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Quercetin inhibits angiogenesis-mediated human retinoblastoma
growth by targeting vascular endothelial growth factor receptor
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Abstract. Retinoblastoma (RB) is the most common malignant
intraocular cancer in teenagers, occurrence of which depends
on the mutation of multiple genes. Among all the signaling
pathways involved in the oncogenesis of RB, the process of
angiogenesis has been demonstrated to be associated with
the local invasive growth and metastasis of this cancer type.
Quercetin (Que) is a typical flavonoid and has been reported to
inhibit angiogenesis in various types of tumors. In the present
study, the effect of Que on RB cells and angiogenesis of RB
was evaluated. The human RB Y79 cell line was subjected
to treatment with Que of various concentrations. Viability,
invasion and migration ability and apoptosis of Y79 cells were
subsequently measured to assess the effect of Que on RB cells.
In addition, the expression of vascular endothelial growth
factor receptor (VEGFR) was also quantified. It was revealed
that Que inhibited RB cell growth and invasion in vitro in
a dose-dependent manner, with 100 uM Que exhibiting the
strongest inhibitory effect. In addition, Que downregulated the
expression of VEGFR, which was an indicator of the blockade
of angiogenesis in RB by targeting VEGF. The effect of Que
on angiogenesis was also observed to be dose-dependent. The
results of the present study indicated that Que may be a poten-
tial anti-RB therapy due to its anti-angiogenesis effect.

Introduction

Retinoblastoma (RB) is the most common childhood malig-
nant ocular tumor, which is characterized by an abnormal
appearance of the pupil and leukocoria (1-3). A total of >9,000
new cases of RB are reported annually (4), and the incidence
may be increased in developing countries; in certain Central
and South American countries RB is one of the most common
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tumor malignancies in youth (5). Generally, onset of RB is
initiated by mutation of the RB/ gene, which was the first
tumor-suppressor gene to be described (6-8). The majority
of patients with RB are born with loss of one RBI allele and
subsequently lose the other one during the development of
retinal cells, eventually leading to the carcinogenesis of RB
within several years following birth (9).

Currently, treatment modalities for RB include enucleation,
systemic chemotherapy, external beam radiation therapy,
focal treatments, intra-arterial or subconjunctival chemo-
therapy (10). However, prognosis of these therapies depends
on the stages of RB. To improve the effectiveness of therapy,
comprehensive understanding of the mechanism involved in
the oncogenesis and development of RB is important. In RB
cells, the expression status of numerous genes is substantially
altered. These differentially expressed genes include compo-
nents involved in the immune system, signaling pathways,
angiogenesis, cell structure and proliferation (11). Among the
potential signaling transductions involved in the genesis of
RB, angiogenesis has been demonstrated to be associated with
local invasive growth and metastasis of this cancer type (12).
In addition, a previous study by Marback et al (13) employed
tumor angiogenesis as a prognostic factor for disease dissemi-
nation of RB, which confirmed the crucial role of angiogenesis
in RB carcinogenesis. Therefore, concatenated application of
anti-angiogenic agents and traditional therapies may be syner-
gistic for a greater alleviation of the impairments of RB (14).

Quercetin (Que; 3,30,40,5,7-pentahydroxylflavone) is a
typical flavonoid that is widespread in nature and found in fruits,
vegetables and plants (15,16). Numerous studies on the effects
of Que and associated flavonols on signal transduction associ-
ated with carcinogenic processes have been reported, including
effects on cell cycle distribution, apoptosis, pro-inflammatory
protein induction and angiogenesis (17). Que induced apop-
tosis in human hepatoma HepG2 cells via activation of the
mitochondrial signaling pathway and blockade of Akt and
extracellular signal-regulated kinase (18). Duraj et al (19) also
demonstrated that Que triggered DNA fragmentation, cleavage
of poly-polymerase, modification of B-cell lymphoma (Bcl) and
upregulation of Bcl-associated X protein in human leukemia
cells. In addition, the effect of Que on tumor angiogenesis
was validated. Que inhibits human prostate tumor growth in
an angiogenesis inhibition-dependent manner by targeting
vascular endothelial growth factor receptor (VEGFR)-2 (20).
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However, to the best of our knowledge, few studies have focused
on the treatment potential of Que against RB. Therefore, it the
present study comprehensively investigated the effect of Que
on the process of angiogenesis in RB tumors and evaluated its
potential as an anti-RB agent.

In the present study, the human RB Y79 cell line was
employed as an in vitro model of RB. The cells were subjected
to various doses of Que. Cell viability, cell invasion and
migration ability, as well as cell apoptosis were subsequently
measured to demonstrate the effect of Que on RB cells. To
verify the possibility that Que exerted its function in an
angiogenesis inhibition-dependent manner, the expression of
VEGFR, which is the major mediator of the specific action
of VEGF on endothelial cells (20), was subsequently quanti-
fied using reverse transcription-quantitative polymerase chain
reaction (RT-qPCR), western blotting and immunofluores-
cence assay. The present study may provide a preliminary
illustration of the effect of Que on RB cells and promote the
treatment of this malignant cancer.

Materials and methods

Chemicals and cell culture. Que (>99% pure) was purchased
from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany),
dissolved in dimethyl sulfoxide (DMSO), aliquoted and stored
at -22°C. Antibodies against VEGFR (cat. no. ab36844) and
GAPDH (cat. no. ab8245) were purchased from Abcam
(Cambridge, UK). The human RB Y79 cell line (Shanghai
Bioleaf Biotech Co., Ltd., Shanghai, China), preserved at the
Second Hospital of Shandong University (Jinan, China), was
cultured in HyClone™ RPMI-1640 medium (GE Healthcare,
Logan, UT, USA) supplemented with 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and
1% (v/v) antibiotics mixture (100 U/ml penicillin and 100 U/ml
streptomycin) in an atmosphere of 95% air and 5% CO, at 37°C.

Administration of Que and VEGF. To assess the effect of Que
on RB cells, Y79 cells were divided into four groups: The
control group, Y79 cells; the LQUE group, Y79 cells incubated
with 25 yM Que; the MQUE group, Y79 cells incubated with
50 uM Que; and the HQUE group, Y79 cells incubated with
100 M Que.

Cell Counting Kit-8 (CCK-8) assay. The cell viabilities of Y79
cells in different groups were estimated by CCK-8 test. Briefly,
50 ul exponentially growing cells (3x10° cells/ml) were seeded
onto a 96-well plate and cultured for 72 h at room temperature.
Every 24 h subsequent to the start of the incubation, 5 mg/ml
of CCK-8 was added to five randomly selected wells in each
group. Subsequent to incubation for an additional 4 h at 37°C,
200 pl of DMSO was added to each well, and the cell viability
in the various treatments was assessed by measuring the
optical density values at 450 nm with a microplate reader.

Transwell experiment. The Transwell experiment, which eval-
uated the migration ability of Y79 cells in various groups, was
performed. Incubation medium (with 1 mM MgCl,; 200 ul)
containing 1x10* cells was seeded into the upper Transwell
chambers (Costar; Corning Incorporated, Corning, NY, USA).
The cells were subsequently incubated at 37°C for 48 h to
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allow cell migration through the porous membrane (pore size,
8 um). Upon completion of the culture, cells remaining on the
upper surface of the chamber were completely removed using
a cotton swab. The lower surfaces of the membranes were
fixed with 4% paraformaldehyde for 20 min and stained in a
solution containing 0.5% (w/v) crystal violet for 5-10 min at
room temperature. Subsequent to being washed with ddH,0,
results of different groups were observed using the Olympus
CX41 microscope (Olympus Corporation, Tokyo, Japan) at
x200 magnification and the numbers of cells were determined
using Image-Pro Plus 6.0 software (Nikon Corporation, Tokyo,
Japan). The invasion ability of Y79 cells was then measured as
aforementioned, with polycarbonate membranes pre-coated
with 100 ul Matrigel (in 0.8 pg/ul Dulbecco's modified Eagle's
medium; BD Biosciences, San Jose, CA, USA) at 37°C for 2 h
to form a reconstituted basement membrane.

Flow cytometry assay. To assess the effect of Que administra-
tion on the apoptotic process in Y79 cells in various groups, an
Annexin V-fluorescein isothiocyanate (FITC) Apoptosis Detec-
tion kit (Jingmei Biotech Co., Ltd., Beijing, China) was employed
according to the manufacturer's protocol. The apoptotic rates
were analyzed using a FACScan flow cytometer (Accuri™ C6;
BD Biosciences). The apoptotic cell rate was equal to the sum
of the late apoptotic rate (upper right quadrant-advanced stage
apoptosis cell percentage) and the early apoptotic rate (lower
right quadrant-prophase apoptosis cell percentage).

RT-gPCR. For RT-qPCR detection, whole RNA in cells from
various groups was extracted using TRIzol reagent according
to the manufacturer's protocol (Takara Bio, Inc., Otsu, Japan).
GAPDH was selected as the reference gene. cDNA templates
were achieved by reverse transcribing the RNA using a RT-PCR
kit (DBI Bioscience, Shanghai, China), and the final RT-qPCR
reaction mixture of volume 20 ul contained 10 pl of Bestar®
SYBR-Green qPCR master mix (DBI Bioscience, Shanghai,
China), 0.5 pl of each primer (VEGFR forward, 5'-CTCTCT
CTGCCTACCTCACCTG-3' and reverse, 5'-CGGCTCTTT
CGCTTACTGTTC-3"; and GAPDH forward, 5-TGTTCG
TCATGGGTGTGAA-3' and reverse, 5'-ATGGCATGGACT
GTGGTCAT-3'; Sangon Biotech, Shanghai, China), 2 ul of the
cDNA template and 7 pl of RNase-free H,O. Thermocycling
parameters for the amplification were as follows: A denatur-
ation step at 95°C for 2 min; followed by 40 cycles at 94°C for
20 sec; 58°C for 20 sec; and 72°C for 30 sec. Relative expres-
sion levels of targeted genes were calculated with Data Assist
Software version 3.0 (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the expression of 2-22¢4 (21).

Western blot analysis. The protein in various samples was
extracted for western blot analysis. GAPDH was used as
reference protein. Concentrations of protein samples were
determined using the bicinchoninic acid method, and 40 ug of
protein was subject to a 10% SDS-PAGE. Following transfer
of targeted proteins to polyvinylidene difluoride membranes,
the membranes were washed with TBS-Tween-20 (TTBS) for
5 min and subsequently incubated with skim milk powder solu-
tion for 1 h at room temperature. Primary antibodies against
VEGEFR (dilution, 1:1,500) or GAPDH (dilution, 1:1,000) were
incubated with membranes at 4°C overnight. Following an
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Figure 1. Administration of Que inhibits the proliferation of Y79 cells, and the
effect is dose-dependent. “P<0.05, compared with the control group; "P<0.05,
compared with the LQUE group; *P<0.05, compared with the MQUE group.
OD, optical density; Que, quercetin; LQUE, Y79 cells incubated with 25 yM
Que; MQUE, Y79 cells incubated with 50 uM Que; HQUE, Y79 cells incu-
bated with 100 xM Que.

additional four washes using TTBS, secondary horseradish
peroxidase-conjugated IgG antibodies (cat. no. A0216; dilution,
1:20,000; Beyotime Institute of Biotechnology, Haimen, China)
were added and incubated with the membranes for 45 min at
37°C. Following another six washes using TTBS, the blots were
developed using Beyo ECL Plus reagent (Beyotime Institute
of Biotechnology) and the results were recorded in the Gel
Documentation System (Liuyi, Inc., Beijing, China). The rela-
tive expression levels of gremlin 1 and GLI family zinc finger
3 in various samples were calculated with Gel-Pro-Analyzer
(Media Cybernetics, Inc., Rockville, MD, USA).

Immunofluorescence assay. The expression of VEGFR in
various groups was detected using immunofluorescence
microscopy. Briefly, cells (2x10°) were transferred into a 1.5 ml
Eppendorf tube, and supernatant was then discarded following
centrifugation for 5 min at 447 x g at 37°C. Subsequent to
being washed three times with PBS, cells were centrifuged for
5 min at 447 x g at 37°C. Subsequently, cells were transferred to
24-well plates and fixed with 4% paraformaldehyde for 15 min.
The cells were then permeabilized with 0.5% Triton X-100 for
30 min at room temperature. Subsequent to being washed with
PBS for three cycles, 5 min for each, the cells were blocked in
10% goat serum (Thermo Fisher Scientific, Inc.) for 15 min.
Primary rabbit polyclonal antibodies (dilution, 1:200) to
VEGFR were subsequently added and the cells were incubated
overnight at 4°C in 1% goat serum. Staining was performed by
incubating the cells with FITC-conjugated secondary antibody
(cat. no. A0521; Beyotime Biotechnology, Shanghai, China)
at dilution of 1:1,000 for 1 h. Following incubation with the
secondary antibody, cells were washed and stained with FITC
for 5 min at room temperature. Following three cycles of 5-min
washes with PBS buffer, the cells were fixed in slides and
imaged with fluorescent microscopy at x400 magnification.

Statistical analysis. All the data were expressed as the
mean =+ standard deviation. One-way analysis of variance and
post hoc multiple comparisons using a least significant differ-
ence method were conducted using SPSS version 19.0 (IBM
SPSS, Armonk, NY, USA). P<0.05 was considered to indicate
a statistically significant difference.
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Invasion assay

Figure 2. Administration of Que inhibits invasion and migration ability in
Y79 cells. The effect was dose-dependent. (A) Detection of invasion ability
of Y79 cells in various groups. (B) Detection of migration ability of Y79
cells in various groups. Que, quercetin; LQUE, Y79 cells incubated with
25 uM Que; MQUE, Y79 cells incubated with 50 uM Que; HQUE, Y79 cells
incubated with 100 xM Que.

Results

Administration of Que inhibits proliferation, migration and
invasion in Y79 cells. The viability of Y79 cells subsequent
to being subjected to Que was examined by CCK-8 assay.
A decrease in cell viability due to Que administration was
observed for cells sampled from 48 and 72 h (Fig. 1). The
difference between the control group and the MQUE group
or the control group and the LQUE group was statistically
significant for the last two time points (P<0.05). In addition,
Que affected Y79 cells in a dose-dependent manner, with
100 Mm Que causing the strongest inhibitory effect on the
proliferation of Y79 cells. The differences between the LQUE
and HQUE groups, the LQUE and MQUE groups, and the
MQUE and HQUE groups were all statistically significant for
the last two time points (P<0.05).

Migration and invasion of Y79 cells was detected using
Transwell experiments. Exposure to Que markedly reduced the
cell numbers moving through the porous membranes (Fig. 2A
and B), representing the potential of Y79 to inhibit the metas-
tasis of RB.

Administration of Que induces apoptosis in Y79 cells. The
apoptotic process in Y79 cells was also induced by Que admin-
istration (Fig. 3). Apoptotic rate of the control group (15.4+1.0%)
was significantly different from the other three groups
(28.1£0.9% for the LQUE group, 29.3+0.7% for the MQUE
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Figure 3. Administration of Que induces apoptosis in Y79 cells, and the
effect is dose-dependent. (A) Representative images of flow cytometry results
in various groups. (B) Quantitative analysis results of apoptotic rate differ-
ence in different groups. "‘P<0.05, compared with the control group; “P<0.05,
compared with the LQUE group. Que, quercetin; LQUE, Y79 cells incubated
with 25 uM Que; MQUE, Y79 cells incubated with 50 M Que; HQUE, Y79
cells incubated with 100 M Que; PI, propidium iodide.

group and 42.8+0.8% for the HQUE group) (P<0.05). The effect
of Que on the apoptosis of Y79 cells was also dose-dependent,
but only the data of the HQUE group was significantly increased
compared with the other two groups (P<0.05).

Administration of Que downregulates the level of VEGF at
the mRNA and protein levels. Expression of VEGF in Y79
cells post-Que administration was detected using RT-qPCR,
western blotting and immunofluorescence assay. At the mRNA
level, treatment of Que reduced the transcription of VEGFR,
and the differences between the control group and the other
three groups were all statistically significant (P<0.05; Fig. 4A).
In addition, the effect of Que on the transcription of VEGFR
was also dose-dependent. Similar results were also detected for
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Figure 4. Administration of Que inhibits the expression of VEGFR at the
mRNA and protein levels. (A) Quantitative analysis results of relative expres-
sion difference of VEGFR in various groups by reverse transcription-qPCR.
“P<0.05, compared with the control group; “P<0.05, compared with the
LQUE group; *P<0.05, compared with the MQUE group. (B) Representative
images of western blotting of VEGFR in various groups. Que, quercetin;
VEGFR, vascular endothelial growth factor receptor; qPCR, quantitative
polymerase chain reaction; LQUE, Y79 cells incubated with 25 uM Que;
MQUE, Y79 cells incubated with 50 xM Que; HQUE, Y79 cells incubated
with 100 uM Que.
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Figure 5. Representative images of immunofluorescence assay of VEGFR
in various groups. FITC-positive cells were stained blue. VEGFR-positive
cells were stained red. Scale bar, 50 gm. FITC, fluorescein isothiocyanate;
VEGFR, vascular endothelial growth factor receptor; Que, quercetin; LQUE,
Y79 cells incubated with 25 yuM Que; MQUE, Y79 cells incubated with
50 uM Que; HQUE, Y79 cells incubated with 100 xM Que.

western blot analysis; Que administration inhibited the expres-
sion of VEGFR in a dose-dependent manner (Fig. 4B). For
detection of the immunofluorescence assay, as shown in Fig. 5,
VEGFR-positive cells were stained red and FITC-positive
cells were stained blue. It was demonstrated that Que admin-
istration decreased the distribution and amount of VEGFR in
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Y79 cells. These results confirmed the antagonizing effect of
Que on the process of angiogenesis in RB cells.

Discussion

Numerous attempts have been made to investigate risk factors
in patients with RB, for development of metastatic cases
and for extension of RB locally into the orbit (22-24). The
majority of these previous studies focused on the degree or
extent to which tumor cells invade the optic nerve or choroid
in enucleated eyes, and reported a positive association between
tumor cell invasion and an increased risk of disseminated
disease (22,23,25,26). Currently, the most effective therapy
against RB is chemotherapy combined with immunotherapy,
which may enhance cytotoxicity on RB by increasing apop-
tosis (27). Despite its high efficiency, the current treatment
scheme remains unsatisfactory considering the general side
effects of chemotherapy. Thus, development of mild thera-
peutic targets to promote treatment of RB is imperative. In
the present study, the effect of Que on RB cells was evaluated.
Que has previously been demonstrated to be potent inhibitor
against certain prostate, ovarian and colon cancer (20,28,29).
Based on the results of the present study, it was revealed that
Que is able to inhibit the proliferation, invasion and migration
ability, and induces apoptosis in RB cells. In addition, it was
demonstrated that Que downregulated angiogenesis in RB
cells, which may be the major mechanism through which Que
exerted its treatment effect on RB.

It is well known that tumor growth and the formation of
hematogenous metastasis depend on angiogenesis, and as a
response, tumor cells possessing metastatic potential have
accumulated mutations to induce angiogenesis (30,31). There-
fore, suppression of angiogenesis may be an important target to
inhibit tumor growth and metastasis. Several anti-angiogenic
strategies have been developed by targeting various components
of tumor angiogenesis (32,33). Of all the potential treatment
modalities, numerous phytochemicals have demonstrated
potency as antiangiogenic agents during the investigation of
cancer development and metastasis (20). In the present study,
the cytotoxicity of Que on the human RB Y79 cell line was
assessed. The results revealed that Que reduced cell viability
and mobility of RB cells, and also induced apoptosis, leading
to tumor cell death. These results supported the hypothesis that
Que may be a promising agent in the treatment of RB.

Among types of pro-angiogenic mechanisms, the VEGF
signaling pathway has been implicated as the central mediator
of tumor neovascularization (34). As an attractive therapeutic
target, VEGF has been demonstrated to be associated with
initiation of angiogenesis by regulating proliferation, migration
and differentiation of endothelial cells (35). The function of
VEGF is mediated through the activation of receptor tyrosine
kinases. In the present study, Que significantly inhibited the
level of VEGFR in Y79 cells, which represented the blockade
of the VEGEF signaling pathway. The present data reported a
similar result to a previous study by Pratheeshkumar et al (20)
based on prostate cancer, in which the authors reported that
Que administration inhibited the activation of VEGFR2, and
thereby suppressed the downstream Akt/mechanistic target of
rapamycin/P70S6K-mediated angiogenesis signal transduc-
tion pathways. A dose-dependent effect of Que on RB cells
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and VEGFR expression was also observed. However, the suit-
able concentration of Que for treating RB in the clinic requires
additional study.

In conclusion, Que inhibited RB growth and invasion
in vitro in a dose-dependent manner. In addition, Que blocked
angiogenesis in RB by targeting VEGF. Thus, it may be
proposed that Que is a potential anti-RB therapy based on its
anti-angiogenic effect. Although the inhibitory effects of Que
in vitro were evident, additional studies are required to achieve
a comprehensive understanding of the effect and mechanism
of this compound on angiogenesis in RB.
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