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Th17/IL-17 induces endothelial cell senescence via activation of
NF-κB/p53/Rb signaling pathway
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Cellular senescence is a key mechanism of age-related vascular endothelial dysfunction. Interleukin-17A (IL-17A) is an inflammatory
cytokine produced by Th17 cells (a subgroup of helper T cells), which is a key factor in the development of atherosclerosis.
However, the effect of IL-17A on the senescence of vascular endothelial cells is still unclear. In this study, we aimed to explore the
role of IL-17A on endothelial cell senescence and its signaling pathways associated with senescence. The proportion of Th17 cells in
the spleen and the expression levels of IL-17A, IL-6, and vascular cell adhesion molecule-1 (VCAM-1) in mice of different ages were
increased with aging. In vitro experiments showed that proliferation was inhibited, senescent β-galactosidase and senescence-
associated proteins (p16, p19, p21, and p53) of mouse aortic endothelial cells (MAECs) were increased with IL-17A treatment.
Blocking the NF-κB pathway with ammonium pyrrolidinedithiocarbamate (PDTC) successfully inhibited IL-17A-induced expression
of senescence-associated proteins. In conclusion, our data reveal a previously unsuspected link between IL-17A and endothelial cell
senescence, which was mediated by the NF-κB /p53/Rb pathway.
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INTRODUCTION
Aging is characterized by gradual deterioration, dysfunction, and
structural changes of cells, tissues, and organs in the human body.
It closely relates to the development of various age-dependent
chronic diseases, such as diabetes, cancer, and neurodegenerative
and cardiovascular diseases. Multiple theories on the aging
mechanism have been proposed by previous studies, mainly
including oxidative free radicals, telomere shortening, epigenetic
modification, longevity genes, and inflammation [1–5]. The p53
protein, which is a specific transcription factor, is involved in the
molecular mechanisms of the cell cycle and senescence. Another
protein that plays an essential role in the regulation of senescence
is Rb, a DNA-binding protein found in the nucleus that promotes
cell cycle arrest [6, 7]. NF-κB binds specifically to the κB site of the
promoter or enhancer regions of various cytokines and adhesion
factors, which regulate cell differentiation, growth, senescence,
apoptosis, and inflammatory responses [8].
Endothelial cell senescence is one of the leading causes of

vascular structural changes and vascular dysfunction, that are
considered the pathological basis of atherosclerosis (AS) and acute
coronary syndrome [9, 10]. However, it has been rarely examined
whether inflammation links to the process of endothelial cell
senescence. T helper-17 (Th17) cells mainly secrete interleukin 17
that induces immune responses in various tissues by stimulating the
expression of other inflammatory cytokines, such as IL-6 and
chemokines, such as MCP-1, which are in turn crucial for the

development of inflammatory and autoimmune diseases [11–13]. As
a subtype of CD4+ T helper cells, Th17 cells appear to be pathogenic
in AS due to their pro-inflammatory effects [14]. However, the
mechanism of Th17 in endothelial senescence remains unclear.
In the present study, we explored the role of Th17/IL-17A in the

senescence of vascular endothelial cells and the association
between Th17/IL-17A and age-related NF-κB and the p53/Rb
signaling pathways.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice were purchased from the Institute of Model Animals of
Nanjing University (Nanjing, China) and housed in groups under specific
pathogen-free (SPF) conditions. The mice were used at the age of
6–8 weeks (young mice), at the age of 11–13 months (middle-aged mice),
or at the age of 18–24 months (old mice). Five mice were housed in each
cage and maintained at 25 °C in an atmosphere-controlled room with a 12-
h light-dark cycle. In this experiment, we collected 200 μl blood from retro-
orbital sinus of mouse after anesthesia with 10mg/ml ketamine and 1mg/
ml xylazine in 0.9% saline. Then mice were sacrificed by cervical dislocation
and tissues were collected. The spleen and aorta of mice were dissected in
a sterile environment in the hood. Then the spleen and aorta of mice were
dissected in a sterile environment. The study protocol was approved by the
Biomedical Ethics Committee of Anhui Provincial Hospital (Hefei, Anhui,
China). All handling and management procedures were following the
guidelines of experimental animal administration.
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ELISA assay
Nine serum samples were obtained from each age group. After the mice
were anesthetized, 200 μl blood was collected from retro-orbital sinus. IL-
17A, IL-6, IL-1β, and VCAM-1 were measured in serum samples using a
mouse ELISA kit following the manufacturer’s recommendations (Lifespan
Biosciences Inc, Seattle, WA). IL-17A, IL-6, IL-1β, and VCAM-1 levels in serum
were detected and were normalized to the corresponding protein levels.

H&E staining and immunohistochemical analysis
The expression of VCAM-1, IL-17A, and IL-17RA in the arteries of each age
group was detected by immunohistochemical staining (n= 10). H&E
staining was performed by the recommended method of the instruction
manual. Paraffin sections were placed in xylene and in a series of ethanol
for dewaxing. The slices were washed with tap water, sliced into
hematoxylin staining, washed again with tap water and stained with
eosin. Subsequently, the slices were washed with tap water and finally
dehydrated in absolute ethanol and xylene and sealed. The sections were
viewed with a fluorescence microscope (Nikon, Japan) and analyzed using
the Image J software.
Immunohistochemical staining was performed using the recommended

method of the instructions. Paraffin sections were deparaffinized and
incubated in 3% H2O2 in the dark. The sections were repaired with citrate
buffer microwave antigen and the blocking solution was added. A total of
100 μl diluted anti-mouse IL-17A (1:200, Abcam, ab91649), Il-17RA (1:200,
Abcam, ab218249), and VCAM-1 (1:200, Abcam, ab134047) antibody was
added dropwise at 4 °C overnight. The slides were washed with PBST three
times. Hundred microliter of biotinylated goat anti-rabbit IgG (Abcam,
ab6721) was added dropwise and following incubation at room
temperature for 1 h, the DAB solution was added, and the samples were
counterstained with hematoxylin. The slides were dehydrated in ethanol
and the staining results were observed microscopically.

Cell culture
After the five mice in each age group were sacrificed by cervical
dislocation, the thoracic aorta and abdominal aorta were collected, and
mouse aortic endothelial cells (MAECs) were isolated and cultured in vitro.
The specific method was as follows: the residual blood in the blood vessel
was washed with PBS buffer, then the blood vessels were digested with
0.5% collagenase and bathed in water at 37 °C for 30min. The digested
cells were seeded in 6-well culture plates pre-coated with 10 μg/ml
fibronectin and grown in endothelial cell medium 1640 with 20% FBS in a
humidified atmosphere at 37 °C in the presence of 5% CO2. When the
number of MAECs in each well reaches 5 × 105, the cells were passaged.
The third generation of MAECs were used for cell experiments in vitro.
CD31 and CD105, endothelial cell specific markers, were detected by flow
cytometry for cell identification. Anti-mouse PE-conjugated CD31 antibody
(0.125 μg/test, eBioscience; Thermo Fisher Scientific, Inc., 130-111-540), and
anti-mouse APC-conjugated CD105 antibody (0.2 μg/test, eBioscience;
Thermo Fisher Scientific, Inc., 17-1051-80) were used here.

Direct detection of Th17 cells
The percentage of Th17 cells in mice spleen was detected by flow
cytometry. There were ten mice in each group. Fresh spleens were
removed from mice, dissociated in 1640 (Gibco, USA) with sterile needles
and passed through 40 μm strainer steel mesh screens to yield single-cell
suspensions. ACK lysis buffer was added to the solution for 1 min to
eliminate red blood cells. Splenic lymphocytes were isolated and
resuspended in RPMI 1640 (Gibco, USA) and cell viability was detected
by tryphan blue staining and estimated to >95%. IL-17 and CD4, Th17 cell
specific markers, were detected by flow cytometry: anti-mouse PE-
conjugated IL-17 antibody (0.5 μg/test, eBioscience, 25-7177-82), and
anti-mouse FITC-conjugated CD4 antibody (0.5 μg/test, eBioscience, 11-
0042-82) were used here.

Induction of Th17 cells and estimation of their number in vitro
The percentage of Th17 cells in mice spleen was detected by flow
cytometry. There were ten mice in each age group. Spleen single-cell
suspension was obtained and immature T cells were classified according to
the instructions of the magnetic sorting kit (Miltenyi Biotec, USA).
Following centrifugation, the cell density was adjusted to 1 × 106 cells/ml
in the intact medium containing 10% FBS. Before magnetic bead sorting,
the anti-mouse CD3 (10 μg/ml) was wrapped in U-bottom 96-well plates
and coated overnight at 4 °C. The naive T cells were inoculated into U-

bottomed 96 wells and the control group contained only complete
medium, whereas the induction group contained 8 μg/ml CD28, 5 ng/ml
TGF-β, 40 ng/ml IL-6, 30 ng/ml IL-23, 10 μg/ml anti-IFN-γ, and 10 μg/ml
anti-IL-4. The medium was changed every other day and the culture
supernatant was drawn. A total of 100 μl fresh medium was added and
supplemented with cytokines. The cells were cultured for 5 days and
transferred to a 24-well plate in the presence of 2 μl/ml cocktail. Following
5 h of stimulation, the percentage of Th17 cells was measure by flow
cytometry as described above.

Cell cycle analysis
Cell cycle analysis was performed following treatment of MAECs with
different concentrations of IL-17A and staining with Propidium Iodide (PI)
(Nanjing, Jiangsu, China). The stained cells were analyzed by monochrome
fluorescence in a lymphocyte gate using a FACS Calibur (BD Biosciences,
Heidelberg, Germany).

Western blot analysis
Western blot analysis was used to detect pathway proteins, such as p53, p21,
p19, p16, Rb, and NF-κB in MAECs. Initially, total protein was extracted from
the cells of each group using RIPA lysis buffer (0.1M PBS, pH 7.4 containing
1% deoxycholic acid sodium, 0.2% SDS, and protease inhibitors) and the BCA
method was used for protein quantification. The protein samples were
subsequently electrophoresed on 12% SDS-PAGE gels and transferred onto
PVDF membranes. The membranes were blocked with 5% w/v skim milk in
TBST (TBS, 0.1% Tween-20) at room temperature for 1 h and incubated with
the following primary antibodies overnight: anti-β-actin (1:10,000, Protein-
Tech Group, Inc., 20536-1-AP), anti-p53 (1:3000, ProteinTech Group, Inc.,
21891-1-AP), anti-p21 (1:800, ProteinTech Group, Inc., 27296-1-AP), anti-p19
(1:800, ProteinTech Group, Inc., 10272-2-AP), anti-p16 (1:1000, ProteinTech
Group, Inc., 10883-1-AP), anti-Rb (1:500, ProteinTech Group, Inc., 10048-2-Ig),
anti-NF-κB p65 (1:1000, ProteinTech Group, Inc., 10745-1-AP), anti-p-NF-κB
p65 (1:1000, Cell Signaling Technology, Inc., #3039). Following washing with
PBS, the membranes were incubated with 1:8000 anti-rabbit IgG/HRP
secondary antibody (from Zhong Shan Gin Bridge Biotechnology) at room
temperature for 2 h, washed three times and the resulting signals were
imaged using ECL reagents (Beyotime Institute of Biotechnology, China). For
quantitative analysis, the bands were detected with scanning densitometry
using Image Lab software (Bio-Rad Company, USA). The experiment was
repeated three times.

β-galactosidase (β-gal) staining
β-gal staining was performed using the recommended method of the
instruction manual. Following transfer of the cells onto slides, the latter
were removed and the cells were fixed with the fixing solution in the kit for
15min. The fixing solution was removed and the slides were washed with
distilled water three times. The slides were subsequently dried on water
and the prepared staining solution was added (a.930 μl 1× Staining
Solution, b. 10 μl 100× Solution A, c. 10 μl 100× Solution B, d. 50 μl 20mg/
ml X-gal stock solution). Finally, the slides were incubated overnight in a
carbon dioxide-free incubator. The plate was sealed with 70% glycerol and
stored at 4 °C. Senescence-associated (SA)-β-gal-positive cells were
observed under microscopy and over 400 cells were counted in three
independent fields.

Immunofluorescence microscopy
MAECs were seeded in 6-well plates with a density of 1 × 105, covered with
sterile slides and subsequently fixed at room temperature for 10–15min
with 4% paraformaldehyde. The slides were rinsed with PBS for 5 min × 3
times. The fixed cells were permeabilized with PBS containing 0.5% Triton
X-100 for 10min and rinsed with PBS for 5 min × 3 times again. The nuclei
were stained with 1 μg/ml DAPI solution for 5 min. Following PBS washing
and sealing, senescence-associated heterochromatic foci (SAHF) were
detected using a Carl Zeiss Axioplan 2 fluorescence microscope (Carl Zeiss,
Jena, Germany). Fluorescence images were analyzed using the ImageJ
software.

Statistical analysis
All statistical analyses were performed using the SPSS software, version
24.0. The data are expressed as mean ± standard deviation (SD).
Comparisons between groups were performed using one-way ANOVA
with Bonferroni correction. Statistical significance was set at P < 0.05.
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RESULTS
The aging changes the morphology of the artery and
upregulates Th17 cell population and IL-17A, IL-6, VCAM-1
H&E staining indicated that the arterial endothelial cells in the
young group were continuous and smooth, while the smooth

muscle cells in the middle layer were arranged neatly; both the
endothelial cells and smooth muscle cells in the old group were
disordered and misarranged. However, the endothelial cells and
the smooth muscle cells in the middle-aged group were better
than those in the old group (Fig. 1A). During the aging process,

Fig. 1 The morphology of mouse arteries and the expression of Th17 cells and IL-17A, IL-6, VCAM-1 of different age mice. A Hematoxylin-
eosin (H&E) staining was performed in order to stain the cytoplasm red and the nucleus blue (Original magnification: ×400). B Immunohistochemical
staining was used to detect the expression of VCAM-1 in the arteries of young (6–8 weeks), middle-aged (13 months) and old mice (18–24months)
(n= 10). The positive areas were stained brown by diaminobenzidine and the negative areas were stained blue by hematoxylin (Original
magnification: ×400). C The percentage of Th17 cells was detected by flow cytometry in mouse spleen cells following stimulation (n= 10).
D The percentage of the Th17 cells was detected by flow cytometry following induction of spleen cell suspension by Th17 classical induction
protocol (n= 10). E The expression levels of IL-17A, IL-6 and VCAM-1 in the serum were detected by ELISA (n= 9). *P< 0.05, **P< 0.01.
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the expression levels of VCAM-1 were significantly higher in the
arteries from the old mice than in the arteries in the young and
middle-aged mice (Fig. 1B).
The percentage of CD4+IL-17+ Th17 cells in the spleen cells was

directly detected by cocktail stimulation and was estimated to
0.73 ± 0.18% for young mice, 1.22 ± 0.15% for middle-aged mice
and 2.70 ± 0.23% for aged mice, respectively. The percentage of
Th17 cells was increased with age. The percentage of Th17 cells in
aged mice was significantly higher than that in the young and
middle-aged groups (Fig. 1C). Subsequently, the spleen cell
suspension of each group was induced by the Th17 cell classical
induction protocol introduced in methods and materials. The data
demonstrated that the change in the percentage of Th17 cells was
similar. Following induction, the percentage of Th17 cells in aged
mice was 44.01 ± 7.73%, which was significantly higher than that
noted in young (24.02 ± 4.23%) and middle-aged group (33.86 ±
6.15%) mice (Fig. 1D).
The concentrations of IL-17A, IL-6, and VCAM-1 in the serum of

aged mice were increased significantly compared with those
noted in the serum of young and middle-aged mice (Fig. 1E). IL-17
is a cytokine secreted by Th17 cells and is an early promoter of T
cell-induced inflammatory responses. IL-6 is another aging-related
inflammatory factor. In the present study, VCAM-1 was expressed
in low levels in the normal state and was mainly localized on the
surface of endothelial cells. The three cytokines examined
indicated a gradual increase in their levels during aging.

Senescent endothelial cells and senescence-related protein
expression in old mice are higher than younger mice
Aortic vessels were removed from young, middle-aged, and old
mice for primary endothelial cell culture. The primary endothelial
cells of each group were cultured in vitro and were identified by
immunocytochemical staining and flow cytometry. The expression
levels of von Willebrand Factor (vWF) were detected by
immunohistochemistry and the expression of CD31 was measured
by flow cytometry. The results indicated that the percentage of
endothelial cells in each group was higher than 99% (Fig. 2A).
In addition, the percentage of (SA)-β-gal-positive cells of

endothelial cells in old mice was significantly increased than that
in young and middle-aged mice according to the results of β-
galactosidase staining (Fig. 2B). The SAHF phenomenon of primary
endothelial cells in each group was observed, reflecting the
degree of endothelial cell senescence. Following DAPI staining,
the SAHF phenomenon of primary endothelial cells in old mice
was more significant than that noted in young and middle-aged
mice as determined by fluorescence microscopy (Fig. 2C).
The primary endothelial cells of each group were collected, and

total protein was extracted. The expression levels of aging-related
proteins, such as Rb, p16, p19, p21, and p53, were evaluated by
western blot analysis. In this experiment, the expression levels of
p16, p19, p21, p53, and Rb in aged primary endothelial cells were
significantly higher than those in young and middle-aged mice,
suggesting that p53/p19/p21 and p16/Rb may be involved in the
aging process of endothelial cells (Fig. 2D).

Senescence of MAEC induced by IL-17A in vitro
IL-17A intervention experiments were performed in vitro. We
found that when different concentrations of IL-17A were applied
to the MAEC line, the percentage of (SA)-β-gal-positive cells, which
reflects endothelial cell senescence (Fig. 3A), was significantly
increased. Notably, at a concentration of 5 ng/ml, the positive rate
of SA-β-GAL was approximately 70%. Subsequently, the total
protein of the MAEC treated with different concentrations of IL-
17A was extracted, and the expression levels of senescence-
associated pathway proteins, such as p53, p19, p21, Rb, and p16
were detected. Following 5 ng/ml of IL-17A intervention, the
expression levels of the associated-senescence pathway proteins
were significantly increased compared with those in the

non-intervention group (Fig. 3B). Therefore, the concentration of
5 ng/ml was selected for subsequent experiments.

IL-17A intervention on MAEC resulted in a significant increase
in IL-17RA expression and in cell cycle arrest
IL-17A exerts an effect by binding to IL-17RA. This binding occurs
on the endothelial cell membrane and activates various
senescence-related molecular pathways in the cell. The present
study demonstrated that the levels of IL-17RA on MAEC were
significantly increased following 5 ng/ml IL-17A intervention
(Fig. 4A). The expression levels of IL-17A and IL-17RA were
significantly higher in the arteries derived from old mouse arteries
compared with those of the young and middle-aged mice (Fig. 4B).
In addition, the proportion of endothelial cells at the G0/G1 phase
was significantly increased following incubation of MAEC with
5 ng/ml IL-17A, which reflected the attenuation of cell proliferation
following IL-17A intervention (Fig. 4C).

IL-17A upregulates NF-κB signaling and induces senescence in
MAEC in vitro
Subsequently, the expression levels of nuclear factor-κB (nuclear
factor-kappaB, NF-κB) were assessed. NF-κB is a cell signaling
pathway protein, which acts upstream of p53/Rb. Our results
indicated no significant differences in the NF-κB total protein
levels in MAEC following the intervention of the cells with 5 ng/ml
IL-17A. However, the expression levels of the phosphorylated
protein p-NF-κB was significantly elevated compared with those of
the control group (Fig. 5A), suggesting that this pathway may be
involved in the action of IL-17A.
To explore the role of the NF-κB pathway in the effects of IL-17A

on endothelial senescence, we added PDTC (ammonium pyrroli-
dinedithiocarbamate, an NF-kappa B inhibitor) in the control and
IL-17A intervention groups respectively, and observed the
changes in the expression levels of each aging pathway protein.
The expression levels of p16, p19, and p21 were significantly lower
in the IL-17A+ PDTC group than those in the IL-17A intervention
group (Fig. 5B).

DISCUSSION
Aging results from an accumulation of stress, injury, infection,
decline of the immune response and metabolic disorders that lead
to a gradual deterioration in cells and tissues. The aging body is
generally in a slight state of chronic inflammation and increased
serum levels of inflammatory cytokines, such as IL-6, TNF-α, and
acute-phase proteins [15, 16]. One of the reasons for chronic
inflammation is associated with the aging of our immune system
including both the adaptive and the innate types [17]. A low
production of naïve T cells that occurs due to thymus involution
leads to decreased proliferation of T cells against a stimulus and
accumulation of memory T cells by chronic infections [18–20]. In
the present study, we explored the association of Th17/IL-17A
with vascular endothelial senescence. We provided evidence that
the percentages of Th17 cells in the spleen and the concentrations
of IL-17A in the serum from aged mice were increased. The
expression levels of the senescence-associated proteins and the
phosphorylated form of NF-κB were also elevated. The results may
suggest that IL-17A induces endothelial cell senescence by NF-κB-
related p53/Rb pathway.
Vascular senescence has been the focus of clinical investiga-

tions, as it may increase the risk of cardiovascular disease. Previous
studies have demonstrated that Th17 and IL-17A play an essential
role in infectious and autoimmune diseases [21–23]. Recently,
several studies have shown that Th17 and IL-17A are involved in
the progression of cardiovascular diseases, such as acute
myocardial infarction and cerebral infarction [24–26]. Consistent
with the result reported in our previous research, the percentage
of Th17 cells and the levels of serum IL-17A in patients with
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atherosclerotic cerebral infarction were elevated compared to
those of healthy subjects of the same age [27]. The potential
mechanism may be attributed to the proinflammatory role of IL-
17A in the local inflammation environment on the vessel wall by

inducing the production of cytokines and chemokines in
endothelial cells or smooth muscle cells, which will in turn recruit
neutrophils and monocytes to the inflammatory sites. These
factors include IL-6, tumor necrosis factor-α and chemokines, such

Fig. 2 Immunological identification, senescence staining and SAHF observation of the primary endothelial cells from each group. A The
expression levels of vWF and CD31 were detected by immunohistochemistry and flow cytometry. Left: VWF immunocytochemical staining
results (Original magnification: ×200); right: flow cytometry analysis. The percentage of endothelial cells in each group was more than 99%.
B β-galactosidase staining indicated that the percentage of (SA)-β-gal-positive cells in the endothelial cell group of old mice was significantly
increased than that in young and middle-aged mice (Original magnification: ×200). C DAPI staining and fluorescence microscopy were used to
observe the SAHF phenomenon of primary endothelial cells in each group (Original magnification: ×400). D The expression levels of
senescent proteins were detected by western blot analysis and were significantly increased in arterial endothelial cells of mice of different
ages (n= 3). **P < 0.01.

L. Zhang et al.

1422

Laboratory Investigation (2021) 101:1418 – 1426



Fig. 3 Effects of different concentrations of IL-17A on senescence of mouse aortic endothelial cells. A The senescent cells were stained
blue by β-galactosidase staining and the proportion of positive cells in a total number of 400 cells was counted (Original magnification: ×400).
B Western blot analysis was used to assess the levels of the associated senescence pathway proteins following different concentrations of IL-
17A treatment on mouse aortic endothelial cells. **P < 0.01.

Fig. 4 Flow cytometry and immunohistochemistry were used to detect the expression levels of the IL-17A/IL-17 receptor A (IL-17RA) and
to assess the endothelial cell cycle. A CD105 was used as an endothelial cell marker molecule. The expression levels of IL-17RA on endothelial
cells was detected by flow cytometry. B The expression levels of IL-17A/IL-17RA in mice arteries (n= 10). The positive areas were stained
brown by diaminobenzidine and the negative areas were stained blue by hematoxylin as determined by the results of immunohistochemical
staining (Original magnification: ×400). C Analysis of the MAEC cell cycle was performed with propidium iodide (PI). The analysis index is the
percentage of cells in the G0/G1 phase. **P < 0.01.
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as CXCL8, CCL2, and CXCL1 [28–30]. In the present study, we
found that the expression levels of IL-17A, IL-6, and the vascular
cell adhesion molecule VCAM-1 were elevated in peripheral blood
samples from healthy aged mice compared to those of young or
middle-aged mice. Excessive secretion of IL-6, which is a multi-
directional pro-inflammatory cytokine and a key factor in
apoptosis, promotes cell cycle arrest and senescence together
with p53 and Rb [31, 32]. VCAM-1 is a crucial molecule secreted
highly by the endothelium during vascular inflammation. It can
participate in the inflammatory response by mediating the
adhesion cascade reaction between white blood cells and vascular
endothelial cells [33]. The promoter region of the VCAM-1 gene
has the binding site of the transcription factor NF-κB that is
activated in inflammation [34]. The accumulation of the afore-
mentioned inflammatory factors in aged blood vessels is likely to
promote age-related functional decline and lead to diseases, such
as atherosclerosis.
IL-17RA is widely expressed in epidermal cells, endothelial cells,

fibroblasts, macrophages and dendritic cells [35]. It has been
reported that IL-17A binds to its receptor and further activates NF-
κB through the signal transduction complex IL-17R-Act1-TRAF6
[36]. Our results indicated that the expressions of IL-17RA and
phosphorylated NF-κBp65 were elevated in MAEC following IL-
17A stimulation, which might suggest that IL-17A binds to IL-17RA
on the endothelial cell membrane in order to induce endothelial
cell senescence through the NF-κB signaling pathway.
Another prominent feature of senescent cells is the perma-

nently arrested state of cell growth. The cell cycle consists of the
mitotic phase (M) and the intermitotic phase (G1, S, G2 phase). The

majority of the senescent cells are arrested in the G1 phase of the
cell cycle, since a crucial checkpoint determines whether cells can
pass from the G1 to the S phase [37]. This checkpoint is mainly
executed by the Rb and p53 tumor suppressor pathways. Rb is a
nuclear transcription factor that combines the transcription factor
E2F before phosphorylation. When Rb is phosphorylated progres-
sively by Cdk4/6 complexes it can release E2F, promoting a series
of transcription factors necessary for the S phase. p16 is a Cdk4/6
inhibitor, which arrests cells in the G1 phase by indirectly
inhibiting Rb phosphorylation [38]. p53 is considered the guardian
of the genome, which is activated in response to DNA damage
and is responsible for maintaining the genetic integrity in the G1
phase. Once activated, it can trigger the expression of several
genes that influence cell cycle arrest and DNA repair. P21, one of
the downstream genes of P53, is a cyclin-dependent kinase
inhibitor (CDKi), which prevents Rb phosphorylation by inhibiting
the activity of cyclin-dependent kinase enzymes. In addition, P19
is also involved in regulating of the cell cycle as an upstream gene
of p53. It binds and inhibits mdm2, an ubiquitination ligase that
mediates p53 degradation to increase the expression levels of p53
[39]. During the process of senescence, the p19/p53/p21 or the
p16/Rb pathways are often activated. In the present study, the
expression levels of the key proteins p53, p19, p21, Rb, and p16 in
the aged primary endothelial cells were increased significantly
compared with those noted in the young mice, indicating that
these key proteins did play a role in the aging process. To further
explore the mechanism of IL-17A on cell senescence, intervention
experiments of IL-17A on MAEC were conducted in vitro. SA-β-
GAL activity in MAEC was elevated following the increase in the IL-

Fig. 5 The expression levels of NF-κB, its phosphorylated proteins and those of the p53/Rb senescence pathway proteins were detected
by western blot analysis. A The expression levels of NF-κB and its phosphorylated proteins in MAEC were detected by western blot analysis
following incubation with 5 mg/ml IL-17A. B The expression levels the senescence proteins in MAEC were detected by western blot analysis
following incubation with IL-17A and IL-17A+ PDTC, respectively. *P < 0.05, **P < 0.01.
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17A concentration. The percentage of the G0/G1 phase in
endothelial cells was significantly increased following incubation
with 5 ng/ml IL-17A. In addition, the expression levels of the
proteins p53, p19, p21, Rb, and p16 were also enhanced following
an increase in the concentration of IL-17A.
The NF-κB-regulated p53 pathway may contribute to the

inflammatory response and cell death [40]. According to our
results, the expression levels of p16, p19, p21, and Rb were
significantly decreased following induction by PDTC and IL-17A
compared with the IL-17A treatment group. The present study
demonstrated that NF-κB not only played a role in inflammation
but also promoted endothelial cell senescence by regulating the
expression of cell cycle-related proteins.
In conclusion, the present study explored the role and

mechanism of Th17/IL-17A in endothelial senescence. The
percentage of Th17 cells and the expression levels of IL-17A
were significantly increased in the aged mice. IL-17A may
upregulate the expression levels of IL-17RA on the endothelial
cell membrane and further regulate the expression levels of the
inflammatory cytokines and cell cycle-related proteins, which are
dependent on the NF-κB pathway. This suggested a new IL-17A-
dependent pathway that contributes to endothelial senescence
via activation of the NF-κB/p53/Rb signaling pathway.

DATA AVAILABILITY
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