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Abstract

Abdominal aortic aneurysm (AAA) is a chronic dilated disease of the aorta that is characterized by chronic inflammation.
Curcumin (Cur) is previously showed to attenuate AAA by inhibiting inflammatory response in ApoE −/− mice. Since Cur has
the limitations of aqueous solubility and instability. Here, we focus on the role of curcumin nicotinate (CurTn), a Cur
derivative is derived from Cur and nicotinate. An in vitro model of AAA was established by treating vascular smooth muscle
cells (VSMCs) with II (Ang-II). Gene and protein expressions were examined by quantitative real-time PCR (qPCR) or western
blotting. Cell migration and pyroptosis were determined by transwell assay and flow cytometry. The interaction between
plasmacytoma variant translocation 1 (PVT1), miR-26a and krüppel-like factor 4 (KLF4) was predicted by online prediction
tool and confirmed by luciferase reporter assay. CurTn reduced Ang-II-induced AAA-associated proteins, inflammatory
cytokine expressions, and attenuated pyroptosis in VSMCs. PVT1 overexpression suppressed the inhibitory effect of CurTn
on AngII-induced pyroptosis and inflammatory in VSMCs by sponging miR-26a. miR-26a directly targeted KLF4 and
suppressed its expression, which eventually led to the deactivation of the PI3K/AKT signaling pathway. Besides, the
regulatory effect of CurTn on pyroptosis of VSMCs induced by Ang-II was reversed through the PVT1/miR-26a/KLF4 pathway.
In short, CurTn suppressed VSMCs pyroptosis and inflammation though mediation PVT1/miR-26a/KLF4 axis by regulating
the PI3K/AKT signaling pathway, CurTn might consider as a potential therapeutic target in the treatment of AAA.
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Introduction
Abdominal aortic aneurysms (AAA) is a chronic vascular degen-
erative disease characterized by localized enlargement of the
abdominal aorta. The total mortality rate of patients with a
ruptured AAA is between 65 and 80% and approximately 200 000
patients die of AAA rupture per year in the worldwide [1–3].
Currently, surgical treatment is the only effective therapeutic
method for treating large or symptomatic AAAs [4]. Nevertheless,
surgical repair does not reduce mortality in AAA patients. There-
fore, it is urgent to explore medical therapies to prevent AAA.

Curcumin (Cur), a major bioactive component of turmeric,
has been previously shown to have many pharmacological
effects, including anti-inflammatory, anti-oxidant and anti-
angiogenesis [5]. However, the application of Cur is limited
because of its aqueous solubility and instability [6]. Curcumin
nicotinate (CurTn) is a Cur derivative derived from Cur and
nicotinate, which has superior bioavailability and aqueous sol-
ubility and exhibits anti-atherosclerosis and anti-inflammation
properties [7–9]. The key role of Cur in inhibiting AAA had been
reported in several studies [10, 11]. However, whether CurTn can
be used to prevent AAA remains unclear.

Long non-coding RNAs (lncRNAs) are non-coding RNA that
transcripts more than 200 nucleotides. It has been proved to reg-
ulate the genome at the transcriptional and post-transcriptional
level [12, 13]. Plasmacytoma variant translocation 1 (PVT1), one
of the lncRNAs, was upregulated in AAA patients tissue samples
[14]. And overexpression of PVT1 promoted cell apoptosis and
apoptosis-associated proteins expression [14]. A previous study
showed that PVT1 was involved in Cur regulated LPS-induced
septic acute kidney injury [15]. Furthermore, it was previously
documented that CurTn mediated cancer cell apoptosis and cell
cycle arrest [5]. Therefore, the interaction between CurTn and
PVT1 as well as their functional role in mediating AAA still
remains to be explored.

microRNAs (miRNAs) are small non-coding RNA with a length
of about 20–24 nucleotides, which play key roles in gene expres-
sion regulation and involve in the regulation of a variety of phys-
iological processes [16]. Previous studies showed that miRNAs
regulated the development of various human diseases, such as
cardiovascular diseases [17], myocardial infarction [18] and many
others. It was reported that miR-26a was showed to prevent
cell apoptosis, including endothelial cells, cardiac fibroblasts and
podocytes [19–21]. It was proved that miR-26a was significantly
downregulated in the AAA formation process [22]. Additionally,
it was also demonstrated that miR-26a reduced smooth mus-
cle cells (SMCs) apoptosis while enhanced its regeneration [22].
Krüppel-like factor 4 (KLF4) was demonstrated to play a crucial
role in the maintenance of embryonic stem cell pluripotency
[23]. KLF4 was also showed to be a key factor required for the
switching of the SMCs phenotypic [2]. Salmon et al. indicated
that KLF4 and KLF2 activated autophagy-associated genes in
VSMCs during AAA formation [24]. Furthermore, knockdown of
KLF4 suppressed AAA formation [2]. In addition, according to
bioinformatics analysis, we predicted that there were potentially
bind sites between PVT1 and miR-26a, KLF4 was a target of miR-
26a. Based on these data, we hypothesized that CurTn prevented
AAA pathological development though regulating the PVT1/miR-
26a/KLF4 axis.

In the present study, we first established an in vitro cell model
of AAA by treating VSMCs with angiotensin II (Ang-II) as reported
in previous studies [25, 26]. We investigated the regulatory effect
of CurTn on cell pyroptosis and inflammatory injury in AAA
in vitro. We found that CurTn suppressed cell pyroptosis and

promoted migration in AAA by inhibiting PVT1-mediated miR-
26a/KLF4/PI3K/AKT signaling pathway.

Materials and Methods
Ethical approval

All described experiments in this study strictly adhered to the
local ethics committees of our hospital.

Cell culture and treatment

Human primary VSMCs were purchased from American type
culture collection (ATCC, Manassas, VA, USA) and cultured in a
VSMC growth kit according to the manufacturer’s instructions,
which was also obtained from ATCC. Only VSMCs of passage 3–6
were used in this study. VSMCs were divided into three groups,
and Cur and CurTn are dissolved in dimethyl sulfoxide (DMSO).
The first group was cultured in VSMC growth medium with or
without Ang-II (Sigma-Aldrich, St. Louis, MO, 15 μM) for 24 h. Ang-
II has been widely used to stimulate AAA formation [27, 28]. The
second group was cultured in VSMC growth medium with Ang-II
(15 μM) and Cur (20 μM) for 24 h. The third group was cultured
in VSMC growth medium with Ang-II (15 μM) and CurTn (20 μM).
All cells were culture in T175 flasks in 37◦C and 5% CO2 incubator
for 24 h.

The transwell migration assay

VSMCs were digested, washed and 4 × 106 cells were resus-
pended in 500 μl serum-free VSMCs basal medium. The cells
were seeded into the upper chamber of transwell assays con-
taining inserts (Thermo Scientific, Waltham, MA) that pre-coated
with collagen (Sigma-Aldrich). The inserts were with .4 μm pores.
After 18 h incubation, the culture medium was removed and
cells were gently washed three times with phosphate-buffered
saline (PBS, Gibco, Shanghai, China) and fixed with 4% formalin
for 15 min. Afterward, the cells were stained with 1 μl/ml 4,6-
diamidino-2-phenyl indole (DAPI, Sigma-Aldrich). After washing
of PBS for three times, the membrane was cut from the inserts
and mounted onto the glass coverslips. Images were taken using
an LSM730 confocal microscope (Carl Zeiss, Oberkochen, Ger-
many).

Cell transfection

The miR-26a mimics, miR-26a inhibitor, mimics/inhibitor nega-
tive control (NC), KLF4 short hairpin RNA (shRNA) and the NC
vector were purchased from Genepharma (shanghai, China). For
PVT1 overexpression, the full sequence of PVT1 was amplified by
PCR and inserted into the pcDNA3.1 (Invitrogen, CA, USA) vector.
The construct was named pcDNA 3.1-PVT1. VSMCs were seeded
into 96-well plates and transfected with miR-26a mimics or miR-
26a inhibitor, KLF4 shRNA, pcDNA 3.1-PVT1 and NC vectors were
carried out using Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instruction.

Real-time polymerase chain reaction

Total RNA was extracted using Trizol according to the manufac-
ture’s instruction (Qiagen; Valencia, California). The quantity
and the quality of RNA were measured using a Nanodrop



Xiong et al. 653

spectrophotometer (ND-100; Thermo Scientific). About, 1 μg of
total RNA of each sample was reverse-transcribed into cDNA
using the TaqMan miRNA reverse transcription kit (Invitrogen)
according to the manufacturer protocol. Real-time polymerase
chain reaction (qPCR) was performed on transcription DNA
using an SYBR Green PCR kit based on the manufacturer
manuals. The relative messenger RNA (mRNA) levels were
quantified using the comparative 2-��Ct method and normalized
to the housekeeping gene D-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and U6. The primers used were as fol-
lows: GAPDH, forward primer: 5’-GCACCGTCAAGGCTGAGAAC-
3′, reverse primer: 5’-TGGTGAAGACGCCAGTGGA-3′; U6, for-
ward primer: 5’-GCTTCGGCAGCACATATACTAAAAT-3′, reverse
Primer: 5’-CGCTTCACGAATTTGCGTGTCAT-3′; caspase-1, for-
ward primer: 5’-GCCTGTTCCTGTGATGTGGAG-3′, reverse primer:
5’-TGCCCACAGACATTCATACAGTTTC-3′; interleukin-1β (IL-1β),
forward primer: 5’-CCAGGGACAGGATATGGAGCA-3′, reverse
primer: 5′- TTCAACACGCAGGACAGGTACAG-3′; IL-18, forward
primer: 5’-GCTTGAATCTAAATTATCAGTC-3′, reverse primer: 5’-
GAAGATTCAAATTGCATCTTAT-3′.

Western blotting

Total proteins were isolated from VSMCs using RIPA buffer
(Sigma-Aldrich) supplemented with protease and phosphatase
inhibitor cocktail. The total protein was determined with a BCA
protein assay kit (Solarbio, Beijing, China) and separated using
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS–PAGE, Bio-Rad Laboratories, Inc., Hercules, CA, USA). Sub-
sequently, the proteins were transferred onto a polyvinylidene
fluoride (PVDF) membrane (Schleicher & Schuell, Germany). The
membranes were blocked with PBS containing 5% skimmed
milk at room temperature. Afterward, the membranes were
incubated with primary antibodies against caspase-1, IL-1β,
IL-18, PI3K, p-PI3K, AKT, p-AKT and GAPDH for 4◦C overnight.
All antibodies were purchased from Abcam. The membranes
were next incubated with secondary antibodies for 1 h at
room temperature. The protein bands were measured using
an ECL detection system (Thermo Fisher Scientific, Waltham,
MA).

Flow cytometry

VSMCs were digested and washed twice with PBS. VSMCs were
strained using a caspase-1 antibody according to the manu-
facturer’s instructions. After the staining, the detection of cell
pyroptosis was performed using flow cytometry and calculated
based on the percentage of caspase-1 positive cells.

Dual-luciferase reporter assay

A luciferase reporter assay was used to determine the interaction
between miR-26a and PVT1 or KLF4. The sequence of nucleotides
of the PVT1 or KLF4 was amplified by PCR and inserted into
downstream of the luciferase gene in the pLuc luciferase vector
(Ambion, Austen, Texas, USA). Site-directed mutagenesis of the
miR-26a target site of PVT1 or KLF4 was performed utilizing
the QuickChange mutagenesis kit (Stratagene, Heidelberg, Ger-
many). The resulting constructs were sequenced and named
pLuc-PVT1-wt/pLuc-PVT1-mut or pLuc-KLF4-wt/pLuc-KLF4-mut.
VSMCs were cultured in 24-well plates and co-transfected with

100 ng of pLuc-PVT1-wt/pLuc- PVT1-mut or pLuc-KLF4-wt/pLuc-
KLF4-mut fand 50 nM of miR-26a mimics or mimics NC using
Lipofectamine™ 2000 (Invitrogen). About, 2 days after transfec-
tion, the cells were harvested. Luciferase activity was measured
using the dual-luciferase reporter assay kit (Promega, Madison,
Wisconsin, USA) according to the manufacturer’s protocol.

Statistical analysis

All statistical analysis was carried out using GraphPad Prism
5.0 (GraphPad Software, Ind., San Diego, C.A., USA). Data were
presented as the mean ± standard deviation (SD). Data were com-
pared using Student’s t-test and one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test. Each experiment was
performed at least in triplications. P < .05 was considered as a
statistically significant difference.

Results
CurTn attenuated Ang-II-induced AAA formation

We analyzed the effect of Cur and CurTn on VSMCs behavior fol-
lowing Ang-II treatment to investigate the role of Cur and CurTn
in AAA formation. Western blotting results showed that Ang-II
treatment significantly increased MMP2, MMP9 and OPN expres-
sions, but decreased the expression of α-SMA (Fig. 1A). However,
the Cur and CurTn treatments reversed the stimulation effects
on MMP2, MMP9 and OPN levels and the inhibitory effect on the
α-SMA expression by Ang-II (Fig. 1A). The transwell assay results
showed that treatment with Ang-II-inhibited VSMCs migration,
but Cur and CurTn reversed the effect of Ang-II treatment on
VSMCs migration (Fig. 1B). Furthermore, it was found that Cur
and CurTn treatments attenuated the promotion effect of Ang-
II on IL-1β, IL-18 and caspase-1 gene and protein expressions in
the VSMCs, as determined by the qPCR and western blotting data
(Fig. 1C and D). Cur and CurTn also suppressed the promotion
effect on VSMC pyroptosis induced by Ang-II (Fig. 1E). Taken
together, these results indicate that Cur and CurTn inhibits MMP
protein expression and cell pyroptosis in VSMCs following Ang-II
treatment.

CurTn inhibited PVT1, KLF4 and PI3K/AKT
signaling pathway but promoted miR-26a
expression in Ang-II-treated VSMCs

To further explore the underlying mechanism of CurTn sup-
pressed AAA formation, we examined expressions of PVT1,
KLF4, phosphorylated-PI3K (p-PI3K) and p-AKT following CurTn
and Ang-II treatment of VSMCs. As shown in Fig. 2A and C,
the expression levels of PVT1 and KLF4 were significantly
upregulated in the Ang-II-treated VSMCs compared to the control
group, whereas Ang-II-induced upregulation was decreased by
Cur or CurTn treatment. Similarly, Ang-II treatment significantly
downregulated miR-26a in VSMCs compared to the control
(Fig. 2B). However, Cur or CurTn reversed Ang-II treatment-
induced miR-26a downregulation in VSMCs. In addition, Cur
or CurTn reduced the promotion effect of Ang-II on KLF4, p-PI3K
and p-AKT expressions in the VSMCs (Fig. 2C and D). Altogether,
Cur and CurTn inhibits PVT1, KLF4 and PI3K/AKT signaling
pathway but promotes miR-26a expression in the Ang-II-treated
VSMCs.
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Figure 1: CurTn attenuated Ang-II-induced AAA formation. (A) Western blotting detected MMP2, MMP9, α-SMA, OPN expressions in VSMCs. (B) VSMCs migration was

assessed using the transwell assay. (C) qPCR determined the expressions of caspase-1, IL-1β, IL-18. (D) Protein levels of caspase-1, IL-1β, IL-18 were tested by western

blotting. (E) Pyroptosis of VSMCs was measured using flow cytometry and the quantitive data were calculated accordingly. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

PVT1 overexpression reversed CurTn-induced
inhibitory effect on AAA formation

To prove that PVT1 was involved in CurTn-preventing AAA
development, PVT1 was overexpressed in VSMCs by transfecting
with pcDNA3.1-PVT1. Figure 3A showed that overexpression of
PVT1 significantly increased the expression of PVT1, indicating

the success of the transfection. Overexpression of PVT1 reversed
CurTn-induced VSMCs migration after AngII treatment (Fig. 3B).
In addition, it was found that the upregulation of PVT1
attenuated the inhibitory effect of CurTn on the expression
of caspase-1, IL-1β and IL-18, in the Ang-II-treated VSMCs, as
determined through qPCR and western blot data (Fig. 3C and D).
Moreover, the PVT1 overexpression eliminated the protective
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Figure 2: CurTn inhibited PVT1 and KLF4/PI3K/AKT signaling pathways but promoted miR-26a expression in Ang-II-stimulated VSMCs. QPCR was used to detect levels

of PVT1 (A), miR-26a (B) and KLF4 (C) in VSMCs following the treatment of Ang-II, or Ang-II + Cur or Ang-II + CurTn. (D) Protein levels of KLF4, PI3K, p-PI3K, AKT and

p-AKT in VSMCs were assessed using western blotting. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

effect of CurTn on VSMCs pyroptosis that induced by Ang-II
treatment (Fig. 3E). In summary, these data prove that PVT1
overexpression reverses CurTn-induced inhibitory effect on AAA
formation.

PVT1 regulated KLF4 expression and PI3K/AKT
signaling pathway by targeting miR-26a

We next used the online prediction tool to predict the poten-
tial targets of PTV1. Bioinformatics analyses revealed that there
were potentially bind sites between miR-26a and PVT1 or KLF4
(Fig. 4A). Measurement of luciferase activity demonstrated that
miR-26a mimics significantly decreased luciferase activity of
cells transfected with PVT1-wt but not PVT1-mut (Fig. 4B). Simi-
larly, miR-26a mimics significantly reduced the luciferase activity
of cells transfected with KLF4-wt but not KLF4-mut (Fig. 4B).
In addition, overexpression of PVT1 significantly reduced miR-
26a expression (Fig. 4C).VSMCs were transfected with miR-26a
mimics or miR-26a inhibitor to overexpress miR-26a or suppress
miR-26a, respectively. qPCR results confirmed that overexpres-
sion of miR-26a and depletion of miR-26a were successfully per-
formed (Fig. 4D). miR-26a overexpression significantly inhibited
KLF4 expression. In contrast, depletion of miR-26a promoted
KLF4 expression, (Fig. 4D and E). Furthermore, miR-26a overex-
pression reduced protein levels of p-PI3K and p-AKT, whereas
PVT1 overexpression or silencing of miR-26a promoted p-PI3K
and p-AKT protein levels (Fig. 4E and F). Altogether, PVT1 targetes
miR-26a to promote KLF4 expression and activate PI3K/AKT sig-
naling pathway.

Knockdown of miR-26a attenuated protective effect
of CurTn on Ang-II-induced AAA formation

To examine the effect of miR-26a on CurTn regulating AAA,
we knocked down miR-26a in VSMCs following treatment with
CurTn and Ang-II. VSMCs were transfected with KLF4 shRNA
and the transfection was successfully performed as evidenced
by qPCR results shown in Fig. 5A. As indicated in Fig. 5B, silencing
of miR-26a reversed CurTn-induced stimulation effect on VSMCs
migration upon the treatment of Ang-II, but knockdown of KLF4
led to the opposite effect. qPCR and western blotting results
proved that depletion of miR-26a also attenuated the inhibitory
effect of CurTn on caspase-1, IL-1β and IL-18 expressions in the
Ang-II treated VSMCs, whereas KLF4 downregulation promoted
the expression of caspase-1, IL-1β and IL-18 in VSMCs induced by
CurTn (Fig. 5C and D). In consistent with it, suppression of miR-
26a attenuated the protective effect of CurTn on VSMC pyroptosis
following Ang-II treatment and the co-transfection of sh-KLF4
displayed the opposite trend (Fig. 5E). Taken together, knockdown
of miR-26a regulates the protective effect of CurTn on VSMCs
pyroptosis.

PVT1 overexpression diminished the inhibitory effect
of CurTn on VSMCs pyroptosis through
miR-26a/KLF4/PI3K/AKT axis

The relationship between PVT1 and miR-26a/KLF4 and PI3K/AKT
signaling pathway was further explored in Ang-II-stimulated
VSMCs. As proved in the present study, PVT1 overexpression
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Figure 3: PVT1 overexpression reversed CurTn-induced inhibitory effect on AAA formation. (A) The expression of PVT1 was detected by qPCR. (B) The migration of PVT1

overexpressed VSMCs was assessed using the transwell assay. (C) Gene expressions of caspase-1,IL-1β,IL-18 in PVT1 overexpressed VSMCs were detected by qPCR. (D)

Protein levels of caspase-1,IL-1β,IL-18 in PVT1 overexpressed VSMCs were determined by western blot assay. (E) PVT1 overexpressed VSMCs pyroptosis was measured

using flow cytometry, and the quantitive data were calculated accordingly. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

attenuated CurTn-induced regulatory effect on VSMC migration
and pyroptosis upon Ang-II treatment. However, miR-26a
overexpression or knockdown of KLF4 dampened the effect of
PVT1 overexpression on regulating CurTn-induced deactivation
of PI3K/AKT signaling pathway in Ang-II treated VSMCs, as
indicated by downregulated p-PI3K and p-AKT (Fig. 6A). And

overexpression of miR-26a or depletion of KLF4 diminished the
regulatory effect of PVT1 overexpression on CurTn induced-
VSMCs migration and anti-inflammation upon Ang-II treatment,
as evidenced by decreased caspase-1, IL-1β and IL-18 (Fig. 6B-D).
In addition, miR-26a overexpression or knockdown of KLF4
attenuated the effect of PVT1 overexpression in regulating
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Figure 4: PVT1 regulated KLF4 and PI3K/AKT signaling pathways by targeting miR-26a. (A) Schematic diagram of the miR-26a binding site on PVT1 and the miR-26a

binding site on KLF4. (B) Luciferase activity was performed by a dual luciferase reporter. (C) The relative gene expressions of miR-26a in PVT1 overexpressed VSMCs were

detected by qPCR. (D) The relative gene expression of miR-26a and KLF4 was measured by qPCR. (E and F) Western blot assay detected protein expressions of KLF4, PI3K,

p-PI3K, AKT and p-AKT in miR-26a overexpressed VSMCs, miR-26a depleted VSMCs and PVT1 overexpressed VSMCs. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

CurTn-inhibited VSMCs pyroptosis upon Ang-II treatment
(Fig. 6E). Collectively, these data further indicate that miR-26a
and KLF4 locates downstream of PVT1 and PVT1 overexpression
diminishes the inhibitory effect of CurTn on Ang-II-induced AAA
formation through miR-26a/KLF4 axis.

Discussion
As one of the serious, life-threatening vascular diseases, AAA
has become one of the top ten causes of mortality in the
elderly all over the world [1, 2, 28]. Hence, it is necessary to
explore effective drug candidates for treating AAA. This study
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Figure 5: Knockdown of miR-26a attenuated protective effect of CurTn on Ang-II-induced AAA formation. (A) The relative gene expression of KLF4 in VSMCs after

knockdown of KLF4 was tested by qPCR. (B) Migration of miR-26a depleted VSMCs was assessed using transwell assay. (C) qPCR determined gene expressions of

inflammatory cytokines in miR-26a depleted VSMCs. (D) Western blotting detected protein levels of inflammatory cytokines in miR-26a-depleted VSMCs. (E) The impact

of miR-26a depletion on VSMCs pyroptosis was measured using flow cytometry, and the quantitive data were calculated accordingly. ∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

first revealed the critical role of CurTn in regulating AAA cell
pyroptosis and demonstrated the regulatory mechanism of the
PVT1/miR-26a/KLF4 axis and PI3K/AKT signaling pathway.

Cur has long been used to treat age-related diseases
in China and India, including atherosclerosis and coronary
heart disease [29] and its pharmacological effects, including

anti-inflammatory, anti-oxidant and anti-angiogenesis effects,
have been well reported [7–9]. A recent study published by
Hao et al. showed that Cur attenuated AAA by inhibiting the
inflammatory response and ERK signaling pathways in ApoE
−/− mice [11]. However, considering the application of Cur
was limited due to its aqueous solubility and instability, we
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Figure 6: PVT1 overexpression diminished the inhibitory effect of CurTn on AAA formation by regulating miR-26a/KLF4/PI3K/AKT axis. (A) Western blotting measured

the expressions of PI3K, p-PI3K, AKT and p-AKT. (B) VSMCs migration was assessed using the transwell assay. Gene expressions (C) and protein levels (D) of inflammatory

cytokines were detected by qPCR or western blotting. (E) VSMCs pyroptosis was measured using flow cytometry, and the quantitive data were calculated accordingly.
∗P < .05, ∗∗P < .01, ∗∗∗P < .001.

examined the role of CurTn, a Cur derivative derived from Cur
and nicotinate and had superior bioavailability and aqueous
solubility on AAA formation [6, 11]. Here, we proved that
CurTn attenuated Ang-II-induced AAA-associated proteins,
including MMP2, MMP9 and OPN in VSMCs. CurTn dampened

Ang-II-induced promotion effects on the expressions of caspase-
1, IL-1β, IL-18 and pyroptosis in VSMCs. CurTn also diminished
the inhibitory effect of Ang-II on VSMCs migration. It is well
known that AAA is characterized by chronic inflammation
and VSMCs pyroptosis is a pro-inflammatory form of regulated
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VSMCs death [28, 30, 31]. Hence, we concluded that CurTn had
a protective effect against Ang-II-induced VSMC pytoptosis and
AAA formation.

Evidence suggested that lncRNAs acted as key modulators in
VSMCs de-differentiation, proliferation, migration and apoptosis
[12]. The study found that knockdown of PVT1 inhibited the
apoptosis and inflammatory response of IL-1β-induced chondro-
cytes though downregulating TRAF3 expression via miR-27b-3p
[32]. Cardamom inhibited the proliferation and induced apopto-
sis in gastric cancer by inhibiting the activity of STAT3 mediated
by PVT1 [33]. In addition, it was reported PVT1 was increased
in AAA patients tissue samples and promoted VSMCs apoptosis
and phenotypic switching [14]. Notably, Yoshida et al. found that
Cur increased the response of pancreatic cancer cells to gemc-
itabine through regulating PVT1 [34]. Consistently, in this present
study, we found that CurTn significantly reduced the expression
of IL-18, IL-1β and caspase-1 and pyrocytosis in Ang-II-induced
VSMCs. Furthermore, CurTn decreased PVT1 expression in Ang-
II-induced VSMCs, but the inhibitory effect of CurTn on Ang-
II-induced VSMCs pyroptosis was abrogated by upregulation of
PVT1, indicating PVT1 might act as an important modulator in
CurTn-mediated AAA formation.

It is well accepted that lncRNAs act as a competitive endoge-
nous RNA to segregate miRNAs away from their target mRNA [35,
36]. Numerous studies demonstrated that miRNAs played crucial
roles in the pathogenesis of AAA, and it was suggested miRNAs
as promising therapeutic targets [1, 3]. Among these miRNAs,
miR-26a was found to be downregulated in the H2O2-induced
VSMCs injury model, and overexpression of miR-26a attenuated
H2O2-induced cell injury [3]. It was also documented by Leeper
et al. that miR-26a was abnormally downregulated in the mouse
AAA model and suppressed SMCs differentiation and apoptosis
[22]. Recently, miR-26a was delivered to rat models by ultrasound-
targeted microbubble destruction and it was found that miR-
26a decreased apoptosis and promoted regeneration of SMCs in
the aortic wall [37]. In agreement with it, our results showed
that miR-26a was downregulated in Ang-II-treated VSMCs. Fur-
thermore, we proved for the first time that PVT1 was directly
bound to miR-26a, as evidenced by the dual-luciferase assay
result. Knockdown of miR-26a attenuated the inhibitory effect
of CurTn on Ang-II-induced VSMCs pyroptosis, suggesting the
important functional roles of miR-26a in CurTn-regulated AAA
formation.

miRNA usually displays its post-transcription through bind-
ing to mRNA [1, 3]. Salmon et al. also documented that KLF4 was
significantly upregulated in human AAA tissues and KLF4 played
a critical role in AAA formation by affecting SMCs [2]. In this
study, the results revealed that KLF4 was a downstream target
of miR-26a. The treatment of CurTn significantly decreased KLF4
expression in VSMCs. Furthermore, silencing of KLF4 attenuated
the effect of PVT1 overexpression in regulating CurTn-inhibited
VSMC pyroptosis upon Ang-II treatment, suggesting KLF4 was
located downstream of PVT1 and was functionally involved in
PVT1 regulating AAA formation. PI3K/AKT signaling pathway is
vital for the survival, proliferation, differentiation and apoptosis
of cells [1, 3]. A recent study also documented that miR-195
suppressed AAA inflammation through the PI3K/AKT pathway
[30]. We found that p-PI3K and p-AKT levels could be repressed
by CurTn but increased by PVT1 overexpression. In addition,
overexpression of miR-26a or depletion of KLF4 reversed the
regulatory effect of PVT1 overexpression on CurTn-induced deac-
tivation of PI3K/AKT signaling. Therefore, we believed that CurTn
regulated AAA formation, at least partly through the PVT1/miR-
26a/KLF4/PI3K-AKT signaling pathways.

Conclusion
In conclusion, in the present study, we demonstrated that CurTn
has been protective effect against AAA formation via regulating
PVT1/miR-26a/KLF4 to deactivate PI3K/AKT signaling pathway.
Thus, CurTn may be a promising therapeutic target for the treat-
ment of AAA.
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