
Bioscience Reports (2022) 42 BSR20211775
https://doi.org/10.1042/BSR20211775

*These authors contributed
equally to this work and should
be considered co-first authors.

Received: 29 July 2021
Revised: 21 December 2021
Accepted: 22 December 2021

Accepted Manuscript online:
04 January 2022
Version of Record published:
04 May 2022

Research Article

H2O2 down-regulates SIRT7’s protective role of
endothelial premature dysfunction via
microRNA-335-5p
Yixin Liu1,2,3,*, Jinyu Yang3,*, Xi Yang4, Peng Lai4, Yi Mou5, Juelin Deng6, Xinyi Li7, Hui Wang1,2,3, Xiaolei Liu1,2,3,
Lixing Zhou1,2,3, Linghui Deng1,2,3, Ziqi Xu8, Chun Xiao1,3 and Birong Dong1,2,3

1National Clinical Research Center for Geriatrics, West China Hospital of Sichuan University, Chengdu, Sichuan Province 610041, China; 2Department of Geriatrics, West China
Hospital of Sichuan University, Chengdu 610041, China; 3Geriatric Health Care and Medical Research Center, Sichuan University, Chengdu, Sichuan Province 610065, China;
4School of Food and Bioengineering, Xihua University, Chengdu, China; 5Geroscience and Chronic Disease Department, The 8th Municipal Hospital for the People, Chengdu, China;
6Cardiology Department, Hainan Branch of PLA General Hospital, Sanya, China; 7Medical Examination Center, Aviation Industry Corporation of China 363 Hospital, Chengdu, China;
8West China School of Basic Medical Sciences and Forensic Medicine, Sichuan University, Chengdu, China

Correspondence: Birong Dong (birongdong123@outlook.com)

Endothelial senescence is believed to constitute the initial pathogenesis of the atheroscle-
rotic cardiovascular disease (ASCVD). MicroRNA-335-5p (miR-335-5p) expression is sig-
nificantly up-regulated in oxidative stress-induced endothelial cells (ECs). Sirtuin7 (SIRT7)
is considered to prevent EC senescence, yet data on its response to ASCVD risk factors
are limited. The present study analyzed the elevated levels of miR-335-5p and the de-
creased levels of SIRT7 in human umbilical vein endothelial cells (HUVECs), and found
that high glucose, tumor necrosis factor-α (TNF-α), and H2O2 are the three contributing
factors that induced cellular senescence. The current study also assessed premature en-
dothelial senescence and decreased proliferation, adhesion, migration, and nitric oxide (NO)
secretion in HUVECs with these risk factors together with SIRT7–siRNA transfection. It
found that the miR-335-5p inhibitor attenuated the down-regulation of SIRT7 expression
induced by oxidative stress in HUVECs, and SIRT7 overexpression exerts a rescue effect
against miR-335-5p-induced endothelial dysfunction. Furthermore, the direct binding of
miR-335-5p to SIRT7 was observed in human embryonic kidney cells 293T (HEK 293T).
Therefore, it can be inferred that miR-335-5p down-regulates the expression of SIRT7 in
human cells. Current findings may provide deeper insights into the underlying mechanisms
of endothelial senescence and potential therapeutic targets of ASCVD as well as other
age-related diseases.

Introduction
Atherosclerotic cardiovascular disease (ASCVD), which involves stroke, myocardial infarction and sud-
den cardiac death, is currently one of the leading causes of global morbidity and mortality [1]. As expected,
the prevalence of ASCVD increases with age, age-related vascular endothelial dysfunction reduces cellu-
lar anti-coagulative, anti-proliferative, anti-inflammatory and vasodilatory processes, thereby leading to
an increased risk of ASCVD [2]. In fact, the functions of endothelial cells (ECs) are essential to endothe-
lial barrier function, as well-performed proliferation can maintain vascular homeostasis [3], functional
adhesion molecules can support and control endothelial junction integrity of vascular lumen [4], and en-
dothelial migration is also the main mechanism of angiogenesis and vascular self-repair [5]. A decrease
in endothelial nitric oxide (NO), a significant signaling molecule responsible for maintaining vascular
wall tension, results in increased serotonin, enhanced thrombus formation, and vascular contractions
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[6]. Moreover, senescence-associated β-galactosidase (SA-β-gal), which reflects the increase in lysosomal activity, is
the most widely used biomarker for senescent and aging ECs [7]. Endothelial dysfunction is considered as the cause
of the initial pathogenesis of atherosclerosis, thereby necessitating a better understanding of EC pathophysiology [3].

Accumulation of cellular damage caused by a shift in the balance between reactive oxygen species (ROS) and an-
tioxidants in favor of oxidants, such as that induced by hyperglycemia and inflammatory factors, is termed oxidative
stress [8]. Sustained high ROS levels can contribute to cellular macromolecules damage, endothelial senescence, and
hence cause senescence through the activation of inflammatory responses, in turn, leading to the development of
atherosclerosis [9]. Previous study found that type 2 diabetes mellitus patients have higher cardiovascular morbidity
and mortality compared with non-diabetic patients [10], then glucose-lowering treatment has been proven to be ef-
fective in preventing vascular events [11], meanwhile animal studies verified that hyperglycemia can induce vascular
cell senescence [12]. The involvement of tumor necrosis factor-α (TNF-α) in the pathogenesis of ASCVD is also
established [13]. Numerous in vitro studies have also shown that H2O2, TNF-α, and high glucose treatment could
imply a stress-induced senescence phenotype and endothelial dysfunction [12,14–16].

MicroRNAs (miRNAs) are small non-coding RNA molecules that modulate the stability and/or translational ef-
ficiency of their target messenger RNAs (mRNAs) by loading an Argonaute protein within the RNA-induced si-
lencing complex (RISC) [17]. The RISC subsequently represses the expression of target mRNAs by either inhibiting
their translation or promoting their destabilization. Interestingly, miR-335 expression is significantly up-regulated in
aging renal tissues, while microRNA-335-5p (miR-335-5p) is significantly up-regulated in senescent vascular ECs,
compared with that in young tissues [18,19].

Sirtuins (e.g., sir2 in yeast or SIRT1 in mammals) are a family of nicotinamide adenine dinucleotide
(NAD+)-dependent protein deacetylases, which are evolutionarily conserved from bacteria to humans. This pro-
tein family is best known for its role in aging and has been shown to prolong the mean and maximal lifespan in many
species by promoting genome homeostasis in response to cellular stress. Since the past decade SIRT1 and SIRT6, two of
the three mammalian nuclear sirtuins, have been the focus of research related to their protective role as stress adaptors
and epigenetic enzymes against inflammation, vascular aging, heart disease, and the development of atherosclerotic
plaque [20]. A decline in SIRT7, the third nuclear sirtuins, precedes the manifestations of dangerous DNA lesions, cell
death, acute senescence, and shorter lifespan [21,22]. Although signaling events involved in the regulation of SIRT7
expression in ECs exposed to oxidative stress remain poorly understood, it is reasonable to hypothesize that the third
member, SIRT7, contributes to maintaining EC functions and preventing EC senescence.

There are limited published data on the regulation of SIRT7 in atherosclerotic endothelial lesions. Based on the
previous findings and the information provided by miRTarBase (Supplementary Table S1), a resource for experi-
mentally validated miRNA–target interactions, we hypothesize that miR-335-5p might be involved in promoting the
endothelial senescence and modulating the expression of SIRT7, thus exacerbating the dysfunction of ECs. The results
obtained in the present study might unravel the mechanisms underlying endothelial senescence and help identify the
potential therapeutic targets of atherosclerosis and other age-related diseases.

Materials and methods
Cell culture
Human umbilical vein endothelial cells (HUVECs; Medical Discovery Leader, Beijing, China) were cultured in Ham’s
F-12K medium (21127022, Gibco, NY, U.S.A.) supplemented with 10% fetal bovine serum (FBS; 16000-044, Gibco,
CA, U.S.A.), 1% Penicillin–Streptomycin (1670249, Wegenebio, Shanghai, China) at 37◦C in the presence of 5% CO2
and saturated humidity. Human embryonic kidney cells 293T (HEK 293T; 4201PAT-CCTCC01526, Cell Bank of
Shanghai Chinese Academy of Sciences, Shanghai, China) were cultured in Dulbecco’s modified Eagle’s medium
(12634010, Gibco, NY, U.S.A.) supplemented with 10% FBS, 1% Penicillin–Streptomycin at 37◦C in the presence of
5% CO2 and saturated humidity.

siRNA and miRNA transfection in HUVECs
The RNA sequences were customized (GenePharma, Shanghai, China). HUVECs (2 × 105/well cells in each chamber)
were seeded on to 24-well plates and then transfected with SIRT7–siRNA, an miR-335-5p mimic, an miR-335-5p
inhibitor, or a negative control sequence using Lipofectamine 2000 (11668030, Invitrogen, CA, U.S.A.) according to
the manufacturer’s protocol. All RNA sequences used in siRNA and miRNA transfections are shown in Supplementary
Table S2.
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Grouping and treatment with high glucose, TNF-α, and H2O2 after
SIRT7–siRNA transfection
Forty-eight hours after transfection, HUVECs treated with SIRT7–siRNA or its negative control sequence in the loga-
rithmic growth phase were cultured at a density of 20000 cells/chamber in 24-well plates and divided into four groups:
(i) Control: cultured in 10% FBS and DMEM; (ii) H2O2: cultured in 10% FBS, DMEM, and 60 μmol/l H2O2 (106058,
Tongguang, Beijing, China); (iii) TNF-α: cultured in 10% FBS, DMEM, and 5 ng/ml TNF-α (P02740, Solarbio, Bei-
jing, China); and (iv) high-glucose: cultured in 10% FBS, DMEM, and 50 mmol/l glucose (50-99-7, Xilong Scientific,
Guangdong, China). The optimal concentration and time of culture with H2O2, TNF-α, and glucose were based on
previous studies as well as our preliminary experiments (Supplementary Figure S1), which also suggested that these
three factors regulate SIRT7 expression in a time- and concentration-dependent manner.

Grouping and treatment with oxidative stress after transfection with
miR-335-5p mimic and inhibitor
Forty-eight hours after transfection using a miR-335-5p mimic and miR-335-5p inhibitor, the HUVECs were cultured
and divided into the following six groups, (i) blank: without treatment; (ii) control: treated with transfection agent; (iii)
mir-335-5p mimic: transfected with miR-335-5p mimic; (iv) H2O2: treated with H2O2 and a transfection agent; (v)
H2O2+mir-335-5p mimic: treated with H2O2 and transfected with an miR-335-5p mimic; and (vi) H2O2+mir-335-5p
inhibitor: treated with H2O2 and transfected with an miR-335-5p inhibitor. The transfection of all the groups was
performed for 48 h; the groups treated with H2O2 were cultured in a 60-μmol/l H2O2 environment for another 48 h.

Grouping and treatment with oxidative stress after forced SIRT7 and
miR-335-5p expression
HUVECs in the logarithmic growth phase were cultured at a density of 20000 cells/chamber in 24-well plates and
divided into three groups, (i) control: treated with a transfection agent; (ii) forced SIRT7 expression: transfected with
an SIRT7 vector; and (iii) forced SIRT7 and miR-335-5p expression: transfected with SIRT7 and miR-335-5p mimic
vectors. After 48 h of transfection, all the groups were cultured in a 60μmol/l H2O2 environment for another 48 h. The
SIRT7 lentiviral vector with cytomegalovirus promoter (pCDH-CMV-MCS-EF1-CopGFP-T2A-Puro-SIRT7; details
are presented in Supplementary Figure S2) and miR-335-5p mimic vectors were customized from Maijin (Beijing,
China) and sequenced by GenePharma (Shanghai, China).

RNA expression analysis
Total RNAs were prepared using TRIzol (RN0102, Aidlab, Beijing, China). RNA samples were reverse transcribed
using the HiScript reverse transcriptase kit (R101, Vazyme, Jiangsu, China). The miRNA expression was determined
using the qPCR SYBR Green Master Mix (Q111, Vazyme, Jiangsu, China), the primer (sequence information is present
in Supplementary Table S2) and QuantStudio 6 Flex Real-Time PCR system (7900 Fast, Applied Biosystems, CA,
U.S.A.) according to the manufacturer’s protocol.

SA-β-gal staining
The SA-β-gal activity was measured using a senescence detection kit (C0602, Beyotime, Shanghai, China) according
to the manufacturer’s protocol. Briefly, HUVECs on the plate were exposed to different experimental conditions. The
cells were washed thrice with phosphate-buffered saline (10010-049, Life Technologies, Scotland, U.K.), fixed in 2%
paraformaldehyde for 3 min at 2◦C, washed, and incubated for 16 h at 37◦C (without CO2) with fresh SA-β-gal stain
solution. Then, the cells were photographed. The degree of aging of HUVECs was determined by the intensity of
SA-β-gal staining.

Evaluation of cell proliferation using the cell counting kit-8 assay
After grouping and treatment with ASCVD factors and SIRT7–siRNA transfection, HUVECs (2 × 102/chamber) were
seeded on to 96-well plates. Ninety-six hours after transfection, 10 μl of cell counting kit-8 (CCK8; C0037, Beyotime,
Shanghai, China) was added to each well and incubated for 4 h at 37◦C. The absorbance in each well was measured
at 450 nm using a microplate reader.
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Scratch wound healing assay
Measurement of cell migration required the HUVECs (1 ml DMEM containing 10% FBS) to be added to six-well
plates at a density of 5 × 105 cells/ml, three wells for each group. Once the cell growth covered 90% of the well,
‘parallel wound gaps’ (each, 0.5 cm) were created between the cell monolayers by scratching with the lower end of the
pipette tip. The cells were photographed after three washes with PBS and incubated for 48 h. The area of the wounds
measured by ImageJ, an open-source software.

Cell adhesion assay
Following 48-h transfection, the HUVECs’ suspensions (1 × 104/ml) were added to 96-well plates coated with
serum-free Ham’s F-12K medium (21127022, Gibco, NY, U.S.A.) and 100 μg/ml Matrigel basement membrane ma-
trix (356234, BD, Biosciences, MA, U.S.A.) collagen. The separated cells were washed with PBS and fixed with 5%
glutaraldehyde at 4◦C for 30 min. The cells were then incubated at 37◦C in the presence of 5% CO2. After 1 h, the
cells that adhered to the substrate were stained with 0.1% Crystal Violet (G1064, Solarbio, Beijing, China) for 30 min.
Next, the stained cells were solubilized with 100 μl of 10% acetic acid. Finally, the absorbance of the solution was
measured at 595 nm.

NO assay
NO secretion was detected using the NO assay kit (A012, Jiancheng Bioengineering, Jiangsu, China). An aliquot of
medium 100 μl from each culture well was mixed with 200 μl of nitrate reductase for the conversion of nitrate into
nitrite, followed by 100 μl of the Griess reagent. The mixture was incubated for 10 min at 25 +− 2◦C to allow the
color to develop, and the absorbance at 550 nm was measured in a microplate reader (Nano-100, Aosheng Devices,
Zhejiang, China).

Western blot analysis
The supernatant fluid of HUVECs culture was applied to a 10% polyacrylamide gel and electrophoresed at 60–90 V
to investigate the components of SIRT7. The SIRT7 proteins were then transferred to nitrocellulose membranes. The
membranes were blocked with nonfat dry milk for 2 h and incubated overnight with anti-SIRT7 antibodies (DF6161,
Affinity Biosciences, Jiangsu, China). HRP-conjugated goat anti-rabbit IgG (BA1039, Boster Biological Technology,
Hubei, China) was used as the secondary antibody. The membranes were briefly incubated with ECL detection reagent
(ECL-00114, Dingguo, Beijing, China). The protein was visualized and analyzed using the Fusion FX7 system (Peqlab,
Erlangen, Germany). Anti-GAPDH antibodies (AB-P-R001,Goodhere Biotechnology, Zhejiang, China) was used as
an internal control. All raw Western blot data of this article are presented in Supplementary Figure S3.

Plasmid construction and luciferase assay
The miRNA target prediction online database (miRTarBase) was used to predict the binding sites of miR-335-5p on
SIRT7 (as shown in Supplementary Table S1). The 3′-UTR of SIRT7 was synthesized and sequenced by GenePharma
(Shanghai, China). The PCR products were subcloned into the region directly downstream of the stop codon in the
luciferase gene in the luciferase reporter vector to generate a p-Luc-UTR reporter plasmid (as shown in Supplemen-
tary Table S1 and Figure S4). Overlap PCR was used to construct a 3′-UTR mutant reporter plasmid. The primers
used to generate SIRT7 3′-UTR were miR-335-5p mimic (UCAAGAGCAAUAACGAAAAAUGU) and mimic con-
trol (UUCUCCGAACGUGUCACGUTT) (GenePharma, Shanghai, China). The sequences used for mutant 3′-UTR
were confirmed by sequencing.

HEK 293 cell line exhibit a higher growth rate, sensitivity, accuracy, stability and effectiveness in luciferase assay
compared with HUVECs [23,24]. The luciferase assay required the HEK 293T cells to be seeded in six-well plates and
co-transfected with a mixture of the miRNA mimic or the mimic control pYr-KL 3′-UTR, and Renilla luciferase vector
pRL-CMV (E2261, Promega, WI, U.S.A.) using the Lipofectamine 2000 (11668030, Invitrogen, CA, U.S.A.) transfec-
tion system. The Firefly and Renilla luciferase activities in the cell lysates were measured using the dual-luciferase
reporter assay system (E1910, Promega, WI, U.S.A.) 48 h after transfection.

Statistical analysis
Data entry, statistical analyses, and presentation were performed using SPSS version 21.0 (SPSS, IL, U.S.A.) and
GraphPad Prism 8.0.1 software (GraphPad Software Inc., CA, U.S.A.). Measurement data are summarized as mean +−
standard deviation. A normality test was realized when the number of samples was sufficient (Shapiro–Wilk test). If
samples followed a Gaussian distribution, one-way analysis of variance (ANOVA) was used to compare the differences
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Figure 1. miR-335-5p and SIRT7 expression following treatment with high glucose, TNF-α, and H2O2

(A) Relative miR-335-5p expression in HUVECs determined using RT-PCR assay (n=3, in all groups). (B) Relative SIRT7 expression

in HUVECs determined using RT-PCR assay (n=3, in all groups). (C) Western blot assay on HUVECs for SIRT7 expression following

SIRT7–siRNA transfection (n=3, in all groups). NS: non-significance, **P<0.01 versus the blank or control group, ***P<0.005 versus

the blank or control group, ##P<0.01 versus the underlined group, ###P<0.005 versus the underlined group. All raw Western blots

data of this article are presented in Supplementary Figure S4. Values of all groups followed a Gaussian distribution.

in outcomes between groups. When samples did not pass the normality test, a non-parametric test (Mann–Whitney
test) was applied. A P-value of less than 0.05 was used as a cutoff to define statistical significance.

Results
H2O2, TNF-α, and high glucose down-regulate SIRT7 and up-regulate
miR-335-5p expression in ECs
Real-time PCR was used to assess SIRT7 mRNA transcription and miR-335-5p expression levels in the three exper-
imental groups. SIRT7 mRNA levels in these three experimental groups were found to be significantly lower in the
high-glucose, TNF-α, and H2O2-induced groups, respectively (50.4 +− 4.0, 76.1 +− 2.0, and 39.2 +− 8.0%) than those
in the negative control, while the miR-335-5p levels were found to be higher (213.7 +− 15.7, 168.3 +− 3.1, and 249.0
+− 30.0%) than those in the negative control (Figure 1A,B). Western blot analysis also suggested expression of SIRT7
protein was down-regulated (65.0 +− 1.1, 85.0 +− 7.6, and 67.8 +− 7.2%, shown in Figure 1C).
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SIRT7 silencing aggravates oxidative damage, inflammation, and
high-glucose-induced premature senescence in ECs
The quantitative real-time PCR results showed that transfection with SIRT7–siRNA suppressed the expression of
SIRT7 mRNA by more than sevenfold (Supplementary Figure S5), and Western blot analysis results indicated similar
suppression at the protein level (Figure 1C).

H2O2, TNF-α, and high-glucose stimulation increased SA-β-gal staining of ECs, which was aggravated further af-
ter SIRT7 down-regulation. These findings indicated that SIRT7 might attenuate the phenotypic changes resulting in
EC aging in the presence of H2O2, TNF-α, and high glucose (Figure 2A). The CCK8 cell proliferation assay analysis
showed that the proliferation of HUVECs was lower under H2O2, TNF-α, and high glucose exposure compared with
that of the control groups. SIRT7 suppression was shown to significantly decrease the proliferation of HUVECs in all
the groups (Figure 2B). The migration assay showed that SIRT7–siRNA transfection down-regulated the migration
of HUVECs with or without oxidative stress, inflammatory factors, and high glucose levels (Figure 2C). Consistent
with previous findings, the adhesion rate and NO secretion of HUVECs significantly decreased after transfection
with SIRT7–siRNA with or without H2O2, TNF-α, and high-glucose treatments (Figure 2D,E). Generally, H2O2 has
a stronger down-regulation effect than TNF-α and high glucose on NO secretion, proliferation, migration, and ad-
hesion with SIRT7–siRNA (Supplementary Figure S6).

SIRT7 overexpression rescue endothelial function from oxidative stress
and miR-335-5p forced expression attenuate the rescue effect
RT-PCR analysis of HUVECs indicated that forced SIRT7 overexpression did not relatively affect miR-335-5p levels
(Figure 3A). The Western blot analysis of HUVECs revealed that SIRT7 expression was significantly elevated after
SIRT7 transfection; however, this elevation was not significant in the cells co-transfected with miR-335-5p (Figure
3B). The CCK8 cell proliferation assay analysis indicated that the H2O2-induced down-regulation of the proliferation
of HUVECs was rescued by transfection with SIRT7; the co-transfection of miR-335-5p limited the rescue effect
(Figure 3C). Migration, adhesion, NO secretion, and SA-β-gal staining assay results of the groups transfected with
SIRT7 and co-transfected with miR-335-5p indicated similar proliferation assay results (Figure 3D–G). These findings
indicate that transfection with SIRT7 exerts a rescue effect against endothelial dysfunction and immature senescence
induced by treatment with H2O2; however, the rescue effect was partly suppressed by miR-335-5p, which acts as an
upstream factor in the SIRT7 pathway.

miR-335-5p regulates SIRT7 expression under oxidative stress and
targets SIRT7 3′-UTR
Western blot analysis showed that the overexpression of miR-335-5p decreased SIRT7 expression in HUVECs
(miR-335-5p mimic: 64.3 +− 3.8% vs. control: 131.0 +− 6.0%; P<0.01). The analysis also showed that the miR-335-5p
inhibition partly attenuated the reduction in H2O2-induced SIRT7 expression (inhibition + H2O2: 79.7 +− 3.2% vs.
mimic+H2O2: 55.3 +− 4.2%; P<0.01) (Figure 4A). A dual-luciferase assay was performed to confirm the direct bind-
ing of SIRT7 to miR-335-5p. HEK 293T was transfected with a luciferase reporter plasmid along with an miR-335-5p
mimic or negative control. Notably, the ratio of Luc/R-luc was significantly lower in the SIRT7 3′-UTR + miR-335-5p
mimic group than in the SIRT7 3′-UTR + control group (miR-335-5p 0.0199 +− 0.00139 vs. control 0.0489 +− 0.00168;
P<0.01). The results, therefore, suggested that miR-335-5p regulated SIRT7 by directly binding to the SIRT7 3′-UTR
(Figure 4B).

Discussion
The present study demonstrated that H2O2 (ROS accumulation model in the elderly), TNF-α (chronic low dosage
inflammation model in the elderly), and high glucose (hyperglycemia model as observed in diabetes) induced HU-
VECs senescence, up-regulated the expression of miR-335-5p, and down-regulated the expression of SIRT7. It also
demonstrated a novel role of SIRT7, the inhibition of which led to premature endothelial senescence; maintenance
of proliferation, adhesion, migration, and NO secretion in the endothelium; and intolerance to H2O2, TNF-α, and
high-glucose treatment in ECs. Notably, the overexpression of miR-335-5p decreased the expression of SIRT7 in ECs,
and miR-335-5p inhibitor attenuated the down-regulation of SIRT7 expression, which was induced by oxidative stress.
Furthermore, SIRT7 overexpression rescued endothelial function from oxidative stress, and miR-335-5p forced ex-
pression attenuate the rescue effect. Thus, the current study revealed that miR-335-5p targeted and bound to SIRT7
mRNA in human cells (Figure 4C).
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Figure 2. SIRT7 silencing aggravates oxidative damage, inflammation, and high-glucose-induced dysfunction in HUVECs

(A) SA-β-gal staining in different experimental groups 48 h after treatments (n=3, in all groups). (B) Proliferation in different experi-

mental groups (n=3, in all groups). (C) NO secretion of HUVECs in different experimental groups (n=3, in all groups). (D) Migration

in different experimental groups (n=3, in all groups). (E) Adhesion in different experimental groups (n=3, in all groups; high-glucose

SIRT7–siRNA, TNF-α SIRT7–siRNA, and H2O2 SIRT7–siRNA groups were compared with the group only treated with SIRT7–siRNA).

*P<0.05 versus the blank or control group, **P<0.01 versus the blank or control group, ***P<0.005 versus the blank or control

group, ##P<0.01 versus the underlined group, ###P<0.005 versus the underlined group. Values of all groups followed a Gaussian

distribution.
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Figure 3. Rescue effect of SIRT7 in oxidative stress-induced endothelial senescence in HUVECs

(A) Relative miR-335-5p level following forced SIRT7 and miR-335-5p overexpression (n=3, in all groups). (B) Western blot assay

for SIRT7 in different experimental groups (n=3, in all groups). (C) Proliferation in different experimental groups (n=3, in all groups).

(D) SA-β-gal staining in different experimental groups (n=3, in all groups). (E) Adhesion in different experimental groups (n=3, in

all groups). (F) NO secretion in different experimental groups (n=3, in all groups). (G) Migration in different experimental groups

(n=3, in all groups). *P<0.05 versus the blank or control group, **P<0.01 versus the blank or control group, ***P<0.005 versus the

blank or control group, #P<0.05 versus the underlined group, ##P<0.01 versus the underlined group. Values of all groups followed

a Gaussian distribution.

Previous findings together with the current results enable a detailed understanding of the multiple roles that
miR-335-5p plays in age-related diseases and process of cancerous lesion formation through different regulatory net-
works. MiR-335-5p might behave as a regulator with oxidative stress and cellular lesions, as well as an endothelial
ROS-induced signal of the senescence-associated secretory phenotype (SASP), which contributes to atherosclero-
sis. In our earlier study, it showed that forced endothelial miR-335-5p expression aggravates premature endothelial
senescence and dysfunction via a decrease in the expression of sKlotho, the first anti-aging gene to have been dis-
covered [25,26]. During senescence, miR-335-5p levels are significantly increased in renal residential cells and the
hippocampus in patients with Alzheimer’s disease and dementia [27]. Meanwhile, miRNA-335-5p could suppress
the proliferation and invasion of epithelial cancer cells and acute inflammatory responses. Along with the results of
previous studies, the current results on miR-335-5p may benefit further studies on cardiovascular disease focused on
the deeper relationship among the accumulation of oxide stress, adaptation of cellular senescence, and phenotype of
aging or atherosclerosis. Additionally, the results may facilitate the use of miR-335-5p as a potential SASP inhibitor
target or a prospective biomarker for EC response to oxide stress.

The intrinsic mechanism underlying the protection exerted by SIRT7 on an individual from premature endothelial
senescence and atherosclerosis is yet to be explored. The majority of the functions of SIRT7 are mediated via enzymatic
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Figure 4. miR-335-5p regulates SIRT7 expression under oxidative stress and targets SIRT7 3′-UTR

(A) SIRT7 expression following miR-335-5p mimic and inhibitor transfection and H2O2 treatment in HUVECs (n=3, in all groups). (B)

SIRT7 3′-UTR dual-luciferase assay in HEK 293T (n=3, in both groups). (C) Visualized summary. *P<0.05 versus the blank or control

group, **P<0.01 versus the blank or control group, ***P<0.005 versus the blank or control group. Values of all groups followed a

Gaussian distribution.
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activities, including the highly selective deacetylation of histone H3K18 and desuccinylation of H3K122. SIRT7 is
recruited in a PARP1-dependent manner to the sites of DNA double-strand breaks in senescent cells [28]. Moreover,
SIRT7 might involve in telomere maintenance via TR4, regulation of mitochondrial ribosomal proteins via GABP.
Accumulating evidence has demonstrated that cellular proliferation and migration are regulated by SIRT7 signaling
through the Wnt/β-catenin pathway [29]. Furthermore, SIRT7 prevents cell death, including apoptosis [30]. Briefly,
experimental evidence suggests that SIRT7 plays a protective role in vascular endothelial senescence. Based on the
current results, future SIRT7 studies might explore the mechanism underlying endothelial homeostasis in age-related
diseases, and a treatment strategy for atherosclerosis based on its rescue effect in oxide stress-induced endothelial
dysfunction.

The data in the current article strongly support the correlation between miR-335-5p and SIRT7. Our experiments
contribute that SIRT7 may perform as a promising target to reduce the risk of ASCVD, in particular, to reduce the
development of premature endothelial senescence.

One limitation of the present study is the lack of the data on the effect of SIRT7 and miR-335-5p on animal models
of atherosclerosis or endothelial senescence. The potential miR-335-5p-based diagnostic or SIRT7-targeted therapeu-
tic application in age-related diseases still depends on future trials with more specific design and more quantitative
results, especially those focusing on the downstream mechanism of SIRT7 improving endothelial dysfunction.
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