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LncRNA CRNDE affects the proliferation and apoptosis of vascular smooth
muscle cells in abdominal aortic aneurysms by regulating the expression of
Smad3 by Bcl-3
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ABSTRACT
Previous studies show that Long non-coding RNAs (LncRNAs) are involved in the regulation of various
human diseases. This study aimed to reveal how LncRNA CRNDE regulated vascular smooth muscle cells
(VSMCs) proliferation and apoptosis in abdominal aortic aneurysms (AAA). Here, we found CRNDE was
down-regulated in AAA tissues and AngII-stimulated VSMCs. The overexpression of CRNDE promoted
VSMCs proliferation and inhibited cell apoptosis. The interaction between CRNDE and Bcl-3 or Bcl-3 and
Smad3 was verified. The interference with Bcl-3 or CRNDE reduced Smad3 stability or promoted Smad3
ubiquitination. After pcDNA-CRNDE or pcDNA-CRNDE+si-Bcl-3 was transfected into VSMCs and stimulated
with AngII, CRNDE affected VSMCs proliferation and apoptosis via regulating Smad3 via Bcl-3. Vivo experi-
ments showed the overexpression of CRNDE repressed AAA growth. Therefore, we concluded that
CRNDE was down-regulated in AAA tissues and AngII-stimulated VSMCs. Furthermore, the overexpression
of CRNDE promoted VSMCs proliferation and repressed cell apoptosis in AAA by up-regulating Smad3 via
Bcl-3.
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Introduction

Abdominal aortic aneurysm (AAA) refers to the
local expansion of the abdominal aorta and is one
of the common aortic aneurysms [1]. Since AAA is
usually asymptomatic, the overall mortality caused
by AAA is over 80% [2]. Unfortunately, there are
currently no drugs available for the treatment of
AAA, and treatment options are mainly limited to
surgical repair [3,4]. Local structural abnormalities
of the arterial wall have been reported to be one of
the features of AAA, and the reduction in the
number of vascular smooth muscle cells
(VSMCs) is an important cause of AAA [5].
Another study found that the apoptosis of
VSMCs plays an important regulatory role in
accelerating the development of AAA [6]. In addi-
tion, there is increasing evidence indicate that
promoting VSMCs proliferation or inhibiting cell
apoptosis can impede the progression of AAA
[7,8]. Therefore, promoting VSMCs proliferation
and repressing cell apoptosis is beneficial to alle-
viate AAA.

Long non-coding RNAs (LncRNAs) are a class of
non-coding RNAs that are greater than 200 nucleo-
tides in length [9]. LncRNAs have been shown to be
involved in the regulation of a variety of biological
processes in cells, including the proliferation, migra-
tion, apoptosis, and differentiation of cells [10].
Accumulating evidence indicates that LncRNAs are
the core factors that regulate the proliferation and
differentiation of VSMCs [11,12]. It has been reported
that interferencewith LncRNAMRAK048635_P1 pro-
motes the proliferation and migration of VSMCs and
inhibits cell apoptosis [13]. Studies have shown that the
knockdown of LncRNA RNCR3 inhibits VSMCs pro-
liferation and accelerates cell apoptosis [14]. It is worth
noting that Zhang et al find that LncRNA PVT1 was
significantly up-regulated in the abdominal aortic tis-
sues of AAA patients and further studies find that in
Ang II–induced AAA model, the interference with
LncRNA PVT1 can inhibit the apoptosis of VSMCs,
thereby alleviating the progression of AAA [15]. In
addition, a recent study has shown that LncRNA
H19 is abnormally overexpressed in AAA tissues, and
the knockdown of LncRNA H19 can attenuate AAA
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via inhibiting the apoptosis of VSMCs [16]. Therefore,
exploring more LncRNAs that can regulate VSMCs
proliferation or apoptosis is important for mitigat-
ing AAA.

Smad3 protein is a member of the Smad protein
family [17]. Emerging evidence suggests that Smad3 is
involved in the regulation of a variety of cancers,
including AAA [18]. In addition, another study has
found that in a mouse AAA model, Smad3 plays an
important role in protecting vascular wall integrity and
slowing down the progression of AAA [19]. Therefore,
up-regulating the protein level of Smad3 is important
for the relief of AAA. As reported, the overexpression
of hCLP46 can up-regulate the expression of Smad3 by
inhibiting the ubiquitination and degradation of
Smad3 [20]. In addition, another study has indicated
that PROTAC can up-regulate the expression of
Smad3 by inhibiting the ubiquitination of Smad3,
thereby preventing renal fibrosis [21]. Therefore,
exploring the strategies to up-regulate the expression
of Smad3 through inhibiting the ubiquitination of
Smad3 has the potential to alleviate AAA.

In the present study, we found that LncRNA
CRNDE was down-regulated in AAA tissues and
AngII-stimulated VSMCs. Further studies revealed
that the overexpression of LncRNACRNDE inhibited
the ubiquitination and degradation of Smad3 protein
by up-regulating Bcl-3, and this up-regulation of
Smad3 could promote VSMCs proliferation and inhi-
bit cell apoptosis to ultimately improve AAA.

Materials and methods

Patients and tissue samples

The confirmed AAA patients (aneurysm diameter >
4 cm) were collected from the Henan Provincial
People’s Hospital. Full-thickness aortic wall (aortic wall
intima, media, and adventitia) tissue specimens were
collected from patients. AAA tissues (n = 36) and adja-
cent tissues (1 cm away from theAAA)were obtained by
surgery and quickly stored in liquid nitrogen within
5 min. Our research was approved by the Medical
Ethics Committee of Henan Provincial People’s Hospital.

Cell culture

According to methods described in previous reports,
vascular smooth muscle cells (VSMCs) were isolated

from primary mouse aortic tissue, including mouse
abdominal aortic tissues [22]. VSMCs were resus-
pended in completeDulbecco’smodified Eagle’smed-
ium supplementedwith 10% fetal bovine serum (FBS),
100 U/mL penicillin and 100 mg/mL streptomycin
and cultured in a humidified incubator with 5% CO2

at 37°C.

Cell transfection

Mouse VSMCs were seeded in a six-well plate at
a density of 1 × 105 cells/well. Subsequently, the
synthesized si-CRNDE, pcDNA-CRND, and pcDNA-
CRNDE+si-Bcl-3 were transfected into VSMCs using
the Lipofectamine 2000, respectively. After 8 h of
transfection, further analysis was performed.

Real-time quantitative polymerase chain
reaction (qRT-PCR)

Total RNA was isolated from AAA tissues and differ-
ently treated VSMCs by RNAiso Plus (TaKaRa,
Dalian, China). Next, reverse transcription of RNA
into cDNA using PrimeScrip RT Master Mix. The
synthesized cDNA was subjected to Real-time PCR
on a Stratagene Mx3005P qPCR instrument by the
SYBR Green master mix (Agilent Technologies).
GAPDHwas used as endogenous control and relative
expression of LncRNA CRNDE was calculated by the
2−ΔΔCt method.

MTT assay

The proliferation of differently treated VSMCs was
assessed byMTT. Briefly, VSMCs with different treat-
ments were seeded in a six-well plate at a density of
1 × 105 cells/well and cultured overnight.
Subsequently, 20 μL of MTT solution was added to
each well and incubated at 37°C for 1 h. Next, the
medium was removed and 150 μL of DMSO was
added to each well to dissolve the blue crystals.
Finally, the cell proliferation was identified through
measuring the absorbance at 570 nm.

EdU assay

VSMCs with different treatments were seeded into
a six-well plate at a density of 1 × 105 cells/well and
incubated for 24 h. According to the manufacturer’s
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instructions, 5-Ethynyl-20-deoxyuridine (EdU) incor-
poration analysis was performed using the EdU ana-
lysis kit. Finally, images were acquired using a laser
scanning confocal microscope, and the percentage of
EdU-positive cells was calculated.

Flow cytometric analysis

Different treatments of VSMCs were harvested.
Double staining of FITC-Annexin V and propidium
iodide (PI) was performed by FITC Annexin
V Apoptosis Detection Kit (BD Biosciences). The
apoptosis of VSMCs was analyzed by using a flow
cytometer equipped with CellQuest software
(FACScan, BD Biosciences) according to the manu-
facturer’s instructions.

RNA pull-down assay

VSMCs were quantified and lysed with lysis buffer
supplemented with a protease inhibitor cocktail.
Purified LncRNA CRNDE was biotinylated by the
biotin RNA labeling mix (Ambion Life). The biotiny-
lated LncRNA CRNDE was captured with streptavi-
din magnetic beads according to the manufacturer’s
instructions and then incubated with VSMCs lysate.
Finally, the magnetic beads were washed and the
eluted proteins were detected by Western blot.

RNA immunoprecipitation (RIP)

RIP experiments were performed according to the
instructions of the Magna RIPTM RNA Binding
Protein Immunoprecipitation Kit (Millipore).
VSMCs were lysed in complete RIP lysis buffer
and cell extracts were incubated with RIP buffer
containing magnetic beads conjugated to anti-
Argonaute 2 (Ago2) antibody (Millipore) or nor-
mal mouse IgG (Millipore). Then, the sample was
digested with proteinase K, and the RNAs in the
precipitated complex were analyzed by qRT-PCR.

Western blot analysis

The different treatments of VSMCs in this experi-
ment were collected. The VSMCs were lysed on ice
with RIPA buffer supplemented with protease inhi-
bitors and proteins were extracted. SDS-PAGE was

performed to separate the same amount of protein
and transfer to PVDF membranes. After blocking
the membrane for 1 h in 5% skim milk, the mem-
brane was incubated with specific primary antibody
overnight. Subsequently, the membrane was incu-
bated with the secondary antibody for 1 h at room
temperature. Finally, the proteins were visualized by
enhanced chemiluminescence (ECL) chromogenic
substrates and proteins were quantified by Quantity
One software.

Co-immunoprecipitation (Co-IP)

In order to examine the interaction between Bcl-3
and Smad3, the anti-Bcl-3 antibody or anti-Smad3
antibody was used for the Co-IP test, respectively.
Briefly, VSMCs were lysed in cell lysis buffer, and
then the cell lysates were incubated with anti-Bcl-3
antibody or anti-Smad3 antibody and protein
G-agarose beads (Thermo Fisher Scientific) over-
night. The beads/immune complexes were then
washed 3 times with lysis buffer. Finally, the eluted
immune complexes were detected by Western blot.

Cycloheximide (CHX)-chase assay

CHX is a protein synthesis inhibitor [23]. After
pcDNA-CRNDE and pcDNA-CRNDE+si-Bcl-3
were transfected into mouse VSMCs, respectively,
the cells were treated with 20 μg/mL CHX, and the
protein level of Smad3 was determined by Western
blot at 0, 4, and 8 h.

Ubiquitination assay

To explore the effect of LncRNA CRNDE on the
ubiquitination of Smad3, we performed the ubiqui-
tination assay. Specifically, ubiquitination and
pcDNA-CRNDE or si-CRNDE plasmids were trans-
fected into mouse VSMCs by jetPRIME, respectively,
and the cells were treated with 100 mM proteasome
inhibitor MG132 for 6 h [24]. Finally, the protein
level of Smad3 was analyzed by Western blot.

Establishment of a mouse model of AAA

Twelve C57BL/6 ApoE−/− mice were anesthetized
with 50 mg/kg sodium pentobarbital and 1000 ng/
kg/min AngII (Sigma-Aldrich, St. Louis, MO) was
injected by subcutaneous osmotic minipump for
4 weeks. The control mice were injected with the
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same volume of saline. On the 0, 7 and 14 d after
induction, Lenti-control (n = 6) or Lenti-CRNDE
(n = 6) were injected into AAA mice, respectively.
On the 28th day, the mice were sacrificed and aneur-
ysm tissues were taken for the follow-up experiments.
Our research was approved by the Medical Ethics
Committee of Henan Provincial People’s Hospital.

Ultrasound (US) imaging

The experiment was carried out based on the pre-
vious method [25]. Briefly, B-mode US imaging was
performed on the 28th day after the induction to
assess the diameter of the abdominal aorta diameter.

Statistical analysis

SPSS version 20.0 software was used for all statistical
analysis in this experiment. Unless otherwise stated,
the data was usually expressed as mean ± standard
deviation (SD). Differences between two groups were
analyzed by Student’s t-test, and differences among
groups were analyzed by one-way ANOVA. P values
<0.05 were considered statistically significant.

Results

LncRNA CRNDE is down-regulated in abdominal
aortic aneurysm tissues and AngII-stimulated vascu-
lar smooth muscle cells

Abdominal aortic aneurysm (AAA) tissues and
adjacent normal tissues were obtained from patients
with AAA diagnosed by CT scan and abdominal
magnetic resonance imaging (n = 36). qRT-PCR
was used to screen for LncRNA expressed in AAA,
including LncRNA H19 [25], LncRNA PVT1 [15],
LncRNA LINC00265 [26], and LncRNA MT1DP
[27], LncRNA CRNDE [27]. The results showed
that the expression of LncRNA CRNDE was signifi-
cantly down-regulated in AAA tissues (Figure 1(a)).
Mouse vascular smooth muscle cells (VSMCs) were
treated with 1 μM AngII for 48 h [25]. According to
the results of MTT and EdU assays, it was found that
AngII stimulation significantly inhibited the prolif-
eration of mouse VSMCs and reduced the percen-
tage of EdU positive cells (Figure 1(b–d)). From the
results of flow cytometry, we found that AngII sti-
mulation significantly promoted the apoptosis of
mouse VSMCs (Figure 1(e,f)). In addition, it could
be seen from the results of qRT-PCR that the

expression of LncRNA CRNDE was significantly
down-regulated after AngII stimulation (Figure 1
(g)). In summary, the expression of LncRNA
CRNDE was down-regulated in AAA tissues and
AngII-stimulated VSMCs.

Overexpression of LncRNA CRNDE promotes
VSMCs proliferation and inhibits cell apoptosis

To investigate the effect of LncRNA CRNDE on the
proliferation and apoptosis of VSMCs, we transfected
pcDNA or pcDNA-CRNDE into mouse VSMCs and
treated the cells with 1 μM AngII for 48 h. From the
results of qRT-PCR, it could be seen that the expres-
sion of LncRNA CRNDE was markedly down-
regulated after the AngII stimulation. Compared
with the AngII+pcDNA group, the expression of
LncRNA CRNDE was significantly up-regulated in
the AngII+pcDNA-CRNDE group (Figure 2(a)). The
results of MTT and EdU assays indicated that the
AngII stimulation inhibited VSMCs proliferation
and reduced the percentage of EdU positive cells.
Besides, compared with the AngII+pcDNA group,
the proliferation of VSMCs was promoted and the
percentage of EdU positive cells was increased in the
AngII+pcDNA-CRNDE group (Figure 2(b–d)). From
the results of flow cytometry, we found that the AngII
stimulation promoted the apoptosis of VSMCs. In
addition, compared with the AngII+pcDNA group,
the apoptosis of VSMCs was repressed in the AngII
+pcDNA-CRNDE group (Figure 2(e,f)). From the
above experimental results, the overexpression of
LncRNA CRNDE could promote the proliferation of
VSMCs and repress the apoptosis of cells.

LncRNA CRNDE regulates the ubiquitination of
Smad3 via Bcl-3

Subsequently, we explored the interaction between
LncRNA CRNDE and Bcl-3 by RNA pull-down
and RIP experiments. From the RNA pull-down
detection data, it was found that the expression of
Bcl-3 was detected in the CRNDE pull-down com-
plex (Figure 3(a) and Supplemental Figure 1a). RIP
experiments revealed that LncRNA CRNDE was
accumulated in Bcl-3 precipitated protein samples
(Figure 3(b)). Furthermore, we transfected si-con-
trol or si-CRNDE into mouse VSMCs, respectively.
Western blot analysis showed that the transfection
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of si-CRNDE down-regulated the protein level of
Bcl-3 (Figure 3(c) and Supplemental Figure 1b,C).
Besides, in order to elucidate the interaction
between Bcl-3 and Smad3, we performed a Co-

immunoprecipitation (Co-IP) experiment. From
the results of this experiment, it was found that
there is an interaction between Bcl-3 and Smad3
protein (Figure 3(d) and Supplemental Figure 1d,

Figure 1. Expression of LncRNA CRNDE in abdominal aortic aneurysm (AAA) tissues and AngII-stimulated vascular smooth muscle
cells (VSMCs). AAA tissues and adjacent normal tissues were obtained from patients with AAA diagnosed by CT scan and abdominal
magnetic resonance imaging (n = 36). (a) qRT-PCR was used to detect the expressions of LncRNA H19, LncRNA PVT1, LncRNA
LINC00265, LncRNA MT1DP, LncRNA CRNDE in AAA tissues and AngII-stimulated VSMCs. Mouse vascular smooth muscle cells
(VSMCs) were treated with 1 μM AngII for 48 h. (B&C&D) MTT and EdU were performed to analyze the proliferation of VSMCs and the
percentage of EdU positive cells, respectively. (E&F) Flow cytometry was performed to analyze the apoptosis of VSMCs. (g) qRT-PCR
was used to detect the expression of LncRNA CRNDE. *P < 0.05 (compared to adjacent tissues group or control group).
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E). Subsequently, we transfected pcDNA-CRNDE
or pcDNA-CRNDE+si-Bcl-3 into mouse VSMCs
and treated the cells with 20 μg/mL CHX, and
then detected the stability of Smad3 protein at 0,
4, and 8 h, respectively. Western blot analysis indi-
cated that Smad3 protein in cells transfected with

pcDNA-CRNDE alone was much more stable than
cells transfected with pcDNA-CRNDE+si-Bcl-3
(Figure 3(e) and Supplemental Figure 2a,B).
Furthermore, we transfected pcDNA-CRNDE or si-
CRNDE into mouse VSMCs and treated the cells
with 100 mM MG132 for 6 h. From the results of

Figure 2. Effect of LncRNA CRNDE on the proliferation and apoptosis of VSMCs. pcDNA or pcDNA-CRNDE was transfected into mouse
VSMCs and treated the cells with 1 μM AngII for 48 h. (a) qRT-PCR was used to detect the expression of LncRNA CRNDE. (B–D) MTT
and EdU were used to detect the proliferation of VSMCs and the percentage of EdU positive cells. (E,F) Flow cytometry was
performed to analyze the apoptosis of VSMCs. *P < 0.05 (compared to control group), #P < 0.05 (compared to AngII+pcDNA group).
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Figure 3. LncRNA CRNDE targets Bcl-3 and regulates the ubiquitination of Smad3 via Bcl-3. (A,B) RNA pull-down and RIP
experiments were performed to analyze the interaction between LncRNA CRNDE and Bcl-3. (c) After si-control or si-CRNDE was
transfected into mouse VSMCs, Western blot was used to detect the expressions of Bcl-3 and Smad3. (d) Co-immunoprecipitation
assay was performed to analyze the interaction between Bcl-3 and Smad3 in mouse VSMCs. (e) pcDNA-CRNDE or pcDNA-CRNDE+si-
Bcl-3 was transfected into mouse VSMCs and treated the cells with 20 μg/mL CHX for 0, 4, 8 h. The protein level of Smad3 was
analyzed by Western blot. (f) pcDNA-CRNDE or si-CRNDE was transfected into mouse VSMCs and treated the cells with 100 mM
MG132 for 6 h. The ubiquitination level of Smad3 protein was detected by Western blot. *P < 0.05 (compared to IgG group or
pcDNA-CRNDE group).
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Western blot analysis, the interference with
LncRNA CRNDE increased the ubiquitination
degradation of Smad3 protein, while the overex-
pression of LncRNA CRNDE produced the oppo-
site effect (Figure 3(F) and Supplemental Figure 2c–
E and Supplemental Figure 3a–C). Taken together,
the above experimental results indicated that
LncRNA CRNDE bound to Bcl-3 and LncRNA
CRNDE could regulate the ubiquitination of
Smad3 via Bcl-3.

LncRNA CRNDE regulates Smad3 through Bcl-3
and affects the proliferation and apoptosis of
VSMCs

To further investigate how LncRNA CRNDE
affected the proliferation and apoptosis of
VSMCs, pcDNA, pcDNA-CRNDE or pcDNA-
CRNDE+si-Bcl-3 were transfected into mouse
VSMCs and stimulated the cells with AngII.
Western blot analysis showed that the overex-
pression of LncRNA CRNDE up-regulated the
expressions of Bcl-3 and Smad3, while this up-
regulation was reversed after the transfection of
si-Bcl-3 (Figure 4a and Supplemental Figure 3d–
F). Moreover, the results of MTT and EdU
showed that the overexpression of LncRNA
CRNDE promoted VSMCs proliferation and
increased the percentage of EdU positive cells,
while these effects were reversed after the trans-
fection of si-Bcl-3 (Figure 4(b–d)). According to
the results of flow cytometry, we found that the
overexpression of LncRNA CRNDE inhibited
the apoptosis of VSMCs, while this inhibition
was reversed after the transfection of si-Bcl-3
(Figure 4(e,f)). Collectively, our data demon-
strated that the overexpression of LncRNA
CRNDE could promote VSMCs proliferation
and inhibit cell apoptosis via up-regulating
Smad3 expression by Bcl-3.

Overexpression of LncRNA CRNDE represses mice
AAA growth

To further verify the effect of LncRNA CRNDE
in vivo, we established a C57BL/6 ApoE−/− mouse
model of AAA (n = 12) and injected Lenti-control,

Lenti-CRNDE in mice at 0, 7 and 14 d after the
establishment. At 28 d after the induction, the
mice were sacrificed and the aortic aneurysm dia-
meter was measured by ultrasound (US).
Experimental data indicated that the overexpres-
sion of LncRNA CRNDE significantly repressed
mice AAA growth (Figure 5(a)). From the results
of qRT-PCR, it was found that the expression of
LncRNA CRNDE was up-regulated in AAA tissues
after the injection of Lenti-CRNDE (Figure 5(b)).
Western blot analysis showed that the protein
levels of Bcl-3 and Smad3 were significantly up-
regulated after the injection of Lenti-CRNDE com-
pared with the Lenti-control group (Figure 5(c)
and Supplemental Figure 4a–c). Taken together,
the above experimental results indicated that the
overexpression of LncRNA CRNDE could repress
mice AAA growth.

Discussion

Emerging evidence suggests that promoting vascu-
lar smooth muscle cells (VSMCs) proliferation and
inducing cell apoptosis are beneficial for improv-
ing abdominal aortic aneurysm (AAA) [28,29].
Therefore, exploring the methods to promote
VSMCs proliferation or inhibit cell apoptosis is
of great significance for relieving AAA. In the
present study, we found that the overexpression
of LncRNA CRNDE could promote VSMCs pro-
liferation and repress cell apoptosis. Further stu-
dies revealed that the overexpression of LncRNA
CRNDE could inhibit the ubiquitination of Smad3
protein by up-regulating Bcl-3 and ultimately atte-
nuated AAA by up-regulating the expression of
Smad3.

Numerous studies have shown that long non-
coding RNAs (LncRNAs) are involved in the regula-
tion of biological processes such as proliferation, dif-
ferentiation, and apoptosis of various cells [30,31].
A recent study has shown that LncRNAs regulate the
proliferation and differentiation of VSMCs and are
one of the key factors regulating VSMCs [32]. As
reported, the overexpression of LncRNA NEAT1 in
VSMCs promotes the proliferation and migration of
VSMCs, while the interference with LncRNANEAT1
has the opposite effect [33]. In addition, another study
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has shown that LncRNA HIF1α antisense RNA 1
(HIF1a-AS1) is overexpressed in the thoracoabdom-
inal aortic aneurysm (TAAA), and the knockdown of
LncRNA HIF1α promotes VSMCs proliferation and
induces cell apoptosis to improve TAAA [34].
Therefore, regulating the expression of LncRNAs to

inhibit VSMCs apoptosis or promote cell proliferation
has the potential to improve AAA. In this study, we
also found that LncRNA CRNDE was abnormally
down-regulated in AAA tissues and AngII-
stimulated VSMCs. As expected, the in-depth studies
had found that the overexpression of LncRNA

Figure 4. LncRNA CRNDE affects the proliferation and apoptosis of VSMCs by regulating Smad3 through Bcl-3. pcDNA, pcDNA-
CRNDE or pcDNA-CRNDE+si-Bcl-3 was transfected into mouse VSMCs and stimulated with AngII. (a) Western blot was used to detect
the protein levels of Bcl-3 and Smad3. (B–D) MTT and EdU assays were used to detect the proliferation of VSMCs and the percentage
of EdU positive cells, respectively. (E,F) Flow cytometry was performed to analyze the apoptosis of VSMCs. *P < 0.05 (compared to
AngII+pcDNA group), #P < 0.05 (compared to AngII+pcDNA-CRNDE group).
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CRNDE could promote VSMCs proliferation and
inhibit cell apoptosis.

A growing number of studies have shown that
Smad3, which is an important member of the
Smad protein family, is abnormally expressed in
various cancers and contributes to the progres-
sion of cancer [35]. It has been reported that the
low expression of Smad3 promotes the progres-
sion of aortic aneurysms [36]. In addition,
another study has indicated that Smad3 is down-
regulated in AAA, and the overexpression of
Smad3 attenuates AAA by promoting the prolif-
eration of VSMCs and inhibiting cell apoptosis
[37]. Therefore, increasing the protein level of
Smad3 has the potential to improve AAA. B cell
leukemia 3 (Bcl-3) is an essential negative reg-
ulator of NF-κB [38]. As reported, Bcl-3 can
stabilize NF-κBp50 by inhibiting the ubiquitina-
tion of p50 [39]. In addition, it is noteworthy
that Bcl-3 can up-regulate the protein level of
Smad3 via repressing the ubiquitination of
Smad3 protein [40]. Therefore, excavating the
methods that can regulate Bcl-3 to up-regulate
the expression of Smad3 is important for
improving AAA. According to the current
research, the overexpression of LncRNA
CRNDE up-regulated the protein level of Bcl-3.
Further studies had found that this up-
regulation of Bcl-3 could attenuate AAA by up-
regulating Smad3 expression via inhibiting
Smad3 ubiquitination.

In general, in this study, we found that
LncRNA CRNDE was abnormally down-
regulated in AAA tissues and AngII-stimulated
VSMCs. Furthermore, the overexpression of
LncRNA CRNDE could repress the ubiquitina-
tion of Smad3 protein by up-regulating Bcl-3
and this up-regulation of Bcl-3 could improve
AAA by up-regulating Smad3 expression via
inhibiting the ubiquitination of Smad3. The lim-
itation of this study was that the number of AAA
clinical samples was small, and we would make
up for this deficiency by increasing the number
of samples in subsequent studies. In addition,
the study might provide new insights and stra-
tegies for the clinical treatment of AAA, which
was of great significance.
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