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The initiation of atherosclerosis (AS) is attributed to the dysfunction of endothelial cells (ECs) via the inhibition
of g protein-coupled estrogen receptor (GPER). In the current study, we assessed the potential of Ginsenoside
Rb1 (Rb1) to attenuate the dysfunction of ECs via GPER-mediated PI3K/Akt pathway.

AS was induced in rabbits and then the AS rabbits were treated with Rb1. Thereafter, the ECs were isolated
from AS and healthy rabbits, and treated with Rb1. The effect of Rb1 on blood lipid levels in AS rabbits and on
apoptosis, inflammatory response, and GPER/PI3K/Akt axis activity in ECs was detected. Furthermore, the ac-
tivities of GPER and PI3K were modulated to verify the key role of the axis in the anti-AS effect of Rb1.

The levels of total cholesterol, low-density lipoprotein (LDL), and triglyceride in AS rabbits were suppressed by
Rb1 while the high-density lipoprotein (HDL) level was increased. In in vitro assays, Rb1 administration inhib-
ited apoptosis process and the production of pro-inflammation cytokines in AS ECs. The expression levels of
GPER, p-PI3K, and p-Akt were upregulated by Rb1, associated with the increased level of Bcl-2 and reduced level
of Bax. When the activity of GPER was inhibited by GP-15 in AS ECs, the treatment effect of Rb1 was blocked.
However, the activation of PI3K could restore the protective effect of Rb1 after the inhibition of GPER.

The anti-AS potential of Rb1 was exerted by restoring the regular function of ECs via the activation of GPER-
mediated PI3K/Akt signaling.

Endothelial Cells ¢ Ginsenosides ¢ Phosphatidylinositol 3-Kinases
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Background

Endothelial cells (ECs) are both the source for the development
of atherosclerosis (AS) and the target for the treatment of the
disorder [1]. The cells are the major component forming the
inner surface of arteries [2]. Under normal physiological con-
ditions, ECs play important roles in regulating inflammation,
vascular smooth muscle cell growth, vasomotion, platelet func-
tion, and other key biological processes by producing a number
of vasoactive and trophic substances [3,4]. However, once the
balance between vasodilating and vasoconstricting substances
produced by ECs is impaired, atherosclerotic plaque will grad-
ually aggregate and induce atherogenesis [5,6]. The process
is also referred to as EC dysfunction, which has been identi-
fied as a central event in the early stage of AS development.

The EC dysfunction process can be induced by multiple factors,
including suppressed nitric oxide generation, oxidative stress,
and induced production of adhesion molecules [7,8]. In pre-
vious reports, it is found that the initiation of AS is associat-
ed with increased production of VCAM-1, ICAM-1, E-selectin,
and reactive oxygen species (ROS), and decreased secretion of
NO [9-11], which supports the theory that EC dysfunction is
key to the progression of AS. Moreover, a study by Pircher et al.
also indicates that the dysfunctional ECs can futher increase the
production of ROS and promote the inflamamtory and throm-
bosis processes associated with AS [12]. Therefore, restoring
the regular function of ECs has been proposed as a promsing
treatment strategy for managing AS in recent years [13,14].

Multiple molecular alterations involved in the initiation of EC
dysfunction are being identified, of which G protein-coupled
estrogen receptor (GPER) is predominantly expressed in ECs
and vascular smooth muscle cells [15] and has been proved
to be a key factor related to the development of AS [14,16].
For example, Kong et al. showed that GPER is involved in the
protective effect of protocatechuic aldehyde against EC dys-
function [14]. As a typical receptor of estrogen, the activation
of GPER is conceived to be the central factor contributing the
anti-atherogenic effect of estrogen [14,1, 17]. GPER is the up-
stream regulator of numerous pathways that are critically in-
volved in EC dysfunction and AS progression, including PI3K/Akt
and NF-kB [13,18,19]. Regarding the role of the PI3K/Akt path-
way in the dysfunction of ECs, it is proved that the activation
of the pathway can protect ECs from impairments associat-
ed with the dysfunction [20,21]. These findings show that the
specific activation of GPER might be a potential strategy to re-
store EC function and to treat AS.

Ginseng is a traditional herbal medicine that has been widely
used in Eastern Asia for its restorative properties [22]. Regarding
its effect on AS, previous studies have already shown that the
most abundant active component of ginseng, Ginsenoside
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Rb1 (Rb1), reduces lipid accumulation in macrophage foam
cells and enhances atherosclerotic plaque stability [22]. In addi-
tion, the close interaction between Rb1 and the PI3K/Akt path-
way also supports the anti-atherogenic function of the com-
pound [23]. Therefore, it was reasonable to assess the effect
of Rb1 on dysfunctional ECs as well as on the activity of GPER
in those cells, which would not only explain the mechanism
driving the anti-atherogenic function of Rb1, but also provide
a novel treatment agent against EC dysfunction.

To fulfill the research purpose, in the current study, AS was
induced in rabbits using high-fat diet plus balloon catheter
method and treated with Rb1 at different doses. Then, the ECs
were isolated from AS and healthy rabbits to detect the effect
of Rb1 on the apoptotic and inflammatory processes in ECs
as well as on GPER and PI3K/Akt pathways. Moreover, the ef-
fect of GPER modulation on the treatment effect of Rb1 was
also validated in dysfunctional ECs. The current study dem-
onstrated that Rb1 attenuated AS progression in rabbits and
inhibited inflammation and apoptosis in dysfunctional ECs in
a GPER activation-dependent manner.

Material and Methods

Chemical and agents

Rb1 (purity >98%) was purchased from ChromaDex Corp.
(USA). Antibodies against GPER (ab188790) were purchased
from Abcam (USA). Antibodies against PI3K (bs-2067R) and
phosphorylated PI3K (p-PI3K) (bs-10657R) were purchased
from Bioss (Beijing, China). Antibodies against Akt (sc-8312),
p-Akt (sc-135651), and B-actin (sc-47778) were purchased from
Santa Cruz Biotechnology, Inc. (CA, USA). Antibodies against
Bax (BA0315-2) and Bcl-2 (BA0412) were purchased from
Boster (Wuhan, China). Enzyme-linked immunosorbent assay
(ELISA) kits for detection of IL-6 (H007), IL-1B (H002), and TNF-o.
(HO52) were obtained from Nanjing Jiancheng Bioengineering
Institute. Secondary goat anti-rabbit (A0208), goat anti-mouse
IgG-HRP (A0216), and cy3-labled goat anti-mouse IgG-HRP
(A0521) antibodies were purchased from Beyotime (Shanghai,
China). Total Protein Extraction Kits (P0027) were purchased
from Beyotime (Shanghai, China). PI/Annexin V-FITC Apoptosis
Detection Kits were purchased from JingMei Biotech (Beijing,
China). Antagonist (G-15) (3678) for GPER and agonist (740 Y-P)
for PI3K (1983) were obtained from R&D system (USA).

Animals

Male New Zealand rabbits (weighing 2.0 to 2.5 kg) were ob-
tained from Experimental Animal Center of Southern Medical
University. The rabbits were housed individually in stainless
steel cages at 20+3°C with a 12-h light/dark cycle and with
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free access to food and water. All the experiments with ani-
mals were performed following the Institutional Animal Ethics
Committee and Animal Care Guidelines of the Affiliated Hospital
of Jining Medical University.

High-cholesterol diet plus balloon catheter-injured rabbit
model

To ensure the induction of EC dysfunction, we used the high-
cholesterol diet (HCD) plus balloon catheter injury method to
establish an AS model. All animals were fed standard chow diet
for 2 weeks before balloon injury: briefly, a 3F Fogarty cathe-
ter was inserted into the right femoral artery and advanced to
a position just below the diaphragm. The balloon was inflat-
ed and the catheter was pulled 3 times until the bifurcation
of the iliac arteries was reached, then the balloon was deflat-
ed and the catheter withdrawn. During the next 8 weeks after
the surgery, injured rabbits received a high-fat (HF) diet. Upon
completion of the experiments, the histological changes in rab-
bit arteries were detected by HE staining and morphological
observations (Supplementary Figure 1). The concentrations of
blood lipids [including total cholesterol, high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), and triglyceride] in
model rabbits were measured [24]. Moreover, the induction
of the AS model and the treatment effect of Rb1 against AS
were also assessed by comparing the intima-media thickness
of abdominal aorta and hemodynamics parameters of model
rabbits with health control rabbits using the algorithms of the
Philips iE33 ultrasound system (Philips Ultrasound, Bothell, WA).

For Rb1 administration, 25 rabbits were randomly divided
into 5 groups (5 in each group): 1) Control group, health rab-
bits; 2) HCD group, rabbits underwent high-fat diet plus bal-
loon catheter-injured rabbit model; 3) HCD+L group, rabbits
underwent high-fat diet plus balloon catheter-injured rabbit
model and the diet containing low dose of Rb1 (5 mg/kg body
weight) [21]; 4) HCD+M group, rabbits underwent high-fat diet
plus balloon catheter-injured rabbit model and the diet con-
taining medium dose of Rb1 (10 mg/kg body weight) [21];
5) HCD+H group, rabbits underwent high-fat diet plus bal-
loon catheter-injured rabbit model and the diet containing
high dose of Rb1 (20 mg/kg body weight) [21].

Isolation of rabbit abdominal aortic endothelial cells

Model rabbits were anesthetized with intraperitoneal injec-
tion of pentobarbital sodium (10 mg/mL), and then the mid-
line of the abdomen was incised and the thorax was opened
to exposure the heart and lungs. The aortic endothelial cells
were isolated from the abdominal aorta following the standard
procedures reported by Kobayashi et al. [25]: the abdominal
aorta was cut, washed with PBS, ligated at proximal portion,
and infused with 0.1% collagenase. After being incubated at
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37°C for 15 min, ECs were collected from the aorta by flush-
ing with DMEM containing 20% fetal bovine serum (FBS).
ECs were identified by immunofluorescence detection of sur-
face antigen CD31 (Supplementary Figure 2) and cultured in
RPMI1640 medium. Cells from second to fifth passages were
used to subsequent treatments.

For Rb1 administration, the cells were divided into 5 groups:
1) Control group, ECs isolated from health rabbits; 2) HCD
group, ECs isolated from HCD rabbits; 3) HCD+L group, ECs
isolated from HCD rabbits administrated with low concentra-
tion of Rb1 (20 pM) for 24 h; 4) HCD+M group, ECs isolated
from HCD rabbits administrated with medium concentration
of Rb1 (40 pM) for 24 h; 5) HCD+H group, ECs isolated from
HCD rabbits administrated with high concentration of Rb1
(80 pM) for 24 h. The incubation time for Rb1 administration
was selected by subjecting ECs to Rb1 (80 pM) for 6, 12, 24,
and 48 h (Supplementary Figure 3).

Activities of the GPER and PI3K/Akt signaling in ECs were
modulated to determine the role of GPER in the treatment of
Rb1 on EC dysfunction. The cells were divided into 4 groups:
1) HCD group, ECs isolated from HCD rabbits; 2) HCD+H group,
ECs isolated from HCD rabbits administrated with low concen-
tration of Rb1 (80 uM) for 24 h; 3) HCD+H+G-15 group, ECs
isolated from HCD rabbits were co-administrated with high
concentration of Rb1 (80 pM) and G-15 (100 nM) for 24 h;
4) HCD+H+G-15+740 Y-P group, ECs isolated from HCD rabbits
were co-administrated with high concentration of Rb1 (80 pM),
G-15 (100 nM), and 740 Y-P (25 mg/mL) for 24 h.

Immunofluorescent detection

The expression and distribution of CD31 and GPER were de-
tected by immunofluorescent staining. Cells were seeded in
14-well chambers. After the cells grew into a monolayer, they
were fixed with 4% paraformaldehyde for 15 min and permea-
bilized with 0.5% Triton X-100 for 30 min. Then, the cells were
blocked with 10% goat serum for 15 min and incubated with
primary rabbit polyclonal antibodies against CD31 (1: 100)
and GPER (1: 400) overnight at 4°C. The fluorescein isothio-
cyanate-labeled secondary antibody was then added to cells
and incubated for 1 h. After being washed with PBS, the cells
were stained with 4,6-diamino-2-phenyl indole (DAPI) for 5 min
at room temperature. After another 3 cycles of 5-min wash-
es with PBS, the cells were imaged with a fluorescent micro-
scope at 400x magnification.

Flow cytometry
After completion of the treatments, 5 pl Annexin V was added

to the ECs in different groups. After incubation with Annexin V
for 10 min at room temperature, the cells were re-suspended
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with 1xbinding buffer and incubated with 5 pl propidium io-
dide (PI). Then, the apoptosis rates of the cells under differ-
ent treatments were detected with a flow cytometer (C6, BD,
USA). The apoptosis cell rate (UR+LR-all apoptosis cell per-
centage) was equal to the sum of the late apoptosis rate (UR,
upper right quadrant-advanced stage apoptosis cell percent-
age) and the early apoptosis rate (LR, lower right quadrant-
prophase apoptosis cell percentage).

Enzyme-linked immunosorbent assay (ELISA)

Production of IL-6, IL-1B, and TNF-a (Nanjing Jiancheng
Bioengineering Institute, Nanjing, Jiangsu) in supernatant of
EC cultures was measured using ELISA kits according to the
manufacturers’ instructions.

Western blot analysis

Total protein in different samples was extracted using the Total
Protein Extraction Kit according to the manufacturer’s instruc-
tions (WLA019, Wanleibio, China). B-actin was used as the in-
ternal reference protein. All the extracts were boiled in loading
buffer for 5 min and then subjected to sodium dodecylsulfate
polyacrylamide gel electrophoresis (SDS-PAGE) on 10% gels. Then,
targeted proteins were transferred onto polyvinylidene difluo-
ride sheets. The membranes were washed with TBST 3 times
for 20 min for each time. Then, primary antibodies against dif-
ferent proteins [GPER (1: 400), p-Akt (1: 200), Akt (1: 200),
p-PI3K (1: 200), PI3K (1: 200), Bcl-2 (1: 400), Bax (1: 400), B-ac-
tin (1: 1000)] were incubated with the membranes overnight at
room temperature. After another 3 washes, secondary antibod-
ies (1: 5000) were added and incubated with the membranes
for 5 h. After another 3 washes, the blots were developed us-
ing Beyo ECL Plus reagent and the results were detected in the
gel imaging system. The relative expression levels of different
proteins were calculated using Bio-Rad Quantity One software.

Statistical analysis

All data are expressed as mean * standard deviation (SD). One-
way analysis of variance (ANOVA) was conducted and post hoc
multiple comparisons were performed with Duncan method.
All statistical analyses were conducted using SPSS version
19.0, with a significance level of 0.05 (IBM, Armonk, NY, USA).

Results

Administration of Rb1 suppressed the levels of blood
lipids in AS rabbits

Successful induction of the AS model was assessed by detect-
ing the pathological changes in arteries and the atherosclerotic
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plaques and thinned artery surface were detected (unpub-
lished data). Then, the levels of blood lipids were measured.
As shown in Figure 1, the levels of total cholesterol, LDL, and
triglyceride were all increased in HCD rabbits, while the level
of HDL was suppressed, and the differences compared with
health rabbits were statistically significant (P<0.05). Additionally,
the body weight, intima-media thickness of abdominal aorta
(ITAA), interventricular septal thickness (IVS), and left ventricu-
lar posterior wall thickness (LVPW) were increased by the mod-
el induction, while left atrium diameter (LA), left ventricular
internal diameter (LV), right atrium diameter (RV), and aortic
diameter (AO) were decreased (Supplementary Table 1), which
confirmed the successful establishment of the AS model. After
the rabbits were administered Rb1, the levels of blood lipids
were reversed and the effect of Rb1 on lipid production was
exerted in a dose-dependent manner (Figure 1), confirming
the anti-AS effect of Rb1.

Administration of Rb1 suppressed apoptosis and
inflammatory response in ECs

The major purpose of the current study was to assess the poten-
tial of Rb1 to restore the regular function of ECs. Thus, the cells
were isolated from AS and health rabbits. Based on flow cytome-
try and ELISA assays, ECs isolated from AS rabbits showed high-
er levels of apoptosis (Figure 2A) and higher production level
of pro-inflammation cytokines (Figure 2B). In cells treated with
Rb1, the apoptosis was suppressed (Figure 2C) and the levels of
IL-6, IL-1B, and TNF-o. were all reduced (Figure 2D). The effect of
Rb1 on EC cells was also exerted in a dose-dependent manner,
which was similar to its effect on lipid production in AS rabbits.

Administration of Rb1 activated GPER-mediated PI3K/Akt
pathway in ECs

In the current study, we also assessed the effect of Rbl on
GPER and its downstream PI3K/Akt pathway to elucidate the
anti-AS mechanism of the agent. As shown Figure 3A, the ex-
pression levels of GPER, p-PI3K, p-Akt, and Bcl-2 were all re-
duced in AS-derived ECs, while the level of Bax was increased.
However, the administration of Rb1 at all 3 concentrations sig-
nificantly reversed the activity of the GPER-mediated PI3K/Akt
pathway; the expression level of GPER and the phosphory-
lation levels of PI3K and Akt were all upregulated by Rb1 in
dysfunctional ECs (Figure 3A). At the same time, the level of
anti-apoptosis factor Bcl-2 was increased, while the level of
pro-apoptosis factor Bax was inhibited by Rb1. The effect of
Rb1 on the expressions of the above indicators was dose-de-
pendent. Moreover, the expression and distribution of GPER
in dysfunctional ECs under the administration of high concen-
tration of Rb1 was also determined by immunofluorescence
detection, and the results were similar to that of the Western
blot analysis (Figure 3B).
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Figure 1. Administration of Rb1 attenuated lipid metabolism disorder induced by high-fat diet plus balloon catheter-injured model.
Rabbits were subjected to high-fat diet plus balloon catheter-injured surgery and treated with Rb1 of 5, 10, and 20 mg/kg
body weight. (A) Quantitative analysis results of ELISA detection of blood total cholesterol. (B) Quantitative analysis results
of ELISA detection of blood HDL. (C) Quantitative analysis results of ELISA detection of blood LDL. (D) Quantitative analysis
results of ELISA detection of blood triglyceride. * P<0.05 vs. Control group. # P<0.05 vs. HCD group. Each assay was performed

5 times.

The anti-AS function of Rb1 depended on activation of the
GPER-mediated PI3K/Akt pathway

The above results suggested that Rb1 administration restores
the function of ECs, which was associated with activation of
the GPER-mediated PI3K/Akt pathway. However, whether the
pathway is the central signaling transduction mediating the
effect of Rb1 needed further exploration. Thus, dysfunctional
ECs were further subjected to the co-administration of Rb1 of
high concentration and GPER antagonist G-15 to determine
the role of GPER in the anti-AS effect of Rb1. As shown in
Figure 4A, when treated with G-15, ability of Rb1 to induce ac-
tivation of the GPER-mediated PI3K/Akt pathway was blocked;
the expressions of GPER, p-PI3K, and p-Akt were all inhibited
by G-15, even when treated with Rb1. In addition, the apopto-
sis and production of pro-inflammation cytokines in dysfunc-
tional ECs were all increased (Figure 4B-4E). ECs with GPER
suppression were further subjected to administration of the
PI3K agonist 740 Y-P, and the results showed that activation
of the PI3K/Akt pathway (Figure 4A) maintained the protec-
tive effect of Rb1 on ECs by inhibiting apoptosis (Figure 4B)

and inflammatory response (Figure 4C-4E). Thus, it was con-
cluded that the effect of Rb1 in restoring the regular function
of ECs depended on activation of the GPER-mediated PI3K/Akt
pathway; during the treatment, the Rb1 induced the function
of GPER, which exerted its anti-apoptosis and anti-inflamma-
tion functions by activating the downstream PI3K/Akt signaling.

Discussion

Atherosclerosis (AS) is a chronic inflammatory disease of the
injured arterial wall, which forms the pathological basis of
cardiovascular diseases (CVDs) [26,27]. It is well-recognized
that during the initiation of AS, the deposition of atherogen-
ic lipoproteins, especially LDL, in the large arteries gradual-
ly induces an imbalance between vasodilating and vasocon-
stricting substance and causes the dysfunction of ECs, which
promotes progression of the disease [5,6]. Therefore, restor-
ing the regular function of ECs has been proposed as a prom-
ising treatment strategy for AS. In the current study, we em-
ployed a therapeutically relevant rabbit model that resembles
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Figure 2. Administration of Rb1 inhibited inflammatory response and apoptosis in dysfunctional ECs. ECs were isolated from AS and
health rabbits and administrated with Rb1 of 20, 40, and 80 pM. (A) quantitative analysis results of ELISA detection of blood
IL-6. (B) Quantitative analysis results of ELISA detection of blood IL-1p. (C) Quantitative analysis results of ELISA detection
of blood TNF-o.. (D) Representative images and quantitative analysis of flow cytometry detection of apoptosis. * P<0.05 vs.
Control group. # P<0.05 vs. HCD group. Each assay was performed 5 times.

incipient atherogenesis, which was characterized by fatty
streaks and early atheroma formation. Then, we assessed the
potential of Rb1 to attenuate AS progression and EC dysfunc-
tion by focusing on the activity of the GPER/PI3K/Akt path-
way. We demonstrated that Rb1 administration reversed the
production of blood lipids in AS rabbits and inhibited apop-
tosis and inflammatory response in ECs in a GPER/PI3K/Akt-
activation-dependent manner.

Ginseng has been widely used as a general tonic medicine
in Asian countries for centuries [28]. According to a previous
study, the majority of pharmacological properties of ginseng
are attributed to ginsenosides [29]. Currently, more than 20
ginsenosides has been identified, and based on the chemical
characteristics, most ginsenosides can be classified into 2 ma-
jor group: panaxadiols, including Rb1, Rb2, Rg3, Rh2 and Rh3;
and panaxatriols, including Re, Rg1, Rg2, and Rh1[29]. The dif-
ferent ginsenosides exhibit distinct pharmacological functions.

For example, Rh2 and Rg3 have antineoplastic and immuno-
modulatory effects [30, 31], and Rgl and Re benefit learning
and memory [32,33]. Of the various ginsenosides, Rb1 is the
most abundant and has the anti-obesity potential and can in-
crease insulin sensitivity [34, 35]. A recent study by Qiao et al.
the demonstrate that Rb1 can enhance atherosclerotic plaque
stability by improving autophagy and lipid metabolism, which
is indicative of the anti-AS potential of Rb1 [22]. Consistent
with that study, we also proved the anti-AS effect of Rb1 in
an AS rabbit model, showing that the administration of Rb1
suppressed the production of total cholesterol, LDL, and tri-
glyceride, and increased the level of HDL, all in a dose-depen-
dent manner, representing the attenuation of AS in model an-
imals. To further support the protective effect of Rb1 against
AS, the ability of Rb1 to restore the regular function of ECs was
also validated by our data: the apoptosis and inflammatory re-
sponse in ECs derived from AS rabbits were inhibited by Rb1.
Moreover, the treatment effect of Rb1 on AS ECs was associated
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Figure 3. Administration of Rb1 activated GPER/PI3K/Akt axis dysfunctioned in ECs. ECs were isolated from AS and health rabbits
and administrated with Rb1 of 20, 40, and 80 pM for 24 h. (A) Representative images and quantitative analysis of western
blotting detection of molecule expressions in GPER/PI3K/Akt axis. (B) Representative images of immunofluorescence
detection of GPER expression and distribution. Magnification, 400x. * P<0.05 vs. Control group. # P<0.05 vs. HCD group.
Each assay was performed 5 times.
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Figure 4. Anti-AS function of Rb1 depended on the activation GPER- mediated PI3K/Akt pathway. ECs were isolated from AS and
health rabbits and administrated with 80 pM Rb1, 100 nM G-15, and 25 mg/mL 740 Y-P for 24 h. (A) Representative images
and quantitative analysis of western blotting detection of molecule expressions in GPER/PI3K/Akt axis. (B) Representative
images and quantitative analysis of flow cytometry detection of apoptosis. (C) Quantitative analysis results of ELISA
detection of blood IL-6. (D) Quantitative analysis results of ELISA detection of blood IL-1pB. (E) Quantitative analysis results
of ELISA detection of blood TNF-a.. * P<0.05 vs. HCD+H group. * P<0.05 vs. HCD+H+G-15 group. Each assay was performed
5 times.
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with activation of the GPER/PI3K/Akt pathway, which might be
the central signaling transduction mediating the effect of Rb1.

GPER is a typical receptor of estrogen, and the previous stud-
ies demonstrated that the anti-AS effect of estrogen depends
on the activation of GPER [16]. Kong et al. reported that GPER
plays a central role in the protective effect of protocatechuic
aldehyde against EC dysfunction [14]. GPER also exhibits an
anti-inflammation function by regulating the activation of
eNOS via PI3K/Akt and NF-xB signaling [19,36]. Consistent
with these previous studies, we found that the activation of
GPER/PI3K/Akt signaling by Rb1 led to decreased levels of
pro-inflammatory cytokines. Activation of GPER/PI3K/Akt sig-
naling also inhibited apoptosis in AS ECs. The inducing effect
of Rb1 on the activation of GPER/PI3K/Akt probably resulted
in an increased expression of Bcl-2 and suppressed expres-
sion of Bax, representing the inhibition of apoptosis in ECs as
well. The central function of GPER/PI3K/Akt in the protective
effect of Rb1 on EC function was further validated by subject-
ing AS ECs to GPER antagonist, which inhibited activity of the
PI3K/Akt pathway and led to enhancement of apoptosis and
inflammatory response. Generally, signaling associated with
GPER is transduced via transactivation of epidermal growth
factor receptor (EGFR) and involvement of the Src family [37].
Through this mechanism, the stimulation of GPER activates me-
talloproteinases and induces the release of EGF, which leads
to activation of the downstream PI3K/Akt pathway [38,39].

Supplementary Data

ANIMAL STUDY

The potentially central role of PI3K/Akt signaling in the EC-
protection effect of GPER activation was also validated in
the current study. When the GPER-inhibited ECs were treated
with PI3K agonist, the apoptotic and inflammatory processes
were inhibited again, the same as those in ECs solely treated
with Rb1. Our results demonstrate that the ability of Rb1 to
restore the regular function of ECs depends on activation of
GPER-mediated PI3K/Akt.

Conclusions

Collectively, the current study confirmed the anti-AS potential
of Rb1, which was exerted by restoring the regular function
of ECs via the activation of GPER-mediated PI3K/Akt signal-
ing. Moreover, the effect of Rb1 on the phenotype and molec-
ular alterations in ECs was shown in a dose-dependent man-
ner; thus, the application of the component in clinical practice
should be carefully handled based on the individual patient’s
conditions. However, the current study failed to eliminate the
possible toxic dose on ECs, and more comprehensive work
needs to be performed with model animals and cells to facili-
tate the development of Rb1-dependent therapies.
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Supplementary Table 1. Raw data of body weight, intima-media thickness of abdominal aorta, and hemodynamics parameters.

Parameter

8.5%10*8.5

ITAA — intima-media thickness of abdominal aorta; LA — left atrium diameter; AO — aortic diameter; IVS — interventricular septal
thickness; LV — left ventricular internal diameter; LVPW — left ventricular posterior wall thickness; RA — right atrium diameter;

RV - right ventricular internal diameter.
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Supplementary Figure 1. Illustration of morphological changes in arteries after HCD Plus Balloon Catheter Injury model induction.
(A) Morphological changes in artery wall. (B) H&E detection of artery wall. Magnification, 200x.
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Supplementary Figure 2. Immunofluorescence detection of CD31 in ECs isolated from abdominal aortas. Magnification, 400x.
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Supplementary Figure 3. Determination of the incubation time of Rb1 on ECs isolated from abdominal aortas. ECs were incubated
with 80 uM Rb1 for 6, 12, 24, and 48 h to determine the best incubation time. * P<0.05 vs. 12 h
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