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PDSS2 Inhibits the Ferroptosis of Vascular Endothelial Cells
in Atherosclerosis by Activating Nrf2

Kai Yang, PhD, Hejian Song, MD, and Delu Yin, MD

Abstract: Cardiovascular disease ranks the leading cause of
mortality worldwide. Prenyldiphosphate synthase subunits collec-
tively participate in the formation and development of atherosclero-
sis (AS). This study aimed to investigate the role of PDSS2 in AS
and its underlying mechanisms. Human coronary artery endothelial
cells (HCAECs) were treated with oxidized low-density lipoprotein
to establish the AS model. The gene expression levels were
determined by qRT-PCR, Western blot, and ELISA. CCK-8, colony
formation was applied to determine the proliferation of HCAECs.
Chromatin immunoprecipitation assay and luciferase assay were
applied to verify the interaction between PDSS2 and Nrf2. The
results showed that the serum levels of PDSS2 and Nrf2 were
decreased in patients with AS. Overexpression of PDSS2 suppressed
the release of reactive oxygen species, iron content and ferroptosis of
HCAECs, and promoted the proliferation of HCAECs. Moreover,
PDSS2 activated antioxidant Nrf2. PDSS2 interacted with Nrf2 to
alleviate the ferroptosis of HCAECs. However, knockdown of Nrf2
alleviated the effects of PDSS2 on the proliferation and ferroptosis of
HCAECs. In vivo assays, overexpression of PDSS2 and Nrf2
suppressed the progression of AS. In conclusion, overexpression
of PDSS2 suppressed the ferroptosis of HCAECs by promoting the
activation of Nrf2 pathways. Thence PDSS2 may play a cardio-
protective role in AS.
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INTRODUCTION

Cardiovascular disease (CVD), characterized with high
morality, is a major detriment to human health.! Atherosclerosis
(AS) is a main factor of CVD.? The pathogenesis of AS is
complicated by various factors, among which oxidative stress
is evidenced to be an initiator of AS.3 In the early stage of AS,
accumulation of reactive oxygen species (ROS) induces endo-
thelial dysfunction or death, which, in turn, increases abundant
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lipids in arterial wall and formation of atherosclerotic plaque.’
Oxidative stress—induced endothelial death is based on the fol-
lowing underlying mechanisms: cell ferroptosis, apoptosis,
necrosis, and autophagy.* Recently, the roles of ferroptosis in
CVD attract increasingly attention. A previous study reveal that
oxidized phospholipids and excess iron-induced ferroptosis
contribute to the development of CVD, such as AS and
thrombosis.>® However, the molecular mechanism of ferroptosis
in endothelial cell response to oxidative stress in AS is not clear.

Prenyldiphosphate synthase subunit 2 (PDSS2) resides
within chromosome 6q21.7 PDSS2 is the first key enzyme for
the synthesis of coenzyme Q10 (CoQ10). PDSS2 mutation
induces degradation of CoQ10, which leads to metabolic and
nephritic disorders. Previous studies evidence that PDSS2
functions as a tumor suppressor in gastric cancer, melanoma,
and lung cancer,®1° and its deficiency predicts poor progno-
sis. In CVD, knockdown of PDSS2 contributes to structural
and functional defects in congenital heart disease and heart
failure.!-'2 However, the possible molecular mechanisms is
still unclear.

Nuclear factor erythroid 2—related factor-2 (Nrf2) par-
ticipates in the development of CVD, such as AS, ischemia-
reperfusion injury, and diabetic cardiomyopathy through reg-
ulating cell signaling, anabolic metabolism, and cell prolifer-
ation.'> As a redox-sensitive transcription factor, Nrf2
translocates to the nucleus and binds to the antioxidant
response element or the electrophile-response element to alle-
viate oxidative stress damage and restore heart function.
Moreover, activation of Nrf2 mimics the roles of NF-kB on
oxidative stress and inhibits inflammatory response in
CVD.!* Nonetheless, the potential roles of Nrf2 in AS has
not been fully elucidated.

In this study, we investigated the roles of PDSS2 in AS
and its underlying mechanisms. The results showed that PDSS2
was decreased in AS. Overexpression of PDSS2 decreased the
release of ROS and activated Nrf2 pathways. PDSS2-induced
upregulation of Nrf2 promoted the proliferation and inhibited the
ferroptosis of human coronary artery endothelial cells
(HCAECs). This results suggested that PDSS2/Nrf2 axis may
be a promising strategy for the treatment of AS.

MATERIALS AND METHODS

Specimens

Specimens were collected from patients with AS (n = 42)
and healthy volunteers (n = 30). Exclusion criteria were diabe-
tes, cancer, or infection. This study was approved by the Ethics
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Committee of the First People’s Hospital of Lianyungang. All
the volunteers provided informed consent.

Cell Culture

HCAECs were obtained from Shanghai Chinese Academy
of Sciences, Shanghai. Cells were cultured in DMEM medium
containing 10% FBS and 1% penicillin/streptomycin in an
atmosphere humidified with 5% CO, at 37°C.

Cells were treated with 10 pwmol/L of simvastatin
(SIM), 5 pmol/L of fFerrostatin-1 (Fer-1), 20 pg/mL of
(iron-saturated holo-transferrin) HTF, or 4 pM of erastin.

Cell Transfection

PDSS2 overexpression plasmids (OE), its negative
control OE (NC), si-Nrf2, and its NC was provided by
GenePharma, Shanghai. Cells were transfected with PDSS2
OE, NC OE, si-Nrf2, or si-NC using Lipofectamine 2000
(Invitrogen) for 48 hours.

qRT-PCR

Total RNA were collected from cells by Total RNA Kit I
(Omega Bio-Tek, Norcross, GA). cDNA was synthesized from
RNA using PrimeScript RT reagent Kit (Takara, Japan). PCR
was performed with the SYBR Green qRT-PCR master mix
(Takara) on Stratagene Mx3005P gRT-PCR system under
following thermocycling conditions: 95°C for 10 minutes and
then 40 cycles of 95°C for 30 seconds, 60°C for 30 seconds, and
72°C for 30 seconds. GAPDH was used as loading control. The
mRNA levels were calculated with 2722t method. Each indi-
vidual experiment was conducted thrice. The sequences of the
primers used in this study were listed as follows: PDSS2, F: 5'-
ACCTGACCTGCCGTCTAGAA-3" and R: 5-TCCACCACC
CTGTTGCTGTA-3', Nrf2, F: 5-GGCGTTAGAAAGCATCC
TTCC-3' and R: 5-GCAGAGGGCACACTCAAAGT-3', and
GAPDH, F: 5-AATGGACAACTGGTCGTGGAC-3' and R:
5'-CCCTCCAGGGGATCTGTTTG-3'.

Western Blot

Total protein was harvested from cells. Protein concen-
trations were determined by a BCA kit. An equal amount of
protein was isolated with a 12% SDS-PAGE. The isolated
protein was transferred onto PVDF membranes. After sealed
with non-fat milk, the membranes were incubated with primary
antibodies, such as anti-PDSS2 (ab251797, 1: 1000, Abcam,
Cambridge, MA), anti-Nrf2 (ab137550, 1: 1000, Abcam), anti-
PKCa (ab32376, 1: 1000, Abcam), anti-p53 (ab32389, 1: 1000,
Abcam), anti-FSP1 (ferroptosis-suppressor-protein 1, ab197896,
1: 1000, Abcam), and anti-GAPDH (ab9485, 1:2500, Abcam) at
room temperature for 2 hours. Then the membranes were incu-
bated with secondary goat antirabbit antibody (ab6721, 1: 2000,
Abcam). Finally, the bands were visualized with an enhanced
chemiluminescent kit (Pierce) and analyzed with quantified
LAS3000 imaging system (Fujifilm Corporation, Japan).

CCK-8 Assay

Cell viability was determined with a CCK-8 kit. In
brief, HCAECs were plated into a 24-well plate (3 x 103
cells/well). After 0, 12, 24, and 48 hours transfection, each
well was added with a 10 wL. CCK-8 regent and cultured for 3
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hours at 37°C. The optical density was determined by a mi-
croplate reader at the wavelength of 450 nm.

Colony Formation Assay

After 48 hours transfection, HCAECs were collected,
digested with trypsin—collagenase, and resuspended.
Afterward, cells were planted into a 24-well plate (2 x 103
cells/well) and incubated for 14 days in 5% CO, at 37°C.
Then each well was supplemented with 2% crystal violet
and cultured for another 20 minutes. Subsequently, colo-
nies were captured with a microscope and counted.

Immunofluorescence Assay

After seeded on coverslips, cells were fixed in 4%
formaldehyde and permeabilized with 0.25% Triton X-100.
Then cells were incubated with 1% BSA. Afterward, cells
were incubated with anti-CD31 antibody (ab76533, 1: 500,
Abcam) at room temperature for 2 hours and then with goat
antirabbit secondary CyTM3-goat antirabbit IgG antibody.
Afterward, cells were counterstained with DAPI for 15
minutes. Finally, cells were visualized with a confocal
microscope (Nikon, Japan).

Chromatin Immunoprecipitation (ChIP) Analysis

ChIP assay was conducted with an enzymatic ChIP kit. In
brief, cells were fixed with 1% formaldehyde. Chromatin was
prepared and digested with nuclease. Then cells were incubated
with primary antibodies against PDSS2, Nrf2, and IgG.
Afterward, cells were incubated at 65°C and shaken to reverse
cross-links. Proteinase K was added, and the samples were incu-
bated at 65°C for 2 hours. The results were normalized to input
DNA.

Dual-Luciferase Reporter Assay

Cells were seeded in a 96-well plate. Nrf2 sequence and
PDSS2-3'UTR sequence were introduced into pmirGLO vec-
tors. Then cells were transfected with Nrf2 OE or Nrf2 KO
and PDSS2-3'UTR-WT or PDSS2-3'UTR-MUT for 48 hours.

TABLE 1. Clinical Features

Items Healthy CAD P
Age (yr) 63 £ 12 68 + 11 NS
Male/female 16/14 23/19 NS
BMI (kg/m?) 246 £ 23 242 +23 NS
SBP (mm Hg) 132 £ 7 125 £ 7 NS
DBP (mm Hg) 81 + 6 78 + 5 NS
LDL (mmol/L) 2.55 + 0.67 245 + 0.53 NS
HDL (mmol/L) 1.14 £ 0.18 1.08 = 0.13 NS
Triglycerides (mg/dL) 123 =5 121 =5 NS
Plasma GSH (pmol/L) 3.89 = 1.08 1.56 = 0.68 0.0341*
PBMC GSH 2.74 = 0.21 1.45 £ 0.36 0.00587
(ng/mg cell protein)

Ox-LDL (pg/mL) 13.87 £ 1.32 2447 * 4.53 0.0175*

P < 0.05 was considered statistically significant.

T represents P < 0.01.

BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density
lipoprotein; PBMC, peripheral blood mononuclear cell; SBP, systolic blood pressure.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.



| Cardiovasc Pharmacol™ e Volume 77, Number 6, June 2021 PDSS2 Inhibits the Ferroptosis

ROC curve: ROC of PDSS2 1.5- PDSS2
2.0 106
k]
o >
2 K]
8 1.5 o <
o . S
3 .® > ['4
2 ° .:o ‘é 60:} 5
2 1.04 - AN . 5 s
§ LA %e° g 40+ £
() ) e °
2 % 00000 o0 ”n «
§ 051 . O e 204
= o 0 T T T T o> NG
0.0 0 20 40 60 80 100 & P
. e s s o S
A Control AS B 100% - Specificity% C

FIGURE 1. PDSS2 is decreased in AS. A, The serum level of PDSS2 determined by ELISA. B, The specificity of PDSS2 analyzed with
the receiver operating characteristic curve. C, The mRNA level of PDSS2 detected by qRT-PCR. n = 3. **P < 0.01.
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FIGURE 3. PDSS2 suppresses ox-LDL-induced ferroptosis of HCAECs. A and B, The mRNA level of PDSS2 determined by qRT-PCR.
C and D, The iron content in HCAECs. E and F, The level of GSH in HCAECs. G and H, The total ROS in HCAECs. n = 3. **P < 0.01.

colorimetric assay kit (Abcam, United Kingdom) according to the
manufacturer’s protocols.

Expression and Purification of rPDSS2

Recombinant human PDSS2 (rPDSS2) was expressed
using the p-SUMO-PDSS?2 plasmid in E. coli and purified as
previously described.

Animal Models

Eight-week-old male mice PDSS2 wild type [WT (n =
6)], PDSS2—/—, Nrf2—/—, Nrf2+/+, on C57BL/6 back-
ground (18-22 g) were provided by Nanjing Medical
University (Nanjing, China). PDSS2—/— mice (n = 12) were
crossed with PDSS2—/— to obtain PDSS2—/—, Nrf2—/— (n
=6) and PDSS2 —/—, Nrf2+/+ (n = 6) mice. Mice were fed an
AIN76A Western diet for 8 weeks to accelerate the develop-
ment of AS. Mice from each group were euthanized after 8
weeks. The experimental scheme was approved by the
Animal Care of the First People’s Hospital of Lianyungang.

Red-Oil Staining

Aortas were stained with a freshly prepared Oil Red O
working solution, differentiated by using 70% ethanol,
mounted en face, and visualized by using a bright-field
microscope (IX70; Olympus, Tokyo, Japan).

Statistical Analysis

Each experiment was repeated 3 times. All data were
analyzed with SPSS 19.0 and represented as means £SD.
Clinicopathological data were analyzed by using Pearson
x> tests or Fisher’s exact test. Two-tailed unpaired
Student’s ¢ tests were used to analyze differences between
the 2 groups and 1-way analysis of variance assay followed
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by Duncan’s post-hoc test for multigroup analysis. P <
0.05 was considered statistically significant.

RESULTS

Clinical Features

The results of clinical analysis showed that the levels of
plasma glutathione (GSH) and peripheral blood mononuclear
cell. GSH and oxidized low-density lipoprotein [ox-low-density
lipoprotein (LDL)] were significantly increased in patients with
CAD in comparison with healthy control, whereas the difference
in age, gender, body mass index, systolic blood pressure,
diastolic blood pressure, LDL, high-density lipoprotein, and
triglycerides is of no significance (Table 1).

PDSS2 is Decreased in AS

To investigate the roles of PDSS2 in AS, we examined the
expression of PDSS2 in AS. As showed in Figure 1A, the serum
level of PDSS2 was significantly decreased in patients with AS
compared with the healthy control. Moreover, a receiver oper-
ating characteristic curve was generated to evaluate the ability of
PDSS2 to distinguish patients with AS from healthy subjects.
The results showed that the AUC for PDSS2 was 0.9119
(Fig. 1B), suggesting that the expression of PDSS2 in synovial
tissues can serve as a diagnostic biomarker for AS with high
specificity and sensitivity. Furthermore, the mRNA level was
significantly decreased in cells treated with ox-LDL (Fig. 1C).

Ox-LDL Promotes the Ferroptosis of HCAECs
Mitochondrial damage is the main manifestation of
ferroptosis. As showed in Figure 2A, ox-LDL exposure
induced the mitochondrial damage of HCAECs. To further
investigate the roles of oxidative stress in the development

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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of ferroptosis, cells were treated with ferroptosis inhibitors
(Fer-1 and SIM) and catalyzer (HTF and erastin). The iron
and total ROS content was significantly increased by ox-LDL
and erastin, which was more potent in cells treated with ox-
LDL + HTF; however, Fer-1 alleviated the increase of iron
and total ROS induced by ox-LDL (Figs. 2B, D). Moreover,
the level of GSH was decreased by ox-LDL and ferroptosis
catalyzer but increased by Fer-1 (Fig. 2C). In addition, ox-
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LDL-induced decrease of PDSS2 and FSP1 was facilitated by
HTF and reversed by Fer-1 (Fig. 2E).

Overexpression of PDSS2 Suppresses the
Ferroptosis of HCAECs

To further investigate the potential roles of PDSS2 in
AS, we examined the effects of PDSS2 on the ferroptosis of
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HCAECs. As showed in Figure 3A, the expression level of
PDSS2 was significantly increased in cells treated with
PDSS2 overexpression plasmids. Overexpression of PDSS2
decreased the content of iron and total ROS and increased the
level of GSH (Fig. 3). However, knockdown of PDSS2 pro-
moted the decrease of GSH and the increase of iron and ROS
level induced by ox-LDL (Fig. 3).

Overexpression of PDSS2 Promotes the
Proliferation of HCAECs

To further investigate the roles of PDSS2 in AS, we
examined the effects of PDSS2 on the proliferation of
HCAECs. As showed in Figure 4A, overexpression of
PDSS2 alleviated the increase of cell death of HCAECs
induced by ox-LDL. In colony formation assay, ox-LDL

decreased the proliferation of HCAECs, which was antago-
nized by overexpression of PDSS2 (Fig. 4). However, knock-
down of PDSS2 further suppressed the proliferation of
HCAECs (Fig. 4).

PDSS2 Transcriptionally Activates Nrf2

To further investigate the roles of PDSS2 in AS, we
explored the underlying molecular mechanisms. As showed
in Figure SA, Nrf2 was decreased in patients with AS.
Furthermore, the mRNA level of Nrf2 was significantly
decreased in cells treated with ox-LDL (Fig. 5B). The protein
level of Nrf2 was increased by PDSS2 OE, whereas decreased
by si-PDSS2 (Fig. 5C). DNA binding motif was obtained
from online database JASPAR (Fig. 5D). The binding sites
of Nrf2 on the promoter of PDSS2 were showed in Figure SE.
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FIGURE 5. Nrf2 transcriptionally activates PDSS2. A, The serum levels of Nrf2 detected by ELISA. B, The level of Nrf2 detected by
qRT-PCR level. C, The protein level of Nrf2 detected by Western blot. D, DNA binding motif of Nrf2 predicted by JASPAR. E, The
binding sites between Nrf2 and PDSS2. F and G, The luciferase activity of HCAECs. H, The DNA affinity detected by ChIP assay. n =
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In luciferase assay, luciferase activity was decreased in cells
cotransfected with PDSS2 OE, and Nrf2 3'UTR WT, whereas
increased by si-PDSS2 and Nrf2 3'UTR WT (Figs. 5F, G).
Moreover, Nrf2 conferred a strong affinity in the promoter
region of PDSS2 (Fig. SH).
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PDSS2 Suppresses Ox-LDL-Induced
Ferroptosis by Activating Nrf2 Pathways

Rescue assay was applied to verify the roles of PDSS2
in the development of AS. As showed in Figure 6A, the
expression of Nrf2 was significantly deceased in cells
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FIGURE 7. Knockdown of Nrf2 antagonizes the effects of PDSS2 on the proliferation of HCAECs. A, Cell survival determined by
CCK-8. B, Cell proliferation detected by colony formation assay. n = 3. **P < 0.01, ##P < 0.01.
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transfected with si-Nrf2. Downregulation of Nrf2 increased
the level of iron content. Moreover, depletion of Nrf2
increased the release of ROS and iron content and decreased
the level of GSH (Figs. 6B-D).

Knockdown of Nrf2 Antagonizes the Effects
of PDSS2 on the Proliferation of HCAECs

We further determined the cellular function of HCAECs
in AS. As showed in Figure 7A, overexpression of PDSS2
decreased cell death of HCAECs, which was reversed by
Nrf2 knockdown. This was in consistence with the results from
colony formation assay. Knockdown of Nrf2 alleviated Nrf2-
induced increase in the proliferation of HCAECs (Fig. 7B).

PDSS2 Suppresses the Atherosclerotic Lesions
in Vivo

To further investigate the roles of PDSS2 in AS, we
performed in vivo assay. As showed in Figure 8, the athero-

sclerotic plaque area was significantly increased in
PDSS2—/—Nrf2—/—mice compared with PDSS2 WT mice,

WT

FIGURE 8. PDSS2 suppresses the atherosclerotic
lesions in vivo. A, The atherosclerotic lesions
determined by Oil Red O-staining assay. B,
Quantification of (A). C, The atherosclerotic
lesions determined by Oil Red O-staining assay. D,
Quantification of (C). n = 6. **P < 0.01, ##P <
0.01.
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whereas this was alleviated in PDSS2—/—Nrf2+/+ mice.
These results suggested that PDSS2/Nrf2 axis may protect
against AS.

DISCUSSION

PDSS2 has been reported to be a master regulator in
AS, and its deficiency predicts poor heart function, which
suggests that PDSS2 can be a possible candidate gene for
AS.'L12 However, the potential roles of PDSS2 in AS is still
alluring. Previous studies evidence that the deficiency of
PDSS2 induces ROS, oxidative stress, and cell death.!’
Thence we hypothesized that PDSS2 may participate in the
progression of AS by regulating oxidative stress and cell
death. In this study, PDSS2 was downregulated in patients
with AS and in HCAECs exposed to ox-LDL. However,
overexpression of PDSS2 activated antioxidant Nrf2/Keapl/
HO-1 pathways. The activation of PDSS2/Nrf2 pathways pro-
moted the proliferative ability of HCAECs and inhibited fer-
roptosis of HCAECs. To the best of our knowledge, this is the
first study to unveil the potential roles of PDSS2 in AS.
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Oxidative stress

FIGURE 9. Activation of PDSS2/Nrf2
signaling confers resistance to ferroptosis
in HCAECs.

Ferroptosis is identified more recently to be associated
with cardiomyocyte cell death.!®!7 Ferroptosis induces the
release of soluble and lipid ROS through iron-dependent
enzymatic reactions, which is characterized by lipid peroxi-
dation and the decrease of GPX4 and GSH.!8 Erastin, a fer-
roptosis catalyzer, promotes ferroptosis by blocking the
antioxidant defense by decreasing the level of GSH, facilitat-
ing the release of lipid ROS. However, ferroptosis is a coin
type of cell death.'® However, it is double-faced in heart
disorders. The increase of ferroptosis may reduce tumor
growth and contributes to myocardial ischemia/reperfusion
injury.'®29 In this study, oxidative stress suppressed the activ-
ity of GSH, decreased the expression of FSP1, and increased
the level of lipid peroxidation, suggesting oxidative stress
promoted the ferroptosis of HCAECs. The induction of fer-
roptosis decreased the proliferative ability of HCAECs and
promoted cell death, which is the main cause of AS.?! These
results suggested that ferroptosis may be a crucial factor for
AS. Nevertheless, the molecular mechanisms are still unclear.

PDSS2 functions as a tumor suppressor and has been
clinically used for stratifying patients with hepatocellular
carcinoma.?? In heart diseases, the deficiency of PDSS2 is
associated with congenital heart disease and heart failure.!!-!2
Previous works regarding the role of PDSS2 in heart disor-
ders focus on its expression profiling and functional analysis.
However, the regulatory roles of PDSS2 have not been elu-
cidated. In this study, PDSS2 was decreased in patients with
AS, which suggested that PDSS2 deficiency may be associ-
ated with the progression of AS. However, overexpression of
PDSS2 suppressed the release of ROS and the ferroptosis of
HCAECs, which are the key factors in the initiation and pro-
gression of AS.316:17.21 The inhibitory effects of PDSS2 on
ferroptosis-induced cell death conferred its cardiac-protective
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properties in AS. Moreover, overexpression of PDSS2 pro-
moted the proliferative ability of HCAECs. Thence PDSS2
may protect against AS by suppressing ferroptosis-induced
cell death and increasing the number of HCAECs.
Nonetheless, the underlying molecular mechanisms are still
unclear.

Nrf2 is a master regulator of the antioxidant response
and collectively participates in metabolic mechanisms,
including proteostasis, iron/heme metabolism, and carbohy-
drate and lipid metabolism.!3 Nrf2 exerts multifaceted func-
tion in promoting cell survival, whereas its deficiency may
contribute to oxidant resistance and cell death, including fer-
roptosis.?? Nrf2, as a transcription factor, is a key regulator of
antiferroptotic pathways.?* For instance, Nrf2 modulates iron/
heme metabolism by HMOX1 and ABCB6'%2%; regulates
intermediate metabolism by peroxisome proliferator—
activated receptor 7y, aldo-ketoreductases, and aldehyde dehy-
drogenase 1 family member A12%27; and is involved in glu-
tathione synthesis and metabolism by glutamate—cysteine
ligase and GPX4.282° PDSS2 is the first key enzyme for the
synthesis of coenzyme Q10, which promotes the activation of
Nrf2/antioxidant response element-mediated antioxidant
genes.3% Thence we hypothesized that PDSS2 activates Nrf2
pathways to inhibit oxidative stress—induced ferroptosis of
HCAECs. In this study, Nrf2 was activated by PDSS2.
However, depletion of Nrf2 alleviated the regulatory roles of
PDSS2 in ferroptosis in AS, increased iron content, lipid
peroxidation and cell death, and suppressed the synthesis of
glutathione. These results suggested that PDSS2/Nrf2 axis
may function as a cardiac-protective role in AS.

In conclusion, PDSS2 was decreased in patients with
AS and oxidative stress—induced degeneration of HCAECs.
Overexpression of PDSS2 inhibited ferroptosis and promoted
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the cell proliferation of HCAECs by activating Nrf2 pathways
(Fig. 9). This may provide a promising therapeutic strategy
for AS.
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