 
pathological conditions (6-8). They play a critical role in 
regulating tissue inflammation and destruction in aortic 
vascular disorder. Sun et al. reported that lncRNA H19 
promotes vascular inflammation and abdominal aortic 
aneurysm formation, acting as a competing endogenous 
RNA (9). Recent research has shown that lncRNA 
XR007793 regulates cell proliferation and migration via 
the miR-23b/PPARα axis in Sprague Dawley (SD) rats 
aortic VSMCs induced with platelet-derived growth factor 
(PDGF)-BB (10). The lncRNA MEG8 was first identified 
as a novel post-transcriptional regulator of VSMCs 
proliferation and migration by sponging the miR-181a/ 
PPARα axis in atherosclerosis (11).

The lncRNA RP11-465L10.10, mapped to human 
chromosome 20 ,  i s  a  na tura l  ant i sense  lncRNA 
transcribed from the downstream of exon 9 of the matrix 
metallopeptidase 9 (MMP9) gene. Long et al. reported that 
RP11-465L10.10 presented consistent expression trend 
with MMP9 and participated in the pathogenesis of early 
onset pre-eclampsia (EOPE), but the mechanism was not 
explained (12). Li et al. reported that RP11-465L10.10 
is upregulated in TAA by lncRNA expression profile 
microarray analysis (13). However, whether lncRNAs 
regulate the activation in VSMCs phenotype switching 
remains unknown. Recently, it was revealed that the 
expression of MMP9 is increased in secretory VSMCs (14).  
Matrix metalloproteinases (MMPs) are important 
extracellular matrix components and regulate the structure 
and function of the extracellular matrix, which are initially 
synthesized in cells and secreted as precursor proteins. 
MMP9 is one of the matrix metalloproteinases closely 

related to cardiovascular diseases in the ECM (15). Studies 
have shown that MMP9 up-regulated in thoracic aortic 
dissection, promotes the degradation of ECM, destroys 
the dynamic balance of VSMCs secreting ECM, and 
participates in the occurrence of TAA/D (16). Based on 
these correlated and important findings, the significant 
role of RP11-465L10.10 in regulating VSMCs phenotype 
switching and MMP9 expression was evaluated in this 
study. By analyzing the transcriptome data, the underlying 
mechanism was also explored.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6402).

Methods

Tissue collection

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Institutional Review Board of the 
First Affiliated Hospital of Soochow University (No. 
2021-305). Written informed consents were provided by 
individual participants or their guardians. Tissues analyzed 
in this study were collected from the Department of 
Cardiovascular Surgery, the First Affiliated Hospital of 
Soochow University. Aortic dissection specimens were 
obtained during the Bentall procedures or other large vessel 
replacements of TAD patients. Patients with traumatic 
aortic injury, inflammatory aortic disease, Ehlers-Danlos 
syndrome, Marfan syndrome, and other connective tissue 
disorders were excluded (17). Control aortic specimens 
were obtained from patients who underwent aortic valve 
replacement without vascular wall lesion. Specimens were 
divided into pieces and preserved under different conditions 
for histological and biochemical analysis. 

Immunohistochemical staining 

Tissues for histologic analysis  were embedded in 
paraffin and sectioned at 5 μm thickness. After dewaxing, 
rehydration, and antigen retrieval, the sections were 
incubated with anti-MMP9 antibody (1:500) overnight at  
4 ℃, and then incubated with horseradish peroxidase 
(HRP)-conjugated secondary antibody for 1 h at room 
temperature. Finally, a 3,3-diaminobenzidine (DAB) 
horseradish peroxidase color development kit (Servicebio, 
Wuhan, China) was used for color development.

https://dx.doi.org/10.21037/atm-21-6402
https://dx.doi.org/10.21037/atm-21-6402
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Cell culture

Human primary aortic VSMCs (BNCC 338291) were 
obtained from the Bena Culture Collection and cultured in 
Dulbecco’s modified Eagle medium (DMEM)/high glucose 
medium containing 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin. Only 4–8 passages of VSMCs were 
used in the experiments.

Overexpression RP11-465L10.10 in VSMCs

The DNA sequence fragment of RP11-465L10.10 was 
synthesized by GENEWIZ Company (Suzhou, China), and 
cloned into a pCDH lentivirus vector, which contained a 
green fluorescence protein (GFP) tag. Then, the lentivirus 
particles were produced in 293T cells and enriched with 
PEG8000. The VSMCs were infected with the lentivirus 
particles. After 3 days, the GFP positive cells were sorted 
with a flow sorting system (Becton, Dickinson, and Co., 
Franklin Lakes, NJ, USA). 

Total RNA extraction and reverse transcription polymerase 
chain reaction 

Total RNA was extracted from VSMCs with RNAiso 
Plus reagent (Takara, Dalian, China) according to the 
manufacturer’s instruction. Prime script RT Reagent 
(Takara, Dalian, China) was used to reverse-transcribe  
1,000 ng of total RNA into complementary DNA (cDNA). 
Gene expression was detected by FastStart Universal 
SYBR-Green Master (Takara, Dalian, China). Primers 
used in this study were designed by primer-BLAST of 
National Center for Biotechnology Information (NCBI) 
and are shown in Table S1. Relative fold changes of genes 
expression were normalized to 18s RNA and calculated by 
the 2−∆∆Ct method. 

Cell migration assay

Migration assay was performed with VSMCs following 
published methods (18).  Briefly,  RP11-465L10.10 
differently expressed VSMCs and negative control group 
were seeded in a 6-well plate (6×105 cells/well) and grown 
to 80% confluence, a linear scratch was made with a 200-μL 
pipette tip. Then, the cells were incubated with DMEM/
high glucose basic medium for specific times. Images were 
taken at 24 h to measure migration ratios. 

Cell proliferation assay

The capability of cell proliferation was detected by 
5-ethynyl-2’-deoxyuridine (EdU) incorporation assay. The 
RP11-465L10.10 differently expressed VSMCs were seeded 
in 24-well plates with 1.5×105 cells per well and cultured for 
24 h, then cocultured with EdU for 2 h at 37 ℃. Cells were 
fixed and permeabilized, followed by staining with active 
click buffer for 30 min protected from light. Subsequently, 
nuclei were stained with Hoechst 33342 (Beyotime, 
Shanghai, China) for 30 min protected from light. Finally, 
the images were obtained with a fluorescent microscope and 
quantitatively analyzed. 

Cell apoptosis assay

Apoptosis was analyzed by flow cytometry. After being 
induced with 500 μM H2O2 for 12 h, VSMCs were stained 
with the Annexin V-PE/7-AAD apoptosis flow cytometry 
detection kit (Becton, Dickinson, and Co., Franklin Lakes, 
NJ, USA) following the manufacture’s protocol. Meanwhile, 
nuclear morphology was stained with 4’,6-diamino-2-
phenylindole (DAPI).

RNA-Seq analysis in RP11-465L10.10(+) group 

The RNA expression profiles analysis of the RP11-
465L10.10 overexpression group and the control group 
were performed by Novogene Company (Beijing, China). 
The total RNA of VSMCs was extracted with RNAiso 
Plus reagent (Takara, Dalian, China), RNA quantification 
and qualification RNA integrity were assessed using 
the RNA Nano 6000 Assay Kit of the Bioanalyzer 2100 
system (Agilent Technologies, Santa Clara, CA, USA). 
The transcriptome library preparation and sequencing 
were performed according to library preparation for 
transcriptome sequencing. Triplicates of each group were 
analyzed. Differentially detected signals were identified 
through fold change filtering [fold change (FC) ≥2.0 or 
≤0.5] and t-test (P<0.05). Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analyses were performed using public databases.

Statistical analysis

All data were expressed as mean ± SD. Statistical significance 
was assessed by the paired t-test or one-way analysis of 

https://cdn.amegroups.cn/static/public/ATM-21-6402-supplementary.pdf
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variance (ANOVA) between two groups and multiple 
groups, respectively. Statistical significance was considered 
when P<0.05. All statistical analysis was carried out using 
the statistical software GraphPad Prism 8 (GraphPad 
Software Inc., La Jolla, CA, USA).

Results

RP11-465L10.10 is upregulated in TAA/D tissues and 
secretory VSMCs 

Previous studies have showed RP11-465L10.10 (also known as 
lncRNA SLC12A5-AS1) is highly related to the expression of 
MMP9, and participates in the progression of TAA/D (12,13). 
Thus, the expression of RP11-465L10.10 and MMP9 was 
analyzed in aortic vascular wall tissues from TAD patients. 
The RT-qPCR, western blot, and immunohistochemistry 
results confirmed both RP11-465L10.10 and MMP9 were 
upregulated in TAD tissues (Figure 1A-1D), which indicated 
that RP11-465L10.10 promotes TAD progression by 
regulating MMP9 expression. 

The phenotype switching of VSMCs contributes to the 
development of TAA/D (19). To reveal the expression of 
RP11-465L10.10 in VSMCs phenotype switching in vitro, 
angiotensin II (Ang II) was subjected to induce human 
VSMCs transformed from contractile phenotype into 
synthetic ones (Figure 1E,1F). The results of RT-qPCR 
showed that RP11-465L10.10 and MMP9 were significantly 
increased in VSMCs treated with Ang II (Figure 1G,1H). In 
conclusion, all above results revealed that RP11-465L10.10 
may participate in TAD by regulating VSMCs phenotype 
switching.

Overexpression RP11-465L10.10 in VSMCs

To investigate the functional roles and potential mechanisms 
of RP11-465L10.10 in VSMCs phenotype switching, an 
RP11-465L10.10 overexpressed lentivirus was produced. 
Briefly, the DNA fragment of RP11-465L10.10 was 
amplified and cloned into a pCDH lentivirus vector, and 
confirmed by gel electrophoresis after restriction enzyme 
digestion (Figure 2A). Then, the lentivirus particles were 
harvested and used to infect VSMCs. A flow cytometry 
sorting system was used to enrich the GFP positive cell 
ratio from 46.53% to 87.78% (Figure 2B). The expression 
of RP11-465L10.10 was measured by RT-qPCR, and the 
results showed that RP11-465L10.10 was dramatically 
increased (more than 120 folds) in RP11-465L10.10(+) 

VSMCs than control group. Meanwhile, RP11-465L10.10 
knockdown was carried out in RP11-465L10.10(+) VSMCs 
by transfecting with RP11-465L10.10 specific silencer 
(Figure 2C). The results of SM22α and MMP9 expression 
results showed that SM22α level decreased with RP11-
465L10.10 overexpression, whereas the expression of 
MMP9 showed a consistent trend as RP11-465L10.10 
(Figure 2D,2E). These data suggested that RP11-465L10.10 
overexpression induced VSMCs phenotype switching and 
MMP9 expression.

RP11-465L10.10 inducing VSMCs phenotype switching 

With the VSMCs phenotype transformed from contractile 
into secretory, their migration ability and proliferation 
ability were also enhanced (14). As shown in Figure 3A, the 
migration of RP11-465L10.10(+) VSMCs was promoted 
compared with the control group. Meanwhile, the enhanced 
migration capability was reversed after RP11-465L10.10 
silenced. The EdU staining showed consistent alternation 
trend of proliferation in RP11-465L10.10 differently 
expressed VSMCs (Figure 3B). These findings suggest that 
RP11-465L10.10 induces the proliferation and migration of 
VSMCs.

Under normal physiological conditions, the proliferation 
and apoptosis of VSMCs were in a dynamic balance in 
vascular walls. The transformation of VSMCs to secretory 
type was accompanied by the enhancement of their anti-
apoptotic ability. Therefore, apoptosis of VSMCs were 
detected by flow cytometry, early apoptosis (Annexin V 
positive) and late apoptosis (both Annexin V and 7-AAD 
positive) were counted together. Flow cytometry results 
showed that overexpression of RP11-465L10.10 presented 
a significantly decreased apoptosis ratio compared with 
the control group and RP11-465L10.10 siRNA group  
(Figure 3C). Nuclear pyknosis is a typical characteristic of 
apoptosis. By nuclear staining, we also observed overexpression 
of RP11-465L10.10 can decrease apoptotic cells, which was 
reversed with RP11-465L10.10 knockdown in VSMCs (Figure 
3D). Therefore, our studies indicated that RP11-465L10.10 
overexpression remarkably promotes VSMCs migration, 
proliferation, and anti-apoptosis capabilities, and these could 
be reversed by RP11-465L10.10 knockdown.

RP11-465L10.10 regulated VSMCs phenotype switching 
and MMP9 expression via the nuclear factor-κB pathway 

To further ascertain the potential biological functions and 
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Figure 1 The expression of RP11-465L10.10 and MMP9 in TAD tissues and Ang II induced VSMCs in vitro. (A) The expression of 
RP11-465L10.10 was upregulated in TAD tissues; (B) RT-qPCR showed the expression level of MMP9 in TAD tissues was significantly 
upregulated; (C,D) Western blot and immunohistochemical staining showed the expression of MMP9 in TAD group was upregulated. Bar 
=50 μm; (E,F) the expression of SM22α in Ang II induced VSMCs was significantly lower both in mRNA and protein levels; (G) RT-qPCR 
showed the expression of RP11-465L10.10 was significantly increased in Ang II induced VSMCs; (H) RT-qPCR showed the expression 
of MMP9 was significantly increased in Ang II induced VSMCs. n=3 for each group; **, P<0.01. TAD, thoracic aortic dissection; Ang 
II, angiotensin II; VSMC, vascular smooth muscle cell; RT-qPCR, reverse transcription quantitative polymerase chain reaction; mRNA, 
messenger RNA.
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Figure 2 Overexpression RP11-465L10.10 in VSMCs. (A) Gel electrophoresis to identify RP11-465L10.10 DNA fragments. Lane1: RP11-
465L10.10 overexpression plasmid. Lane2: control plasmid; (B) flow cytometric analysis of green fluorescence positive VSMCs transfected 
with RP11-465L10.10 overexpressing lentivirus after sorting; (C) RT-qPCR results showed the expression of RP11-465L10.10 was 
significantly upregulated in RP11-465L10.10(+) VSMCs and reversed by transfecting with RP11-465L10.10 specific Silencer; (D) RT-qPCR 
showed the expression of SM22α was down-regulated in RP11-465L10.10(+) VSMCs and reversed with RP11-465L10.10 inhibition; the 
expression of MMP9 showed a consistent trend to RP11-465L10.10 expression; (E) Western blot showed consistent trend with RT-qPCR 
results in protein level of SM22α and MMP9. n=3 for each group; *, P<0.05; **, P<0.01. VSMC, vascular smooth muscle cell; RT-qPCR, 
reverse transcription quantitative polymerase chain reaction.

related signal pathways of RP11-465L10.10 in VSMCs 
phenotypic switch, RNA-seq was performed to determine 
the differentially expressed genes with RP11-465L10.10 
overexpression. The results showed there were 455 
differentially expressed genes, including 199 up-regulated 
genes and 256 down-regulated genes (Figure 4A). In addition, 

hierarchical cluster analysis showed a difference in the 
messenger RNA (mRNA) expression profiles between RP11-
465L10.10(+) VSMCs and control group, such as NOTCH3 
and SOX9, were upregulated in RP11-465L10.10(+) VSMCs, 
as previously reported (Figure 4B) (20,21). 

The results of GO functional enrichment analysis 
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Figure 4 RP11-465L10.10 regulated VSMCs phenotype switching and MMP9 expression via the NF-κB pathway. (A) Histogram of the 
number of different genes between RP11-465L10.10(+) and control group. Blue column and gray column represent up-regulated and down-
regulated differential expressed genes respectively; (B) hierarchical cluster showed a difference in the mRNA expression profiles between 
overexpression RP11-465L10.10 VSMCs and control groups; (C) GO enrichment analysis histograms, which were drawn according to the 
3 categories of biological processes, cellular components, and molecular functions; (D) KEGG pathway enrichment analysis of differently 
expressed genes; (E) RT-qPCR showed that the expression of p65, p50 and IκB were increased in RP11-465L10.10(+) group and inhibited 
with silencer transfected; (F) Western blot showed that the protein levels of p65, p50, and IκB in the RP11-465L10.10(+) group were up-
regulated; (G) the phenotypic switch and MMP9 expression were inhibited by inhibiting the NF-κB signal pathway in RP11-465L10.10(+) 
VSMCs. *, P<0.05; **, P<0.01; ***, P<0.001. VSMC, vascular smooth muscle cell; mRNA, messenger RNA; GO, Gene Ontology; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; RT-qPCR, reverse transcription quantitative polymerase chain reaction.
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revealed several terms related to RP11-465L10.10 in 
biological processes, cell composition, and molecular 
functions, among which ECM and cytokine activity 
are significantly enriched (Figure 4C). Additionally, for 
differentially expressed mRNAs, KEGG pathway analysis 
revealed that RP11-465L10.10 regulates several different 
signaling pathways including the tumor necrosis factor 
(TNF) signaling pathway, interleukin (IL)-17 signaling 
pathway, and nuclear factor-κB (NF-κB) signaling pathway 
(Figure 4D). Among these, the NF-κB signal pathway 
participated the inflammatory phase of TAD as an 
important inflammatory stimulus for VSMCs phenotype 
switching (22,23).

Previous studies have indicated that RP11-465L10.10 
may facilitate NF-κB p50 expression motif as a cis-acting 
element (13). Therefore, we used western blot to examine 
NF-κB p50 and some other key proteins involved in the 
NF-κB pathway. The results showed the expression of 
p50, P-p65, and P-IκB was significantly increased in RP11-
465L10.10 overexpressed VSMCs (Figure 4E,4F). We 
further used SN50 (a NF-κB signaling pathway inhibitor) 
to inhibit the activation of NF-κB signaling in RP11-
465L10.10(+) VSMCs (24). Moreover, we observed that 
the expression of SM22α increased and MMP9 decreased 
in SN50 groups (Figure 4G). Therefore, our above results 
demonstrated that NF-κB signaling is necessary in RP11-
465L10.10-mediated VSMC phenotype transformation. 

Discussion 

The pathological section of TAA/D showed structural 
abnormalities of the aortic media (25), specifically 
manifested as rupture of elastin and disordered arrangement 
of collagen fibers in the media (26). As the main component 
of the aortic media, VSMCs are closely related to the 
function of the vascular wall (27). The role of contractile 
VSMCs is to maintain the structural stability of the aortic 
wall, functionally express contractile proteins and maintain 
the elasticity of the aorta. It has been demonstrated that 
VSMCs phenotypic modulation plays vital roles in the 
pathophysiologic processes of TAD (3). Switching of 
VSMCs from the contractile to secretory phenotype is an 
important biological behavior, which is marked with the 
enhanced proliferation, migration, and anti-apoptosis (28).  
The enhanced migration ability of secretory VSMCs 
promote the VSMCs migrated from the media to the 
intima. The apoptotic ability of secretory VSMCs declines, 
these VSMCs in the over-mature cell cycle are not enough 

to maintain structural and functional stability, and their 
anti-apoptotic ability increases, which leads to the self-
clearance failure of senescent VSMCs (29). Further, reduced 
and weakened the elasticity and the contraction ability of 
secretory phenotype VSMCs, resulting weak aortic wall and 
leading to the occurrence of thoracic aortic dissection (30). 
Matrix metalloproteinases are important extracellular matrix 
components synthesized by VSMCs, and they regulate 
the structure and function of the extracellular matrix (31). 
Matrix metalloproteinases are a family of zinc-dependent 
endopeptidase enzymes, which are initially synthesized and 
secreted as precursor proteins. Secreted VSMCs are fully 
developed and mature cell states of VSMCs, and secrete 
a large amount of extracellular matrix such as MMP2 and 
MMP9, which results in the disorder of the media structure 
make it develop into a thoracic aortic dissection under 
various inducements such as hypertension changes (17).

In the present study, we found the expression of RP11-
465L10.10 and MMP9 were upregulated both in TAD 
aortic wall and Ang II-induced VSMCs phenotype 
switching model in vitro, which indicated that RP11-
465L10.10 may function as a regulator in TAA/D vascular 
lesions. Abnormal migration and proliferation caused by 
VSMCs phenotypic switch are hallmarks for pathogenesis 
of TAA/D (32). In our current study, functional experiments 
performed in VSMCs revealed that the proliferation and 
migration of VSMCs was improved, and apoptosis was 
inhibited by increasing RP11-465L10.10 expression. 

We performed RNA sequencing analysis to explore 
the target genes and regulated pathways of RP11-
465L10.10. The GO analysis showed that RP11-465L10.10 
participates in multiple biological processes including 
muscle structure development and ECM organization, 
both of which are closely related to vascular contractile 
function. Excitingly, ECM-associated cellular component 
and molecular function motifs were enriched from GO 
analysis. These findings indicated that RP11-465L10.10 
plays important roles in regulation of ECM. The MMP9 
gene is one of primary enzymes responsible for the matrix 
degradation and disorganization. A previous study revealed 
that the expression of MMP9 is significantly increased in 
aortic aneurysm (33). The overexpression of MMP9 and 
reduced level of SM22α impairs the elastin-contractile 
units of VSMCs (34-37). Our mechanical experiments also 
showed that RP11-465L10.10 induced MMP9 expression 
in VSMCs. In addition, the ECM such as elastic fibers, 
adhesion proteins, and other molecular changes are related 
to cell proliferation, adhesion, and migration. This may 
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partially explain the enhanced migration and proliferation in 
RP11-465L10.10(+) VSMCs. All of these data demonstrated 
that RP11-465L10.10  promotes VSMCs phenotype 
changing and MMP9 expression, which are important 
promoting factors for TAA/D. 

The KEGG pathway enrichment analysis of differentially 
expressed genes in the RP11-465L10.10(+) group was 
applied to determine the potential associated pathway. 
The KEGG analysis indicated that NF-κB signaling was 
involved in RP11-465L10.10-induced VSMCs phenotypic 
switch. An abundance of evidence has demonstrated that 
NF-κB pathway activation leads to ECM degradation 
and VSMC phenotypic switch (38-42). Prediction of 
transcription factor binding sites indicated that RP11-
465L10.10 may be a cis-acting element to regulate NF-
κB p50 expression. Theoretically, activation of the NF-κB 
signal pathway would lead to an enhanced migration and 
proliferation. Western blot confirmed that the expressions 
of p50, P-p65, and P-IκB were increased in VSMCs with 
RP11-465L10.10 upregulating (Figure 4F). Furthermore, 
when we interfered with NF-κB pathway activation in 
RP11-465L10.10(+) VSMCs with SN50, the effects of 
VSMCs phenotype switching induced by RP11-465L10.10 
was impaired. Consistent with this, we first demonstrated 
RP11-465L10.10 promoting VSMCs phenotype switching 
and MMP9 expression via NF-κB signaling pathway. 

Conclusions

It is crucial to identify the mechanisms that promote 
VSMCs phenotypic switch, with the aim of developing 
an effective pharmacologic treatment to prevent TAA/D 
progression. Taken together, our study found that RP11-
465L10.10 presents at a high-level in TAD tissues, and 
aggravates the proliferation and migration of VSMCs. 
Our further investigations showed that RP11-465L10.10 
promotes the VSMCs phenotype switch and MMP9 
expression via the NF-κB signaling pathway. Most 
importantly, this research may lead to progress in lncRNA 
based therapies, and has revealed that RP11-465L10.10 
might have potential therapeutic value for TAA/D 
treatment. 
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