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Abstract  
Hypertension is commonly accompanied by endothelial dysfunction, characterized by an imbalance between va
sodilatation and constriction, increased levels of the proinflammatory factors interleukin-6 (IL-6) and intercellular 
adhesion molecule-1 (ICAM-1), and decreased nitric oxide (NO) bioavailability. Using an angiotensin II (Ang II)- 
induced endothelial dysfunction model, we show that treatment with the hydrogen sulfide (H₂S) donor GYY4137 
significantly reverses Ang II-induced damage. GYY4137 restores sirtuin 6 (SIRT6) expression, suppresses in
flammation, and improves vasodilatory function. Furthermore, endothelial-specific cystathionine-γ-lyase (CSE)- 
deficient mice exhibit inflammation and endothelial dysfunction in blood vessels, which is reversed by H₂S sup
plementation. Critically, SIRT6 inhibitors block the protective effects of H₂S in the endothelium. This study de
monstrates that H₂S protects vascular endothelial function by activating the SIRT6 anti-inflammatory pathway. 
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Introduction 
Hypertension has been identified as the most important risk factor 
for death worldwide, with approximately 9.4 million people dying 
of hypertension every year globally [1]. In China, hypertension 
remains the leading cause of cardiovascular morbidity and 
mortality; therefore, effective management of hypertension is 
needed [2]. Endothelial dysfunction plays a key role in the 
pathogenesis of hypertension [3]. In particular, endothelial dys
function can enhance contraction and vascular remodeling, which 
increases peripheral resistance and leads to hypertension. Angio
tensin II (Ang II), a critical component of the renin–angiotensin– 
aldosterone system, controls blood pressure by impairing endothe
lial function and inducing smooth muscle cell contraction [4]. 
Recent studies have shown that both salt-induced and Ang II- 
mediated hypertension are associated with increased inflammation 
and cytokine production, as well as endothelial dysfunction [5]. In 
addition to its role as a potent vasoconstrictor and regulator of blood 

pressure and fluid homeostasis, Ang II is involved in the 
development of vascular lesions in cardiovascular disease through 
the activation of various immune cells and cellular inflammation 
[6]. Ang II has been shown to facilitate the adhesion and infiltration 
of inflammatory cells into the aortic wall [7]. Numerous studies 
have demonstrated that inflammation affects nitric oxide (NO) 
synthesis and vascular smooth muscle function. Specifically, the 
influence of inflammation on endothelium-dependent vasodilation 
is mediated by delaying NO synthesis and degrading NO, promoting 
an increase in the levels of vasoconstrictive factors and a decrease in 
the levels of diastolic factors. Despite extensive research on the 
etiology and pathogenesis of hypertension, new therapeutic 
mechanisms remain underexplored. 

SIRT6, a member of the mammalian sirtuin family, is a protease 
with multiple catalytic activities in the nucleus, including histone 
deacetylation, ADP-ribosylation, and lysine deacylation. SIRT6 
plays a critical role in maintaining genome stability and DNA repair 
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[8] and participates in numerous physiological regulatory mechan
isms, such as cell proliferation, differentiation, and aging. SIRT6 
overexpression inhibits various inflammatory responses, such as 
collagen-induced arthritis and hypoxia-induced inflammation [9]. 
Studies have also shown that SIRT6 reduces endothelial cell 
inflammation induced by tiny cholesterol crystals and reverses 
endothelial dysfunction by increasing the level of angiotensin- 
converting enzyme 2 [10]. 

H2S, the third gas transmitter discovered after NO and carbon 
monoxide, has attracted considerable attention because of its ability 
to preserve blood vessel function, regulate vascular tone, and 
inhibit cell proliferation [11]. Studies have shown that H2S restores 
endothelial NO-dependent vascular function in patients with 
hyperglycemia via a cAMP response element-binding (CREB)- 
dependent pathway [12], attenuates disturbed flow-induced vas
cular remodeling by inhibiting LDHB-mediated autophagic flux 
[13], stimulates NO production and protects human umbilical vein 
endothelial cells (HUVECs) by inducing the protein kinase B (Akt) 
endothelial nitric oxide synthase (eNOS) signaling pathway [14]. 
Moreover, H2S has been found to preserve cellular function through 
SIRT6. In particular, exogenous H2S inhibits cellular senescence 
through the SIRT6/adenosine monophosphate-activated protein 
kinase (AMPK) signaling pathway, thereby alleviating myocardial 
fibrosis associated with diabetes [15]. Furthermore, H2S signifi
cantly inhibits ischemia/reperfusion-induced brain endothelial 
injury by upregulating the expression of SIRT6 [16]. Another study 
revealed that H2S inhibits inflammation and protects neurons from 
microglial activation-induced neuronal death by increasing the 
expression of SIRT6, enhancing the interaction between SIRT6 and 
H3K9ac, and downregulating the expression of Notch homolog 1 
(Notch1) [17]. However, the mechanisms by which H2S and SIRT6 
exert endothelial protection remain unclear. 

Therefore, we hypothesized that H2S reduces Ang II-induced 
endothelial dysfunction by increasing SIRT6 protein expression and 
inhibiting the expression of inflammatory factors. 

Materials and Methods 
Animals and experimental methods 
All animal experiments were performed in compliance with the 
Management Rule of the Ministry of Health, China (Document No. 
55, 2001) and the NIH Guide for the Care and Use of Laboratory 
Animals (NIH Publication No. 85-23, revised 2011), and were 
approved by the Laboratory Animal Ethical and Welfare Committee 
of Hebei Medical University (Approval No. IACUC-Hebmu- 
2024015). All the mice were on a C57BL/6J background. The 
endothelial-specific CSE-knockout mouse model was generated 
using Cre/LoxP technology. The CSE gene was floxed via homo
logous recombination in fertilized eggs, yielding positive floxed 
heterozygous mice (CSEf/+). Floxed homozygous mice (CSEf/f) were 
subsequently produced by intercrossing CSEf/+ animals. To obtain 
endothelial-specific CSE-deficient mice (CSEf/fCdh5Cre, designated 
CSEendo⁻/⁻), CSEf/+ mice were crossed with Cdh5Cre mice to generate 
CSEf/+ Cdh5Cre offspring, which were then backcrossed to CSEf/f 

mice. The CSEf/+ and Cdh5Cre founder lines were procured from 
Shanghai Southern Model Biotechnology Co., Ltd (Shanghai, 
China). The genotyping of all the mice was performed via PCR: 
for the detection of the CSE flox allele, the primers F1 (5′- 
CTCAATCCCAGACTGCAGGG-3′) and R1 (5′-TACAGGCCCATCC 
CACCATA-3′) were used to generate amplification products of 

393 bp for the wild-type allele and 463 bp for the floxed allele; for 
Cre gene detection, the primers F2 (5′-TCGATGCAACGAGTGAT 
GAG-3′) and R2 (5′-TCCATGAGTGAACGAACCTG-3′) were used to 
specifically amplify a 400 bp target band. 

The animals were procured from the Animal Center of Hebei 
Medical University and were randomly assigned to cages with ad 
libitum access to food and water. The humidity within the cages 
was maintained between 45% and 55%, the temperature was set at 
20°C to 25°C, and the light-dark cycle was set at 12 h:12 h (lights on 
from 8:00 to 20:00). The cages and drinking bottles were regularly 
cleaned and disinfected, and the bedding was sterilized by 
autoclaving. 

Aortic isolation and incubation 
The animals were euthanized via carbon dioxide asphyxiation. All 
surgical instruments and animal body surfaces were sterilized with 
75% ethanol. Thoracic aortas were carefully dissected to ensure 
that they were free of surrounding adipose tissue, rinsed in sterile 
phosphate-buffered saline (PBS), and sectioned into 2-mm rings. 
Mouse aortic rings were incubated in a 5% CO2 atmosphere at 
37°C for 48 h in low-glucose Dulbecco’s Modified Eagle Medium 
(Gibco, Grand Island, USA) supplemented with 10% fetal bovine 
serum (Gibco) and 1% antibiotics. For the experimental treatments, 
the aortic rings were exposed to Ang II (100 μM; Sigma Aldrich, 
St Louis, USA) and GYY4137 (200 μM; Cayman Chemical, Ann 
Arbor, USA). An equal volume of PBS was added to the control 
group. 

Cell culture and passage 
HUVECs were purchased from ScienCell Research Laboratories (San 
Diego, USA) and cultured in complete endothelial cell medium 
(ECM; ScienCell Research Laboratories) supplemented with 5% fetal 
bovine serum (FBS), 1% endothelial cell growth supplement (ECGS), 
and 1% penicillin/streptomycin (P/S). The SIRT6 inhibitor OSS- 
128167 (200 μM) was obtained from MCE (Monmouth Junction, 
USA). All cell culture supplements were obtained from ScienCell 
Research Laboratories. The cells were maintained at 37°C in a 
humidified atmosphere with 5% CO₂. Cells at passages 4–6 were 
used for experimentation when they reached 80%–90% confluence. 

Western blot analysis 
Frozen thoracic and abdominal aorta tissues stored at –80°C were 
weighed and homogenized in complete RIPA lysis buffer (contain
ing protease and phosphatase inhibitors) at a 1:1 (w/v) ratio (1 mL 
of buffer per 1 g of tissue), while HUVECs were directly lysed in the 
same buffer. The homogenates were centrifuged at 12,000 g for 
20 min at 4°C, after which the supernatant was collected for protein 
quantification via the bicinchoninic acid assay. The supernatant 
was then mixed with 5× loading buffer at a 1:4 volume ratio, and 
equal amounts of protein samples were separated via 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto polyvinylidene fluoride membranes. After being 
blocked with 5% non-fat milk for 1 h at room temperature, the 
membranes were incubated overnight at 4°C with primary 
antibodies targeting CSE (1:1000; Santa Cruz Biotechnology, Dallas, 
USA), interleukin-6 (IL-6) (1:1000; Proteintech, Rosemont, USA), 
SIRT6 (1:1000; Proteintech), intercellular adhesion molecule-1 
(ICAM-1) (1:1000; Proteintech), and GAPDH (1:5000; Proteintech) 
as loading controls, followed by incubation with appropriate HRP- 
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conjugated secondary antibody. After visualization via enhanced 
chemiluminescence (ECL) reagents (Merck, Darmstadt, Germany), 
protein signals were detected via the ChemiScope 6100 imaging 
system (CLiNX, Shanghai, China), and quantified via analysis of 
band intensities via ImageJ software. 

Vascular function measurements 
Male wild-type C57BL/6J mice were euthanized via carbon dioxide 
asphyxiation, after which their arteries were promptly transferred to 
a small dish containing Krebs-Hensleit′s (K-H) maintained at 4°C. 
Subsequently, the surrounding adipose tissues were rapidly and 
meticulously removed, and the arteries were incised into 2-mm 
segments. The rings were then inserted into the myograph using 
two stainless steel wires fixed to the jaw. The transducer was 
positioned within a DMT (Danish Myo Technology A/S, Hinnerup, 
Denmark) bath containing 5 mL of K-H solution. The temperature of 
the water bath was maintained at 37°C, and 95% oxygen was 
continuously supplied to the K-H solution. The vessels were 
adjusted to an optimal preload, equilibrated for 40 min, and then 
treated with 60 mM KCl. Once the contractions of the aortas had 
reached a plateau, the aortas were flushed with K-H solution three 
times, each occurring after 5- to 10-min intervals. After each vessel 
was initially contracted with phenylephrine (Phe, 1 μM; TCI 
Development Co., Ltd, Tokyo, Japan), a gradient of acetylcholine 
(ACh, 0.003–10 μM; Sigma-Aldrich) was employed to elicit an 
endothelium-dependent diastolic response. The non-endothelium- 
dependent diastolic response was induced by the addition of N- 
nitro-L-arginine methyl ester (L-NAME; Sigma-Aldrich) at a 
concentration of 100 μM for 30 min, followed by Phe (1 μM) and a 
gradient of sodium nitroprusside (SNP, 3 pM–0.1 mM; Sigma 
Aldrich). The responses of each vascular segment were then 
documented. 

Immunofluorescence staining 
Vessel samples were cryo-embedded in optimal cutting temperature 
(O.C.T.) compound (Sakura, Torrance, USA) and sliced into 6-μm- 
thick sections. After being blocked with 5% bovine serum albumin 
(BSA) for 1 h at room temperature, the sections were incubated 
overnight at 4°C in a humidified chamber with a mixture of primary 
antibodies diluted in 5% BSA and 1% Triton X-100, including anti- 
CSE (1:100; Santa Cruz Biotechnology), anti-IL-6 (1:100; Protein
tech), and anti-CD31 (1:400; Servicebio, Shanghai,China) anti
bodies. The next day, the slides were warmed to room temperature 
for 1 h, washed three times with PBS, and incubated for 2 h at room 
temperature with the following fluorescence-conjugated secondary 
antibodies: Cy3-labeled goat anti-rabbit IgG (1:400) and Alexa 
Fluor®488-labeled goat anti-mouse IgG (1:400; Servicebio). After 
incubation, the unbound antibodies were removed by washing 
with PBS under low light conditions. The nuclei were stained 
with DAPI-containing mounting medium, and the slides were 
shielded from light and stored at room temperature for 24 h prior to 
imaging. Fluorescence images were acquired via a fluorescence 
microscope. 

Statistical analyses 
GraphPad Prism Version software (GraphPad Software Inc., San 
Diego, USA) was used for analyses. Comparisons between two 
groups were performed via Student’s t test, whereas comparisons 
between more than two groups were performed via one-way 

ANOVA followed by the Bonferroni post hoc test. The experimental 
data are expressed as the mean ± standard error of the mean. P < 
0.05 was considered statistically significant. 

Results 
Ang II induces endothelial injury, elevates the 
expression of inflammatory factors, and reduces the 
expression of SIRT6 and CSE in mouse aortas 
Aortas incubated with Ang II (100 μM) for 24 h showed a significant 
decrease in endothelial-dependent relaxation (EDR) compared with 
those in the control group, whereas those treated with Ang II for 6 
and 12 h showed no obvious changes in EDR compared with those 
in the control group (Figure 1A). However, Ang II treatment did not 
significantly affect SNP-mediated nonendothelial diastolic function 
between the groups (Figure 1B). Therefore, Ang II treatment for 
24 h was used in the subsequent experiments. Elevated expression 
of ICAM-1 and IL-6, which are indicators of inflammatory status, 
was observed in the vessels of the Ang II group (Figure 1C–E). 
Compared with the control group, the Ang II group showed 
decreased expression of eNOS, SIRT6, and CSE (Figure 1F–I). 
These data suggest that Ang II-treated aortas exhibit increased 
production of inflammatory molecules, impaired endothelial func
tion, and decreased eNOS, SIRT6, and CSE expression.  

Exogenous hydrogen sulfide ameliorates Ang II-induced 
vascular endothelial injury, reduces the expression of 
inflammatory factors, and increases SIRT6 level 
Compared with the control group, EDR of the aorta was significantly 
impaired in the Ang II group. Notably, exogenous supplementation 
with GYY4137 (200 μM, 24 h), a slow-release hydrogen sulfide 
donor, significantly ameliorated the impaired EDR in Ang II-treated 
aortas (Figure 2A). However, no significant difference in endothe
lium-independent relaxation of the aorta was observed between the 
Ang II and GYY4137 groups (Figure 2B). Ang II-treated aortas 
showed upregulated protein expression of ICAM-1 and IL-6 and 
significantly downregulated expression of eNOS, SIRT6, and CSE, 
which was reversed by the administration of GYY4137 (Figure 2C–I). 

CSE deletion increases the expression of inflammatory 
factors and decreases eNOS, SIRT6, and CSE levels 
In mammals, the primary enzymes that catalyze the generation of 
H2S include CSE, cystathionine-synthesizing enzyme (CBS), and 3- 
mercaptopyruvate sulfurtransferase (3-MST). These three enzymes 
are expressed in a tissue-specific manner [18], with CSE playing a 
major role in the vascular endothelium. Our previous study 
revealed that H2S synthase CSE was reduced in D-gal-treated 
HUVECs, whereas the expression of CBS and 3-MST did not change 
with D-gal treatment [19]. To further investigate the beneficial 
effects of endogenous H2S on the vascular endothelium, endothelial 
CSE-specific knockout mice were constructed, and the production 
of inflammatory molecules and eNOS in the aorta was evaluated. 
Compared with those of the CSEendo+/+ aortas, the CSEendo–/– aortas 
showed a notable reduction in CSE levels (Figure 3A). Compared 
with the CSEendo+/+ aortas, the CSE–/– aortas presented significantly 
greater IL-6 levels (Figure 3B). ICAM-1 and IL-6 expression levels 
were greater in CSEendo–/– aortas than in CSEendo+/+ aortas (Figure 3C– 
E). We also found that the expression of eNOS, SIRT6, and CSE was 
significantly lower in the CSEendo–/– aortas than in the CSEendo+/+ 

aortas (Figure 3F–I). These data suggest that CSEendo–/– aortas 
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display increased production of inflammatory molecules, impaired 
endothelial function, and decreased SIRT6 expression. 

H2S supplementation reverses the elevated levels of 
inflammatory factors and decreases SIRT6 level in  
CSEendo–/– aortas 
The production of ICAM-1 and IL-6 was greater in CSEendo–/– aortas 
than in CSEendo+/+ aortas, which was reversed by GYY4137 (Figure 
4A–C). Moreover, the expression of eNOS and SIRT6 was reduced in 
CSEendo–/– aortas, which was reversed by GYY4137 (Figure 4D–F). 

H2S ameliorates Ang II-induced endothelial 
inflammation by activating SIRT6 
Treatment with the SIRT6 inhibitor OSS-128167 (200 μM) increased 
the levels of ICAM-1 and IL-6 but decreased the levels of eNOS 
and SIRT6. OSS-128167 treatment did not elicit any detectable 
alterations in CSE. However, the administration of GYY4137 
failed to reverse the OSS-128167-induced changes in HUVECs 
(Figure 5A–G). 

Discussion 
The present study revealed that Ang II decreased the expression of 
CSE and SIRT6, increased the levels of inflammatory factors, and 
induced endothelial dysfunction in the aorta. CSE deletion 
increased inflammatory factor production and impaired endothelial 
function. In contrast, H2S supplementation ameliorated endothelial 
dysfunction in mice by increasing SIRT6 production and inhibiting 
inflammatory factor expression in the aortas of CSEendo–/– mice. 

Increasing evidence suggests that inflammation plays a crucial 
role in the pathophysiology of hypertension [20]. Multiple factors 
that induce hypertension, such as Ang II, aldosterone, and high salt 
intake, promote the release of proinflammatory cytokines, such as 
interleukin 17, interleukin 6, and interferon, and the secretion of 
autoantibodies, which cause vascular injury [2]. In addition, Ang II 
leads to the overproduction of reactive oxygen species, which 
promotes endothelial dysfunction by impairing eNOS function and 
disrupting NO bioavailability [21]. To investigate the optimal 
duration of Ang II-induced endothelial injury, time points of 6 h, 
12 h, and 24 h were used to study the appropriate timing of Ang II- 

Figure 1. Ang II damages endothelial-dependent relaxation, aggravates inflammation, and reduces the expression of SIRT6 and CSE in the 
aorta (A) Measurement of endothelium-dependent relaxation in aortas. (B) Measurement of endothelium-independent relaxation in aortas. (C) 
Expression of ICAM-1 and IL-6 in aortas detected by western blotting, with GAPDH as the internal control. (D,E) Quantitative analysis for ICAM-1 
and IL-6 expression. (F) Expression of eNOS, SIRT6, and CSE in the aortas detected via western blotting. GAPDH was used as the internal control. 
(G–I) Quantitative analysis for eNOS, SIRT6, and CSE expression. Results are presented as the mean ± standard error of the mean (n = 6).  
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stimulated inflammation. Notably, vascular injury was shown to be 
most pronounced after 24 h of Ang II stimulation, which is 
consistent with the findings of a previous study [22]. Therefore, 
we selected a duration of 24 h as the processing time for Ang II 
stimulation of blood vessels. 

Studies have shown that endothelial-specific deletion of SIRT6, a 
highly conserved NAD+-related deacetylase, significantly enhances 
DOCA/salt-induced and Ang II-induced blood pressure in mice. 
SIRT6 expression is reduced in Ang II-treated endothelium, whereas 
SIRT6 overexpression reduces endothelial cell permeability and 
improves vascular endothelium-dependent diastolic function and 
NO bioavailability [23]. SIRT6 attenuates oxidative stress in 
endothelial cells by regulating protein processing in the endoplas
mic reticulum [24], suggesting the importance of endothelial SIRT6 

in the maintenance of endothelial function [23]. Our experiments 
also revealed that decreased SIRT6 was accompanied by increased 
inflammation. SIRT6 primarily binds to chromatin and is closely 
associated with chromatin remodeling, which plays a crucial role in 
regulating H3K9 and H3K56 deacetylation [25]. SIRT6 prevents 
endothelial inflammation by preventing H3K9 acetylation, thereby 
triggering Nkx3.2-GATA5 signaling under pathophysiological con
ditions [23]. Another study also revealed that SIRT6 prevents 
vascular inflammation through its deacetylation of the Nrf2- 
dependent signaling pathway [26]. In our experiments, elevated 
SIRT6 level decreased the expression of inflammatory factors, 
possibly through the deacetylation of inflammatory molecules. 

H2S counteracts cardiovascular damage caused by L-NAME- 
induced hypertension in rats via the NO/eNOS pathway [27]. 

Figure 2. GYY4137 ameliorates Ang II-induced vascular endothelial injury, reduces the expression of inflammatory factors, and increases SIRT6 
level (A) Measurement of endothelium-dependent relaxation in aortas. (B) Measurement of endothelium-independent relaxation in aortas. (C) 
Expression of ICAM-1 and IL-6 in aortas detected via western blotting, with GAPDH as the internal control. (D,E) Quantitative analysis for ICAM-1 
and IL-6 expression. (F) Expression of eNOS, SIRT6, and CSE in the aortas detected via western blotting, with GAPDH as the internal control. (G–I) 
Quantitative analysis for eNOS, SIRT6, and CSE expression. Results are presented as the mean ± standard error of the mean (n = 6).  
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Another study revealed that H2S inhibits inflammation by modulat
ing SIRT6 and is able to reduce hypertrophy in the PFC and BV2 
cells in mice with type 1 diabetes [17]. In mammals, several key 
enzymes are responsible for catalyzing the production of H2S. 
Among them, CSE, CBS, and 3-MST are the primary enzymes, with 
all three having tissue-specific expression patterns. Specifically, 
CSE plays a dominant role in H2S generation in the vascular 
endothelium [28]. Circulating and plaque H2S levels are decreased 
in mice after carotid artery ligation and in humans with 
atherosclerosis. CSE deficiency damaged the anti-adhesive function 
of the endothelium, attracted more monocytes, caused endothelial 
dysfunction, and accelerated atherosclerosis. However, exogenous 
H2S reversed these effects [29]. CSEendo–/– mice showed decreased 
level of circulating H2S, thickened endocardium, increased heart 
fibrosis, and impaired cardiovascular function. In contrast, CSE 
overexpression in endothelial cells increased H2S, reduced en

dothelial-to-mesenchymal transition and fibrosis, and preserved 
cardiac and endothelial functions [30]. Thus, the CSEendo–/– model is 
ideal for studying the impact of H2S on cellular inflammation and 
cardiovascular diseases. Our study also revealed that endothelium- 
specific knockdown of CSE increased ICAM-1 and IL-6 levels but 
decreased eNOS, SIRT6, and CSE levels, which were reversed by 
GYY4137 supplementation. 

H2S has been shown to prevent endothelial dysfunction by 
modulating multiple intracellular signaling pathways, which reduce 
the levels of inflammatory factors, including IL-1β, TNF-α, and IL-6, 
in endothelial cells [31]. In the present study, we found that 
GYY4137 supplementation reversed the elevated expression of IL-6 
and ICAM-1 and the damage to endothelial function caused by Ang 
II and CSE knockdown, suggesting that H2S ameliorated Ang II- 
induced endothelial dysfunction by suppressing the production of 
inflammatory molecules. H2S inhibits the inflammatory response 

Figure 3. Decreased endogenous hydrogen sulfide increases the expression of inflammatory factors and decreases the levels of eNOS, SIRT6, and 
CSE (A) Immunofluorescence staining of CD31 and CSE in the aortas. (B) Immunofluorescence staining of CD31 and IL-6 of aortas. Scale bar: 
100 μm. (C) Expression of ICAM-1 and IL-6 in the aortas detected via western blotting, with GAPDH as the internal control. (D,E) Quantitative 
analysis for ICAM-1and IL-6 expression. (F) Expression of eNOS, SIRT6, and CSE in the aortas detected via western blotting, with GAPDH as the 
internal control. (G–I) Quantitative analysis for eNOS, SIRT6, and CSE expression. Results are presented as the mean ± standard error of the mean 
(n = 6).  
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and protects neurons from microglial activation-induced death by 
upregulating SIRT6 expression, enhancing the interaction between 
SIRT6 and H3K9ac, and downregulating Notch1 expression [17]. 
Our experiments revealed that SIRT6 levels were reduced in Ang II- 
treated aortas. Administration of a SIRT6 inhibitor to HUVECs 
increased the expression of the inflammatory factor IL-6 and 
decreased the production of eNOS, CSE, and SIRT6, which could not 
be ameliorated by GYY4137. 

Nevertheless, the present study has several limitations. We did 
not directly examine H2S level in the endothelium. Previous studies 
conducted by our research group demonstrated a positive correla
tion between H2S levels and CSE expression in tissues [32]. SIRT6 
also protects the endothelium by deacetylating MRTF-A [33]. 
Consequently, the specific mechanism by which SIRT6 inhibits 
inflammation remains to be investigated. In future studies, we plan 
to determine whether SIRT6 exerts its vascular protective function 
through deacetylating proteins. 

In summary, the present study revealed that aortas cultured with 
Ang II presented significantly elevated expression of IL-6 and ICAM- 
1 and impaired endothelial function. Moreover, endothelial CSE- 

specific knockout mice presented elevated levels of inflammatory 
molecules and endothelial dysfunction, which were reversed by 
GYY4137 supplementation. These findings suggest that H2S 
ameliorates Ang II-induced endothelial dysfunction by inhibiting 
inflammatory responses. As such, H2S supplementation may be a 
new therapeutic approach for the treatment of Ang II-induced 
hypertension through its ability to inhibit inflammation in the 
endothelium. 
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Expression of ICAM-1 and IL-6 in aortas detected via western blotting, with GAPDH as the internal control. (B,C) Quantitative analysis for ICAM-1 
and IL-6 expression. (D) Expression of eNOS and SIRT6 in the aortas detected via western blotting, with GAPDH as the internal control. (E,F) 
Quantitative analysis for eNOS and SIRT6 expression. Results are presented as the mean ± standard error of the mean (n = 6).  
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