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Purpose: The traditional Chinese medicine Scutellaria barbata D. Don (S. barbata) has 
been reported to exhibit anti-cancer and anti-inflammation activities. The ethanol extract of 
S. barbata has been confirmed to attenuate diabetic retinopathy (DR). This study aimed to 
investigate the effects and underlying mechanisms of the polysaccharides isolated from 
S. barbata (PSB) on the proliferation and angiogenesis of retinal vascular endothelial cells 
(RVECs) in DR.
Methods: Human RVECs (HRVECs) were cultured in normal glucose (NG, 5.5 mM), 
mannitol (MA, 30 mM), high glucose (HG, 30 mM) and HG plus 40 μg/mL PSB, respec-
tively. Then, cell proliferation, migration and angiogenesis were evaluated. The cell prolif-
eration was also estimated in the presence of SLIGKV, which was used to induce the 
phosphorylation of ERK (p-ERK).
Results: PSB reduced normal and HG-induced HRVECs cell viability in a concentration- 
dependent manner. The protein expression of proliferating cell nuclear antigen (PCNA) and 
proliferating antigen KI67 (Ki67), the migration rate and tube formation ability, which were 
increased by HG treatment, were significantly decreased by PSB. PSB also inhibited the 
phosphorylation of Raf, MEK and ERK in HG-stimulated HRVECs. Moreover, the applica-
tion of SLIGKV recovered cell viability and the expression of p-ERK, PCNA and Ki67, in 
HG plus PSB-treated cells. Finally, the HG-enhanced expression of VE-cadherin, Frizzed, β- 
catenin, MMP-2 and MMP-9 was all reversed by PSB.
Conclusion: PSB could inhibit HG-induced HRVECs proliferation, migration and neovas-
cularization, and these effects might work through blocking the activation of MEK/ERK 
pathway and VEGF/VE-cadherin axis.
Keywords: Scutellaria barbata, polysaccharides, retinal vascular endothelial cells, diabetic 
retinopathy

Introduction
Diabetic retinopathy (DR) is caused by abnormal insulin metabolism in diabetic 
patients, which leads to changes in ocular tissues, nerves and blood vessels and 
microcirculation, resulting in poor ocular nutrition and damage of visual function.1 

It is one of the common complications of diabetes and the primary cause of 
blindness.2 Many different biological processes are involved in the pathological 
changes of DR, such as oxidative stress, mitochondrial dysfunction, retinal cell 
proliferation and angiogenesis, but the specific pathogenesis of DR remains to be 
elucidated.3–5 At present, the main therapeutic approaches for DR are anti-vascular 
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endothelial growth factor (VEGF) drug therapy (such as 
oral angiotensin-converting enzyme inhibitors), cold ther-
apy, photocoagulation therapy, and vitrectomy. However, 
these therapies have not achieved satisfactory therapeutic 
effects.6 Therefore, it is urgent to develop novel and effec-
tive drugs for the prevention and treatment of DR.

In the late stage of DR, new blood vessels grow along 
the retinal interface, which in turn causes complications 
such as vitreous hemorrhage, traction retinal detachment, 
and neovascular glaucoma. Angiogenesis is a complex 
process involving the migration, proliferation and forma-
tion of endothelial cell tubes.7 Increased VEGF content in 
the vitreous is the key to retinal neovascularization. VEGF 
can induce the proliferation and migration of retinal vas-
cular endothelial cells (RVECs), the formation of vascular 
lumen and the formation of abnormal new blood vessels.8 

It has been suggested that VEGF could activate MEK/ 
ERK pathway and VEGF/vascular endothelial (VE)- 
cadherin axis to regulate RVECs proliferation and 
angiogenesis.9 Although research is ongoing in the field 
of angiogenesis, the underlying molecular mechanism 
remains to be totally clarified.

Scutellaria barbata D. Don (S. barbata), also known as 
“Ban Zhi Lian” in China, is an important species belong-
ing to the Lamiaceae family and has been applied in 
traditional Chinese medicine (TCM). S. barbata has long 
been utilized for heat-clearing and detoxification in the 
TCM system.10 Modern pharmacological studies have 
shown that S. barbata exhibits a wide range of biological 
activities, including anti-cancer, anti-inflammation, and 
anti-microbial.11,12 S. barbata contains complex chemical 
composition including flavonoids, lactones and polysac-
charide, among them, each specific component has been 
reported to possess different degrees of anti-inflammatory 
and anti-tumor properties. The polysaccharides isolated 
from S. barbata (PSB) was illustrated to inhibit tumor 
angiogenesis in lung cancer.13 In a previous study, the 
ethanol extract of S. barbata has been confirmed to attenu-
ate DR by preventing retinal inflammation and downregu-
lating tight junction protein expression,14 whereas no 
attention was devoted to investigate whether PSB could 
relieve the proliferation, migration and angiogenesis 
of DR.

In the present study, we aimed to explore the effects 
and underlying mechanisms of PSB on high glucose 
(HG)-induced human retinal vascular endothelial cells 
(HRVECs) proliferation and angiogenesis. First, the 
effect of different concentrations of PSB on normal and 

HG-induced HRVECs viability was evaluated. Second, 
cell proliferation, cell migration, tubular network forma-
tion and the expression of VEGF, MEK/ERK pathway 
and VEGF/VE-cadherin axis-related proteins were inves-
tigated in the presence of normal glucose (NG, 5.5 mM), 
mannitol (MA, 30 mM), HG (30 mM)15 and HG plus 40 
μg/mL PSB. Finally, the effect of phosphorylated (p)- 
ERK agonist-SLIGKV on the functions of PSB in HG- 
stimulated HRVECs was determined. The results showed 
that PSB could inhibit HG-induced HRVECs prolifera-
tion, migration and tube formation through blocking the 
activation of MEK/ERK pathway and VEGF/VE- 
cadherin axis. The findings presented in this work may 
contribute to promising new approaches for DR therapy.

Methods
Cell Culture and Treatment
Human retinal vascular endothelial cells (HRVECs; Procell 
Life Science&Technology Co., Ltd., Wuhan, China; Cat 
NO. CP-H130) were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) (Thermo Fisher Scientific, 
USA) with 10% fetal bovine serum (FBS) (Gibco, USA), 
100 U/mL penicillin and streptomycin (Sigma-Aldrich, 
USA) in a humidified atmosphere with 5% CO2 at 37°C.

The cells in normal glucose (NG), mannitol (MA), high 
glucose (HG) groups were cultured with 5.5 mmol/L glu-
cose, 30 mM MA and 30 mM glucose (Sigma-Aldrich) for 
48 h, respectively. For PSB (Nanjing Ze Lang 
Pharmaceutical Technology, Ltd., cat. no. 
ZL20131124BD; purity>95%; dissolved in dimethyl 
sulphoxide) treatment, cells were treated with different 
concentrations of PSB for 24h. For HG+PSB group, cells 
were cultured in HG medium for 48 h and then treated 
with PSB for 24 h. SLIGKV (100 μM, Sigma-Aldrich) 
was used to stimulate cells for 24 h to induce the phos-
phorylation of ERK1/2.16

Cell Counting Kit-8 (CCK-8)
HRVECs were seeded in 96-well plates with density of 
2×104 cells per well, then subsequently maintained in 
indicated medium for 48 h, followed by treated with or 
without different concentrations of PSB for 48 
h. Thereafter, 10 μL CCK-8 (Beyotime Biotechnology 
Co., LTD, China) solution was added to each well and 
incubated at 37°C for 2 h, and OD values were measured 
at 450 nm through a microplate reader (Bio-Rad Model 
550, USA).
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Wound Healing Assay
HRVECs (2 × 105 cells/well) were seeded in 6-well plates 
and being starved for 24 h, after which, 10 μL tip was used 
to scratch the cells. Subsequently, cells were washed with 
PBS and treated with NG, MA, HG and HG + 40 μg/mL 
PSB at 37°C for 24 h. Images of the scratches were 
captured at 0 h and 24 h to observe cell confluence. The 
average widths of the scratch wounds were analyzed using 
Image J software. The migrated distances were calculated 
as the width of the scratch at 24 h minus the width of the 
scratch at 0 h. The relative migration distance was calcu-
lated by normalizing to NG group.

Transwell Assay
Transwell assays were performed using 24-well culture 
plates inserted with 8-mm pore size (Transwell; Falcon, 
BD Biosciences). The lower chamber was filled with 600 
µL DMEM containing 10% FBS. Cells (1×105 cell/well) 
were seeded into the upper chamber. After 24 h of incu-
bation, the migrated cells were fixed with 5% glutaralde-
hyde and then stained with crystal violet, and the number 
of cells in the bottom well was counted by counting 
chamber.

Tube Formation Assay
Cells (3×104 cells/well) were seeded into the 96-well 
plate, which was precoated with 30 μL matrigel and then 
immediately placed at 37°C for 2 h for solidification. The 
plate was kept at 37°C for 24 h. The pictures of cells were 
captured using a microscope (Olympus, Japan; magnifica-
tion, x40) and the number of formed capillaries was 
counted.

Immunofluorescence Staining
HRVECs were fixed with 4% paraformaldehyde, 
blocked with 3% FBS albumin (Sigma-Aldrich), and 
next incubated with polyclonal rabbit anti-proliferating 
antigen KI67 (Ki67) (Santa Cruz Biotechnology, CA, 
USA) primary antibody (1:200) overnight at 4°C. 
Secondary antibody Alexa Fluor 488 donkey anti- 
rabbit (1:200) was employed for 1 h at 37°C. Nuclei 
were visualized by staining with 4′, 6-diamidino-2-phe-
nylindole (DAPI; Sigma-Aldrich). An Olympus 
FV1000 confocal laser scanning microscope 
(Olympus, Japan; magnification, x200) was used to 
acquire images.

Terminal Deoxynucleotidyl 
Transferase-Mediated Deoxyuridine 
Triphosphate (dUTP)-Biotin Nick End 
Labeling (TUNEL) Apoptosis Staining
Apoptotic cells were examined by an apoptosis detection 
kit (Roche, Basel, Switzerland) according to standard pro-
tocol. Briefly, cells were stained by a TUNEL kit, followed 
by the counterstaining with DAPI for the nuclei. The 
staining was observed under a fluorescence microscope 
(Olympus, Japan; magnification, x200). Cell apoptosis 
rate was captured under a fluorescence microscope 
(Olympus Corporation, magnification, x200).

Western Blot Analysis
The HRVECs were lysed with ice-cold RIPA buffer and 
the concentration of protein was determined using a BCA 
protein assay reagent kit (Beyotime, China). The proteins 
(15 μg) were separated by dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred onto 
a polyvinylidene fluoride (PVDF) membrane. Then, the 
membrane was blocked with 5% skimmed milk for 2 
h at room temperature. The PVDF membranes were then 
incubated overnight at 4°C with the following primary 
antibodies to: proliferating cell nuclear antigen (PCNA; 
Cell Signaling Technology, Boston, MA, USA), Ki67 
(Santa Cruz Biotechnology, CA, USA), (p-) Raf (Cell 
Signaling Technology, Boston, MA, USA), (p-) MEK 
(Cell Signaling Technology, Boston, MA, USA), (p-) 
ERK (Cell Signaling Technology, Boston, MA, USA), 
VE-cadherin (Cell Signaling Technology, Boston, MA, 
USA), Frizzed (Abcam Company, Cambridge, UK), β- 
catenin (Cell Signaling Technology, Boston, MA, USA), 
MMP-2 (Abcam Company, Cambridge, UK), MMP-9 
(Abcam Company, Cambridge, UK) and GAPDH (Cell 
Signaling Technology, Boston, MA, USA). Followed by 
being incubated with a horseradish peroxidase (HRP)- 
labeled secondary antibody (Abcam, Cambridge, MA, 
USA). The results were visualized with an enhanced che-
miluminescence (ECL) detection kit. ImageJ software 
(National Institutes of Health, Bethesda, MD, USA) was 
used to quantify the density of the bands.

Reverse Transcription-Quantitative PCR 
(RT-qPCR)
Total RNA was isolated from HRVECs using TRIzol 
reagent (Invitrogen), and then reverse-transcribed (RT) 
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into cDNA using the PrimeScript™ RT reagent kit 
(TaKaRa). qPCR was performed using TB Green Fast 
qPCR Mix (TaKaRa) according to instructions. The PCR 
reaction procedure was as follows: 5 min at 95°C, with 
40 cycles of 30 sec at 95°C and 45 sec at 65°C. The 
relative quantification of mRNA levels was determined 
using the 2−ΔΔCt method. The real-time PCR primers 
were as followed: VEGF, forward 5ʹ-ATGCG 
GATCAAACCTCACCA-3ʹ, reverse 5ʹ-CACCAACG 
TACACGCTCCAG-3ʹ; VEGF-receptor 2 (R2), forward 
5ʹ-GCAGGAAGTAGCCGCATTTG-3ʹ, reverse 5ʹ- 
ACTCGAAGAACACGCAACCT-3ʹ. GAPDH, forward 
5ʹ-GCAACCGGGAAGGAAATGAATG-3ʹ, reverse 5ʹ- 
CCCAATACGACCAAATCAGAGA-3ʹ. GAPDH was 
used as a reference gene.

Statistical Analysis
All experiments were repeated three times. All data are 
represented as mean ± standard deviation (SD) from 3 
independent experiments. One-way ANOVA followed by 
Bonferroni’s test was utilized to analyze the difference 
among multiple groups by GraphPad Prism 5 software. 
A value of P < 0.05 was considered statistically 
significant.

Results
PSB Inhibits HG-Induced HRVECs 
Proliferation
Firstly, different concentrations (0, 10, 20, 40 and 80 μg/ 
mL) PSB was used to treat cells for 24 h to observe the 
effect of PSB on HRVECs viability. Results showed that 
PSB decreased HRVECs viability in a concentration- 
dependent manner, and 80 μg/mL PSB led to more than 
50% decrease in cell viability (Figure 1A). Additionally, 
10, 20 and 40 μg/mL PSB had no effects on apoptosis of 
HRVECs, but 80 μg/mL PSB caused cell apoptosis as 
comparison to the untreated group (Figure 1B and C). 
Therefore, 10, 20 and 40 μg/mL PSB were used to perform 
the subsequent experiments. Then, cells were treated with 
NG, MA, HG and HG plus PSB (10, 20 and 40 μg/mL). 
As shown in Figure 1D, compared with NG and MA 
group, HG resulted in a markedly increase in cell viability. 
However, the presence of PSB gradually canceled this 
elevation in cell viability and the cell viability of 
HRVECs in HG + 40 μg/mL PSB group was lower than 
NG group. Therefore, 40 μg/mL PSB was chosen for the 
following experiments.

HRVECs were subjected to NG, MA, HG and HG + 40 
μg/mL PSB, then the expression of proteins involved in 
cell proliferation was assessed. We found that HG signifi-
cantly enhanced the protein expression of PCNA and 
Ki67, which as reversely reduced by additional treatment 
of 40 μg/mL PSB (Figure 1E). The same results are 
observed in Figure 1F, which presented the immunofluor-
escence staining for Ki67. The above data demonstrated 
the inhibitory effect of PSB on HG-caused HRVECs pro-
liferation enhancement.

PSB Suppresses HG-Stimulated HRVECs 
Migration and Angiogenesis
Next, we performed wound healing and transwell assay to 
investigate cell migration. Figure 2A reveals that HG- 
induced enhancement in migration distance was remark-
ably reversed by 40 μg/mL PSB. Similarly, PSB canceled 
the HG-increased number of migrated cells in transwell 
assay (Figure 2B).

The ability of capillary formation in HRVECs was also 
estimated. As shown in Figure 2C, compared with NG and 
MA group, the number of capillary-like structure was 
considerably boosted in HG group. However, the addition 
of PSB also obviously resulted in a decrease in the number 
of capillary-like structure. These data implicated that PSB 
could block HG-induced HRVECs migration and 
angiogenesis.

The Agonist of p-ERK, SLIGKV Recovers 
PSB-Inhibited HRVECs Proliferation
Subsequently, we observed that, consistent with previous 
studies,17,18 the mRNA level of VEGF and VEGF- 
Receptor 2 (R2) was significantly increased upon HG 
stimulation (Figure 3A and B). At the same time, HG 
treatment promoted the phosphorylation Raf, MEK and 
ERK proteins, which were the crucial components of 
MEK/ERK pathway. However, PSB also reduced the 
expression of p-Raf, p-MEK and p-ERK, indicating that 
the activation of MEK/ERK pathway might contribute to 
the effects of PSB on HG-treated HRVECs (Figure 3C).

Therefore, we utilized SLIGKV, which has been con-
firmed to result in significantly greater induction of ERK 
phosphorylation,16 and in order to stimulate HG + PSB- 
treated HRVECs. As illustrated in Figure 3D, the expres-
sion of p-ERK was indeed enhanced by SLIGKV, as 
compared to HG + PSB group. In addition, the decreased 
cell viability and blunted expression of PCNA and Ki67, 
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caused by PSB treatment, were also partially rescued by 
the addition of SLIGKV (Figure 3E and F). The above 
results suggested that PSB may inhibit HRVECs prolifera-
tion through inactivating MEK/ERK pathway.

PSB Inactivates VEGF/VE-Cadherin Axis 
in HG-Induced HRVECs
Finally, the expression of proteins associated with VEGF/ 
VE-cadherin axis was detected. As demonstrated in Figure 

Figure 1 The effect of PSB on HG-enhanced HRVECs proliferation. (A) The cell viability of HRVECs that exposed to 0, 10, 20, 40 and 80 μg/mL PSB was determined using 
a CCK-8 kit. (B and C) Cell apoptosis was evaluated with TUNEL staining. **P<0.01 and ***P<0.001 vs 0 μg/mL PSB. (D) The cell viability of HRVECs that cultured in NG, 
MA, HG or HG plus PSB (10, 20, 40 μg/mL) was examined by a CCK-8 kit. (E) The protein expression of PCNA and Ki67 in HRVECs that cultured in NG, MA, HG, and HG 
plus PSB (40 μg/mL) was assessed by Western blot analysis. (F) Representative images of immunofluorescence staining for Ki67 (green), blue represents the nuclei which 
were stained with DAPI (x200). **P<0.01 and ***P<0.001 vs NG; ###P<0.001 vs HG.
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4, compared with NG and MA group, the expression of 
VE-cadherin, Frizzed, β-catenin, MMP-2 and MMP-9 
were also remarkably increased upon HG stimulation. 
However, the addition of PSB in HG-induced HRVECs, 
led to a considerably decrease in the expression of these 
proteins expression, implicating the involvement of 
VEGF/VE-cadherin axis in the functions of PSB in HG- 
stimulated HRVECs.

Discussion
DR is the most common cause of diabetic blindness, and the 
pathological process of DR is retinal microvascular complica-
tions. New blood vessel formation is the main feature of DR. 
This study aims to investigate the beneficial effects of PSB on 
DR and reveal the underlying molecular mechanisms.

In the present study, the diabetic cell model was estab-
lished by culturing HRVECs in medium containing high 
concentration of glucose (HG, 30 mM). HG is known to 
impair the physiology of normal human endothelial cells 
and to induce hyperosmolarity, which can promote the 
development of DR.19–21 Moreover, hypoxia induced by 

HG in retinal vascular tissues can stimulate angiogenesis 
by regulating the balance of pro-angiogenic and anti- 
angiogenic mediators, which results in retinal neovascular-
ization, which is a hallmark of DR.22 To exclude the 
influence of osmotic pressure, MA group was also set up 
in this study. In accordance with previous studies, we 
observed that cell proliferation, migration and angiogen-
esis were remarkably enhanced in response to HG.21,23,24 

Furthermore, the mRNA level of VEGF and VEGF-R2 
was also increased by HG. VEGF is recognized as one 
of the most effective angiogenesis factors and is closely 
related to DR.25 Under normal physical circumstances, 
VEGF level in retinal tissues is low, thus playing a key 
role in the formation and stability of retinal blood vessels. 
While in a state of hyperglycemia, VEGF level is 
increased and participates in the progression of DR. 
VEGF-R2 is one of the high-affinity receptors of VEGF 
in retinal endothelial cells. Previous studies have shown 
that induction of the VEGF expression and its receptors 
can promote the proliferation of endothelial cells, stimu-
late angiogenesis, increase the permeability of small blood 

Figure 2 The effect of PSB on HG-stimulated HRVECs migration and angiogenesis. (A) Representative images for wound healing assay. The migration distance was 
calculated as the width of the scratch at 24 h minus the width of the scratch at 0 h. The relative migration distance was calculated by normalizing to NG group. (B) 
Representative images for transwell assay. (C) Representative images for tube formation assay. ***P<0.001 vs NG, ###P<0.001 vs HG.
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vessels, and thereby exacerbate DR.26 Our results verified 
the successful establishment of DR cell model induced by 
HG, and further confirmed the effects HG on DR.

In China, TCM has been widely used to prevent and 
relieve a great diversity of diseases for more than 1000 

years, and certain agents utilized to treat cancer have 
been derived from TCM. However, the exact anti- 
disease mechanisms of TCM remain to be fully clar-
ified, which hinders the application of TCM in inter-
national clinical treatment. PSB is the polysaccharides 

Figure 3 The effect of MEK/ERK signaling on PSB-inhibited HRVECs proliferation. (A and B) The expression of VEGF mRNA and VEGF-R2 mRNA in HRVECs that cultured 
in NG, MA, HG and HG plus PSB (40 μg/mL) was assessed by RT-qPCR. (C) The protein expression of p/t-Raf, p/t-MEK1/2 and p/t-ERK in HRVECs that cultured in NG, MA, 
HG and HG plus PSB (40 μg/mL) was tested by means of Western blot analysis. (D) The protein expression of p/t-ERK1/2 in HRVECs that cultured in NG, MA, HG, HG plus 
PSB (40 μg/mL) and HG plus PSB (40 μg/mL) plus p-ERK inhibitor SLIGKV was measured using Western blotting. (E) The cell viability of HRVECs that cultured in NG, MA, 
HG, HG plus PSB (40 μg/mL) and HG plus PSB (40 μg/mL) plus p-ERK inhibitor SLIGKV was examined by a CCK-8 kit. (F) The protein expression of PCNA and Ki67 in 
HRVECs that cultured in NG, MA, HG, HG plus PSB (40 μg/mL) and HG plus PSB (40 μg/mL) plus p-ERK inhibitor SLIGKV was detected with Western blot analysis. 
***P<0.001 vs NG; ###P<0.001 vs HG; ΔΔP<0.01 and ΔΔΔP<0.001 vs HG + PSB (40 μg/mL).
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extracted from a Chinese medicine S. barbata. Herein, 
we demonstrated that PSB effectively inhibited 
HRVECs proliferation, migration and angiogenesis 
upon HG stimulation, indicating the potential role of 
PSB in alleviating DR. Moreover, we found that the 
HG-increased mRNA level of VEGF and VEGF-R2 
was significantly reduced by PSB treatment, suggesting 
that PSB may exert its beneficial role in DR via low-
ering VEGF and VEGF-R2 expression. Similarly, the 
anti-angiogenic effect of S. barbata through inhibiting 
VEGF expression has been proposed by previous stu-
dies, although these studies were mainly focused on the 
anti-tumor effect of S. barbata.27–29 Our study for the 
first time shed light on the anti-angiogenic effect of 
S. barbata in retina.

The MEK/ERK pathway has been reported to function 
as an important regulator in proliferation, differentiation 
and survival of numerous different cells. It has been 
demonstrated that Raf/MEK/ERK pathway could be acti-
vated in the retina and its endothelial cells in diabetes, and 
this cascade might promote angiogenesis in the pathogen-
esis of diabetic retinopathy.30,31 In addition, VEGF has 
been confirmed to activate downstream MEK/ERK path-
way thereby contribute to retinopathy.9,32 In the current 
study, we also detected the activation of Raf/MEK/ERK 
pathway in response to HG, which was markedly pre-
vented by the application of PSB. Inactivation of MEK/ 
ERK has been implicated to restrain the proliferation, 
migration, invasion and angiogenesis of retinoblastoma 
cells.33 Therefore, we speculated that PSB inhibited HG- 

Figure 4 The effect of PSB on the expression of proteins involved in VEGF/VE-cadherin axis. The protein expression of VE-cadherin, Frizzed, β-catenin, MMP2 and MMP9 in 
HRVECs that cultured in NG, MA, HG, HG plus PSB (40 μg/mL) was detected by Western blot assay. **P<0.01 and ***P<0.001 vs NG; ###P<0.001 vs HG.
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induced HRVECs proliferation via inactivating MEK/ERK 
pathway. Subsequently, the agonist of p-ERK, SLIGKV 
was applied to treat HRVECs in the presence of HG plus 
PSB. Results showed that SLIGKV re-activated the 
expression of p-ERK and also blunted the inhibitory effect 
of PSB on cell proliferation in HG-induced HRVECs. We 
inferred that PSB inhibited HG-induced HRVECs prolif-
eration via inactivating MEK/ERK pathway.

VE-Cadherin is a type II endothelial-restricted cad-
herin, which is the main transmembrane adhesion mole-
cule of endothelial adhesion connection.34 The evidence 
indicated that silence of the VE-cadherin gene led to 
severe angiogenesis defects, causing abnormal VEGF 
signaling. VEGF has recently been recognized as an 
important angiogenic factor in DR. In addition, angio-
genic factors include MMP2 and MMP9, which are 
downstream of and activated by VEGF.35 In this study, 
we found that HG stimulation also increased the protein 
expression of VEGF/VE-cadherin axis including VE- 
cadherin, Frizzed and β-catenin, together with the expres-
sion of MMP2 and MMP9. However, PSB treatment 
cancelled the enhancement of these proteins induced by 
HG, indicating that PSB may inhibit HRVECs angiogen-
esis through blocking VEGF/VE-cadherin and VEGF/ 
MMP axis.

Conclusion
Collectively, we have demonstrated for the first time that 
PSB restrained DR by suppressing retinal cells prolifera-
tion through inactivating MEK/ERK pathway, inhibiting 
angiogenesis via inhibition of VEGF/VE-cadherin axis and 
MMP expressions in HG-stimulated HRVECs. Although 
specific functions of PSB in DR remain to be verified by 
performing in vivo experiments, the molecular mechan-
isms of PSB on DR need to be further studied. Our results 
suggested the potential value of PSB in treating DR.
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