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1  | INTRODUC TION

Diabetic retinopathy (DR) is a prominent microvascular compli-
cation of diabetes mellitus, which remains the leading cause of 
preventable blindness.1 Diabetic retinopathy is characterized by 

a breakdown of the blood-retinal barrier, a loss of pericytes from 
retinal capillaries, the appearance of acellular capillaries, and retinal 
neovascularization, which greatly increases the probability of vision 
loss.2-4 Currently, intravitreal injections of glucocorticoids and an-
ti-VEGF drugs are popular clinical therapeutics but still have some 
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Abstract
Diabetic retinopathy (DR) is one of the most prominent microvascular complications 
of diabetes, which remains the leading cause of legal blindness in the world. Arctiin, 
a bioactive compound from Arctium lappa L., has been reported to have antidiabetic 
activity. In this study, we investigated the effect of arctiin on a human retinal capillary 
endothelial cell (HRCEC) line and how arctiin inhibits cell proliferation in high glucose 
(HG)-induced HRCECs. Results showed that arctiin decreased HG-induced HRCECs 
proliferation in a dose-dependent manner by inducing cell cycle arrest at the G0/G1 
phase. Tube formation assay and immunofluorescence staining indicated that arctiin 
abrogated tube formation induced by HG-induced HRCECs in a dose-dependent man-
ner via down-regulation of VEGF expression. Mechanistic study indicated that per-
turbation of the ROCK1/PTEN/PI3K/Akt signalling pathway plays a vital role in the 
arctiin-mediated anti-proliferative effect. Furthermore, pre-incubation of HRCECs 
with Y-27632 attenuated arctiin-induced cell cycle arrest, cell proliferation and tube 
formation inhibition. Y-27632 also reversed the activation of PTEN, the inactivation/
dephosphorylation of PI3K/Akt and down-regulation of VEGF. Taken together, the 
results demonstrated that arctiin inhibits the proliferation of HG-induced HRCECs 
through the activation of ROCK1 and PTEN and inactivation of PI3K and Akt, result-
ing in down-regulation of VEGF, which inhibits endothelial cell proliferation.
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limitations.5 A considerable proportion of patients do not respond 
to these methods.6 Therefore, seeking novel therapy and drugs for 
DR is particularly important to control the development of the dis-
ease and to reduce the rate of blindness. Clinically, early treatment 
of DR is carried out by controlling blood glucose and blood pressure. 
However, the "high blood glucose memory" effect prevents tight 
glucose control from completely preventing the occurrence and 
development of DR. Therefore, the development of novel and valid 
therapy and drugs for the early pathogenesis of DR is a popular topic 
in current DR research.

Rho-associated coiled-coil kinase 1 (ROCK1, 160  kDa) be-
longs to a family of serine/threonine kinases that are activated 
via interaction with Rho GTPases or caspase-3 by cleavage the 
C-terminal autoinhibitory domain away (30 kDa) from the kinase 
active site.7 ROCK is involved in a wide range of fundamental cel-
lular functions, such as cellular adherence, migration, proliferation 
and apoptosis.8 Recent studies demonstrated that ROCK modu-
lates hyperglycaemia-induced microvascular endothelial dysfunc-
tion,9,10 suggesting a potential target for the treatment of DR. 
Phosphatase and tensin homologue deleted on chromosome ten 
(PTEN) is an important ROCK substrate,11 and the phosphoryla-
tion of PTEN by ROCK stimulates its phosphatase activity. PTEN 
is an antagonist regulator of the phosphatidylinositol (PI)3-kinase/
Akt pathway, which is known to play a major role in a diverse range 
of biological processes, including angiogenesis, cell survival and 
cell death.12,13 Studies have shown that the PI3K/Akt pathway 
promotes angiogenesis by activating vascular endothelial growth 
factor (VEGF) expression.14

Arctiin, an herb widely used in traditional Chinese medicine for the 
treatment of the common cold or flu, is a lignin bioactive compound iso-
lated from the dry seeds of Arctium lappa L.15 This lignin compound has 
been known to exhibit anti-inflammatory, anti-proliferative and antimi-
crobial activity.16-19 It has also been shown to inhibit 2-amino-3, 8-dime-
thylimidazo [4,5-f]quinoxaline (MeIQx)-induced hepatocarcinogenesis 
and 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP)-induced 
mammary, colon and pancreatic carcinogenesis.20 Additionally, some 
studies have reported that arctiin can protect the glomerular filtration 
barrier, can effectively relieve microcirculatory disturbances and show 
a good therapeutic effect on diabetic nephropathy (DN).21 Our previous 
studies indicated that arctiin decreases the severity of diabetic compli-
cations and might be used as an effective inhibitor of diabetic retinop-
athy.22 However, the precise mechanism of the antidiabetic activity of 
arctiin has not been fully explored.

In the present study, the HRCECs were used to investigate the 
inhibitory effects of arctiin on cell proliferation. Arctiin-inhibited 
HG-induced cell proliferation in HRCECs and induced cell cycle ar-
rest at the G0/G1 phase. Additionally, arctiin abrogated HG-induced 
tube formation of HRCECs. Moreover, mechanistic study indicated 
that arctiin-inhibited HG-induced HRCEC proliferation through the 
activation of ROCK1 and PTEN and the inactivation of PI3K and Akt, 
resulting in down-regulation of VEGF. Furthermore, pre-incubation 
of cells with Y-27632, a specific ROCK1 inhibitor, dramatically atten-
uated the anti-proliferative activity of arctiin. In addition, Y-27632 

attenuated arctiin-induced VEGF down-regulation and G0/G1 phase 
cell cycle arrest. Our study provides novel insight into anti-prolifer-
ative effect of arctiin and suggests that arctiin may be a promising 
agent for the treatment of DR.

2  | MATERIAL S AND METHODS

2.1 | Chemicals and antibodies

Arctiin (Purity: 99% by HPLC, Appearance: white crystal power) 
was manufactured by Chongqing Kerui Pharmaceutical Co., Ltd. 
(Chongqing, China). Y-27632 was purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA). 3-(4,5-methylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was obtained from Amresco 
(Solon, Ohio, USA). The following antibodies were used: anti-PTEN 
(A2B1, sc-7974, Santa Cruz, 1:500), anti-CDK2 (55, sc-136191, Santa 
Cruz, 1:500), anti-CDK4 (3F121, sc-70831, Santa Cruz, 1:500), anti-
Cyclin D1 (H-295, sc-753, Santa Cruz, 1:500), anti-PI3K (p110α, 
#4255, Cell Signaling Technology, 1:1000), anti-Phospho-PI3K 
(Tyr458,#4228, Cell Signaling Technology, 1:1000), anti-Phospho-Akt 
(Thr308, #9275, Cell Signaling Technology, 1:500), anti-Akt (#9272, 
Cell Signaling Technology, 1:1000), anti-ROCK1 (EP786Y, ab45171, 
abcam, 1:1000), anti-β-actin (AC-15,#1978,Sigma,1:50  000), anti-
Ki67 (ab15580, Abcam, 1:1000), Human VEGF PicoKine ELISA 
Kit (Boster, China) and p-VEGFR2 (Tyr1175, #2478, Cell Signaling 
Technology, 1:1000); VEGFR2 (D5B1, #9698S, Cell Signaling 
Technology, 1:1000).

2.2 | Cell culture and identification

Human retinal capillary endothelial cells (HRCECs) were purchased 
from Guangzhou Jennio Biotech Co., Ltd. (Guangzhou, China). The 
cells were cultured in Dulbecco's modified Eagle's medium (DMEM, 
Gibco, USA) with 10% foetal bovine serum (FBS, Hyclone, USA) and 
1% penicillin/streptomycin (HyClone, USA). Cells were cultured in 
an incubator at 37°C in a humidified atmosphere of 5% CO2 and 95% 
air. For all cell experiments, only primary cells at passages 2-10 were 
used.

2.3 | Arctiin treatments

The HRCECs were cultured in DMEM of 1.0  g/L glucose as the 
normal group (NG) and 4.5 g/L glucose (HG) as the model group. 
Subsequently, the cells of the arctiin treatment groups incubated 
in DMEM with 4.5  g/L glucose were simultaneously stimulated 
with different concentrations of arctiin (0.05, 0.5 or 2.0 mg/mL) 
for 48 hours. The treated cells were used in cell viability studies, 
as well as in the clonogenicity assay, the tube formation assay, 
immunofluorescence staining, flow cytometry and Western blot 
analysis.
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2.4 | MTT assay

The MTT assay was performed for assessing cell viability after 
treatment. HRCECs were seeded at a density of 1 × 104 cells per 
well in 96-well plates and grown to approximately 70% confluence 
prior to drug treatment. The cells were cultured in DMEM with 
1.0 g/L glucose as the control group and with 4.5 g/L glucose as 
the model group. The cells of the arctiin-treated groups were in-
cubated in DMEM with 4.5g/L glucose and different concentra-
tions of arctiin (0.05, 0.5 or 2.0 mg/mL). Following incubation for 
48  hours, 20  μL of MTT (5  mg/mL) was added to each well for 
4 hours at 37°C. Then, 150 μL of DMSO was added to dissolve the 
formazan crystals, and the absorbance of each plate was measured 
at 490 nm using a Spectra Max Plus microplate reader (Molecular 
Devices).

2.5 | Clonogenicity assay

Cells were seeded at a density of 100 cells per dish in 5 cm dishes 
and cultured in DMEM with 10% FBS and 1% penicillin/streptomy-
cin. After treatment with different concentrations of arctiin, the cells 
were cultured for 2-3 weeks, and all media were changed every five 
days. Then, the clones were fixed with 4% paraformaldehyde for 
15 minutes and were stained with crystal violet for 10 minutes. The 
images were acquired with a digital camera.

2.6 | Immunofluorescence staining

The treated cells were seeded onto slides and cultured in 24-well plates 
at a density of 5 × 105 cells per well. After 48 hours, the cells were 
fixed with 1  mL of immunol staining fix solution (Beyotime, P0098) 
for 15 minutes, permeabilized with 0.1% Triton X-100 for 5 minutes, 
blocked with 5% FBS for 30 minutes and incubated with Ki-67 primary 
antibody and then with Alexa Fluor 647 goat anti-Rabbit secondary an-
tibody (Invitrogen, A21245,1:300). The nuclei were stained with DAPI, 
and the cells were visualized by laser-scanning confocal microscope 
(LSM780NLO, Zeiss, Germany). The quantification of Ki67-positive 
cells was calculated by Zeiss LSCM Image Examiner software, and 
three images were examined in our experiments.

2.7 | Tube formation assay

Briefly, the 96-well plates were precoated with 50  µL Matrigel 
(BioFroxx, 1567ML005) per well and were then placed at 37°C for 
30 minutes to solidify. HRCECs (5 × 104 cells/well) in different treat-
ment groups were seeded on the solidified Matrigel. The plates were 
maintained at 37°C, under a humidified atmosphere of 5% CO2 for 
24 hours. The pictures were captured with a microscope. The quan-
tification of total tube length was calculated by ImageJ software 
using the ‘Angiogenesis analyze’ tool.

2.8 | Cell cycle analysis

The cell cycle was analysed using a flow cytometry-based method. The 
treated HRCECs were digested, collected and subsequently washed 
with ice-cold PBS. The obtained cells were fixed in 75% cold ethanol 
for 8 hours at 4°C. The fixed cells were washed twice with PBS and 
incubated with RNase (50 μg/mL) and propidium iodide (PI) (50 μg/mL, 
Thermo Fisher) for 30  minutes. The results were measured by flow 
cytometry (FACScan, BD Biosciences), and the percentages of cells in 
G0/G1, S and G2/M phases were analysed by FlowJo software.

2.9 | Western blot

After treatment with arctiin, the HRCECs were lysed with RIPA lysis 
buffer (Beyotime, Shanghai, China), and the protein concentrations 
were measured using an enhanced BCA protein assay kit (Beyotime, 
Shanghai, China). The proteins were separated by SDS-PAGE gels 
and were then transferred onto PVDF membranes (Millipore, 
Massachusetts, USA). The membranes were blocked with 5% non-
fat milk at 37°C for 2 hours and were then incubated overnight with 
the corresponding primary antibodies at 4°C. After rinsing 3 times 
with 1 × TBST, the membranes were then incubated with a horse-
radish peroxidase-bound secondary antibody for 2 hours. Enhanced 
chemiluminescence reagents were added for the visualization of the 
protein membranes.

2.10 | ELISA assay

The protein concentrations of VEGFA in HRCECs supernatant sam-
ples were determined with a commercial ELISA kit (Boster, China) 
according to the manufacturer's instructions. Absorbance was de-
tected at 450 nm in a microplate reader.

2.11 | Statistics

All quantitative data were reported at least three separate experi-
ments performed in triplicate, unless otherwise noted. Statistical 
significance was evaluated by Student's t test. For comparisons 
of more than two groups, one-way ANOVA followed by post hoc 
t -tests was performed, and the levels of significance were set as 
P < .05.

3  | RESULTS

3.1 | Arctiin inhibits HG-induced cell proliferation 
and tube formation in HRCECs

First, we evaluated the effects of glucose concentration on cell 
proliferation at different time intervals in human retinal capillary 
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F I G U R E  1   Arctiin inhibits HG-induced cell proliferation and tube formation in HRCECs. (A) Chemical structure and molecular weight of 
arctiin. (B) Effect of different high glucose (HG) concentrations (4.5, 6.3, 8.1, 9.9 mg/mL) on cell viability at different time-points in HRCECs. 
(C) HRCECs were treated with HG (4.5 mg/mL) without or with different concentrations of arctiin (0.05, 0.5 or 2.0 mg/mL) for 48 h, and 
cell viability was detected by MTT assay. (D-E) The anti-proliferative activity of arctiin on HG-treated HRCECs was evaluated by colony 
formation assay, and the number of cell colonies was counted. (F-G) HRCECs were treated with HG (4.5 mg/mL) without or with different 
concentrations of arctiin (0.05, 0.5 or 2.0 mg/mL) for 48 h. The cells were immunostained with Ki67 (Red) and DAPI (Blue). Photographs 
were obtained by confocal microscopy, and the quantification of Ki67-positive cell was calculated by Zeiss LSCM image examiner software. 
Scale bar: 50 µm. (H-I) The formation of capillary-like structures was photographed with a microscope, and the quantification of total tube 
length was calculated by ImageJ software. Scale bar: 250 µm. All data are presented as the mean ± SD (*P < .05, **P < .01, ***P < .001 vs. HG 
group)
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endothelial cells (HRCECs). As shown in Figure  1B, the cell vi-
ability of HRCECs induced by different high glucose concentra-
tions was significantly higher than that of HRCECs in low glucose 
DMEM (NG) at 48  hours and 72  hours, while no significant 
change was observed among the groups with increased glucose 
concentrations from 4.5  mg/mL to 9.9  mg/mL at 48  hours and 
72  hours. The results were consistent with several other stud-
ies that high glucose induced the HRCECs proliferation.23,24 In 
addition, except at 9.9 mg/mL high glucose group enhanced the 
cell viability of HRCECs moderately, other dose groups did not 
significantly affect the cell viability of HRCECs at 24 hours. Thus, 
exposure of HRCECs to 4.5 mg/mL high glucose for 48 hours was 
used for subsequent experiments. To determine whether arctiin 
treatment could inhibit high glucose (HG)-induced cell prolifera-
tion, HRCECs were treated with HG in the presence or absence 
of different concentrations of arctiin. Exposure of HRCECs to 
arctiin significantly decreased HG-induced cell proliferation in a 
dose-dependent manner (Figure  1C). To further investigate the 
inhibitory effect of arctiin on HG-pretreated HRCEC prolifera-
tion, a clonogenicity assay and Ki67 (a well-known cell prolifera-
tion marker) immunofluorescence staining assay were performed. 
Our results showed that compared with HG treatment alone, arc-
tiin treatment significantly reduced colony formation and Ki67-
positive cells (Figure  1D-G). We next examined whether arctiin 

affects angiogenesis in HRCECs by performing a tube formation 
assay. As shown in Figure 1H and I, arctiin abrogated the tube for-
mation induced by HG treatment in HRCECs in a dose-dependent 
manner. Together, these findings indicate that arctiin effectively 
inhibits HG-induced HRCECs proliferation and angiogenesis in 
vitro.

3.2 | Arctiin disrupts cell cycle arrest at the G0/G1 
phase in HG-induced HRCECs via down-regulation of 
CDK2, CDK4 and cyclin D1

Cell cycle arrest is a crucial mechanism involved in the inhibition of cell 
proliferation.25,26 We explored whether the anti-proliferative effect of 
arctiin on HG-induced HRCECs was caused as a result of the cell being 
arrested at a specific point in the cell cycle. Our flow cytometry re-
sults revealed that pretreatment of HRCECs with HG led to increased 
S phase population and decreased G0/G1 phase population compared 
with those of the control group. Conversely, arctiin promoted an ac-
cumulation of cells at the G0/G1 phase in a dose-dependent manner 
(Figure 2A-B). Further, we carried out Western blot analysis, and the 
results showed that HG increased the expression of the G0/G1 phase 
regulators CDK4, CDK2 and cyclin D1 and that these effects were 
reversed by arctiin treatment (Figure 2C-F). Together, these findings 

F I G U R E  2   Arctiin disrupts cell cycle arrest at G0/G1 phase in HG-treated HRCECs. (A-B) Cells were treated with HG (4.5 mg/mL) and 
arctiin (0.05, 0.5, or 2.0 mg/mL) for 48 h. The relative ratio of G0/G1, S and G2/M phases was detected using flow cytometry and calculated 
by FlowJo software. (C-F) Western blotting analysis of cellular G0/G1 phase regulators CDK4, CDK2 and cyclin D1 under HG and arctiin 
treatment for 48 h. β-actin served as the loading control, and the relative quantification of proteins was analysed by Adobe Photoshop 
software. All data are presented as the mean ± SD (*P < .05, **P < .01, ***P < .001 vs. HG group)
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indicate that arctiin suppressed the transition of HRCECs from the 
G0/G1 to S phase promoted by HG pretreatment, thereby inhibiting 
further progress in the cell cycle, and that this cell cycle suppression 
was accompanied by down-regulation of the protein levels of CDK4, 
CDK2 and cyclin D1.

3.3 | Arctiin attenuates HG-induced expression of 
VEGF and perturbation of ROCK1/PTEN/PI3K/Akt 
signalling pathway in HRCECs

The hallmark of DR is the occurrence of retinal neovascularization, 
and VEGF, the main pro-angiogenic factor, has been reported to be 
critically involved in the pathogenesis of DR.27-29 Therefore, we first 
examined the effects of arctiin on the expressions of VEGF receptor 2 
(VEGFR2) and its phosphorylation form p-VEGFR2 through Western 
blot. The results demonstrated that VEGFR2 and p-VEGFR2 levels 
were significantly up-regulated under HG conditions. However, arc-
tiin reversed HG-induced VEGFR2 and p-VEGFR2 expression in a 
dose-dependent manner (Figure 3A-C). In addition, we also checked 
the VEGFA expression level by ELISA kit assay. Consistent with our 
Western blot results, arctiin also decreased HG-induced VEGFA ex-
pression (Figure 3D).

It has recently been shown that the PI3K/Akt pathway played 
a major role in angiogenesis, which has been reported to be trig-
gered by growth factors, especially VEGF.14 We next investigated 
the effects of the PI3K/Akt pathway on arctiin-induced anti-pro-
liferative activity. Western blot analysis showed that exposure of 
HRCECs to HG resulted in an apparent increase in the activation/
phosphorylation of PI3K and Akt pathways. However, co-admin-
istration of arctiin and HG resulted in the virtual abrogation of 
the activation/phosphorylation of PI3K and Akt (Figure 3E, G-J). 
Studies have shown that PTEN, a tumour suppressor, is a PI3K up-
stream negative regulator that mediates angiogenesis by activat-
ing VEGF expression.14 ROCK1 cleavage/activation plays a vital 
role in the regulation of PTEN activation. The ROCK1 signalling 
pathway has been implicated in several diseases, such as diabetic 
nephropathy (DN) and DR, and in the diabetic milieu, high glucose 
levels can activate the ROCK1 pathway in vascular cells.30 We 
next examined the effects of arctiin on the expression of ROCK1 
and PTEN. Treatment with HG led to increased ROCK1 levels and 
decreased PTEN levels, which were markedly reversed by arc-
tiin in a dose-independent manner (Figure 3F, K-L). Such findings 
suggest that the ROCK1/PTEN/PI3K/Akt/VEGF signalling path-
way may be involved in the anti-proliferative effect of arctiin in 
HRCECs.

F I G U R E  3   Arctiin attenuates 
HG-induced expression of VEGF and 
perturbation of the ROCK1/PTEN/
PI3K/Akt signalling pathway in HRCECs. 
(A-C) HRCECs were treated with HG 
(4.5 mg/mL) in the presence or absence 
of different concentrations of arctiin and 
then were characterized by Western blot 
to assess the expression of VEGFR2 and 
p-VEGFR2. β-actin served as the loading 
control, and the relative quantification 
of proteins was analysed by Adobe 
Photoshop software. (D) The expression 
level of VEGF-A by ELISA Kit assay. (E-L) 
HRCECs were treated as indicated in (A), 
and Western blot analysis was used to 
assess the expression of PI3K, p-PI3K, 
Akt, p-Akt, ROCK1 and PTEN. β-actin 
served as the loading control, and the 
relative quantification of proteins was 
analysed by Adobe Photoshop software. 
All data are presented as the mean ± SD 
(*P < .05, **P < .01, ***P < .001 vs. HG 
group)
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F I G U R E  4   ROCK1 inhibitor Y-27632 reverses PTEN activation, PI3K/Akt de-phosphorylation and VEGF down-regulation mediated by 
arctiin. (A-H) HRCECs were pretreated with Y-27632 (20 μmol/L) for 2 h, followed by treatment with arctiin for 48 h. Western blot was used 
to assess the expression of ROCK1, PTEN, PI3K, p-PI3K, Akt and p-Akt. β-actin served as the loading control, and the relative quantification 
of proteins was analysed by Adobe Photoshop software.. (I) HRCECs were pretreated with Y-27632 (20 μmol/L) for 2 h, followed by 
treatment with arctiin for 48 h. The cells supernatant were characterized by ELISA Kit assay. (J-L) HRCECs were treated in (A), and Western 
blot was used to assess the expression of VEGFR2 and p-VEGFR2. β-actin served as the loading control, and the relative quantification of 
proteins was analysed by Adobe Photoshop software. All data are presented as the mean ± SD (*P < .05, **P < .01, ***P < .001)
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3.4 | ROCK1 inhibitor Y-27632 reverses PTEN 
activation, PI3K/Akt dephosphorylation and VEGF 
down-regulation mediated by arctiin

To investigate whether ROCK1 activation plays a critical role in 
the regulation of PTEN activity and downstream PI3K/Akt/VEGF 
signalling during the arctiin-induced anti-proliferative effect, a 
ROCK1 inhibitor, Y-27632, was employed. In the present study, we 
employed Western blot analysis and immunofluorescence stain-
ing assay to examining the effects of Y-27632 on the expression of 
ROCK1, PTEN, phosphor-PI3K, phosphor-Akt and VEGF. Western 
blot analysis indicated that pretreatment of HG-induced HRCECs 
with Y-27632 significantly abrogated arctiin-induced ROCK1 cleav-
age/activation (Figure  4A-C). In addition, pre-incubation of HG-
induced HRCECs with Y-27632 partially reversed arctiin-mediated 
activation of PTEN, inactivation/dephosphorylation of PI3K/Akt 
(Figure 4D-H). The Western blot and ELISA Kit results showed that 
pre-incubation of HG-induced HRCECs with Y-27632 also partially 
reversed the down-regulation of VEGFR2, p-VEGFR2 and VEGF-A 
mediated by arctiin (Figure 4I-L). Hence, we concluded that arctiin-
attenuated HG-induced expression of VEGF is dependent on the 
activation of the ROCK1/PTEN/PI3K/Akt signalling pathway in 
HRCECs.

3.5 | ROCK1 inhibitor Y-27632 abrogates arctiin-
disrupted cell cycle arrest in HG-induced HRCECs

We further investigated whether inhibition of ROCK1 activity is 
responsible for arctiin-disrupted cell cycle arrest in HG-induced 
HRCECs. Our flow cytometry results revealed that pretreatment of 
HG-induced HRCECs with Y-27632 abrogated arctiin-disrupted cell 
cycle arrest, as evidenced by an apparent increase in S phase pop-
ulation and a decrease in G0/G1 phase population compared with 
those in HG-induced HRCECs treated with arctiin alone (Figure 5A-
B). Moreover, pretreatment of HG-induced HRCECs with Y-27632 
also attenuated the decrease in levels of CDK4, CDK2 and cyclin D1 
mediated by arctiin (Figure 5C-F). These findings indicate that acti-
vation of ROCK1 is required for arctiin-disrupted cell cycle arrest in 
HG-induced HRCECs.

3.6 | ROCK1 inhibitor Y-27632 attenuates the 
anti-proliferative effect and tube formation inhibiting 
effect of arctiin in HG-induced HRCECs

We next further assessed the role of ROCK1 in arctiin-inhibited 
cell proliferation and tube formation. Our MTT assay showed that 

F I G U R E  5   ROCK1 inhibitor Y-27632 abrogates arctiin-disrupted cell cycle arrest in HG-induced HRCECs. (A-B) HRCECs were pretreated 
with Y-27632 (20 µmol/L) for 2 h, followed by treatment with arctiin for 48 h. The cell cycle was analysed by flow cytometry, and the 
relative ratios of the G0/G1, S and G2/M phases were calculated using FlowJo software. (C-F) Western blot analysis of cellular G0/G1 phase 
regulators CDK4, CDK2 and cyclin D1 after pretreatment with Y-27632 (20 µmol/L) for 2 h, followed by treatment with arctiin for 48 h. 
β-actin served as the loading control, and the relative quantification of proteins was analysed by Adobe Photoshop software. All data are 
presented as the mean ± SD (*P < .05, **P < .01, ***P < .001)



     |  5703ZHOU et al.

F I G U R E  6   ROCK1 inhibitor Y-27632 attenuates the anti-proliferative and tube formation inhibition activity of arctiin in HG-induced 
HRCECs. (A) Following pre-incubation of the cells with Y-27632 and subsequent treatment with arctiin for 48 h, the effect of arctiin on cell 
viability in HG-induced HRCECs was characterized. (B-C) Following pre-incubation of the cells with Y-27632 and subsequent treatment with 
arctiin for 48 h, cells were cultured for 2-3 weeks and then stained with crystal violet, the number of cell colonies was counted. (D-E) After 
pre-incubation of HRCECs with Y-27632, followed by treatment with arctiin for 48 h, HRCECs were immunostained with Ki67 (Red) and 
DAPI (Blue). Photographs were obtained by confocal microscopy and measured by Zeiss LSM image examiner software. Scale bar: 50 µm. (F-
G) After pre-incubation of cells with Y-27632 and subsequent treatment with arctiin for 48 h, the formation of capillary-like structures was 
photographed with a microscope, and the quantification of total tube length was calculated by ImageJ software. Scale bar: 250 µm. All data 
are presented as the mean ± SD (*P < .05, **P < .01, ***P < .001)
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co-administration of Y-27632 and arctiin significantly increased cell 
viability compared with that of the cells treated with arctiin alone 
(Figure  6A). The clonogenicity and immunofluorescence stain-
ing assay demonstrated that combined treatment with arctiin and 
Y-27632 markedly enhanced the colony number and the number 
of Ki-67-positive cells compared with those in the group treated 
with arctiin alone (Figure 6B-E). The tube formation assay further 
confirmed that cotreatment of Y-27632 and arctiin dramatically 
reversed arctiin-mediated tube formation inhibition (Figure  6F-G). 
Taken together, these findings demonstrate that ROCK1 activation 
plays a critical role in arctiin-inhibited cell proliferation and tube for-
mation in HG-induced HRCECs.

4  | DISCUSSION

DR, a type of specific fundus lesion, is one of the most common and 
severe microvascular complications of diabetes.31 DR is mainly due 
to chronic retinal cell exposure to a high glucose environment, lead-
ing to a series of fundus diseases, such as migration and proliferation 
of endothelial cells, retinal detachment and cell permeability.32,33 
Among them, neovascularization is the leading characteristic of DR. 
It has been reported that arctiin, a major lignin component of Fructus 
arctii, has an effect on experimental glomerulonephritis and diabetic 
nephropathy and can effectively reduce serum glucose levels in di-
abetic rats.21,34 These results suggest that arctiin might be a lead 
compound for DR therapy. Consistent with these studies, our results 
indicated that arctiin significantly inhibited the cell proliferation of 
HRCECs cultured under high glucose conditions. Moreover, arctiin 
suppresses HG-induced clonogenicity, reduces the number of Ki67-
positive cells and abrogates tube formation in a dose-dependent 
manner. Additionally, arctiin disrupts HG-induced HRCEC cell cycle 
arrest at the G0/G1 phase via down-regulation of the cell cycle regu-
lators CDK4, CDK2 and cyclin D1.

VEGF, a common pro-angiogenesis factor that regulates vascu-
logenesis and angiogenesis, is considered one of the most power-
ful angiogenic factors and has close relations with DR.35-37 Under 
normal conditions, the expression of VEGF in the retinal tissue is 
low, which plays an important role in the formation, stability and 

maintenance of retinal blood vessels. However, in the hyperglycae-
mic state, VEGF is up-regulated and participates in the development 
of diabetic retinopathy. A previous study indicated that inducing the 
expression of VEGF promotes the proliferation of endothelial cells 
and stimulates angiogenesis, which exacerbates DR, and demon-
strated that suppression of VEGF signalling inhibits both endothe-
lial cell proliferation and vasculogenesis.37 Consistent with previous 
studies, our finding indicated that the VEGF expression level was 
up-regulated under high glucose conditions. As expected, after 
treatment with arctiin, the expression level of VEGF was down-reg-
ulated in a dose-dependent manner, which corresponded to the tube 
formation assay results. Furthermore, it was reported that VEGF ex-
erts pro-angiogenic activity via binding with high affinity to VEGF 
receptor 2 (VEGFR2) and inducing the phosphorylation of VEGFR2. 
In our present studies, we also examined the expression level of 
VEGFR2 and its phosphorylation form p-VEGFR2, and their change 
trends were consistent with VEGF. Such findings suggest that arctiin 
inhibits HG-induced HRCEC proliferation through the down-regula-
tion of VEGF.

Numerous studies reported that the PI3K/Akt signalling pathway 
is implicated in VEGF expression and in the reduction in angiogen-
esis in endothelial cells.38,39 The up-regulation of VEGF-mediated 
angiogenic effects was dependent on the activation of the PI3K/
Akt signalling pathway.38 Recent studies indicated that the PI3K/
Akt signalling pathway participates in the regulation of endothe-
lial cell proliferation and neovascularization of DR.40,41 There is a 
suggestion that the inhibition of the PI3K/Akt signalling pathway 
could have beneficial therapeutic effects for the management of 
DR.40 Consistent with these studies, our experiments demonstrated 
that the PI3K/Akt signalling pathway was activated in HG-induced 
HRCECs in vitro, which could be inhibited after treatment with arc-
tiin. These results suggested that arctiin inhibits HG-induced HRCEC 
proliferation via down-regulation of VEGF expression by inactivating 
the PI3K/Akt signalling pathway.

It has been well documented that PTEN is a negative regula-
tor of the PI3K/Akt pathway,42 which plays a critical role in the 
regulation of angiogenesis in retinal tissues and mediates neovas-
cularization by activating VEGF expression.37 ROCK1 (160  kDa) 
belongs to a family of serine/threonine kinases that are activated 

F I G U R E  7   A proposed model for 
arctiin-mediated anti-proliferative effect. 
Arctiin induced an anti-proliferative effect 
in HRCECs, in which ROCK1 activation 
represents the primary insult, leading 
in turn to PTEN activation and PI3K 
inactivation and then to Akt inactivation, 
which results in down-regulation of 
VEGF and ultimately inhibition of HRCEC 
proliferation
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via interaction with Rho GTPases or caspase-3 by cleavage the 
C-terminal autoinhibitory domain away (30  kD) from the kinase 
active site.7 Recent evidence revealed that PTEN is a new ROCK1 
substrate that is involved in the regulation of cell death and sur-
vival.11,43 Numerous studies showed that ROCK1 activation en-
hances the activity of PTEN and inhibits the activation of Akt.40 
For instance, PTEN phosphorylation induced by ROCK1 decreases 
the phosphorylation of Akt in HEK cells.43,44 In the present study, 
we found the following evidence showing that ROCK1/PTEN ac-
tivation and PI3K/Akt inactivation are responsible for arctiin-in-
hibited VEGF expression, cell proliferation and tube formation 
in HG-induced HRCECs: first, treatment of HG-induced HRCECs 
with arctiin results in the activation/cleavage of ROCK1, acti-
vation of PTEN and inactivation of PI3K/Akt in a dose-depen-
dent manner. Second, pretreatment of HG-induced HRCEC cells 
with the ROCK1 inhibitor Y-27632 dramatically abrogated arc-
tiin-mediated PTEN activation, PI3K/Akt inactivation and VEGF 
down-regulation. Third, inhibition of ROCK1 activity by Y-27632 
also attenuated arctiin-induced cell cycle arrest, cell proliferation 
inhibition and tube formation inhibition in HG-induced HRCECs. 
Taken together, our findings indicate that the ROCK1/PTEN/
PI3K/Akt signalling pathway plays a crucial role in arctiin-inhib-
ited VEGF expression, cell proliferation and tube formation in HG-
induced HRCECs.

5  | CONCLUSION

In summary, the present studies indicated that arctiin effectively 
inhibits high glucose-induced human retinal capillary endothelial 
cell proliferation via ROCK1/PTEN/PI3K/Akt/VEGF signalling 
pathway (Figure  7). Collectively, these findings suggest a hypo-
thetical model of arctiin-induced anti-proliferative effects in HG-
induced HRCECs. In this model, arctiin induces ROCK1/PTEN 
activation, leading to PI3K/Akt inactivation, VEGF down-regula-
tion and ultimately the inhibition of HG-induced HRCEC prolif-
eration. Further efforts to understand the mechanisms by which 
arctiin induces an anti-proliferative effect in HG-induced HRCEC 
both in vitro and in vivo could improve preventive treatment out-
comes for DR and potentially for other diabetic complications as 
well.

ACKNOWLEDG EMENTS
This study was supported by National Natural Science Foundation of 
China (No. 81673696).

CONFLIC T OF INTERE S T
The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
LCL and GBL contributed to the study design; MZ and HYZ contrib-
uted data; MZ and LCZ drafted the statistical analysis plan; MZ and 
GBL wrote the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Laichun Lu   https://orcid.org/0000-0003-4439-9108 

R E FE R E N C E S
	 1.	 Yan JWY, Rogers SL, Kawasaki R, et al. Global prevalence and major 

risk factors of diabetic retinopathy. Diabetes Care. 2012;35:556-564.
	 2.	 Voiculescu OBVL, Alexandrescu C. Corneal neovascularization and 

biological therapy. J Med Life. 2015;8:444-448.
	 3.	 Hartnett ME, Baehr W, Le YZ. Diabetic retinopathy, an overview. 

Vision Res. 2017;139:1-6.
	 4.	 Simo-Servat O, Simo R, Hernandez C. Circulating biomarkers of 

diabetic retinopathy: an overview based on physiopathology. J 
Diabetes Res. 2016;2016:5263798.

	 5.	 Bressler SB, Almukhtar T, Bhorade A, et al. Repeated intravitreous 
ranibizumab injections for diabetic macular edema and the risk of 
sustained elevation of intraocular pressure or the need for ocular 
hypotensive treatment. JAMA Ophthalmol. 2015;133:589-597.

	 6.	 Eadie BD, Etminan M, Carleton BC, et al. Association of repeated in-
travitreous bevacizumab injections with risk for glaucoma surgery. 
JAMA Ophthalmol. 2017;135:363-368.

	 7.	 Li GB, Amit Budhraja HuXY, et al. Mitochondrial translocation and 
interaction of cofilin and Drp1 are required for erucin-induced mi-
tochondrial fission and apoptosis. Oncotarget. 2015;6:1834-1849.

	 8.	 Julian L, Olson MF. Rho-associated coiled-coil containing kinases 
(ROCK): structure, regulation, and functions. Small GTPases. 
2014;5:e29846.

	 9.	 Deng M, Luo Y, Li Y, et al. Klotho gene delivery ameliorates renal 
hypertrophy and fibrosis in streptozotocin-induced diabetic rats by 
suppressing the Rho-associated coiled-coil kinase signaling path-
way. Mol Med Rep. 2015;12:45-54.

	10.	 Furukawa N, Ongusaha P, Jahng WJ, et al. Role of Rho-kinase in 
regulation of insulin action and glucose homeostasis. Cell Metab. 
2005;2:119-129.

	11.	 Li Z, Wang ZL, Liu WZ, et al. Regulation of PTEN by Rho small 
GTPases. Nat Cell Biol. 2005;7:399-404.

	12.	 Keniry M, Parsons R. The role of PTEN signaling perturbations in 
cancer and in targeted therapy. Oncogene. 2008;27:5477-5485.

	13.	 Pal A, Barber TM, Van de Bunt M, et al. PTEN mutations as a 
cause of constitutive insulin sensitivity and obesity. N Engl J Med. 
2012;367:1002-1011.

	14.	 Kar S, Samii A, Bertalanffy H. PTEN/PI3K/Akt/VEGF signaling and 
the cross talk to KRIT1, CCM2, and PDCD10 proteins in cerebral 
cavernous malformations. Neurosurg Rev. 2015;38(2):229-237.

	15.	 Cai EB, Han JH, Yang LM, et al. Novel method of preparation and 
activity research on arctigenin from fructus arctii. Pharmacogn Mag. 
2018;14:87-94.

	16.	 Matsuzaki YKM, Hitomi T, Yokota T, et al. Arctiin induces cell 
growth inhibition through the down-regulation of cyclin D1 expres-
sion. Oncol Rep. 2008;19:721-727.

	17.	 Min B, Lee H, Song JH, et al. Arctiin inhibits adipogenesis in 3T3-L1 
cells and decreases adiposity and body weight in mice fed a high-fat 
diet. Nutr Res Pract. 2014;8:655-661.

	18.	 Seunghee Bae KML, Cha HJ, An I-S, et al. Arctiin blocks hydro-
gen peroxide-induced senescence and cell death though mi-
croRNA expression changes in human dermal papilla cells. Biol Res. 
2014;47:1-11.

	19.	 Zhao F, Wang L, Liu K. In vitro anti-inflammatory effects of arcti-
genin, a lignan from Arctium lappa L., through inhibition on iNOS 
pathway. J Ethnopharmacol. 2009;122:457-462.

https://orcid.org/0000-0003-4439-9108
https://orcid.org/0000-0003-4439-9108


5706  |     ZHOU et al.

	20.	 Hirose M, Yamoguchi T, Lin C, et al. Effects of arctiin on PhIP-
induced mammary, colon and pancreatic carcinogenesis in female 
Sprague-Dawley rats and MeIQx-induced hepatocarcinogenesis in 
male F344 rats. Cancer Lett. 2000;155:79-88.

	21.	 Ma ST, Dl L, Jj D, et al. Effect of Arctiin on Glomerular Filtration 
Barrier Damage in STZ-Induced Diabetic Nephropathy Rats. 
Phytother Res. 2012;27:1474-1480.

	22.	 Lu LC, Zhou W, Li ZH, et al. Effects of arctiin on streptozotocin-in-
duced diabetic retinopathy in Sprague-Dawley rats. Planta Med. 
2012;78:1317-1323.

	23.	 Wang CF, Yuan JR, Qin D, et al. Protection of tauroursodeoxycholic 
acid on high glucose-induced human retinal microvascular endothe-
lial cells dysfunction and streptozotocin-induced diabetic retinopa-
thy rats. J Ethnopharmacol. 2016;185:162-170.

	24.	 Wu H, Xia X, Jiang C, et al. High glucose attenuates insulin-induced 
VEGF expression in bovine retinal microvascular endothelial cells. 
Eye (Lond). 2010;24:145-151.

	25.	 Urrego D, Tomczak AP, Zahed F, et al. Potassium channels in 
cell cycle and cell proliferation. Philos Trans R Soc Lond B Biol Sci. 
2014;369:20130094.

	26.	 Galan Cobo A, Ramirez Lorca R, Serna A, Echevarria M. 
Overexpression of AQP3 Modifies the Cell Cycle and the 
Proliferation Rate of Mammalian Cells in Culture. PLoS ONE. 
2015;10:e0137692.

	27.	 Mei X, Zhou L, Zhang T, et al. Chlorogenic acid attenuates di-
abetic retinopathy by reducing VEGF expression and inhibit-
ing VEGF-mediated retinal neoangiogenesis. Vascul Pharmacol. 
2018;101:29-37.

	28.	 Huang HHJ, Johnson D, Wei Y, et al. Deletion of placental growth 
factor prevents diabetic retinopathy and is associated With 
Akt activation and HIF1α-VEGF pathway inhibition. Diabetes. 
2015;64:200-212.

	29.	 Yang WZ, Yang J, Xue LP, et al. MiR-126 overexpression inhibits 
high glucose-induced migration and tube formation of rhesus ma-
caque choroid-retinal endothelial cells by obstructing VEGFA and 
PIK3R2. J Diabetes Complications. 2017;31:653-663.

	30.	 Lu QY, Chen W, Lu L, et al. Involvement of RhoA_ROCK1 sig-
naling pathway in hyperglycemia-induced microvascular endo-
thelial dysfunction in diabetic retinopathy. Int J Clin Exp Pathol. 
2014;7:7268-7277.

	31.	 Wan TT, Li XF, Sun YM, et al. Recent advances in understanding 
the biochemical and molecular mechanism of diabetic retinopathy. 
Biomed Pharmacother. 2015;74:145-147.

	32.	 Frank RN. Diabetic retinopathy and systemic factors. Middle East 
Afr J Ophthalmol. 2015;22:151-156.

	33.	 Hendrick AMGM, Kulshreshtha A. Diabetic retinopathy. Prim Care 
Clin Office Pract. 2015;42:451-464.

	34.	 Lu LC, Zhang R, Song MB, et al. Optimization of Extraction and 
Purification of Arctiin from Fructus arctii and Its Protection Against 
Glucose-Induced Rat Aortic Endothelial Cell Injury. Cell Biochem 
Biophys. 2013;69:93-101.

	35.	 Yang F, Yu J, Ke F, et al. Curcumin alleviates diabetic retinopathy in 
experimental diabetic rats. Ophthalmic Res. 2018;60(1):43-54.

	36.	 Osaadon P, Fagan XJ, Lifshitz T, Levy J. A review of anti-VEGF agents 
for proliferative diabetic retinopathy. Eye (Lond). 2014;28:510-520.

	37.	 Wang W, Lo A. Diabetic Retinopathy: Pathophysiology and 
Treatments. Int J Mol Sci. 2018;19(6):1816.

	38.	 Ma J, Sawai H, Ochi N, et al. PTEN regulate angiogenesis through 
PI3K/Akt/VEGF signaling pathway in human pancreatic cancer 
cells. Mol Cell Biochem. 2009;331:161-171.

	39.	 Jiang BH, Zheng JZ, Aoki M, Vogt PK. Phosphatidylinositol 3-kinase 
signaling mediates angiogenesis and expression of vascular endo-
thelial growth factor in endothelial cells. Proc Natl Acad Sci U S A. 
2000;97:1749-1753.

	40.	 Qin B, Liu J, Liu S, et al. MiR-20b targets AKT3 and modulates vas-
cular endothelial growth factor-mediated changes in diabetic reti-
nopathy. Acta Biochim Biophys Sin. 2016;48:732-740.

	41.	 Pan WK, Li P, Guo ZT, et al. Propranolol induces regression of 
hemangioma cells via the down-regulation of the PI3K/Akt/eNOS/
VEGF pathway. Pediatr Blood Cancer. 2015;62:1414-1420.

	42.	 Piguet AC, Dufour JF. PI(3)K/PTEN/AKT pathway. J Hepatol. 
2011;54:1317-1319.

	43.	 Zhang R, Li G, Zhang Q, et al. Hirsutine induces mPTP-dependent 
apoptosis through ROCK1/PTEN/PI3K/GSK3beta pathway in 
human lung cancer cells. Cell Death Dis. 2018;9:598.

	44.	 Chang J, Xie M, Shah VR, et al. Activation of Rho-associated coiled-
coil protein kinase 1 (ROCK-1) by caspase-3 cleavage plays an es-
sential role in cardiac myocyte apoptosis. Proc Natl Acad Sci U S A. 
2006;103:14495-14500.

How to cite this article: Zhou M, Li G, Zhu L, Zhou H, Lu L. 
Arctiin attenuates high glucose-induced human retinal 
capillary endothelial cell proliferation by regulating ROCK1/
PTEN/PI3K/Akt/VEGF pathway in vitro. J Cell Mol Med. 
2020;24:5695–5706. https://doi.org/10.1111/jcmm.15232

https://doi.org/10.1111/jcmm.15232

