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Background: Atherosclerosis, a chronic inflammatory condition characterized by the accumulation of lipid and fibrous elements
in the arterial wall, is a major contributor to cardiovascular disease. This study aimed to investigate the regulation of apoptosis
and cellular aging in human umbilical vein endothelial cells by Thousand and One Amino Acid Kinase 1 (TAOK1) via Cell
division cycle 20 (CDC20) in the context of atherosclerosis.

Methods: The study evaluated the impact of TAOK1 on Oxidized low-density lipoprotein (ox-LDL)-induced changes in cell viabil-
ity, angiogenesis, cell senescence, apoptosis, cell cycle arrest, and related signaling pathways in human umbilical vein endothelial
cells (HUVECsS) using Cell Counting Kit-8, S-galactosidase staining, flow cytometry, and western blot. The role of CDC20 as a
potential downstream target of TAOKI1 was further investigated using specific small interfering (si) RNAs.

Results: Overexpression of TAOK1 partially reversed the ox-LDL-mediated reduction in cell viability and counteracted the
increase in pro-inflammatory cytokines and chemokines in HUVECs, with significant differences observed (p < 0.05). Ox-LDL-
induced decrease in angiogenesis and increase in cell senescence, apoptosis were observed, and cell cycle arrest was alleviated by
TAOKT1, with all changes being statistically significant (p < 0.05). In addition, TAOK1 transfection partially neutralized ox-LDL-
induced changes in key downstream pathway proteins, including CDC20, phosphorylated p65 (p-p65), 5-catenin, and glycogen
synthase kinase 3 beta (GSK-35). Co-immunoprecipitation (Co-IP) confirmed the regulatory interaction between TAOK1 and
CDC20. The inhibitory effects of TAOK1 on ox-LDL-induced cellular changes were significantly reversed by CDC20 siRNA (p
< 0.05), highlighting the role of CDC20 in the protective mechanisms mediated by TAOK1.

Conclusions: TAOKI1 plays a pivotal role in protecting endothelial cells from ox-LDL-induced cellular stress in the atherosclerotic
environment, primarily by modulating pro-inflammatory responses, angiogenesis, cell senescence, and apoptosis. This study
provides important insights into the protective mechanisms of TAOKI1 and its interplay with downstream signaling molecules,
particularly CDC20, in the vascular endothelium under atherosclerotic conditions.
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Introduction man umbilical vein endothelial cells (HUVECs), have been
thoroughly investigated to explore the pathophysiology of
atherosclerosis, which is because these cells play a crucial
role in regulating vascular tone, permeability, and hemosta-
sis [6,7]. Despite progress in understanding and treating
this pervasive disease, current therapeutic strategies primar-
ily focus on symptom management rather than altering dis-
ease progression. Therefore, comprehending the pathome-

chanisms of atherosclerosis will aid in identifying new ther-

Atherosclerosis, a complex disease marked by the ac-
cumulation of plaque in the artery wall, is a major cause
of death globally [1]. The process involves an intricate
interaction between the buildup of lipids, persistent in-
flammation, impaired functioning of the endothelium, and
the restructuring of blood vessels [2]. The endothelium
has a crucial function in preserving vascular homeostasis

[3]. Atherosclerosis can cause venous endothelial dam-
age, which can indirectly exacerbate the onset and progres-
sion of atherosclerosis through thrombosis, inflammatory
response, and vascular remodeling [4,5]. Understanding
these mechanisms can help reveal the interrelationship be-
tween venous and arterial diseases and provide new ideas
for the prevention and treatment of related diseases. Hu-

apeutic targets, providing a theoretical foundation for the
development of clinical drugs aimed at atherosclerosis.

Atherosclerosis begins with endothelial damage,
which triggers a series of inflammatory reactions and the
buildup of lipids in the artery wall [8]. Oxidized low-
density lipoprotein (ox-LDL) contributes to plaque forma-
tion by promoting foam cell formation and triggering en-
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dothelial cell dysfunction [9]. Atherosclerosis is marked
by a decrease in the availability of nitric oxide (NO), an
increase in the permeability of the endothelium, and the ac-
tivation of adhesion molecules and chemokines, which re-
sults in the recruitment of more inflammatory cells [10];
this, in turn, induces a series of oxidative stress responses,
including reactive oxygen species (ROS) accumulation,
apoptosis, and cellular senescence [11]. Excessive apop-
tosis of endothelial cells plays a role in the development of
atherosclerosis by increasing the instability of plaques [12].
However, cell senescence, during which cells permanently
stop dividing, promotes atherosclerosis by releasing sub-
stances that cause inflammation and contribute to the devel-
opment of plaque in the arteries; this process characterizes
the senescence-associated secretory phenotype [13].

Gaining insight into the molecular pathways that
cause endothelial cell failure, apoptosis, and senescence
in atherosclerosis is essential for the development of spe-
cific treatments. Thousand and One Amino Acid Kinase
1 (TAOKI1), a member of the mitogen-activated protein
(MAP) kinase family, has a role in reducing inflamma-
tion in many types of cells, and this process involves sev-
eral pathways, including nuclear factor kappa-B (NF-xB)
and Wingless/Integrated (Wnt)/S-catenin [14,15]. Never-
theless, the involvement of TAOK1 in inflammation result-
ing from endothelial cell damage remains uncertain. Cell
division cycle 20 (CDC20) is an activator of the anaphase-
promoting complex/cyclosome, which is involved in sev-
eral biological activities, such as controlling the cell cycle
and promoting programmed cell death [16]. Several dis-
eases, including atherosclerosis, have been linked to the
dysregulation of CDC20 in the cardiovascular system [17].
Currently, there is a lack of studies focused on the binding
between TAOK1 and CDC20, as well as the potential con-
sequences of their interactions.

Clarifying the interaction between TAOKI1 and
CDC20, and their effects on subsequent pathways, includ-
ing NF-xB and Wnt/[3-catenin, is critical for understanding
their complex functions in endothelial cell biology. The ac-
tivation of NF-«xB, a well-recognized transcription factor
implicated in inflammatory reactions, occurs in endothelial
cells as a result of several stress stimuli, such as ox-LDL
[18]. The Wnt/B-catenin pathway is critical for controlling
cell proliferation, differentiation, and survival [19]. The
connection between TAOK1 and CDC20 modulates these
pathways, offering a fresh insight into the molecular pro-
cesses that regulate endothelial cell responses in atheroscle-
Tosis.

Understanding the intricate mechanisms by which
TAOK1 and CDC20 affect the activity of endothelial cells is
crucial due to the intricate nature of atherosclerosis and the
significant role played by endothelial cells in its progres-
sion. An improved understanding presents the possibility
of innovative treatment approaches that focus on address-
ing endothelial cell dysfunction, apoptosis, and senescence

Table 1. The sequence of CDC20 small interfering (si) RNAs
and si-NC.
Gene Sequence 5'-3'

CDC20 siRNA-1 sense GCACAGAACCAGCUAGUUAUU
CDC20 siRNA-1 antisense UAACUAGCUGGUUCUGUGCAA
CDC20 siRNA-2 sense CCACCAUGAUGUUCGGGUAGC
CDC20 siRNA-2 antisense UACCCGAACAUCAUGGUGGUG
AAUCUGACACUUAUCCGAGAG
AUGGUCUGACUGACAUUGUCA
CDC20, Cell division cycle 20; si-NC, si-negative control.

si-NC sense
si-NC antisense

in atherosclerosis. The objective of this research is to clarify
the function of TAOK1 in regulating the reactions of HU-
VEC:s, specifically via its connection with CDC20. Further-
more, it aims to uncover how this interaction modulates key
signaling pathways that contribute to the endothelial injury
mechanisms underlying atherosclerosis.

Materials and Methods

Cell Culture

HUVECs from ATCC (CRL-1730, Rockefeller, MD,
USA) were identified by Short Tandem Repeats (STR) and
tested for mycoplasma, and cultured in endothelial cell cul-
ture medium (CM-0122, ProCell, Wuhan, China) supple-
mented with 10% fetal bovine serum (10091148, Gibco,
Thermo Fisher Scientific, Waltham, MA, USA). The cells
were maintained at 37 °C with 5% CO,. For experimental
procedures, cells between passages 3 and 8 were utilized.
To establish the ox-LDL model, HUVECs were exposed to
ox-LDL (100 pg/mL; 101300, Solarbio, Beijing, China) for
24 h at 37 °C to simulate an atherosclerotic environment in
vitro.

Transfection

The TAOKI1 overexpression vector (pcDNA3.1-
TAOK1), CDC20 small interfering (si) RNA (cat no. D-
003225-10-0005), and si-negative control (NC) (cat no. D-
001210-0X) were purchased from Dharmacon (Lafayette,
CO, USA). The sequences of the two siRNAs against
CDC20 as well as the si-NC are shown in Table 1.
Transfection was performed using Lipofectamine™ 3000
(L3000015, Invitrogen, Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. Briefly, HUVECs
were seeded in 6-well plates and grown to 70%—-80% con-
fluence. For transfection, the cells were incubated with the
transfection mixture containing the vector or siRNA and
Lipofectamine™ 3000 reagent for 4 hours, followed by re-
placement with fresh medium. Transfection efficiency was
measured by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR).


https://www.discovmed.com/

Angiogenesis Assay

To explore the angiogenic capabilities of HUVECs,
we employed the Matrigel tube formation technique. Pre-
chilled Matrigel (356237, Corning Inc., Corning, NY,
USA) was plated in 50 pL volumes per well in a 96-well for-
mat and polymerized at 37 °C for half an hour. HUVECs,
at a concentration of 20,000 cells per well, were cultivated
on this prepared substrate and maintained at 37 °C. Tube
formation was assessed after 4 hours via light microscopy
(CKX53, Olympus, Tokyo, Japan), with the extent of tube
structures quantified using ImagelJ (version 1.8.0; National
Institutes of Health, Bethesda, MD, USA).

Cellular Senescence Assay

The assessment of cellular aging involved the use of a
beta-galactosidase staining protocol tailored for senescent
cells. Cells underwent fixation in 4% paraformaldehyde
for 15 minutes at 21 °C, followed by overnight staining
with SA-(-gal solution from Beyotime (C0602, Shanghai,
China), at 37 °C in a non-CO5 environment. After stain-
ing, cells were rinsed and the senescent (blue-stained) ver-
sus non-senescent cells were counted under a light micro-
scope (CKX31, Olympus).

Flow Cytometry

Apoptosis and cell cycle analysis were conducted us-
ing flow cytometry. For apoptosis, HUVECs were stained
with Annexin V-FITC and propidium iodide (PI) using
an Apoptosis Detection Kit (556547, BD Biosciences,
Franklin Lake, NJ, USA). For cell cycle analysis, cells were
fixed in 70% ethanol, treated with RNase A, and stained
with PI. Data acquisition was performed on a BD LSR-
Fortessa cell analyzer (BD Biosciences), and data were
analyzed using FlowJo™ software (version 10; BD Bio-
sciences).

Detection of ROS

To evaluate the oxidative stress induced by ox-LDL in
HUVECs and the effect of TAOK1 overexpression or/and
CDC20 siRNA, we performed ROS detection using the
2'.7'-dichlorofluorescein diacetate (DCFDA) Cellular ROS
Detection Assay Kit (S0033S, Beyotime, Shanghai, China).
HUVECs were treated with DCFDA reagent under stan-
dard conditions, followed by incubation to facilitate reac-
tion with ROS, forming the fluorescent dichlorofluorescein
(DCF). The fluorescence was then quantified to assess ROS
levels using a microplate reader (multiscan MK3, Thermo
Fisher Scientific).

RT-gPCR

Total RNA was extracted from HUVECs using the
RNeasy Mini Kit (74104, Qiagen, Hilden, Germany).
cDNA was synthesized using 2xNovoScript® Plus 1st
Strand cDNA Synthesis SuperMix (E047-01A, Novopro-
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Table 2. Primer sequences used in RT-qPCR.

Gene Sequence 5'-3'

TAOKI-F CTGCCATGGAGAAAGAGGCTAA
TAOKI-R TCTTCTTCTGCTTGGAAATGCTG
CDC20-F CAGTGCTGAGGTGCAGCTAT
CDC20-R ACATGGTGTTCTGCTACCCG
MCP-1-F TCAAACTGAAGCTCGCACTCT
MCP-1-R GCATTGATTGCATCTGGCTG
VCAM-1-F GGATAATGTTTGCAGCTTCTCAAG
VCAM-1-R ATTCGTCACCTTCCCATTCAGT
ICAM-1-F GGAGCTTCGTGTCCTGTATGG
ICAM-1-R CAGTGGGAAAGTGCCATCCT
GAPDH-F GCTCATTTGCAGGGGGGAG
GAPDH-R GTTGGTGGTGCAGGAGGCA

RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; TAOKI, Thousand and One Amino Acid Kinase 1;
MCP-1, monocyte chemoattractant protein-1; VCAM-1, vas-
cular cell adhesion molecule-1; ICAM-1, intercellular adhe-
sion molecule-1; GAPDH, Glyceraldehyde-3-phosphate dehy-
drogenase.

tein, Suzhou, China). qRT-PCR reactions were performed
using NovoStart® SYBR qPCR SuperMix Plus (E096-
01A, Novoprotein). PCR conditions were as follows: 95
°C for 1 min, followed by 40 cycles of 95 °C for 20 s,
56 °C for 20 s, and extension for 38 s. Data analysis was
performed using the 2~ 22CT method. Primer sequences
for TAOK1, CDC20, monocyte chemoattractant protein-1
(MCP-1), vascular cell adhesion molecule-1 (VCAM-1), in-
tercellular adhesion molecule-1 (ICAM-1), and the house-
keeping gene Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (all from Ribobio, Guangzhou, China) are listed
in Table 2.

Western Blot

To assess protein expression in HUVECs, the cells
were first disrupted using a lysis buffer from Solar-
bio (R0010, Beijing, China), and protein concentrations
were quantified using a bicinchoninic acid (BCA) assay
kit from Solarbio (PC0020), as per the provided guide-
lines. Proteins (20 pg per sample) were then resolved
on a 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and subsequently electrotransferred onto
polyvinylidene difluoride membranes supplied by Milli-
poreSigma (03010040001, Burlington, MA, USA). Follow-
ing the transfer, membranes were blocked for one hour
at 21 °C using skim milk (D8340, Solarbio). Incuba-
tion with primary antibodies was performed overnight at
4 °C, using antibodies (Abcam, Cambridge, UK) against
TAOKI1 (1:1000; ab197891), CDC20 (1:2000; ab183479),
phosphorylated (p)-p65 (1:1000; ab76302), p65 (1:1000;
ab32536), glycogen synthase kinase 3 beta (GSK-373)
(1:2000; ab32391), [-catenin (1:1000; ab305261), and
GAPDH (1:3000; ab181602). Then, membranes were
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treated with a secondary Goat anti-rabbit Immunoglobulin
G (IgG) (ab205718, Abcam) at a dilution of 1:2000 for two
hours. Protein bands were visualized using the Enhanced
Chemiluminescence system from Thermo Fisher Scientific.
The relative abundance of protein bands was quantitatively
analyzed with ImageJ software, and protein expression lev-
els were normalized to GAPDH as a loading control.

Cell Counting Kit-8 Assay

A Cell Counting Kit-8 (CCK-8) (C0038, Beyotime,
Shanghai, China) was used to determine the viability of the
cells. In 96-well plates, HUVECs were seeded and given
care in accordance with the experimental setup. CCK-8 so-
lution was added 24 hours after ox-LDL treatment or RNA
transfection, and the plates were then incubated for 2 hours
at 37 °C. Optical density (OD) was measured at 450 nm
using a microplate reader (multiscan MK3, Thermo Fisher
Scientific). The calculation formula is as follows:

Cell viability (%) = [(ODg — ODp)/(OD¢ — ODp)] X
100%

ODg, OD value of the experimental group; OD¢c, OD
value of the control group; ODg, OD value of the blank

group.
Enzyme-Linked Immunosorbent Assay (ELISA)

Following the manufacturer’s instructions, ELISA
kits from Solarbio (Beijing, China) were used to quan-
tify the amounts of interleukin (IL)-13 (SEKH-0002), IL-
6 (SEKH-0013), and IL-8 (SEKH-0016) in the culture su-
pernatants of HUVECs. Using a microplate reader, OD—
which is correlated with the amount of cytokines in the
samples—was determined at 450 nm. By comparing the
absorbance readings to the standard curve, it was possible
to calculate the concentration of each cytokine in the sam-
ples.

NO Detection

NO concentration in the culture supernatant of HU-
VECs was quantified using the Micro NO Content Assay
Kit (BC1475, Solarbio) following the manufacturer’s in-
structions. NO is highly susceptible to oxidation, forming
NO2~, which reacts with diazotized sulfanilamide to pro-
duce a diazo compound. This compound subsequently cou-
ples with N-(1-naphthyl)ethylenediamine to form a chro-
mophoric product with a characteristic absorption peak at
550 nm. The absorbance at 550 nm was measured using
a microplate reader. By comparing the absorbance values
with a standard curve, the NO concentration in the samples
was calculated.

Co-Immunoprecipitation (Co-1P)

Co-IP was used to examine how the TAOKI and
CDC20 proteins interacted. Following a 4-hour transfec-
tion of CDC20 siRNA with TAOKI, new media were
added, and cells were harvested 48 hours later at 37 °C.
Cells were lysed using Beyotime’s RIPA lysate. The BCA

Kit was used to determine the amount of protein in the
lysates. To lessen non-specific binding, the lysates were
pre-cleared by being incubated for an hour at 4 °C with Pro-
tein G Agarose beads (Roche). Following pre-clearing, the
lysates were incubated overnight at 4 °C with gentle rota-
tion with 2 nug of either TAOK1 or CDC20 antibody. Af-
ter removing any non-specifically bound proteins from the
beads using four rounds of lysis buffer washing, a west-
ern blot analysis was performed utilizing antibodies against
TAOKI1 and CDC20.

Data Analysis

GraphPad Prism 8 (Dotmatics, New York, NY, USA)
was used for data analysis. The data are shown as the mean
=+ standard deviation. For comparisons between the two
groups, the unpaired Student’s ¢-test was used. When com-
paring several groups, a one-way or two-way analysis of
variance was used, and Tukey’s post-hoc test was used for
pairwise comparisons. p values < 0.05 were considered sta-
tistically significant.

Results

TAOK1 Overexpression and its Effects on HUVECs

Compared to the control (100% =+ 1.48%), ox-LDL
induced a reduction in cell viability (60.26 + 2.01%; p
< 0.05) (Fig. 1A), which confirmed the model construc-
tion. Ox-LDL also induced a decrease in TAOK! expres-
sion (Fig. 1B,C). We constructed a TAOK1 overexpression
vector and transfected it into HUVECs. The results of RT-
qPCR indicated that the transfection efficiency of the vec-
tor was 83.33%. Compared with the NC group (0.99 +
0.01), the transfection of the TAOK! overexpression vec-
tor resulted in an increase in TAOK mRNA levels (6.34 +
0.38; p < 0.05) (Fig. 1D). Western blot analysis showed that
relative to the NC group (1.06 + 0.05), transfection with the
TAOK]I overexpression vector significantly enhanced the
TAOK1 protein level (1.65 £+ 0.11; p < 0.05) (Fig. 1E).
Next, we transfected TAOK! into HUVECs treated with
ox-LDL and observed that the reduction in cell viabil-
ity mediated by ox-LDL was partly reversed by TAOK1
(Fig. 1F); there was no significant difference between the
NC and control groups. Additionally, TAOKI counter-
acted the ox-LDL-mediated increase in pro-inflammatory
cytokines IL-1/, IL-6, and IL-8 (Fig. 1G), and in the ROS
level (Fig. 1H). Consistent with role of pro-inflammatory
cytokines as chemokines, 74OK partially counteracted the
ox-LDL-mediated increase in gene expression of MCP-1,
VCAM-1, and ICAM-1 (Fig. 11). In addition, whereas ox-
LDL promoted NO release (99.71 =+ 0.87%; p < 0.05) com-
pared to the NC group (31.33 £ 2.08%), TAOK1 partially
blocked the effect of ox-LDL (61.13 + 8.01%) (Fig. 1J);
there was no significant difference between the NC and
control groups. These findings highlight the efficacy of
TAOKI1 overexpression in mitigating ox-LDL-induced cel-
lular stress.
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Fig. 1. TAOKI1 overexpression and its effect on human umbilical vein endothelial cells (HUVECs) under Oxidized low-density
lipoprotein (ox-LDL) stress. (A) Cell Counting Kit-8 (CCK-8) was used to assess cell viability (n = 3). (B) RT-qPCR was used to
assess TAOK expression (n = 3). (C) Western blot was used to assess TAOK1 protein level (n = 3). (D) RT-qPCR was used to verify
the validity of the TAOK1 vector (n = 3). (E) Western blot was used to verify the validity of the TAOK1 vector (n = 3). (F) CCK-8 was
used to evaluate the effect of TAOK1 on cell viability (n = 3). (G) Enzyme-linked immunosorbent assay (ELISA) was used to evaluate
the effect of TAOK1 on interleukin (IL)-1/, IL-6, and IL-8 (n = 3). (H) Detection of reactive oxygen species (ROS) production (n = 3).
(I) RT-qPCR analysis shows the effect of T4OK1 in partially counteracting the ox-LDL-mediated increase in chemokine gene expression
(MCP-1, VCAM-1, ICAM-1) (n = 3). (J) Measurement of nitric oxide (NO) release showing that TAOK partially blocked the inhibitory

effect of ox-LDL (n = 3). *p < 0.05.
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Fig. 2. Mitigating effects of TAOK1 on vascular damage induced by ox-LDL. (A) Angiogenesis assay of the effect of TAOK1
transfection on HUVECs (Scale = 50 um) (n = 3). (B) 5-Galactosidase was used to assess the effect of TAOK1 transfection on cell

senescence in HUVECs (Scale = 100 pm) (n = 3). (C,D) Flow

cytometry was used to assess the effect of TAOKI transfection on

apoptosis (n = 3) and the cell cycle (G1, S, G2/M) (n = 3). *» < 0.05.

+ox-LDL
Control NC NC TAOK1

A

p-p65 3 Control B NC
o | E3 ox-LDL +NC =1 ox-LDL + TAOK1 WB:
[
Pe % 2+ ii * X
— 2 - * x
B-catenin g -
2
§ IP:  1gG CDC20 Input
TAOK1
0-
CDC20 \Q{,’D WB:
GAPDH |wee wm wme e | & CDC20| = 8

Fig. 3. TAOKI1 effects on downstream signaling and interaction with CDC20. (A) Western blot analysis depicting the modulation of
protein levels of phosphorylated p65 (p-p65), p635, 5-catenin, GSK-33, and CDC20 by TAOK1 in ox-LDL-treated HUVECs (n = 3). (B)
Co-immunoprecipitation (Co-IP) demonstrates the interaction between TAOK1 and CDC20 (n = 3). *» < 0.05. IgG, Immunoglobulin

G; GSK-33, glycogen synthase kinase 3 beta.

TAOKI s Role in Mitigating Vascular Damage

The results revealed that, compared to the NC group,
treatment with ox-LDL resulted in a marked decrease in an-

giogenesis (p < 0.05) (Fig. 2A). The number of senescent
cells was higher after ox-LDL treatment compared with the
NC group (p < 0.05), indicating accelerated cellular senes-
cence (Fig. 2B). Apoptosis rates, assessed by flow cytom-
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Fig. 4. Effect of CDC20 siRNA on TAOK1-mediated protective mechanisms in HUVECs. (A) RT-qPCR was used to assess the
efficiency of CDC20 siRNA (n = 3). (B) Western blot was used to assess the efficiency of CDC20 siRNA (n = 3). (C) CCK-8 assay
showing the reversal of cell viability improvement by CDC20 siRNA under ox-LDL-induced condition (n = 3). (D) ELISA analysis of
the effect of CDC20 siRNA on TAOK 1-mediated IL-14, IL-6, and IL-8 under ox-LDL-induced condition (n = 3). (E) Detection of the
effect of CDC20 siRNA on TAOK1-mediated ROS activity under ox-LDL-induced condition (n = 3). (F) RT-qPCR was used to assess
CDC20 siRNA on TAOK1-mediated chemokine gene expression (MCP-1, VCAM-1, ICAM-1) under ox-LDL-induced condition (n = 3).
(G) Assessment of NO release showing inhibition by CDC20 siRNA under ox-LDL-induced condition (n = 3). *p < 0.05.

etry analysis, were significantly elevated in HUVECs ex-  ference between the NC and control groups. Furthermore,
posed to ox-LDL (p < 0.05), demonstrating an increase in cell cycle analysis revealed an increase in cell cycle arrest
apoptotic cell death (Fig. 2C); there was no significant dif- at the G1 phase in the ox-LDL treated cells, as shown by
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a higher percentage of cells in this phase compared to the
NC group (p < 0.05) (Fig. 2D); there was no significant
difference between the NC and control groups. All of these
ox-LDL-induced changes were significantly attenuated af-
ter transfection with TAOK1 (p < 0.05). These findings
confirm that TAOKI is a pivotal protein in reducing ox-
LDL-induced cellular damage and aging.

Effect of TAOKI on Downstream Signaling

In order to explore the mechanisms by which TAOK1
delays cellular damage and aging, we analyzed its effects on
downstream signaling pathways. The results showed that in
HUVEGC: treated with ox-LDL, protein levels of phospho-
rylated p65 (p-p65) (1.67 £+ 0.10) and S-catenin (1.61 +
0.04) were increased, whereas GSK-35 (0.21 4+ 0.02) and
CDC20 (0.15 4 0.02) levels were decreased (all p < 0.05)
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compared to the NC group (0.98 + 0.05; 1.00 £ 0.01; 0.69
4 0.02; 0.69 + 0.03). However, these effects were partially
neutralized after TAOKI1 transfection (0.78 £ 0.02; 0.77 £+
0.02; 1.38 + 0.05; 1.49 + 0.04) (Fig. 3A), suggesting that
CDC20 might be a target of TAOK1 and that TAOK1 could
inactivate downstream NF-xB and Wnt/3-catenin signaling
via CDC20. Subsequently, the interaction between TAOK 1
and CDC20 was confirmed by Co-IP (Fig. 3B). This sug-
gests that TAOK1 modulates key signaling pathways, po-
tentially offering a therapeutic target for vascular patholo-
gies.

Effect of CDC20 siRNA on TAOK 1-Mediated
Protective Mechanisms

We transfected two different siRNAs targeting
CDC20 into HUVECs and assessed their inhibitory
efficiency. The results of RT-qPCR indicated that the
transfection efficiency of the CDC20 siRNA was 76.67%.
RT-gPCR and western blot results showed that siRNA-1
had significantly higher inhibitory efficiency (85.23%,
68.33%) than siRNA-2 (61.10%, 38.33%), with no
significant difference between the si-NC and control
groups (Fig. 4A,B). Thus, siRNA-1 was selected as the
knockdown vector for CDC20 in subsequent mechanistic
analyses. To explore the combined effect of TAOK1 and
CDC20 on cellular aging, we co-transfected TAOK! and
CDC20 siRNA into HUVECs. CCK-8 results revealed
that amelioration of ox-LDL-induced reduction in cell
viability by TAOK1 was reversed by CDC20 siRNA; there
was no significant difference between the NC and control
groups (Fig. 4C). Furthermore, the partial counteraction
of ox-LDL-induced pro-inflammatory cytokines, ROS,
and chemokines by TAOKI was also reversed by CDC20
siRNA (Fig. 4D-F). The inhibitory effect of T4OKI
on NO release (69.59 + 3.91%) was also mitigated by
CDC20 siRNA (98.53 £ 2.98%) (Fig. 4G). These results
indicate that CDC20 siRNA has the capacity to reverse the
anti-inflammatory effects of TAOK1 on HUVECs.

CDC20 siRNA'S Role in Counteracting TAOKI s
Effects

The results indicate that in the presence of TAOK1, si-
NC did not significantly affect the role of TAOKI in angio-
genesis, cell senescence, apoptosis, or the cell cycle. How-
ever, after transfection with CDC20 siRNA, there was a sig-
nificant reduction in angiogenesis (p < 0.05) (Fig. 5A), and
increases in cell senescence (Fig. 5B), apoptosis levels (p <
0.05) (Fig. 5C), and cell cycle arrest (Fig. 5D), with no sig-
nificant difference between the TAOK 1+si-NC and TAOK 1
groups. The NF-xB and Wnt//3-catenin signaling pathways,
which were inactivated by TAOK1, were reactivated under
the influence of CDC20 siRNA (Fig. 5E). These results in-
dicate that CDC20 siRNA has the ability to reverse the anti-
apoptotic and anti-aging effects of TAOK1 on HUVEC:s.
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Discussion

The present study elucidates the protective role of
TAOKI in HUVECs under oxidative stress conditions, par-
ticularly those induced by ox-LDL. Our results demonstrate
that overexpression of TAOKI1 plays a critical role in al-
leviating ox-LDL-induced cellular stress, as evidenced by
the reversal of decreased cell viability, reduction of pro-
inflammatory cytokines and chemokines, and enhancement
of NO release. These observations provide important in-
sights into the molecular dynamics of endothelial cells in
the context of vascular pathologies, particularly atheroscle-
rosis.

Ox-LDL is recognized as a key factor in the progres-
sion of atherosclerosis, mainly due to its ability to induce
endothelial dysfunction, a key event in the early stages of
the disease [20]. The oxidative stress environment charac-
teristic of atherosclerotic lesions is effectively mimicked by
our ox-LDL model, as indicated by the observed accumu-
lation of ROS. Dysregulated angiogenesis, a consequence
of this stress, can lead to plaque instability and rupture
[21]. Our results suggest that TAOK1 may be a key gene
in balancing angiogenesis in stressed HUVECs, thereby
contributing to plaque stability and integrity, modulating
TAOKI1 expression could offer a novel approach to pro-
tect against endothelial dysfunction and thus, atheroscle-
rosis. The acceleration of cell senescence, apoptosis, cell
cycle arrest, and ROS levels induced by ox-LDL were all
attenuated to some extent after TAOK1 transfection. This
highlights the multifaceted role of TAOK1 in maintain-
ing endothelial integrity and functionality under oxidative
stress and confirms its anti-apoptotic and anti-senescent
properties, consistent with previous research on its pro-
tective role in cardiovascular diseases [22]. Inflamma-
tion, a hallmark of atherosclerosis, is critically driven by
the endothelial response to ox-LDL [23]. Our research
demonstrates that the overexpression of TAOKI1 can re-
duce pro-inflammatory cytokines and chemokines in HU-
VECs treated with ox-LDL, aligning with previous find-
ings by Hashimoto ef al. [24] on the interplay between in-
flammation/oxidative stress/apoptosis-induced by ox-LDL.
Given the role of chronic inflammation in the develop-
ment of atherosclerosis and its complications, the anti-
inflammatory effect of TAOKI1 is particularly noteworthy.

Further elucidating the protective mechanisms of
TAOKI1, our study highlights its role in modulating key
signaling pathways implicated in the regulation of apop-
tosis and senescence. Specifically, the Wnt/3-catenin and
NF-xB signaling pathways are critical mediators of cel-
lular responses to stress, including inflammation, apopto-
sis, and cellular aging. Changes in CDC20, p-p65, (-
catenin, and GSK-3/ protein levels were observed in ox-
LDL-induced HUVECs, suggesting that these molecules
are key components of pathophysiological responses to ox-
idative stress. Importantly, TAOK1 transfection partially
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neutralized these changes, suggesting a regulatory role for
key pathways, including NF-xB and Wnt/3-catenin. The
regulation of these pathways by TAOKI, particularly its
interaction with CDC20, provides a potential therapeutic
target for vascular disecase. Because NF-xB is a key reg-
ulator of inflammation, activation of NF-xB by ox-LDL
in endothelial cells is a well-recognized mechanism lead-
ing to atherosclerosis [18,25]. Similarly, the modulation of
Wnt/3-catenin signaling by TAOK1 could underlie its role
in inhibiting senescence and promoting cell survival under
oxidative stress conditions [26]. By interfering with these
pathways, TAOK1 may inhibit the pro-apoptotic and pro-
senescent signaling cascades initiated by ox-LDL, high-
lighting its potential as a protective modulator in endothelial
cells.

The interaction between TAOK1 and CDC20, con-
firmed by Co-IP, is particularly noteworthy. This interac-
tion suggests the existence of a novel regulatory axis in HU-
VECs through which TAOK1 positively influences CDC20
expression. Given the role of CDC20 in cell cycle progres-
sion and apoptosis [27], its regulation by TAOK1 may be a
key determinant of the cellular response to oxidative stress.
The role of CDC20 in mediating the effects of TAOK1 was
further characterized by experiments using CDC20-specific
siRNA. The TAOK 1-mediated reversal of cell viability, in-
flammatory responses and improved NO release by CDC20
siRNA indicates that the protective effects of TAOK1 are
at least partially dependent on CDC20, suggesting a com-
plex interaction in which the beneficial effects of TAOK1
on HUVECs under ox-LDL stress are mediated by its ef-
fects on CDC20. In addition, CDC20 siRNA is able to
counteract the effects of TAOKI in promoting angiogen-
esis, inhibiting cellular senescence, apoptosis, cell cycle ar-
rest, and ROS accumulation, further confirming the criti-
cal role of CDC20 in these processes. The reactivation of
NF-xB and Wnt/[3-catenin pathways under the influence of
CDC20 siRNA highlights the complexity of these signal-
ing networks in HUVECs and their regulation by TAOKI.
This study elucidates the role of TAOK1 in regulating apop-
tosis and senescence through its interaction with CDC20,
an endothelial cell oxidative stress mechanism previously
unexplored. Furthermore, our research highlights the po-
tential of targeting CDC20 as part of a strategy to enhance
endothelial cell resilience against oxidative stress-induced
apoptosis and senescence.

This study has limitations. First, the mechanism of
action of TAOKI in this study was only verified in HU-
VECs and not analyzed in animals. Second, potential in-
teractions between TAOK1 and other pathways, such as
the phosphoinositide 3-kinase/protein kinase B and mam-
malian target of rapamycin pathways, may be key to influ-
encing atherosclerosis and have not been explored in this
paper. Third, we did not test other key components of the
NF-xB signaling pathway such as inhibitor of nuclear factor
kappa-B alpha and 1xB kinase. Finally, due to the incom-

plete understanding of TAOK1 mechanisms, its potential
additional effects on atherosclerosis have not been further
investigated. Future studies should explore these interac-
tions to provide a more comprehensive understanding of the
molecular mechanisms by which TAOKI affects vascular
pathologies.

Conclusions

In conclusion, our study reveals that TAOK1 exerts a
protective influence on HUVECs under oxidative stress by
modulating key cellular processes and signaling pathways.
The interaction between TAOK1 and CDC20, along with
the involvement of NF-xB and Wnt/S-catenin pathways,
constitutes a key component of this protective role, offering
fresh insights into the molecular underpinnings of endothe-
lial cell dysfunction in vascular disease. These findings not
only enhance our understanding of endothelial cell biology
in the context of atherosclerosis but also point to potential
therapeutic strategies targeting TAOK1 and CDC20.
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