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Abstract
Backgroud

In certain cancers, circRNA �bronectin type III domain containing 3B (circFNDC3B) may serve as a
speci�c target for the treatment. However, the role and underlying regulatory mechanisms of circFNDC3B
in abdominal aortic aneurysm (AAA) remain unknown.

Materials

CircFNDC3B expression in AAA and normal tissues were assessed by qRT-PCR. The biological functions
of circFNDC3B were evaluated by MTT, �ow cytometry and Caspase-3 activity assays. Furthermore, the
molecular mechanism of circFNDC3B was demonstrated by RNA immunoprecipitation (RIP), dual-
luciferase reporter assay, western blotting, qRT-PCR and rescue experiments.

Results

We found that the expression of circFNDC3B was signi�cantly upregulated in AAA clinical specimens.
Functionally, overexpression of circFNDC3B inhibited vascular smooth muscle cell (VSMC) proliferation
and induced apoptosis in vitro, yet, knockdown of circFNDC3B had the opposite effects. Mechanistically,
circFNDC3B upregulated the expression of programmed cell death 10 (PDCD10) by acting as a molecular
sponge for miR-1270. Notably, forced expression of PDCD10 countervailed the impact of circFNDC3B
knockdown on AAA biological processes.

Conclusions

Our data indicated that circFNDC3B promoted the progression of AAA by targeting the miR-1270/PDCD10
pathway, and may be a potential therapeutic target in the treatment of AAA.

Background
Abdominal aortic aneurysm (AAA) is pathologic dilation of the infrarenal or abdominal aorta, proximal to
the aortic bifurcation [1]. The incidence of new AAA diagnoses is as high as 40–67 per 100,000 person-
years in Asian populations [2]. Often, AAA is asymptomatic but has high susceptibility to rupture [3]. The
mortality following rupture of an aneurysm is as high as 50–80% [4]. At present, clinical intervention for
AAA disease is limited to open surgical repair or less invasive endovascular repair for aneurysms larger
than 5.5 cm, however, for aneurysms below 5.5 cm, no internal medicine treatment is available [4, 5].
Moreover, to date, there is no medical therapy to prevent the progression of AAA [6]. Therefore, it is
important to better understand the underlying molecular mechanisms that participate in the formation
and progression of AAA, and to develop novel therapeutic strategies for AAA patients.

Circular RNAs (circRNAs) are a new class of non-coding endogenous RNA characterized by a covalently
closed loop structure without 5' to 3' polarity or a polyadenylated tail [7–9]. Compared to linear RNAs,
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circRNAs have better stability and conservation [9, 10]. In recent years, numerous circRNAs have been
implicated in multiple human diseases [11–14], including cancer, neurological diseases, and
cardiovascular diseases. As a circRNA sheared from exons 5 and 6 of the FNDC3B gene, circRNA
�bronectin type III domain containing 3B (circFNDC3B) has been shown to participate in modulating
cardiac repair, restraining bladder carcinoma, and enhancing gastric and esophageal carcinoma [15–18].
A previous microarray study showed that circFNDC3B was highly expressed in AAA [19]. Still, the function
and mechanism of circFNDC3B in AAA remains unclear.

The results of our study demonstrated a marked upregulation of circFNDC3B in AAA tissues, and that
overexpression of circFNDC3B dramatically inhibited vascular smooth muscle cell (VSMC) proliferation
and induced apoptosis via sponging miR-1270 to facilitate the expression of programmed cell death 10
(PDCD10). Our �ndings revealed a novel molecular mechanism underlying the circFNDC3B/miR-
1270/PDCD10 axis in AAA progression.

Materials And Methods

Clinical tissue specimens
AAA clinical specimens and adjacent abdominal aortic normal tissues were acquired from 25 patients
after surgical resection at A�liated Hospital of Guilin Medical University (Guilin, China). All samples were
snap frozen in liquid nitrogen, and stored at -80°C for further experimentation. Informed consent was
obtained from all patients, and this study was approved by the Ethics Committee of Sun Yat-sen
Memorial Hospital.

Cell culture
Human VSMCs, from Jennio Biotech (Guangzhou, China), were grown in medium containing smooth
muscle growth supplements (Cascade Biologics, Karlsruhe, BW, Germany), 10% fetal bovine serum (FBS,
Gibco-BRL, Grand Island, NY, USA), and the antibiotics penicillin G/streptomycin. Cells were incubated at
37°C with 5% CO2.

Plasmid and transfection
The sequence of circFNDC3B was subcloned into the pCD5-ciR vector (Greenseed Biotech, Guangzhou,
China) to construct the overexpression vectors for circFNDC3B. The circFNDC3B siRNA (sicircFNDC3B),
PDCD10 siRNA (siPDCD10), and their negative control (NC) were obtained from Genechem (Shanghai,
China), and miR-1270 and control mimics were purchased from RiboBio (Guangzhou, China). The
sequences of oligonucleotides were used in the Table 1. VSMCs were transfected using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions.

Quantitative real-time polymerase chain reaction (qRT-PCR)
Genomic DNA (gDNA) from VSMCs was isolated using the QIAamp DNA Mini Kit (QIAGEN, Dusseldorf,
NW, Germany). Total RNA from tissues and cells were puri�ed using TRIzol Reagent (Invitrogen)
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according to the manufacturer's manual. For miR-1270, mRNA was reverse transcribed into cDNA using
Bulge-LoopTM microRNA speci�c RT-primers (RiboBio). For PDCD10 and circFNDC3B, mRNA was reverse
transcribed into cDNA using random primers. Then, qRT-PCR was performed using the SYBR Green
Mixture (Takara, Dalian, China) on an ABI 7900HT PCR System (Applied Biosystems, Foster City, CA,
USA). The 2−ΔΔCt method was used to calculate the relative expression. The primers were used in the
Table 1.

RNase R Treatment
Two microgram of total RNA was treated with or without 3 U/mg of RNase R (Epicentre Technologies,
Madison, Wisconsin, USA) at 37°C for 30 min. After treatment with or without RNase R, total RNA was
reverse transcribed into cDNA using the PrimeScript RT reagent Kit (Takara, Dalian, China). Next, qRT-PCR
was used to examine circFNDC3B and GAPDH mRNA expression levels.

MTT assay
Cells were seeded in 96-well plates at a density of 5000 cells/well. At the indicated time points (0, 24, 48,
and 72h), 20 µL MTT reagent (Sigma Aldrich, St. Louis, MO, USA) was added to each well and incubated
for 4 h. Next, the media were removed and 100 µL DMSO was added. The absorbance was examined at
490 nm with a microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Flow cytometry assays
Cell cycle and apoptosis were detected using �ow cytometry assays. For cell cycle analysis, cells were
harvested and �xed with 70% ethanol at 4°C overnight. The �xed cells were incubated with RNase I and
propidium iodide (PI; Sigma Aldrich) for 30 min in the dark and the cell cycle distribution was analyzed
using �ow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA). For the apoptosis assay, cells were
collected and stained with 5 µL FITC-Annexin V (Roche, Basel, KB, Switzerland) and PI (Sigma Aldrich) for
30 min, and then analyzed using �ow cytometry (Becton Dickinson).

Caspase-3 activity assay
The caspase-3 activity assay was conducted using caspase activity kits (Beyotime, Shanghai, China).
The cells cultured in a 96-well plate were lysed and the cell lysates were collected. After centrifugation, the
cell lysates were incubated with caspase-3 substrate in a black plate for 4 h, and then the absorbance
was measured.

Dual-luciferase reporter assay
The 3′UTR of the PDCD10 and circFNDC3B cDNAs were inserted into a psiCHECK-2 vector, respectively
(Promega, Madison, WI, USA) (PDCD10-3′UTR-wt or circFNDC3B-wt). The putative miR-1270 binding
sequence was mutated using a QuikChange site-directed mutagenesis kit (Agilent Technologies, Santa
Clara, CA, USA) (PDCD10-3′UTR-mut or circFNDC3B-mut). Cells were seeded in a 48-well plate at a density
of 2.5 × 104 cells/well. After incubating for 24 hours, cells were co-transfected with PDCD10-3′UTR-wt
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(mut), circFNDC3B-wt (mut) and miR-1270 or control mimics using Lipofectamine 2000 (Invitrogen). The
luciferase activity was measured using a Dual Luciferase Assay Kit (Promega).

RNA immunoprecipitation (RIP)
An EZMagna RNA Immunoprecipitation (RIP) Kit (Millipore, Bedford, MA, USA) was used according to the
manufacturer's instructions. Brie�y, VSMCs cells were lysed with RIP lysis buffer. The extract was mixed
with magnetic beads conjugated with anti-Ago2 or anti-IgG antibodies (Millipore) and incubated at 4°C
for 6–8 hours. Next, the magnetic beads were washed with wash buffer and incubated with proteinase K
at 55°C for 30 minutes. Finally, the puri�ed RNA was subjected to qRT-PCR analysis.

Western blotting
Cells were lysed and total proteins were separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to a polyvinylidene �uoride membrane (PVDF). Subsequently,
the membrane was incubated with anti-PDCD10 (1:1000; Abcam, Cambridge, MA, USA) or anti-GAPDH
(1:3000; Cell Signaling Technology, Beverly, MA, USA) primary antibodies overnight at 4°C, and then
incubated for 2 h at room temperature with HRP-labeled secondary antibody (1:5000; Cell Signaling
Technology). The blots were observed by chemiluminescence.

Statistical analysis
Data are expressed as the mean ± standard deviation (SD). The differences between two groups were
determined using Student’s t-test. A P value < 0.05 was considered statistically signi�cant.

Results

Identi�cation of circFNDC3B and detection of its expression
in AAA tissues
We discovered that circFNDC3B (hsa_circ_0006156) was derived from exon-5 and exon-6 of the FNDC3B
gene locus and validated the sequence of circFNDC3B PCR products by Sanger Sequencing (Fig. 1a).
Next, we designed two sets of primers for circFNDC3B. The convergent primers ampli�ed the linear
structure, and the divergent primers ampli�ed the circular structure. The results demonstrated that the
ampli�cation of circFNDC3B only in cDNA, but not in gDNA (Fig. 1b). Moreover, we con�rmed that
circFNDC3B had a higher resistance to RNase R than the linear FNDC3B mRNA (Fig. 1c). The results of
qRT-PCR analysis showed that the expression of circFNDC3B was signi�cantly higher in clinical AAA
specimens than in normal tissues (Fig. 1d). These results revealed that circFNDC3B was prominently
increased in AAA tissues and may play an important role in the progression of AAA.

CircFNDC3B inhibits VSMC proliferation and promotes
apoptosis
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In view of the enhancement of circFNDC3B in AAA tissues, we explore the role of circFNDC3B in AAA by
loss-of-function and gain-of-function experiments. We synthesized and transiently transfected siRNA
targeting circFNDC3B or plasmids to decrease or increase the expression levels of circFNDC3B in VSMCs.
The transfection e�ciency was validated by qRT-PCR (Fig. 2a). The MTT assay exhibited that
overexpression of circFNDC3B signi�cantly suppressed the proliferation of VSMCs, while inhibition of
circFNDC3B markedly increased their proliferation (Fig. 2b). Also, forced expression of circFNDC3B
induced cell cycle arrest at the G0/G1 phase in VSMCs, whereas depletion of circFNDC3B promoted cell
cycle progression from the G0/G1 phase to S phase (Fig. 2c). Moreover, the percentage of apoptotic cells
were obviously increased by forced expression of circFNDC3B while reduced by circFNDC3B knockdown
(Fig. 2d). Consistently, the caspase-3 activity in VSMCs was dramatically increased in circFND3B-
overexpressing cells, but repressed in circFND3B knockdown cells (Fig. 2e). These results implied that
circFNDC3B plays anti-proliferation and pro-apoptotic roles in VSMCs.

CircFNDC3B functions as a miR-1270 sponge in VSMCs
To explore the mechanism underlying the function of circFNDC3B in VSMCs, miR-1270 was predicted as
a candidate target of circFNDC3B using the online software program circinteractome (Fig. 3a). A dual-
luciferase reporter system was performed to verify the binding ability between miR-1270 and circFNDC3B.
Luciferase activity was signi�cantly decreased only with the co-transfection of circFNDC3B-wt and miR-
1270 mimics (Fig. 3b). Meanwhile, in the RIP assay, circFNDC3B and miR-1270 were enriched in the Ago2
group (Fig. 3c). Additionally, miR-1270 expression was depressed by overexpression of circFNDC3B, while
it was increased by knockdown of circFNDC3B (Fig. 3d). These results suggested that circFNDC3B could
bind to miR-1270.

The effect of circFNDC3B on VSMC proliferation and
apoptosis is reversed by miR-1270
Given that miR-1270 functioned as a target for circFNDC3B in VSMCs, we further checked on whether
circFNDC3B exerts biological functions by miR-1270. Cells were co-transfected with circFNDC3B plasmid
and miR-1270 mimics. As we expected, ectopical expression of miR-1270 partly overturned the inhibitory
effect on proliferation and cell cycle progression of VSMCs mediated by circFNDC3B upregulation
(Fig. 4a-b). Meanwhile, the acceleration of circFNDC3B overexpression on VSMC apoptosis was retarded
with the upregulation of miR-1270 (Fig. 4c-d). These data suggested that miR-1270 could partially reverse
the role of circFNDC3B in AAA.

PDCD10 expression is inhibited by circFNDC3B through
sponging miR-1270
We predicted PDCD10 as the latent target of miR-1270 in VSMCs using the online microRNA-target
program (TargetScan) (Fig. 5a). Luciferase reporter vectors including the wild type or mutant PDCD10 3'
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untranslated region (3'UTR) were built, and co-transfected with miR-1270 or control mimics into VSMCs.
The luciferase reporter activity of the wild type PDCD10 plasmid was dramatically decreased by miR-
1270, however, the activity of the mutant PDCD10 vector made no difference (Fig. 5b). By western
blotting and qRT-PCR analysis, ectopical expression of circFNDC3B signi�cantly up-regulated PDCD10
protein and mRNA expression, which was subsequently decreased via miR-1270 overexpression in
VSMCs cells (Fig. 5c-d). These data indicated that circFNDC3B inhibits the expression of PDCD10 by
sponging miR-1270.

CircFNDC3B inhibits VSMC proliferation and enhances apoptosis via the miR-1270/PDCD10axis To
explore whether PDCD10 could affect circFNDC3B-regulated VSMC proliferation and apoptosis, cells were
co-transfected with circFNDC3B plasmid and siPDCD10. We found that the upregulated expression of
PDCD10 protein and mRNA resulted from circFNDC3B overexpression could be decreased by siPDCD10
(Fig. 6a-b). Furthermore, forced expression of circFNDC3B caused suppression of proliferation and cell
cycle progression in VSMCs, while these inhibitory effects were abolished by silencing PDCD10 (Fig. 6c-
d). In addition, the augmentation of apoptosis in circFNDC3B-elevated VSMCs was restored by PDCD10
knockdown (Fig. 6e-f). These �ndings provided evidence for the circFNDC3B/miR-1270/PDCD10
regulatory axis in VSMC apoptosis and proliferation.

Discussion
Previous research has shown that circFNDC3B shears from the FNDC3B gene of the FN3 family [20]. It
has been reported that circFNDC3B is dysregulated in human cancers and acts as either a tumor
suppressor or oncogene to regulate various biological processes, including cell proliferation, migration,
and invasion. For instance, Chen et al. found that circFNDC3B was upregulated in renal carcinoma
tissues, and that forced expression of circFNDC3B promoted cell viability, colony formation, and
migration [21]. Wu et al. also reported that circFNDC3B was increased in papillary thyroid carcinoma
tissues and cell lines, and that overexpression of circFNDC3B enhanced cell proliferation and promoted
cell apoptosis in vitro, as well as facilitated papillary thyroid carcinoma progression in vivo [22]. On the
contrary, research by Liu et al. showed that circFNDC3B was dramatically decreased in bladder cancer
tissues, and resulted in restrained proliferation, migration, and invasion both in vitro and in vivo [16].
Similarly, circFNDC3B was downregulated in colon cancer cell lines and tissues, and inhibited cell
viability, colony formation, invasion, and migration [23]. In our study, circFNDC3B was found to be highly
expressed in AAA tissues. Ectopic expression of circFNDC3B repressed proliferation and accelerated
apoptosis of VSMCs. However, knockdown of circFNDC3B accelerated proliferation and repressed
apoptosis of VSMCs.

It has been found that circRNAs contain multiple selectively conserved miRNA target sites that could
serve as miRNA sponges [24]. A study manifested that circCBFB mediated the expression of miR-28-5p to
facilitate AAA [25], while another study showed that circCCDC66 facilitated proliferation and reduced
apoptosis in VSMCs, but upregulated CCDC66 through its role as a miR-342-3p sponge [26]. Moreover,
circFNDC3B inhibited bladder cancer progression via miR-1178-3p [16]. Hence, we assumed that
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circFNDC3B might also work through competitively binding miRNA in AAA. In this study, dual-luciferase
reporter and RIP assays were used to validate the direct interaction of circFNDC3B and miR-1270. qRT-
PCR veri�ed that circFNDC3B decreased the expression of miR-1270. Moreover, circFNDC3B affected cell
proliferation and apoptosis in AAA by suppressing the expression of miR-1270, suggesting that
circFNDC3B acts as a miR-1270 sponge in AAA.

Furthermore, miRNAs have been reported to bind to the 3'UTR of target messenger RNAs (mRNAs),
causing either inhibition of translation e�ciency or degradation of target mRNA [27]. To date,
accumulating evidence suggests that circRNAs positively modulate the target genes of miRNAs. For
example, circ-001971 contained a miR-29c-3p binding site and directly sponged miR-29c-3p to inhibit the
expression of VEGFA [28]. Meanwhile, circTLK1 positively regulated the expression of CBX4 by sponging
miR-136-5p [29]. Additionally, circSLC25A16 functioned as a miR-488-3p sponge to suppress HIF-1α [30].
In this paper, we identi�ed PDCD10 as a potential candidate gene of miR-1270 using online bioinformatic
analysis. Further study con�rmed that miR-1270 directly targeted the PDCD10 3′UTR and inhibited its
expression. Moreover, qRT-PCR and western blotting analyses showed that PDCD10 was positively
regulated by circFNDC3B via miR-1270.

Initially, PDCD10 was identi�ed as TFAR15 (TF-1 cell apoptosis related gene-15), which is evolutionary
conserved and is widely expressed in nearly all tissues [31]. PDCD10 is also named CCM3 because it is
the third gene for cerebral cavernous malformations (CCMs) [32]. Increasing evidence has revealed a dual
role of PDCD10 in various types of cells. PDCD10 knockdown inhibited breast cancer cell proliferation,
growth, migration, and invasion in vitro, and also suppressed tumor growth and induced apoptosis in vivo
[33]. Similarly, overexpression of PDCD10 signi�cantly accelerated non-small cell lung cancer cell
proliferation, migration and invasion, and also decreased apoptosis [34]. On the other hand, PDCD10 was
downregulated in glioblastoma tissues, and knockdown of PDCD10 signi�cantly stimulated cell
proliferation, adhesion, migration and invasion, restrained apoptosis and caspase-3 activation, and
facilitated tumor growth in a glioblastoma xenograft model [31, 35]. Ectopic PDCD10 expression led to
inhibition of HUVEC proliferation, migration, and tube formation [36]. In our study, knockdown of PDCD10
could reverse the inhibition of cell proliferation and promotion of apoptosis caused by the overexpression
of circFNDC3B. These results suggest that circFNDC3B promotes the progression of AAA by sponging
miR-1270 to enhance PDCD10 expression.

Conclusions
In summary, we revealed the upregulation of circFNDC3B in human AAA tissues. We further veri�ed that
overexpression of circFNDC3B could inhibit cell proliferation and increase apoptosis by targeting the miR-
1270/PDCD10 axis, suggesting a vital role for circFNDC3B in AAA. This affords the promise for a
potential target in the clinical treatment of AAA.

Abbreviations
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AAA: Abdominal aortic aneurysm; circRNAs: Circular RNAs; circFNDC3B: circRNA �bronectin type III
domain containing 3B; VSMC: vascular smooth muscle cell; PDCD10: programmed cell death 10; NC:
negative control; gDNA: Genomic DNA; RIP: RNA Immunoprecipitation; SDS-PAGE: sodium dodecyl
sulfate-polyacrylamide gel electrophoresis; PVDF: polyvinylidene �uoride membrane; SD: mean ±
standard deviation; 3'UTR: 3' untranslated region; mRNAs: messenger RNAs; TF-1 cell apoptosis related
gene-15: translation e�ciency or TFAR15; CCMs: cerebral cavernous malformations.
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Figure 1

Identi�cation of circFNDC3B and detection of its expression in AAA tissues. a Schematic diagram
showing that circFNDC3B consists of FNDC3B exon-5 and exon-6. The sequence of circFNDC3B was
con�rmed by Sanger sequencing. b Divergent primers ampli�ed circFNDC3B in cDNA but not in gDNA. c
The stability of circFNDC3B in response to RNase R. d The expression of circFNDC3B in clinical AAA
tissues and normal tissues as detected by qRT-PCR. Values represent the mean ± SD (n = 3 per group). *p
< 0.05.
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Figure 2

CircFNDC3B inhibits VSMC proliferation and promotes apoptosis. a VSMCs were transfected with
circFNDC3B plasmid or sicircFNDC3B. The expression of circFNDC3B was detected by qRT-PCR. b Cell
proliferation was detected by MTT assay. c Cell cycle progression was examined by �ow cytometry
assay. d Cell apoptosis was examined by �ow cytometry and caspase-3 activity assays. Values represent
the mean ± SD (n = 3 per group). *p < 0.05.
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Figure 3

CircFNDC3B functions as a miR-1270 sponge in VSMCs. a The binding site between circFNDC3B and
miR-1270. b The binding ability between miR-1270 and circFNDC3B was con�rmed by dual-luciferase
reporter assay. c A RIP assay was established to assess the combination of circFNDC3B and miR-1270. d
MiR-1270 levels were measured by qRT-PCR. Values represent the mean ± SD (n = 3 per group). *p < 0.05.
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Figure 4

The effect of circFNDC3B on VSMC proliferation and apoptosis is reversed by miR-1270. a VSMCs were
co-transfected with circFNDC3B plasmid and miR-1270 mimics and proliferation were assessed by MTT
assay. b Cell cycle progression in VSMCs was examined by �ow cytometry. c-d VMSC apoptosis was
evaluated by �ow cytometry and caspase-3 activity assays. Values represent the mean ± SD (n = 3 per
group). *p < 0.05.
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Figure 5

PDCD10 expression is inhibited by circFNDC3B through by sponging miR-1270. a The binding site of miR-
1270 and PDCD10 3'UTR. b Luciferase activity in VSMCs after co-transfection with wild type or mutant
PDCD10 3'UTR reporter and miR-1270 or control mimics. c-d The expression of PDCD10 protein and
mRNA levels were detected by qRT-PCR and western blot, respectively. Values represent the mean ± SD (n
= 3 per group). *p < 0.05.
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Figure 6

CircFNDC3B inhibits VSMC proliferation and enhances apoptosis via the miR-1270/PDCD10 axis. a-b
VSMCs were co-transfected with circFNDC3B plasmid and siPDCD10, and qRT-PCR and western blot were
performed to test the expression of PDCD10 mRNA and protein, respectively. c-f VSMC proliferation, cell
cycle progression, and apoptosis were examined using MTT, �ow cytometry, and caspase-3 activity
assays. Values represent the mean ± SD (n = 3 per group). *p < 0.05.
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