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Abstract. – OBJECTIVE: β-arrestin (ARRB2)
is a member of arrestin family and a negative
regulatory protein of G-coupling receptor, which
is closely associated with the pathogenesis of
several autoimmune diseases. This study aimed
to investigate the mechanism of the effect of
ARRB2 on the damage of human umbilical vein
endothelial cells (HUVECs), which is induced by
angiotensin II (Ang II).
MATERIALS AND METHODS: ARRB2 at different concentration was used to interfere with
the damage of HUVECs induced by Ang II or
RNA interference technology to interfere with
the expression of HUVECs followed by addition
of Ang II to culture for 24 hours. Nitrate reduction method was used to measure the content
of nitric oxide (NO) and radioimmunoassay was
used to measure endothelin-1; Western blot assay was used to detect the expression of B-cell
lymphoma-2 (Bcl-2), and flow cytometry was
used to detect the intracellular level of reactive
oxygen (ROS) and apoptosis of HUVECs.
RESULTS: Our study found that ARRB2 could
significantly reduce the generation and release
of ROS, endothelin-1 (ET-1), lactic dehydrogenase
(LDH) of HUVECs induced by Ang II and promote
the generation of NO, superoxide dismutase (SOD)
and scavenging in a dose-dependent manner. On
the contrary, when expression of ARRB2 was
disturbed by siRNA, increased generation and
release of ROS, ET-1, and LDH were observed with
reduced generation of NO, SOD and scavenging.
In addition, ARRB2 could reverse the apoptosis
of HUVECs induced by Ang II and was related to
upregulate the expression of Bax.
CONCLUSIONS: ARRB2 could protect the
damage of HUVECs induced by Ang II and the
mechanism was associated with upregulation of
the expression of apoptosis and anti-apoptosis
protein of Bcl-2.
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Introduction
β-arrestin (ARRB2) is widely expressed in the
tissue of mammals1 and is a member of arrestin
family, which includes two subtypes, β-arrestin
1 (ARRB1) and β-arrestin 2 (ARRB2). ARRB2
could mediate G protein-coupled receptor and
could be scaffolding protein involving in non-G
protein signal of G protein-coupled receptor2,3, which is closely associated to cell growth, immune
function and pathogenesis of several diseases, such as depression, multiple sclerosis, asthma, type
2 diabetes4-8, atherosclerosis and intimal hyperplasia9 as well as inflammatory reaction caused
by lipopolysaccharide and endotoxemia10. G protein-coupled receptor is involved in the regulation of downstream signal triggered by ARRB2,
including angiotensin II receptor (AT2R). It is
reported that ARRB2 may participant in the regulation of the vascular tension by angiotensin II
(Ang II) in the process of pathology and multiple
cell models dependent or independent apoptosis G
protein-coupled receptor11-14, participant in desensitizing reaction of G protein-coupled receptor, or
participant in receptor endocytosis, degradation,
intracellular signal transduction as scaffolding protein or adapter.
Some studies showed that there is ARRB2-specific binding domain in C-terminal of
Ang II receptor15. ARRB2 is an intracellular
regulatory protein which mainly regulates the
signal transduction mediated by G protein-coupled receptor. After Ang II receptor is activated,
ARRB2 exposes its specific binding domain and
the effect of G protein-coupled receptor will be
inhibited. During this process, ARRB2 as an
inhibitor of signal pathway of G protein receptors
plays an important role in uncoupling between Ang II receptor and G protein, and prevent

Corresponding Author: Hong Zhang, MD; e-mail: hongzhangqwe@163.com

5821

Z.-H. Cao, L. Gao, L. Jiang, P. Zhang, H.-Y. Ning, H. Zhang

the pathogenesis of several diseases16,17. Therefore, ARRB2 could regulate the effect of Ang
II through G protein-coupled receptor. Through
establishing the model of the damage of human
umbilical vein endothelial cell which is induced
by Ang II, this study aimed to investigate the
protective effect and mechanism of β-arrestin on
Ang II-induced damage of human umbilical vein
endothelial cell.

Materials and Methods
Experimental Devices and Reagents
Experimental device: Western blot electrophoresis apparatus and qPCR device were both
bought from Bio-Rad Co. Ltd. (Hercules, CA,
USA). Cell culture plates were bought from
Nest Company (San Diego, CA, USA). Flow
cytometer were bought from BD Biosciences
(San Jose, CA, USA). Reagents: HUVEC cells
were derived from passage of our experimental room. Cytokines Ang II and ARRB2 were
obtained from Peprotech Co. Ltd. (Rocky Hill,
NJ, USA). The 1640 mediums were bought from
Gibco (Rockville, MD, USA). Fetal calf serum
(FCS) was bought from Hyclone (Logan, UT,
USA). Bax and GAPDH antibody were anti-human polyclonal antibodies of mice, which were
bought from Santa Cruz Biotech. (Santa Cruz,
CA, USA). Anti-mice bi-antibodies of goat were
bought from ZSGB Bio. Ltd. (Beijing, China).
Si-RNA kit of ARRB2 was compounded by
RiboBio Technol., Co. Ltd. (Guangzhou, China).
ROS, ET-1, NO, LDH, SOD,O2- kit were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Experimental Methods and Procedures
Cell culture: HUVEC cells were resuscitated
in 1640 medium with 8% fetal calf serum (FCS)
and cultured in an incubator with constant temperature of 37°C and 5% CO2 saturated humidity.
The conditions of cells were under observation
every day. Cells were passaged every other day
with fresh medium replaced.
Measurement of the Level
of ROS, ET-1, NO, LDH, SOD, O2 –
HUVEC cells were plated with a density of
100 thousands into each well. After cell attachment, 10-7 mol/L Ang II were added into each
well. 48 h after cell culture, supernatant and
cells were collected. Measurement of the level of
ROS, ET-1, NO, LDH, SOD, O2- were performed
according to the instruction of reagent kit
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ARRB2 Transfection
Cells were plated after they were in exponential growth in big dish (6-well plate) with a
density of 100 thousands in each well. After cell
attachment, Ang II was added into the plates.
Si-RNA kit compounded by Ruibo Company
was used to interference the expression of ARRB2 of HUVECs. The efficacy of transfection
was evaluated by fluorescence microscope and
transfection rate was over 60%. 48 h after cell
culture, supernatant and cells were collected and
had related indicators measured. Primer sequence
was shown in Table I.
Flow Cytometry Analysis of
Cells Apoptosis
A total of 10-7 mol/L Ang II or Ang II (10-7
mol/L) + ARRB2 (10-6 mol/L) were added to
HUVECs in exponential phase. They were co-incubated for 48 h and cells were collected for flow
cytometry analysis. Apoptosis reagents kit was
applied to detect cells apoptosis.
Western Blot Assay
Cells were plated after they were in exponential growth in big dish (6-well plate) with a
density of 100 thousands in each well. After cell
attachment, medium was replaced and drugs
were added; then, transfection was performed.
48 h later, the total protein of cells was collected for protein analysis using an enhanced
bicinchoninic acid (BCA) Protein Assay Kit
(Sigma-Aldrich, St. Louis, MO, USA). After
adjustment of internal reference, Western blot
assay was performed.
Statistical Analysis
The SPSS 16.0 software (SPSS Inc., Chicago,
IL ,USA) was introduced for statistical analysis.
The measurement data was expressed as mean ± standard deviation (mean ± SD). Student’s
t-test was performed for the comparisons between
groups. p<0.05 was considered as statistically significant.
Table I. siRNA primer of ARRB2 and GAPDH sequence.
Name

Primer sequence

ARRB2

5’-CGCTTCGCCAACTACAT-3’
5’-AGGGCATCCACTTCACAG-3’
5’-ACCACAGTCCATGCCATCAC -3’
5’-TCCACCACCCTGTTGCTGTA -3’

GAPDH
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Results
Effect of Cytokines ARRB2
on the Damage of HUVECs
Ang II of 10-7 mol/L was added to HUVECs in
exponential phase. After co-incubation for 18 h, intracellular ROS, ET-1 and LDH were significantly
increased compared to control group. However,
NO, SOD and scavenging O2- were significantly
reduced (p<0.05). In different concentration group
of Ang II (10-7 mol/L+ARRB2), intracellular ROS,
ET-1 and LDH were significantly lower than those
in Ang II group, but NO, SOD and scavenging
O2- were significantly higher. When the concentration of ARRB2 was at 10-7 mol/L-10-5 mol/L,
generation of ROS, ET-1 and LDH in HUVECs
were reduced, whereas, generation of NO, SOD
and scavenging O2- was dose-dependently increased. With the increased concentration of ARRB2,
intracellular ROS, ET-1 and LDH were gradually
declined, and NO, SOD and scavenging O2- were
significantly increased (p<0.05, Figure 1).
Effect of ARRB2 Gene Deletion on the
Damage of HUVECs Induced by Ang II
Compared with control group, purely inference of ARRB2 could not change the level of

ROS, ET-1, NO, LDH, SOD, scavenging O2-.
Compared with Ang II group without interference, interference group displayed increased
level of ROS, ET-1, LDH and reduced NO,
SOD, scavenging O2-. In addition, there is significant difference in the change of LDH and
NO level between these two groups ( p<0.05,
Figure 2).
Effect of ARRB2 on the Apoptosis
of HUVECs Induced by Ang II
After Ang II (10 -7 mol/L) was added, the
apoptosis of HUVECs and the expression of
Bax protein were significantly increased compared with control group. After both Ang II and
ARRB2 were added, the apoptosis of HUVECs
and the expression of B-cell lymphoma-2 (Bcl-2)
protein were reduced significantly compared with
addition of Ang II alone (Figure 3).

Discussion
β-arrestin is an important intracellular regulatory protein, which includes ARRB1 and ARRB2), and can regulate most signal transduction
triggered by GRCR. After AT1R is activated, it

Figure 1. The effect of ARRB2 in different concentration on the release of ROS (A), ET-1 (B), NO (C), LDH (D), SOD (E), scavenging O2- (F) of the damage of human umbilical vein endothelial cell induced by Ang II (10-7 mol/L). ARRB2-1: 10-7 mol/L; ARRB2-2:
10-6 mol/L; ARRB2-3: 10-5 mol/L; DMSO: DMSO was diluted by PBS and the concentration of DMSO < 0.1%, n = 6. *p<0.05,
**p<0.01, compared with Ang II.
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Figure 2. The effect of ARRB2 gene interferenced by siRNA on the damage (release of ROS (A), ET-1 (B), NO (C), LDH (D), SOD
(E), scavenging O2- (F) of HUVECs induced by Ang II (10-7 mol/L). Con + si: HUVEC + 100 μm ARRB2 siRNA; Ang + ARRB2:
HUVEC + Ang II + 100 μm ARRB2 siRNA. n = 6. *p<0.05, compared with Ang II group.

takes effect through recruiting β-arrestin to its
specific binding domain. During this process,
through promoting the couple of AT1R with
G-protein, and combining clathrin, ARRB2 parti-

cipants in endocytosis, desensitization and degradation of AT1R to influence the function of ANG
2 on endothelial cells. Some studies found that
β-arrestin could affect the secretion of cytokines

Figure 3. The effect of ARRB2 on the apoptosis of HUVECs induced by Ang II (10-7 mol/L). (A-B) The expression of Bax protein;
(C-D) ARRB2: 10-6 mol/L, n = 6. *p<0.05, **p<0.01 vs. Ang II alone group.
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from immune cells in mouse with acute asthma
and involves in disease pathogenesis18. All these
results confirm that β-arrestin participants in
desensitization, internalization and degradation
of β-AR. Moreover, some investigators suggested
that signal transduction pathway of second activation, which relies on β-arrestin, provided the
function of cardiac protection19. Therefore, β-arrestin plays non-substitutable importance role in
maintaining the balance of human body function.
The various functions of β-arrestin are closely
related to its self-structure. Meanwhile, β-arrestin
contains specific sites, which have interaction with
multiple signal factors. Once the configuration of
β-arrestin is changed, many signal pathways are
accordingly changed. Thus, it can regulate the
functions of several cells, such as signal and transport related to cyto-membrane and cytoplasm.
This study confirmed the change of expression
quantity of β-arrestin on the expression of Bax.
There is equilibrium between protein monomer
and high-order structure of β-arrestin resulting
in maintaining the homeostasis of human body
and prevent the incidence of depression, multiple
sclerosis, asthma, and type 2 diabetes. Thus, β-arrestin plays an important role in maintaining the
body homeostasis and preventing the occurrence
of diseases.
The results of this study showed that ARRB2
could inhibit the damage of human umbilical vein
endothelial cell induced by Ang II. Ang II at 10-7
mol/L could cause apoptosis of HUVECs at 18 h.
We found ROS, ET-1 and LDH were significantly increased, NO, SOD and scavenging O2- were
significantly reduced after addition of Ang II at
10-7 mol/L, suggesting Ang II induces the damage
of human umbilical vein endothelial cell possibly
through ROS, ET-1, NO, LDH, SOD, scavenging
O2-, consistent with previous reports20,21. The exact
molecular mechanism may be the increased ROS
generation and accelerated NO degradation leading to bioavailability of NO and finally inhibit
the endothelial cell vitality and accelerate cell
apoptosis22,23. After adding ARRB2 at different
concentrations, levels of ROS, ET-1 and LDH were decreased and generation of NO, LDH, SOD,
scavengingO2- was increased in a dose-dependent
manner. At the same time, flow cytometry analysis
of apoptosis showed that ARRB2 could significantly reduce the apoptosis of HUVECs induced
by Ang II. Therefore, ARRB2 had inhibitory effects on the damage of HUVECs induced by Ang
II. The secretion of Ang II may be increased in
case of pathology. ARRB2 could reduce the ge-

neration of ROS and release of ET-1, promote the
secretion of NO, or reduce eNOS uncoupling and
accelerate generation of NO through inhibiting
the generation of ROS resulting in amelioration of
damage to body.
In this study we also found that the expression
of Bax protein was significantly increased after
addition of Ang II at 10-7 mol/L. This is because
of initiation of apoptosis-promoting gene of Bcl2 family. Bcl-2 family includes two types: one
is anti-apoptosis gene, including Bcl-2, which is
a negative regulator of cell death and prevents
cells from apoptosis, which is stimulated by other
factors. The other one is apoptosis-promoting gene, including Bax. The adding of ARRB2 could
reduce the expression of Bax protein and inhibit
the apoptosis of HUVECs. The expression of Bcl2/Bax determines the initiation of apoptosis. The
addition of Ang II could change the balance of the
expression of Bcl-2/Bax, leading to initiation of
cells apoptosis and ARRB2 could reverse the imbalance of the expression of Bcl-2/Bax. However,
the exact mechanism by how ARRB2 regulates
the balance of Bcl-2 and Bax remains unclear and
requires further investigation.

Conclusions
We demonstrated that Ang II at 10-7 mol/L
could promote the generation of ROS and LDH as
well as secretion of ET-1, and inhibit the release
of NO, SOD, scavenging O2- of HUVECs. We firstly found that ARRB2 in vitro could inhibit the
generation of ROS and LDH as well as secretion
of ET-1, and the release of NO, SOD, scavenging
O2- of HUVECs. ARRB2 at 10-7 mol/L-10-5 mol/L
could protect vascular endothelial function. The
damage of HUVECs induced by Ang II was
associated with the imbalanced expression of
apoptosis-promoting and anti-apoptosis gene of
Bcl-2 family. This study provides certain theoretic basis for the potential application of ARRB2
on the treatment of cardiovascular diseases.
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