
R ESEARCH  ARTICLE

doi: 10.2306/scienceasia1513-1874.2023.100
ScienceAsia 49 (2023): 899–909

Silencing circRNA TLK1 reduces endothelial cell injury in
coronary heart disease

Jian Lia, Zhu Zhuob, Zhen Renc, GaiXia Lid,∗

a Department of Internal Medicine, Qingdao Shinan District People’s Hospital, Qingdao City, Shandong 266005 China
b Department of Cardiology, Linyi Third People’s Hospital, Linyi City, Shandong 276023 China
c Department of Nursing, Qingdao Shinan District People’s Hospital, Qingdao City, Shandong 266005 China
d Department of ECG Room, Qingdao Women and Children Hospital, Qingdao City, Shandong 266034 China

∗Corresponding author, e-mail: ligaixia@stu-edu.cn
Received 16 Feb 2023, Accepted 31 Oct 2023

Available online 29 Dec 2023

ABSTRACT: Circular RNAs (circRNAs) play important roles in the progression of many diseases including coronary
heart disease (CHD), one of the leading causes of heart-related death worldwide. This study aimed to investigate the
effect and mechanism of circTLK1 on vascular endothelial cell injury by targeting the miR-374a-5p/FOXO1 axis. Here,
oxidized low-density lipoprotein (ox-LDL)-treated HUVECs and HFD-fed ApoE−/−C57BL/6J mice were used as in vitro
and in vivo models, and the expression levels of circTLK1, miR-374a-5p, and FOXO1 were examined by RT-qPCR or
Western blot analysis. CircTLK1 and FOXO1 were found to be increased in blood of patients with coronary heart disease
and ox-LDL-induced HUVECs, while miR-374a-5p was decreased. Silencing circTLK1 attenuated endothelial cell injury
and atherosclerosis development in vitro and in vivo. miR-374a-5p can be sponged by circTLK1, and miR-374a-5p
inhibitor can abolish the therapeutic effect of silencing circTLK1 on endothelial cell injury. In addition, miR-374a-5p
bound to FOXO1, which mediated the therapeutic effect of circTLK1 silencing on vascular endothelial cell injury. Taken
together, circTLK1 silencing reduces endothelial cell injury in CHD by targeting FOXO1 with miR-374a-5p, suggesting
that circTLK1 may be a new target for CHD treatment.
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INTRODUCTION

Coronary heart disease (CHD) is one of the leading
causes of death worldwide [1]. Atherosclerosis is
considered the main pathogenesis of CHD [2]. Fac-
tors such as lipid metabolism disorder, vascular en-
dothelial cell damage, inflammation, and oxidative
stress can stimulate the development of atherosclerosis
[3]. At present, CHD is still treated by traditional
treatment methods such as lipid-lowering therapy, an-
tiplatelet drugs, nitroglycerin, and coronary artery
bypass surgery [4, 5]. To make matters worse, CHD
morbidity and mortality are still rising rapidly [6].
Therefore, there is still a need to increase the under-
standing of the pathogenesis of CHD.

Circular RNAs (circRNAs) are highly conserved
and abundant and characterized by higher stabil-
ity under physical conditions [7]. More and more
studies have revealed that circRNAs are involved in
the pathogenesis of various diseases including CHD
[8]. CircTLK1, derived from TLK1 messenger RNA
(mRNA), is associated with cardiovascular and cere-
brovascular diseases [9, 10]. It has been reported that
circTLK1 can exacerbate myocardial ischemia/reperfu-
sion injury [11]. Recent studies have also revealed that
circTLK1 regulates inflammatory and oxidative stress
responses as well as cardiomyocyte apoptosis [9, 12].
However, the function of circTLK1 in CHD remains
unclear.

Notably, circRNAs mainly regulate downstream

target gene expression by sponging microRNAs (miR-
NAs) [13–15]. Importantly, miRNAs, as powerful
regulators of biological processes, have been exten-
sively studied in the inflammatory process and vascular
endothelial cell dysfunction in CHD [16]. miR-374a-
5p prevents myocardial ischemia-reperfusion injury
in mice [17]. Interestingly, it is hypothesized that
circTLK1/miR-374a-5p/FOXO1 functions as a com-
petitive endogenous RNA (ceRNA) network in CHD.
Therefore, we speculate that circTLK1 may be involved
in the progression of CHD by competing with miR-
374a-5p. This study revealed for the first time the
role of circTLK1 in endothelial cell dysfunction and
atherosclerosis and explored the potential regulatory
network of circTLK1/miR-374a-5p/FOXO1, develop-
ing new insights into the treatment and diagnosis of
CHD.

METHODS

Collection and processing of blood samples

Patients with CHD (coronary artery stenosis of not
less than 50%) and controls were selected accord-
ing to the results of diagnostic coronary angiogra-
phy. Patients with lung, liver, kidney, or immune
diseases, other cardiac diseases or underlying diseases
were excluded. All participants were pretreated with
conventional doses of aspirin and clopidogrel before
percutaneous coronary intervention. The age, gen-
der, diabetes history, smoking history, drinking his-
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Table 1 Baseline characteristics of the patients.

Clinical data (n= 42)

Age, y 60 [58–65]
Sex (male/female) 24/18 (57.1/42.9)
BMI, kg/m2 24.6 [22.3–26.6]
Hypertension 27 (64.3)
TC, mmol/l 4.10±1.05
TG, mmol/l 1.36 [1.19–1.85]
LDL-C, mmol/l 2.32 [1.8–2.71]
HDL-C, mmol/l 1.03 [0.88–1.25]

Counting data were expressed as n (%); continuous vari-
ables are presented as mean (SD) or median (IQR, quar-
tile range). BMI, body mass index; TC, total cholesterol;
TG, triglyceride; LDL-C, low density lipoprotein choles-
terol; and HDL-C, high-density lipoprotein cholesterol.

tory, blood pressure, triglyceride, cholesterol, LDL-C,
and HDL-C were obtained from the electronic medical
record system (Table 1). Peripheral blood mononu-
clear cells (PBMCs) were isolated using peripheral
blood mononuclear cell isolation medium (Solarbio,
Beijing, China) and centrifuged twice for a total of
40 min. Trizol LS (Invitrogen, CA, USA) was then
added to PBMCs immediately and stored. The study
received approval from the Ethics Committee of Qing-
dao Women and Children Hospital (approval number:
201603QD11), and all experimental procedures ad-
hered to the regulations set forth by the Ethics Com-
mittee. Prior to surgery, this study obtained informed
consent from all patients or their respective family
members, who willingly signed a written consent form.

Cell culture and treatment

HUVECs (Cell Bank of the Chinese Academy of Sci-
ences, Shanghai, China) were cultured in DMEM-high
glucose medium (Hyclone, USA) containing penicillin
(100 units/ml, Hyclone) and 10% FBS (Hyclone). As
previously described for atherosclerosis [18], HUVECs
were treated with 100 µg/ml oxidized low-density
lipoprotein (ox-LDL, Yeasen, Shanghai, China) for 24 h
to simulate the endothelial injury model of CHD in
vitro. All plasmids and oligonucleotides (GenePharma,
Shanghai, China) were transfected into HUVECs with
Lipofectamine 3000 (Invitrogen), including shRNA
carrying circTLK1 (sh-circTLK1), FOXO1 overexpres-
sion plasmid (pcDNA-FOXO1), miR-374a-5p mimic
and inhibitor, and their negative controls (sh-NC,
pcDNA3.1, miR-NC and in-NC).

ELISA

Human or mouse vWF, sTM, sE-selectin, sVCAM-1
ELISA kit (Beijing Wintersong Biotech, China) as well
as human or mouse IL-6, IL-1β, and TNF-α ELISA kits
(Abcam, Wuhan, China) were applied for checking
vWF, sTM, sE-selectin, and sVCAM-1, IL-6, IL-1β, and
TNF-α.

RT-qPCR

Total RNA was extracted from peripheral blood sam-
ples and HUVECs using Trizol reagent (Invitrogen), fol-
lowed by reverse transcription performed with Prime-
Script RT reagent kit and miRNA First Strand Synthesis
kit (Takara, Tokyo, Japan), respectively. RT-qPCR was
performed using the SYBR Green kit (Thermo Fisher
Scientific, Massachusetts, USA) and the Mx3005P
QPCR system (Agilent Technologies, California, USA).
The primer sequences are shown in Table 2.

Western blot analysis

Total protein was extracted with RIPA lysis buffer
(Beyotime, China), loaded on 8% SDS-PAGE gels (So-
larbio), transferred to PVDF membranes (Invitrogen),
and blocked with 5% skim milk for 1 h. It was
then incubated with primary antibody of rabbit anti-
FOXO1A (1:1000, ab39470, Abcam) and specific sec-
ondary antibody (1:1000, Beyotime). Densitometric
analysis was performed using ImageJ software after
signal visualization based on ECL kit (34080, Thermo
Fisher Scientific).

RNase R assay

CircTLK1 and TLK1 total RNA (2 µg) were incubated
with 3 U/µg RNase-R (07250, Epicentre Technologies,
Thane, India) and checked by RT-qPCR [19].

Subcellular localization analysis

Cytoplasmic and nuclear RNAs of HUVECs were iso-
lated using the PARIS Kit (Ambion, Texas, USA),
checked by RT-qPCR, and normalized to GAPDH and
U6, respectively.

Cell proliferation assay

CCK-8 assay: HUVECs seeded at 2×103 cells/well were
combined with CCK8 reagent at 10 µl/well (Dojindo,
Kumamoto, Japan) for 2 h, after which the optical
density (OD450 nm) value was examined.

Colony formation assay: Incubation of HUVECs
seeded at 2× 103 cells/well lasted for 2 weeks, then
HUVECs were fixed with 4% formaldehyde and stained
with GIMSA for 20 min to count colonies (geq100 µm)
under a microscope (Olympus, Tokyo, Japan).

Apoptosis assay

HUVECs were stained with 5 µl FITC (BD Biosciences,
New Jersey, USA) and 5 µl propidium iodide (BD
Biosciences) and loaded on a flow cytometer (BD Bio-
sciences) for analysis [20].

Detection of H2O2 and CAT activity levels

Fe2+ is oxidized by H2O2 to form Fe3+, addition of
xylenol orange to a specific solution can form a pur-
ple product, and the concentration of H2O2 can be
determined by colorimetry. HUVECs (1 × 106) were
dissolved with lysis buffer, centrifuged at 12000g, and

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


ScienceAsia 49 (2023) 901

Table 2 Sequences of primers.

Gene Sequence of primer (5′ −3′)

CircTLK1 (human) Forward: 5′-ACAGTTTTGGAAGCTTGGGATCT-3′

Reverse: 5′-TGCTCCCACTTGCAACTCCA-3′

CircTLK1 (mouse) Forward: 5′-GACAAAGAATCAGAGGTGCAATGG-3′

Reverse: 5′-ACTCCCAGTACTCCCAGTAGC-3′

Has-miR-374a-5p (human) Forward: 5′-TCCGATATAATACAACCT-3′

Reverse: 5′-GTGCAGGGTCCGAGGT-3′

mmu-miR-374b-5p (mouse) Forward: 5′- CCCGGGTTATAATACAACCTG -3′

Reverse: 5′- CTCAACTGGTGTCGTGGAGTC -3′

FOXO1 (human) Forward: 5′-AACCT GGCATTACAGTTGGCC-3′

Reverse: 5′-AAATGCAGGAGGCATGACTACGT-3′

FOXO1 (mouse) Forward: 5′-GCACAGTGAACTCCAGGAAAGG-3′

Reverse: 5′-CACCAAAGGAAATGAATCAAACAAG-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACA-3′

Reverse: 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH Forward: 5′-TCCCATCACCATCTTCCA-3′

Reverse: 5′-CATCACGCCACAGTTTTCC-3′

CircTLK1, Circular RNA TLK1; miR-374a-5p, microRNA-374a-5p; FOXO1, forkhead box O1; and GAPDH, glyceraldehydes-
3-phosphate dehydrogenase.

liquefied with H2O2 reagent. OD560 nm value was
measured, and a standard curve was drawn.

CAT activity in cells was detected based on CAT
detection kit (Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing, China) and measured at 405 nm [21].

Dual luciferase reporter assay

CircTLK1 or FOXO1 3′UTR fragments containing the
wild-type (WT) and mutant (MUT) binding site of
miR-374a-5p were cloned into pGL3 reporter vector
(Promega, Wisconsin, USA) to obtain circTLK1 WT/-
MUT or TLR4 3′UTR WT/MUT reporter vector. miR-
374a-5p mimic was co-transfected into HUVECs with
the reporter vector and conditioned to measurements
of luciferase activity using the Dual-Lucy Assay Kit
(Solarbio) [18].

RNA pull-down

For RNA pull-down assay, Pierce RNA 3′ End Dethiobi-
otinylation Kit (Thermo Fisher Scientific) was utilized.
Biotinylated miR-NC (Bio-miR-NC) probe, Bio-miR-
374a-5p probe, or Bio-miR-374a-5p mutant (Bio-miR-
330-5p MUT; binding site mutated to complementary
sequences) probes were transfected into HUVECs for
48 h, and the cell lysate was mixed with magnetic
beads to determine circTLK1 and FOXO1.

Atherosclerosis animal model

Male ApoE−/−C57BL/6J mice (4 weeks old, 20±5 g)
obtained from the Basic Research Institute of Peking
Union Medical College were placed in a controlled en-
vironment. Mice were fed a high-fat diet (15% fat and

0.25% cholesterol) for 12 weeks to induce atheroscle-
rosis while those were fed a normal diet (4% fat, 0%
cholesterol) were considered normal mice. At week
8 after HFD feeding, 20 mice fed a high-fat diet were
randomly selected and injected with lentivirus (200 µl,
1× 109 TU/ml) into the left ventricle weekly for 8–12
weeks. CircTLK1 shRNA and its negative control (sh-
NC) were loaded into lentiviral vector PHY-LV-KD5.1
(ThermoFisher Scientific) and then into lentiviral par-
ticles. sh-circTLK1: 5′-GAATCAGAGGTGCAATGGA-3′.
Five animals were used in each group (n = 5). No
mice died in the experiment, and all animals were
euthanized by anesthesia after 12 weeks. Renal artery
puncture was performed to collect 1 ml of blood, which
was cryopreserved in liquid nitrogen. In addition, the
coronary artery (about 1 cm long) was excised from the
inferior border of the coronary artery, fixed with 4%
paraformaldehyde, embedded in paraffin, and serially
sectioned [22]. All animal experiments followed the
recommendations of the National Institutes of Health’s
Guide for the Care and Use of Laboratory Animals,
being approved by the Animal Ethics Committee of
Qingdao Shinan District People’s Hospital (approval
number: 20160922C).

Vascular Oil Red O staining

Coronary artery sections were dyed with staining so-
lution for 3 h and immersed in 70% ethanol until the
plaque is red and the background is white [22].

H&E staining

After paraffin embedding, coronary arteries were sliced
to 4 µm, dewaxed using xylene, and hydrated with
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gradient ethanol, followed by hematoxylin staining
and differentiation with 1% hydrochloric acid alcohol.
After 30 s in 1% ammonia blue, eosin staining was
done. Following dehydration, sections were cleared
twice with xylene and sealed with neutral glue until
microscopic observation (Olympus).

Statistical analysis

Data analysis was completed with SPSS 21.0, and data
normality was checked by Kolmogorov-Smirnov test.
Values shown as mean± standard deviation were eval-
uated by One-way ANOVA and Fisher’s least significant
difference t-test. Enumeration data shown as rate
or percentage were assessed by chi-square test. p
was a two-sided test, and p < 0.05 was considered
statistically significant.

RESULTS

CircTLK1, miR-374a-5p, and FOXO1 levels in blood
of patients with CHD and ox-LDL-induced HUVECs

Both circTLK1 and FOXO1 in blood of patients with
CHD showed high expression levels while miR-374a-
5p showed low expression (Fig. 1A-C). It was further
found that the expression patterns of circTLK1, miR-
374a-5p, and FOXO1 in ox-LDL-induced HUVECs were
consistent with those detected in the blood of patients
with CHD (Fig. 1D). Subsequently, the circular char-
acter of circTLK1 was confirmed by RNase R analysis,
which showed that circTLK1 was resistant to RNase
R digestion and was more stable than linear TLK1
(Fig. 1E,F). Furthermore, subcellular localization anal-
ysis presented that circTLK1 was mainly distributed
in the cytoplasm of HUVECs (Fig. 1F), confirming the

characterization of circTLK1 as a circRNA and suggest-
ing that its function might benefit from the biological
stability of this molecule.

Knockdown of circTLK1 attenuating
ox-LDL-induced endothelial injury

CircTLK1 was knocked down after transfection of
sh-circTLK1 in ox-LDL-treated HUVECs (Fig. 2A). As
measured by CCK-8 assay and colony formation as-
say, ox-LDL hampered the proliferation of HUVECs,
which could be reversed by knockdown of circTLK1
(Fig. 2B,C). Furthermore, flow cytometry demon-
strated that ox-LDL induced the apoptosis of HU-
VECs, whereas silencing of circTLK1 reversed this
phenomenon (Fig. 2D). Meanwhile, silencing circTLK1
restrained the expression of ox-LDL-induced inflam-
matory factors and vascular endothelial injury factors
(Fig. 2E-I). H2O2 is an active molecule that mediates
oxidative stress-induced endothelial cell damage, and
CAT is an antioxidant enzyme that is widely present in
almost all organisms and can reflect the level of oxida-
tive stress. Here, inhibiting circTLK1 suppressed ox-
LDL-induced H2O2 levels and CAT activity in HUVECs
(Fig. 2J,K).

CircTLK1 as a sponge for miR-374a-5p

To reveal the underlying mechanism by which circTLK1
works, starBase website predicted the target miRNAs of
circTLK1. miR-374a-5p was found to have a targeted
binding site for circTLK1 (Fig. 3A). Next, the interac-
tion between circTLK1 and miR-374a-5p was validated
by dual-luciferase reporter assay, as reflected by the
fact that miR-374a-5p inhibited the luciferase activ-
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ity of circTLK1-WT but not circTLK1-MUT (Fig. 3B).
Meanwhile, RNA pull-down experiments showed that
circTLK1 was pulled down when bio-miR-374a-5p-WT
was used instead of bio-miR-NC and bio-miR-374a-5p-

MUT (Fig. 3C). Clinical correlation analysis revealed
that circTLK1 expression was negatively correlated
with miR-374a-5p (Fig. 3D) and silencing circTLK1 in-
creased miR-374a-5p expression in HUVECs (Fig. 3E).
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Fig. 4 CircTLK1/miR-372-3p axis collaborating in ox-LDL-induced HUVECs. miR-372-3p knockdown efficacy in HUVECs (A)
and effects on HUVECs proliferation (B,C), apoptosis (D), inflammatory factors (E), vascular endothelial injury factors (F–I),
H2O2 (J), and CAT activity (K). Mean±SD, n= 3, * p < 0.05.

CircTLK1/miR-372-3p axis collaborating in
ox-LDL-induced HUVECs

By co-transfecting sh-circTLK1 and in-miR-372-3p into
ox-LDL-induced HUVECs, their regulation on vascular
endothelial cell injury was investigated. miR-372-3p
expression was enhanced in ox-LDL-induced HUVECs
after transfection with sh-circTLK1, whereas miR-372-
3p expression was decreased after co-transfection with
in-miR-372-3p (Fig. 4A). Functional experiments dis-
covered that in ox-LDL-induced HUVECs, after silenc-
ing circTLK1, proliferation ability (Fig. 4B,C), apop-
tosis ability (Fig. 4D), inflammatory factor expression
(Fig. 4E), vascular endothelial injury factor expres-
sion (Fig. 4F-I), H2O2 level (Fig. 4J), and CAT activity
(Fig. 4K) were mitigated by co-transfection with in-
miR-372-3p.

miR-374a-5p directly targeting FOXO1

Bioinformatics analysis of the target gene mRNA of
miR-374a-5p showed that there are multiple com-
plementary binding sites in miR-374a-5p and FOXO1
(Fig. 5A). Dual-luciferase reporter gene assay showed
that overexpression of miR-374a-5p effectively re-
duced the luciferase activity in the FOXO1-WT 3′UTR
(Fig. 5B). Meanwhile, the results of RNA pull-down
experiments suggested that FOXO1 enrichment in Bio-
miR-374a-5p-WT group was significantly enhanced
(Fig. 5C). In addition, FOXO1 expression was neg-
atively correlated with miR-374a-5p and positively

correlated with circTLK1 by clinical correlation analy-
sis (Fig. 5D,E), and inhibiting circTLK1 or enhancing
miR-374a-5p lowered FOXO1 expression in HUVECs
(Fig. 5F,G).

Therapeutic effect of circTLK1/FOXO1 on
ox-LDL-induced HUVECs

FOXO1 expression was hindered in ox-LDL-induced
HUVECs after transfection with sh-circTLK1, whereas
FOXO1 expression was reduced after co-transfection
with pcDNA-FOXO1 (Fig. 6A,B). Functional experi-
ments exhibited that in ox-LDL-induced HUVECs, after
silencing circTLK1, proliferation ability (Fig. 6C,D),
apoptosis ability (Fig. 6E), inflammatory factor ex-
pression (Fig. 6F), vascular endothelial injury factor
expression (Fig. 6G-J), H2O2 level (Fig. 6K), and CAT
activity (Fig. 6L) were reversed after co-transfection
with pcDNA-FOXO1.

CircTLK1 silencing inhibiting atherosclerotic
plaque formation and endothelial cell injury

An animal model of atherosclerosis was constructed
and intervened with sh-circTLK1 for infection. In-
deed, sh-circTLK1 effectively reduced circTLK1 expres-
sion in coronary artery tissue of atherosclerosis mice
(Fig. 7A). In addition, H&E staining and Oil Red O
staining showed that the plaque area and lipid depo-
sition area of coronary artery tissue were increased
in atherosclerosis mice, which were attenuated by sh-
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Fig. 5 miR-374a-5p directly targeting FOXO1. Starbase prediction results (A), evaluation of the interaction between FOXO1
and miR-374a-5p (B,C), correlation between FOXO1 and miR-374a-5p and circTLK1 (D,E), and FOXO1 expression patterns
after down-regulation of circTLK1 or up-regulation of miR-374a-5p in HUVECs (F,G). Mean±SD, n= 3, * p < 0.05.

circTLK1 (Fig. 7B,C). At the same time, TNF-α, IL-
1β, IL-6, vWF, sTM, sE-selectin, and sVCAM-1 in the
serum of atherosclerosis mice were increased, while
they were decreased in mice infected with sh-circTLK1
(Fig. 7D-H). CD34 is a surface marker of mature en-
dothelial cells, and CD34 immunostaining in coronary
sections can be used to reflect the integrity of the
vascular endothelium. Here, HFD damaged endothe-
lial cells, resulting in increased CD34 levels, while
silencing circTLK1 attenuated endothelial cell damage
and decreased CD34 levels (Fig. 7I).

DISCUSSION

CHD is an increasingly serious cardiovascular disease
in recent years, and the acute myocardial infarction
caused by it is also one of the main causes of disabil-
ity or death in patients with cardiovascular disease,

which brings more and more harm to patients [23].
The plight of CHD treatment makes it necessary to
further explore its mechanism and find new treatment
strategies. It is currently known that CHD is caused
by coronary atherosclerotic lesions, which mainly start
with functional changes in endothelial cells [24]. Cir-
cRNAs will be a promising diagnostic and therapeutic
target in CHD [8]. Here demonstrates for the first
time that circTLK1 and FOXO1 are up-regulated in
CHD patients and cells, whereas miR-374a-5p is down-
regulated. Also, related functional experiments were
about to determine whether circTLK1 could inhibit
the formation of atherosclerotic plaques and alleviate
endothelial cell injury.

CircTLK1 has been shown to downregulate its
expression in myocardial ischemia-reperfusion injury
[11]. However, the relevant function of circTLK1 in
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Fig. 6 Therapeutic effect of circTLK1/FOXO1 on ox-LDL-induced HUVECs. FOXO1 overexpression efficacy in HUVECs (A,B)
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Fig. 7 CircTLK1 silencing inhibiting atherosclerotic plaque formation and endothelial cell injury. CircTLK1 expression pattern
in mouse coronary tissue (A), H&E staining and Oil red O staining in the coronary arteries of mice (B,C), inflammatory
factors (D) in the serum of mice, vascular endothelial injury factors (E-H) in mouse serum, and CD34 immunohistochemical
staining (I). Mean±SD, n= 5, * p < 0.05.

CHD has not yet been discovered. Atherosclerosis
is the basis of the pathological process of CHD, the
inflammatory response runs through the entire pro-
cess of atherosclerosis, and inflammation can activate
oxidative stress damage [25, 26]. TNF-α, IL-1β, and
IL-6 are all pro-inflammatory factors produced by in-
flammatory cells that work to promote the formation
of atherosclerotic plaques, thereby causing endothelial
dysfunction [23]. Notably, silencing circTLK1 has been
elucidated to inhibit oxidative stress, inflammation,
and apoptosis in sepsis-related acute kidney injury
[12]. Here, silencing circTLK1 promoted the viability
of ox-LDL-induced HUVECs and inhibited apoptosis,
inflammation, and oxidative stress injury, thereby al-
leviating endothelial cell dysfunction. In vivo ex-
periments presented that circTLK1 silencing inhibited
atherosclerotic plaque formation and endothelial cell
injury and decreased production and release of inflam-
matory factors.

The target miRNA (miR-374a-5p) of circTLK1 was
predicted and then confirmed. miRNAs are crucial reg-

ulators of the complex biological progression of various
cardiovascular diseases [27], including CHD. In partic-
ular, miR-374a-5p, a highly conserved sequence, has
been described to be closely associated with the pro-
gression of many cardiovascular diseases. miR-374a-
5p prevents myocardial ischemia-reperfusion injury in
mice [17] and inhibits the release of pro-inflammatory
factors in neonatal hypoxic-ischemic encephalopathy
[28]. The present study proved that miR-374a-5p
upregulation partially mitigated the therapeutic effect
of silencing circTLK1 on endothelial cell injury.

Furthermore, miR-374a-5p directly targeted the
3′UTR of FOXO1, leading to the degradation of FOXO1
and repressing its transcription. FOXO1 is a key
molecular pro-inflammatory transcription factor [29]
that has been illustrated to be associated with various
diseases such as cardiovascular disease and cancer.
Targeting FOXO1 can control the development of cere-
bral ischemia-reperfusion injury [29]. We found a re-
port studying miR-374a-5p/FOXO1 axis. The authors
suggest that lncTTTY15 affects the expression and
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autophagy of FOXO1 in myocardial cells during I/R by
targeting miR374a-5p, thereby inhibiting myocardial
I/R injury [30]. Moreover, FOXO1 is abnormally ex-
pressed in patients with coronary artery disease, and
its expression level is correlated with inflammatory
factors [31, 32]. As expected, FOXO1 overexpres-
sion could abolish the suppressive effects of silencing
circTLK1 on ox-LDL-induced apoptosis, inflammation,
and oxidative stress injury in HUVECs as well as the
promotion of viability. Furthermore, numerous studies
have been conducted on FOXO1 on other programmed
cell death inductions, including necroptosis, pyropto-
sis, autophagy, and ferroptosis associated with FOXO1.
Li Xiudan et al [33] have demonstrated that FOXO1
plays a crucial role in regulating autophagy and cell
ptosis in pancreatic β cells, which have been implicated
in the pathogenesis and progression of type 2 diabetes.
Additionally, it has been observed that CD73 mitigates
microglial cell apoptosis by suppressing the expression
of FOXO1 [34]. In addition, N6-methyladenosine
modification of FOXO1 can aggravate endothelial in-
flammation and atherosclerosis by increasing the N6-
methyladenosine modification of FOXO1 [35]; there-
fore, it is imperative to conduct additional investiga-
tions to ascertain the potential association between
FOXO1 and other programmed cell death inductions as
well as the impact of N6-methyladenosine modification
on FOXO1, in relation to endothelial cell injury and
atherosclerosis.

CONCLUSION

In short, circTLK1 upregulates FOXO1 by binding to
miR-374a-5p, which in turn promotes endothelial cell
injury in CHD. These findings provide new insights into
new target therapy for CHD and highlight a role in the
circTLK1/miR-374a-5p/FOXO1 pathway.
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