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Knockdown of hsa_circ_0005699 attenuates inflammation and
apoptosis induced by ox-LDL in human umbilical vein endothelial
cells through regulation of the miR-450b-5p/NFKB1 axis
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Abstract. Atherosclerosis (AS) remains the leading cause
of mortality throughout the world, and vascular endothelial
cell dysfunction is one of the key events leading to this
pathology. In recent years, there has been an increased
interest in the role of circulating RNAs in various diseases;
these noncoding RNAs can regulate gene products by
acting as microRNA (miR) sponges. Furthermore, it has
been shown that foam cells exhibit high expression levels
of hsa_circ_0005699 (circ_0005699); however, to the
best of our knowledge, no previous study has investigated
the role of circ_0005699 in the regulation of vascular
endothelial function. The present study employed human
umbilical vein endothelial cells (HUVECs), which have
been widely used to study vascular endothelial cell function. In addition, apolipoprotein E (ApoE)-deficient mice
were used, which have been shown to rapidly develop AS
and are widely used as a model of this disease. Cellular
and biochemical techniques were performed, including
gene transfection and short hairpin RNA-mediated gene
silencing for cell transfection, luciferase reporter gene assay
to confirm predicted genes, Cell Counting Kit-8 assay and
flow cytometry to assess cell viability and apoptosis, and

reverse transcription-quantitative PCR and western blotting
for detection of mRNA and protein expression. In the present
study, the expression levels of circ_0005699 were increased
by oxidized low-density lipoprotein in a time- and dosedependent manner in HUVECs; this was also associated with
increased apoptosis of these cells. In addition, the expression
levels of circ_0005699 were elevated, along with increased
levels of inflammatory cytokines, in ApoE-deficient mice.
An RNA pull-down assay indicated that circ_0005699
can bind miR-450b-5p to decrease its expression, whereas
silencing of circ_0005699 resulted in increased expression
of miR-450b-5p. In addition, the online bioinformatics tool
starBase predicted NFKB1 as a target gene of miR-450b-5p,
which was further confirmed by the luciferase reporter
gene assay. Notably, knockdown of circ_0005699 resulted
in the increased survival of HUVECs, which was associated with decreased protein expression levels of NFKB1
and inflammatory cytokines. By contrast, the effects of
circ-0005699 silencing on survival were reversed by miR450b-5p inhibition or NFKB1 overexpression. In conclusion,
knockdown of circ_0005699 may ameliorate endothelial
cell injury through regulation of the miR-450b-5P/NFKB1
signaling axis.
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Atherosclerosis (AS) is one of the most common vascular
lesions and is also considered the main pathological basis of
cardiovascular disease (1). Several cell types and molecules
are involved in the pathogenesis of AS, mainly including endothelial cells, smooth muscle cells and inflammatory cells (2).
Furthermore, it has been reported that the pathophysiology
of AS originates from endothelial cell injury; however, the
specific pathogenesis has not yet been clarified (3).
As a class of endogenous non-coding RNA, circulating
RNAs (circRNAs) do not have a 5' cap and a 3' poly tail, and
exist in their characteristic covalent closed-loop form (4).
Previous studies have indicated that circRNAs are widely
present in vivo, are stably expressed in plasma, serum and
tissues, and are involved in regulating gene expression in
eukaryotes (5-7). Notably, circRNAs can adsorb microRNAs
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(miRs/miRNAs) by acting as molecular sponges, thus
removing the negative regulatory effect of miRNAs on
their downstream target genes, so as to achieve their
own biological function (8). In addition, circRNAs have
been shown to be involved in the development and progression of various cardiovascular diseases (9). For example,
circ_0010283 has been reported to be highly expressed in
oxidized low-density lipoprotein (ox-LDL)-induced vascular
smooth muscle cells, and to promote cell proliferation and
migration by regulating the miR-370-3P/HMGB1 signaling
axis (10). Another study indicated that circ_0124644 was
highly expressed in ox-LDL-induced human umbilical
vein cells, and PAAP-A expression was upregulated via
sponge adsorption of miR-149-5p, thus further worsening
endothelial cell injury (11).
High expression levels of circ_0005699 in ox-LDLstimulated foam cells have previously been reported (12).
Formation of macrophage foam cells is known to be a major
hallmark of the initiation of AS, and uncontrolled uptake
of ox-LDL has been confirmed as one of the contributing
factors leading to foam cell formation (13); however, the role
of circ_0005699 in cardiovascular disease is still unclear.
Therefore, the present study mainly investigated the role of
circ_0005699 in regulating endothelial cell function and
further explored its possible molecular mechanism. The
online bioinformatics tool starBase was used to predict
the miRNA target of circ_0005699 and the target gene of
the identified miRNA, and the findings were confirmed
by molecular and cellular biological assays. Furthermore,
ApoE-deficient mice, which exhibit high ox-LDL levels,
were used for in vivo studies. ox-LDL was also applied to
human umbilical vein endothelial cells (HUVECs) in vitro
to investigate its effects on the regulation of cell survival and
circ_0005699 expression.
Materials and methods
Cell culture and treatment. The immortalized HUVEC
line was obtained from American Type Culture Collection
(cat. no. CRL-1730). HUVECs were cultured as previously
described (14). The cells were cultured in a nutrient solution
containing F-12 K basic medium, 10% fetal bovine serum
and 1% penicillin-streptomycin (all from Gibco; Thermo
Fisher Scientific, Inc.) at 37˚C with 5% CO2. Ox-LDL can act
on endothelial cells and is the main risk factor of AS (15).
Therefore, the present study treated HUVECs with different
concentrations (0, 25, 50 and 100 µg/ml) of ox-LDL (UnionBiol) for different durations (0, 12, 24 and 48 h) at 37˚C to
establish the AS cell model. For experiments, the cells used
were between passages 3 and 6.
Cell transfection. pLKO.1-puro was used as the backbone
for the shRNA constructs. circ_0005699 short hairpin RNA
(sh-circ_0005699#1/sh-circ_0005699#2), negative control
shRNA (sh-NC), miR-450b-5p mimics and negative control
(mimics-NC), miR-450b-5p inhibitor and negative control
(inhibitor-NC) and pcDNA3.1-NFKB1 plasmid were constructed
by Shanghai GenePharma Co., Ltd. Empty pcDNA3.1 was
used as a control for pcDNA3-1-NFKB1. Cell (4x105) transfection was performed using Lipofectamine® 3000 (Invitrogen;

Thermo Fisher Scientific, Inc.) at 37˚C for 48 h and cells were
collected 72 h after transfection for subsequent experimentation. The concentration of shRNAs, mimics and inhibitors were
50 nM/1x105 cells; the concentration of overexpression plasmid
was 0.8 µg/1x105 cells. The sequences were as follows: miR450b-5p mimics, 5'-UUUUGCAAUAUGUUCCUGAAUA-5';
miR-NC, 5'-TTCTCCGAACGTGTCACGT-3'; miR-450b-5p
inhibitor, 5'-UAUUCAGGAACAUAUUGCAAAA-3'; inhibitor
NC: 5'-UUCUCCGAACGUGUCACGUTT-3'; sh-NC, 5'-GGC
AACAAGATGAAGAGCACCAACTCGAGT T GGTGCTCT
TCAT CTT GTT GTT TTTG-3'; sh-circ_0005699#1, 5'-CAC
CGCCACAAGGTCTATGGATTTCCGAAGAAATCCATA
GACCTTGTGG C-3'; and sh-circ_0005699#2, 5'-CACCGC
TTGGAAAGTCATCACTAAGCGAACTTAGTGATGACT
TTCCAAGC-3'.
Animal handling. Six male C57BL/6 wild-type (WT) mice and
six ApoE-knockout mice with a C57BL/6 background were
obtained from Beijing HFK Bioscience Co., Ltd. Mice were
maintained under the following standard laboratory conditions: Temperature, 22˚C; humidity, 55%; 12-h light/dark cycle;
and ad libitum access to food and water. Handling of mice
was performed according to the Institutional Animal Care
of The Affiliated Ganzhou Hospital of Nanchang University
(Gangzhou, China) (16). After 12 weeks, the mice were sacrificed under excessive anesthesia using sodium pentobarbital
(120 mg/kg; intraperitoneal injection). The research team and
veterinary staff monitored the mice twice daily. Health was
monitored by measuring their weight (twice weekly), assessing
food and water intake, and general assessment of animal
activity, panting and fur condition. Before the end of the
experiment, the mice were euthanized once they had fasted for
12 h. The mice were euthanized by sodium pentobarbital. The
drug was injected intraperitoneally at a dose of 120 mg/kg,
and death was confirmed by the lack of a heartbeat. Serum
samples were obtained via cardiac puncture and centrifugation of blood samples for 10 min at 1,000 x g at 4˚C, and
were stored at -80˚C until further use. All of the procedures
were reviewed and approved by the Ethical Committee for
Animal Experimentation, The Affiliated Ganzhou Hospital
of Nanchang University (Ganzhou, China; approval no. KY-E2019-11-19).
ELISA. ELISA kits for the determination of serum and cell
concentrations of TNF- α (cat. no. ab208348), IL-6 (cat.
no. ab222503) and IL-1β (cat. no. ab197742) were purchased
from Abcam. Prior to ELISA, cells were treated with 100 µg/ml
ox-LDL for 48 h. The experiments were conducted according
to the manufacturer's protocols.
Annexin V/PI assay. The Annexin V/PI assay was used to
determine the apoptosis of HUVECs according to a previously
described protocol (17). After treatment (100 µg/ml ox-LDL
for 48 h), cells were harvested and washed three times with
PBS. Subsequently, cells (1x104) were incubated in the dark
at room temperature with 5 µl Annexin V-FITC and PI (cat.
no. 331200; Thermo Fisher Scientific, Inc.) for 15 min. Cells
undergoing apoptosis (early + late) were detected by flow
cytometry (Accuri C6; BD Biosciences) and cell apoptosis was
determined using FlowJo 7.6.1 software (FlowJo LLC).
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Cell counting kit-8 (CCK-8) assay. The CCK-8 assay was
used to assess the proliferation of cells. Briefly, HUVECs were
seeded in 96-well plates at a density of 1x103 cells/well, and
10 µl CCK-8 solution (Dojindo Laboratories, Inc.) was added
to each well after 0, 24, 48 and 72 h. Subsequently, the cells
were cultured at 37˚C for a further 120 min, followed by the
measurement of optical density at 450 nm using a plate reader
(Tecan Group, Ltd.).
Western blot analysis. Briefly, cells were lysed using RIPA
buffer (Wuhan Sanying Biotechnology) containing protease
inhibitors, and total protein was extracted. The BCA method
was used to determine protein concentration in the samples.
Subsequently, SDS-PAGE was used for separation of proteins
(40 µg) on 10% gels, which were transferred onto polyvinylidene difluoride membranes (MilliporeSigma). Membranes
were then blocked with 4% BSA (Cell Signaling Technology,
Inc.) at 4˚C for 2 h and incubated with the following primary
antibodies (Abcam): Anti-B-cell lymphoma-2 (Bcl-2; cat.
no. ab196495; 1:1,000), anti-Bax (cat. no. ab32503; 1:1,000),
anti-NFKB1 (cat. no. ab32360; 1:1,000) and anti-GAPDH (cat.
no. ab8245; 1:3,000; Abcam) at 4˚C overnight; anti-GAPDH
was used as the internal reference. The primary antibodies
were then removed and the membranes were further incubated
with HRP-conjugated secondary antibodies (anti-mouse
IgG(H+L); cat. no. ab205719; anti-rabbit IgG (H+L); cat.
no. ab205718; 1:5,000; Abcam) for 1 h at room temperature.
Protein bands were visualized using an ECL assay kit (BioRad Laboratories, Inc.).
Bioinformatics analysis. The online bioinformatics tool starBase database (http://starbase.sysu.edu.cn/), which predicts
the target miRNA of the circRNA (18) was used in the present
study. This software was also used to predict the miRNA and
target gene interaction.
Dual-luciferase reporter gene assay. WT and mutant (Mut)
sequences of circ_0005699 and NFKB1 were inserted into
the BamHI and SalI sites downstream of the luciferase gene
in the pGL3-control vector (Promega Corporation); the
constructs were named circ_0005699 WT/circ_0005699
Mut and NFKB1 WT/NFKB1 Mut, respectively. The final
concentration of 20 nM for each plasmid was subsequently
co-transfected into HUVECs (lx10 6 ) along with miR-NC
and miR-450b-3p mimics using Lipofectamine 3000 for
48 h at 37˚C according to the manufacturer's protocol.
Relative firefly luciferase activity was normalized against
Renilla luciferase activity. The Dual-Glo Luciferase
Reporter Assay System (Promega Corporation) was used
for measurement of luciferase activity according to the
manufacturer's protocol.
RNA pull-down assay and RNA immunoprecipitation (RIP).
The RNA pull-down assay was performed according to
a previously published protocol (19,20). This assay was
performed to confirm the interaction between circ_0005699
and miR-450b-3p. Biotin-labeled circ_0005699 probe and
Bio-Oligo (Oligo probe) was purchased from Sangon Biotech
Co., Ltd. HUVECs were trypsinized (Gibco; Thermo Fisher
Scientific, Inc.) followed by cell lysis using RIP lysis buffer

3

(Thermo Fisher Scientific, Inc.). The lysate alone served as the
input control. The 0.7 ml lysate was incubated at 4˚C overnight
with 50 µl magnetic Dynabeads M-280 Streptavidin beads
(Invitrogen; Thermo Fisher Scientific, Inc.). RNA complexes
were subjected to centrifugation at 11,100 x g for 10 min at
37˚C and then eluted by denaturation in 1X protein loading
buffer for 10 min at 100˚C. The enrichment of miR-450b-3p
was detected using reverse transcription-quantitative PCR
(RT-qPCR). Furthermore, the Magna RIP kit (cat. no. 17-704;
MilliporeSigma) was used according to the manufacturer's
guidelines and a previously described protocol (21). Briefly,
cells were lysed using RIP lysis buffer (MedChemExpress,).
Subsequently, 5 µg AGO2-specific antibody (cat. no. 2897;
Cell Signaling Technology, Inc.) and a normal IgG antibody
(cat. no. 58802; Cell Signaling Technology, Inc.) were conjugated to magnetic beads and mixed with the lysate (40 µg)
for 4 h at 4˚C. The magnetic beads were then harvested and
incubated with 50 µl protein G at 37˚C for 1 h. Finally, RNA
was extracted from the beads and relative enrichment was
analyzed using RT-qPCR.
RT-qPCR. RNAiso Plus reagent (Takara Bio, Inc.) was
used to extract total RNA from HUVECs and 1 µg total
RNA was reverse transcribed into cDNA using PrimeScript
cDNA synthesis kit (Takara Bio, Inc.) according to manufacturer's protocol. The resulting cDNA was amplified using
SYBR Premix Ex Taq™ II (Takara Bio, Inc.) in a real-time
PCR detection system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). GAPDH was used as an internal reference for
circ_0005699 and NFKB1, and U6 served as an endogenous
control for miR-450b-5p. qPCR was performed as follows:
Pre-denaturation at 95˚C for 1 min; followed by 35 cycles of
95˚C for 10 sec, 60˚C for 20 sec and 72˚C for 10 sec; and a final
extension step at 72˚C for 2 min. Gene expression was analyzed
using the 2-ΔΔCq method (22). The primer sequences were as
follows: circ_0005699 forward (F), 5'-TCCCCTTGTACG
AAATCATTCCA-3' reverse (R), 5'-ATTGAGACGTGTGAA
GATG CCC-3'; miR-450b-5p F, 5'-CTCA ACTGGTGTCGT
GGAGTCGGCAATTCAGTTGAGTATTCAGG-3' R,5'-ACA
CTCCAGC TGG GTT TTG CAATATGTTCC-3'; NFKB1 F,
5'-GCAGCACTACTTCTTGACCACC-3' R, 5'-TCTGCTCCT
GAGCATTGACGTC-3'. GAPDH F, 5'-ACGG GAAGCTCA
CTGG CAT GG-3' R, 5'-GGTC CAC CAC CCT GTT GCT G
TA-3'. U6 F, 5'-CTCGCTTCGGCAGCACA-3' R, 5'-AACGCT
TCACGAATTTGCGT-3'.
Statistical analysis. GraphPad Prism software version 6
(GraphPad Software, Inc.) was used to statistically analyze the
results. The data are presented as the mean ± SD of at least
three independent experiments. Unpaired Student's t-test was
used to compare two groups, whereas the statistical analysis of
more than two groups was performed using one-way ANOVA
with Bonferroni's correction. P<0.05 was considered to indicate a statistically significant difference.
Results
circ_0005699 is upregulated in HUVECs induced by ox-LDL
and in vivo. The present study observed that ox-LDL resulted
in increased expression of circ_0005699 in HUVECs in
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Figure 1. ox-LDL increases the expression of circ_0005699 in HUVECs. Expression levels of circ_0005699 were increased by ox-LDL in a (A) dose-dependent
and (B) time-dependent manner. **P<0.01 vs. 0 µg/ml ox-LDL or 0 h ox-LDL. (C) ELISA indicated the effect of ox-LDL on the concentration of inflammatory factors in HUVECs. (D) Effect of ox-LDL on the apoptotic rate of HUVECs, as determined by Annexin V/PI double staining and flow cytometry.
(E) circ_0005699 was highly expressed in ApoE-knockout mice. (F) Serum levels of circulating inflammatory cytokines in control and ApoE-knockout mice.
**
P<0.01 vs. control. ApoE, apolipoprotein E; HUVEC, human umbilical vein endothelial cell; ox-LDL, oxidized low-density lipoprotein.

a dose-dependent (Fig. 1A) and time-dependent manner
(Fig. 1B). Notably, ox-LDL treatment was also associated with
significantly increased concentrations of TNF-α, IL-6 and
IL-1β in HUVECs compared with those in the control group
(untreated cells) (Fig. 1C). Annexin V/PI double-staining and
flow cytometry was used to detect the apoptotic rate of ox-LDLtreated HUVECs. It was observed that the apoptotic rate was
significantly increased in the ox-LDL group compared with
that in the control group (Fig. 1D). Increased ox-LDL has previously been reported in ApoE-knockout mice (23). In the present
study, increased expression of circ_0005699 (Fig. 1E), and
significantly increased serum concentrations of TNF-α, IL-6
and IL-1β were observed in ApoE-knockout mice (Fig. 1F).
circ_0005699 knockdown decreases ox-LDL-treated HUVEC
apoptosis and inflammation. Two shRNAs were designed
to target circ_0005699 and the knockdown efficiency was
confirmed by RT-qPCR (Fig. 2A); as illustrated, the expression of circ_0005699 was significantly decreased following

transfection with the two knockdown shRNAs and there was no
significant difference between the two, thus one of them could
be selected for subsequent experiments. Notably, circ_0005699
knockdown was associated with increased proliferation of
ox-LDL-treated HUVECs (Fig. 2B). In addition, circ_0005699
knockdown significantly reduced the apoptotic rate in these
cells, as indicated by Annexin V/PI double-staining and flow
cytometry (Fig. 2C). The apoptosis-related proteins Bcl-2 and
Bax were detected by western blotting. Compared with that
in the control group, knockdown of circ_0005699 markedly
increased the protein expression levels of Bcl-2, whereas
Bax expression was decreased. Furthermore, knockdown of
circ_0005699 significantly reduced the levels of inflammatory
factors, including TNF-α, IL-6 and IL-1β in the supernatants
of ox-LDL-treated HUVECs (Fig. 2E).
circ_0005699 sponges miR-450b-5b. The starBase online database revealed that circ_0005699 possessed a binding site for
miR-450b-5p (Fig. 3A). The expression levels of miR-450b-5p
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Figure 2. Knockdown of circ_0005699 decreases the rate of HUVEC apoptosis and inflammation. (A) shRNAs were designed that targeted circ_0005699 and
the knockdown efficiency was determined by reverse transcription-quantitative PCR. (B) Cell Counting Kit-8 assay was used to detect HUVEC proliferation.
(C) Annexin V/PI double staining and flow cytometry were used to detect the apoptotic rate of HUVECs. (D) Western blot analysis of the expression levels of
apoptosis-related proteins Bcl-2 and Bax. (E) Concentration of inflammation-related factors (TNF-α, IL-6 and IL-1β) in HUVECs, as determined by ELISA.
**
P<0.01 vs. sh-NC. Bcl-2, B-cell lymphoma 2; HUVEC, human umbilical vein endothelial cell; NC, negative control; sh/shRNA, short hairpin RNA.

in ox-LDL-treated cells transfected with miR-450b-5p mimics
were detected and it was revealed that the expression levels
of miR-450b-5p were significantly increased (Fig. S1A).
Notably, miR-450b-5p overexpression resulted in decreased
luciferase activity in circ_0005699 WT ox-LDL-treated cells,
but not in circ_0005699 Mut cells (Fig. 3B). In addition, the
circ_0005699 probe pulled down more miR-450b-5p than
the Oligo probe (Fig. 3C), which verified that circ_0005699
could bind to miR-450b-5p, whereas the beads coupled with
AGO2 pulled down significantly greater circ_0005699 and
miR-450b-5p than the IgG control (Fig. 3D). Furthermore,
circ_0005699-knockdown via shRNA resulted in significantly

increased expression of miR-450b-3p compared with that in
the control group, as indicated by RT-qPCR analysis (Fig. 3E).
NFKB1 is the target of miR-450b-5p. The online database
starBase predicted that miR-450b-5p may target NFKB1
(Fig. 4A). It was observed that the overexpression of miR450b-5p significantly decreased luciferase activity in NFKB1
WT ox-LDL-treated cells compared with the control; however,
this effect was not observed following mutation in the binding
site of NFKB1 (Fig. 4B). Furthermore, circ_0005699 silencing
resulted in significantly decreased expression levels of NFKB1
in ox-LDL-treated cells compared with those in the control
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Figure 3. circ_0005699 sponges miR-450b-5b. (A) circ_0005699 and miR-450b-5p binding sites were determined using the starBase online database.
(B) Results of dual-luciferase reporter gene assay. **P<0.01 vs. miR-NC. (C) Results of RNA pull-down assay. (D) RNA immunoprecipitation assay using
AGO2, with IgG used as a control. **P<0.01 vs. IgG. (E) Relative expression of miR-450b-5p after circ_0005699-knockdown. **P<0.01 vs. sh-NC. miR,
microRNA; Mut, mutant; NC, negative control; sh, short hairpin RNA; WT, wild-type.

Figure 4. miR-450b-5p targets NFKB1. (A) StarBase online database analysis revealed that mir-450b-5p targets NFKB1. (B) Dual-luciferase reporter assay
verified the targeting of miR-450b-5P to NFKB1. **P<0.01 vs. miR-NC. (C) mRNA and (D) protein expression levels of NFKB1 after circ_0005699 knockdown, as determined by reverse transcription-quantitative PCR and western blotting. **P<0.01 vs. sh-NC. miR, microRNA; Mut, mutant; NC, negative control;
sh, short hairpin RNA; WT, wild-type.
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Figure 5. circ_0005699 attenuates HUVEC apoptosis and inflammation through the miR-450b-5p/NFKB1 axis. (A) Protein expression levels of NFKB1
in different groups of HUVECs, as detected by western blotting. (B) Cell Counting Kit-8 analysis of HUVEC proliferation following different treatments.
(C) Apoptotic rate of HUVECs in different groups, as determined by Annexin V/PI double staining and flow cytometry. (D) Protein expression levels of
apoptosis-related genes Bcl-2 and Bax. **P<0.01 vs. sh-NC, ##P<0.01 vs. sh-circ_0005699#1. Bcl-2, B-cell lymphoma 2; HUVEC, human umbilical vein
endothelial cell; miR, microRNA; NC, negative control; sh, short hairpin RNA.

group, as determined using RT-qPCR (Fig. 4C) and western
blot analysis (Fig. 4D).
circ_ 0005699 attenuates ox-LDL-treated HUVEC apoptosis and inflammation through the miR-450b-5p/NFKB1
axis. Western blotting and RT-qPCR were used to detect the
protein and mRNA expression levels of NFKB1 in different
groups of ox-LDL-treated HUVECs following different
treatments. First, miR-450b-5p expression was markedly
decreased in ox-LDL-treated HUVECs transfected with
miR-450b-5p inhibitor (Fig. S1B). In addition, NFKB1
expression was significantly increased in ox-LDL-treated
HUVECs transfected with NFKB1 plasmid (Fig. S1C).
Compared with that in the control group, knockdown of
circ_0005699 was associated with decreased NFKB1 protein

expression (Fig. 5A). Notably, ox-LDL-treated HUVECs
co-transfected with sh-circ_0005699#1 and miR-450b-5p
inhibitor or NFKB1 overexpression plasmid exhibited partial
restoration of NFKB1 expression compared with that in the
circ_0005699 knockdown group (Fig. 5A). Furthermore,
circ_0005699 knockdown was associated with increased
cell proliferation (Fig. 5B) and significantly reduced apoptotic rate compared with sh-NC group (Fig. 5C); these
effects were reversed when cells were co-transfected with
sh-circ_0005699#1 and miR-450b-5p inhibitor or NFKB1
overexpression plasmid (Fig. 5C). In addition, the protein
expression levels of Bcl-2 were markedly increased, whereas
Bax protein expression was inhibited following knockdown
of circ_0005699 (Fig. 5D). By contrast, when cells were
co-transfected with sh-circ_0005699#1 and miR-450b-5p
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inhibitor or NFKB1 overexpression plasmid, Bcl-2 protein
expression was reduced and Bax protein expression was
partially increased compared with that in cells transfected
with sh-circ_0005699#1 only (Fig. 5D).
Discussion
Cardiovascular disease caused by ASAS remains the leading
cause of mortality worldwide (24) and is considered a type
of chronic inflammatory disease (25). It has previously
been reported that ox-LDL may serve a critical role in the
development of atherosclerotic plaque formation through
various mechanisms. These mechanisms may include endothelial dysfunction (26-28), foam cell formation (29-31),
smooth muscle cell migration and proliferation (32,33), and
the induction of platelet adhesion and aggregation (34,35).
Wang et al (12) previously indicated that ox-LDL-induced
foam cells (an in vitro AS model) had increased expression of circ_0005699. To the best of our knowledge, there
is no previous study available that investigates the role of
circ_0005699 in the regulation of vascular endothelial cells.
Therefore, HUVECs, endothelial cells isolated from the
human umbilical cord vein, were used in the present study.
These cells have been widely used as a model for the study
of function and pathologies of endothelial cells, including AS
and plaque formation (36-40). In addition, ApoE-deficient
mice were used as an in vivo model of ASAS. These mice,
first produced by Plump et al (41) exhibit atherosclerotic
transformation even under a normal chow-diet (42).
The results of the present study indicated that ox-LDL
resulted in increased expression of circ_0005699 in
HUVECs in a time- and dose-dependent manner, which
is in corroboration with a previous report (12). Notably,
circ_0005699 silencing was associated with increased proliferation of HUVECs, along with a decreased rate of apoptosis
in the present study. Furthermore, circ_0005699 was shown
to sponge miR-450b-5b and NFKB1 was identified as a
target gene of miR-450b-5p; therefore, circ_0005699 may
attenuate HUVEC apoptosis and inflammation through the
miR-450b-5p/NFKB1 axis.
The starBase database predicted that circ_0005699 could
sponge miR-450b-5p. Furthermore, circ_0005699 silencing
was associated with increased miR-450b-5p expression, thus
indicating that miR-450b-5p was a target of circ_0005699.
The role of miR-450b-5p in the regulation of various genes
has previously been investigated, particularly in cancer. For
example, miR-450b-5p downregulation has been reported to
be associated with the progression of hepatocellular carcinoma (43), whereas miR-450b-5p expression was revealed to
be upregulated in colorectal cancer cells (44). Furthermore,
another study has indicated miR-450b-5p may be a potential
biomarker of ischemic injury (45).
The starBase database further predicted that NFKB1
was a target gene of miR-450b-5p and this was confirmed by
luciferase reporter gene assay. NFKB is a transcription factor
that has been shown to regulate innate and adaptive immune
responses, and can induce the transcription of various inflammatory mediators, including TNF-α, IL-1β, IL-6, IL-12p40
and cyclooxygenase-2 (46). Therefore, NFKB1 has been implicated in the pathogenesis of multiple inflammatory diseases,

including AS (47-49). A recent report by Huang et al (50)
revealed that miR-450b-5p inhibition could reduce ischemic
injury in hepatic cells through an NFKB-dependent mechanism. Another report suggested that miR-148a-3p reduced
NFKB signaling and thus proinflammatory gene expression in
aortic valve cells (51), which further corroborates the present
findings, which indicated that NFKB promoted the apoptosis
of HUVECs and aggravated inflammation.
In conclusion, the findings of the present study indicated
that circ_0005699 knockdown may have beneficial effects
on the survival and function of endothelial cells through the
regulation of miR-450b-5p/NFKB1.
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