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The antitumor function of arctigenin in human
retinoblastoma cells is mediated by jagged-1
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Abstract. Retinoblastoma is an intraocular malignant tumor
that may severely affect vision and represents a life-threatening
disease in children. Arctigenin (ATG) is an active compound
that exhibits numerous pharmacological activities, which is
isolated from the seeds of greater burdock (Arctium lappa
Linnaeus), a plant used in traditional Chinese herbal medicine.
The present study aimed to investigate the effects of ATG
on cancer progression by analyzing the retinoblastoma
cell line Y79. ATG exhibited a significant inhibitory effect
on the viability of Y79 cells in a dose-dependent manner.
Furthermore, treatment with ATG promoted apoptosis, and
increased the protein expression levels of B-cell lymphoma 2
(BCL-2)-associated X protein and decreased the protein
expression levels of BCL-2. Cell migration was suppressed
following treatment with ATG, as assessed by Transwell
migration assay. Furthermore, the protein expression levels of
jagged-1 (JAG1) were decreased, and various factors involved in
the Notch signaling pathway, including the Notch intracellular
domain (NICD), transcription factor HES (HES)5 and HES1
were downregulated following treatment with ATG. The
decreased expression levels of JAG1 were restored in response
to JAGI overexpression, alongside increases in the protein
expression levels of NICD, HES5 and HESI. Furthermore,
overexpression of JAGI partly restored the cell viability
and migration suppressed following treatment with ATG.
In addition, ATG-induced apoptosis was reduced by JAGI
overexpression. Collectively, the present results suggested that
ATG may serve as an antitumor compound by suppressing the
proliferation and migration of retinoblastoma cells, inducing
apoptosis, downregulating the protein expression levels of
JAGI, and decreasing the activity of the Notch signaling
pathway.
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Introduction

Retinoblastoma is an intraocular malignant tumor derived
from immature retinal cells (1). This malignancy is commonly
observed in children <3 years old and poses a severe threat
to vision and life. The intraocular proliferation and migration
of retinoblastoma cells may lead to the necrosis of retinal
tissues and subsequent retinal detachment, in addition to the
development of intracranial metastasis and metastasis to the
optic nerve (2). To the best of our knowledge, the current
strategies available for retinoblastoma treatment are limited,
and include surgical resection, radiotherapy and systemic
chemotherapy (3). Although the 5-year survival rate of
early diagnosed patients has improved to >90% over recent
years (4), the side effects of the currently available therapies
include facial defects, optic nerve injury, visual disorders and
drug toxicity. Therefore, novel treatments and therapeutic
strategies are required to improve the outcomes of patients
with retinoblastoma.

Arctigenin (ATG) is an active compound extracted from
the seeds of greater burdock (Arctium lappa Linnaeus), a
plant used in traditional Chinese herbal medicine. ATG has
been demonstrated to exhibit pharmacological activities in the
treatment of diabetes (5), obesity (6) and inflammation (7). In
addition, in vitro and in vivo studies demonstrated that ATG
possesses antiproliferative, proapoptotic, antimetastatic and
drug-resistance-decreasing effects in various types of cancer by
influencing the activity of numerous signaling pathways (8,9)
and molecular markers (10,11). However, the effects of ATG on
the biological progression of retinoblastoma remain unclear.

The Notch signaling pathway mediates signal transduction
between adjacent cells and serves an important role in cancer
progression (12,13). Dysregulation of the Notch signaling
pathway was observed in various types of cancer (14,15). In
mammals there are five main ligands: Jagged (JAG)1, JAG2,
and d-like canonical Notch ligands 1, 3 and 4. The interac-
tion between one ligand and one of the four Notch receptors
(NOTCH1-4) activates cleavage of the receptor (13). Following
proteolytic cleavage, the Notch intracellular domain (NICD)
is released from the cell membrane and enters the nucleus to
activate transcription of its downstream genes (13). JAGI is an
important Notch ligand and is able to promote activation of the
Notch signaling pathway, serving as an oncogene in certain
types of cancer (16). The present study aimed to investigate the
effects of ATG on retinoblastoma and its underlying molecular
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mechanism by examining the involvement of the JAGI-Notch
signaling pathway.

Materials and methods

Reagents and cell culture. ATG (=95% purity) was purchased
from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany),
dissolved in dimethyl sulfoxide (DMSO) at a concentration of
50 mM and stored at -20°C. The human retinoblastoma cell
line Y79 was purchased form The Cell Bank of Type Culture
Collection of Chinese Academy of Science (Shanghai, China)
and cultivated in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
20% fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific,
Inc.), streptomycin (100 U/ml) and penicillin (100 U/ml) at
37°C in a humidified atmosphere containing 5% CO,.

Plasmid construction and transfection. TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to isolate
RNA from Y79 cells. Subsequently, cDNA was synthesized
from RNA using the PrimeScript™ reverse transcription (RT)
reagent kit with genomic DNA Eraser (Takara Biotechnology
Co., Ltd., Dalian, China) according to the manufacturer's
protocol. The forward (5'-CCCAAGCTTATGCGTTCC
CCACGGACGC-3") and reverse (5'-CCGGAATTCCTA
TACGATGTACTCCATTCGGTTTAAGCTC-3'") primers
were designed for cloning the coding sequence of JAGI
using the cDNA extracted from Y79 cells as a template. The
polymerase chain reaction (PCR) was performed using the
PrimeSTAR HS DNA polymerase (Takara Biotechnology
Co., Ltd.) with the conditions as follows: Initial denaturation
at 94°C for 10 min followed by 30 cycles each consisting of
98°C for 20 sec, 50°C for 20 sec, and 72°C for 5 min and a
final extension at 72°C for 10 min. The obtained DNA was
subsequently cloned into a pcDNA3.1(+) plasmid (Invitrogen;
Thermo Fisher Scientific, Inc.). The generated recombinant
plasmid pcDNA-JAGI1 was sequenced by Sangon Biotech Co.,
Ltd. (Shanghai, China). Cells (2x10%/well) was transfected
with 500 ng plasmid using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Following incubation for 48 h, cells were harvested
for further experimentation

Reverse transcription-quantitative (RT-q) PCR. TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to
isolate RNA from Y79 cells. cDNA was synthesized from RNA
using the PrimeScript™ RT reagent kit with genomic DNA
Eraser (Takara Biotechnology Co., Ltd.) according to the manu-
facturer's protocol. qPCR was conducted using a SYBR Green
kit (Takara Biotechnology Co., Ltd.) and the 7500 Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). Primers used were: JAGI, forward, 5'-GGGGCAACA
CCTTCAACCTC-3' and reverse, 5-CCACGCCTCCACAAG
CAAC-3"; GADPH was set as internal control forward, 5-GCG
ACACCCACTCCTCCAC-3' and reverse, 5-TCCACCACC
CTGTTGCTGTAG-3"). Thermocycling conditions were as
follows: Initial denaturation at 95°C for 30 sec followed by
40 cycles each consisting of 95°C for 5 sec and 60°C for 40 sec.
The relative changes in the expression of target genes were
calculated by 2244 method (17).
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Cell viability and proliferation assays. Cells were seeded
into a 96-well plate at a density of 3x10* cells/well. After a
24-h incubation at 37°C, the medium was replaced with fresh
medium containing ATG or the equivalent volume of DMSO
at 37°C for 96 h. Cell viability was subsequently measured
using the Cell Counting kit-8 (CCK-8; Beyotime Institute of
Biotechnology, Haimen, China) according to the manufac-
turer's protocol.

For the 5-ethynyl-2'-deoxyuridine (EdU) incorporation
assay, floating cells (1x10*/well) were plated on
poly-L-lysine-coated microscope slides. Subsequently, cell
proliferation was measured using an EdU kit (Guangzhou
RiboBio Co., Ltd., Guangzhou, China) according to the
manufacturer's protocol. Images were obtained using a
Fluoview1000 laser scanning confocal microscope (Olympus
Corporation, Tokyo, Japan). Cell counting was performed
using ImagelJ version 1.8.0 software (National Institutes of
Health, Bethesda, MD, USA).

Apoptosis assay. The treated cells were collected and washed
twice with ice-cold PBS. The apoptotic rate was measured
using a fluorescein isothiocyanate-labeled Annexin V apop-
tosis detection kit according to the manufacturer's protocol,
and was quantified using an Accuri C6 flow cytometer and
CFlow plus version 1.0.264.15 software (all BD Biosciences,
Franklin Lakes, NJ, USA).

Migration assay. Polycarbonate membrane inserts with 8-ym
pores and Transwell plates (Corning Inc., Corning, NY, USA)
were used for the cell migration assay. After a 24-h incuba-
tion, cells were cultured in serum-free medium containing
hydroxyurea (1.8 mM) for 12 h at 37°C to synchronize cells
and suppress cell proliferation. Subsequently, cells were
trypsinized and reseeded in serum-free RPMI-1640 medium
[containing 10% bovine serum albumin (BSA) (Gibco; Thermo
Fisher Scientific, Inc.) and ATG or the equivalent volume of
DMSO] and transferred to the upper chamber at a density
of 5x10* cells/well. RPMI-1640 medium supplemented with
20% FBS was subsequently added into the lower chamber.
After a 48-h incubation at 37°C, the migratory cells were fixed
with methanol at room temperature for 30 min and stained
using 0.1% crystal violet at room temperature for 20 min. The
migrated cells were counted in five randomly selected fields of
view under an inverted light microscope.

Western blot analysis. The cells were collected, washed twice
with PBS and lysed with radioimmunoprecipitation assay
lysis buffer (Beyotime Institute of Biotechnology) for total
protein extraction. The protein concentration was determined
using a bicinchoninic acid assay kit (Beyotime Institute of
Biotechnology). Equal amounts of protein (50 pg/lane) were
subsequently separated by 10% SDS-PAGE and transferred
onto a polyvinylidene difluoride membrane. After blocking with
BSA for 1 hatroom temperature, the membranes were incubated
with primary antibodies purchased from Abcam (Cambridge,
UK). The primary antibodies used were as follows: Anti-JAGI
(cat. no. ab7771; 1:500), anti-NICD (cat. no. ab8925; 1:500),
anti-transcription factor HES (HES)1 (cat. no. ab71559; 1:1,000),
anti-HESS (cat. no. ab25374, 1:1,000), anti-B-cell lymphoma 2
(BCL2; cat. no. ab32124; 1:1,000), anti-BCL2-associated X
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Figure 1. ATG inhibits viability of the retinoblastoma cell line Y79. (A) Viability of Y79 cells treated with various concentrations of ATG was assessed by Cell
Counting kit-8 assay. (B) Effects of ATG (50 uM) on cell proliferation was determined using EdU staining. Cells treated with an equivalent volume of dimethyl
sulfoxide were used as a negative control. Scale bar, 100 gm. “P<0.01 vs. Con. ATG, arctigenin; Con, control; EdU, 5-ethynyl-2'-deoxyuridine.

protein (BAX; cat. no. ab32503; 1:2,000) and anti-f3-actin
(cat. no. ab8227; 1:2,000). The primary antibodies were incu-
bated overnight at 4°C. The membranes were then incubated
with a horseradish peroxidase-conjugated secondary antibody
for 1 h at room temperature (cat. no. ab205718; 1:2,000;
Abcam) and the bands were developed using the Ultrasensitive
enhanced chemiluminescence kit (Sangon Biotech Co., Ltd.).
Protein quantification were performed by ImagelJ version 1.8.0
software (National Institutes of Health).

Immunofluorescence assay. Treated cells were collected by
centrifugation in 300 x g at 4°C for 5 min and the pellet was
washed twice with PBS. Subsequently, the cells were fixed
with 4% paraformaldehyde for at room temperature 20 min,
washed twice with PBS, and treated with 0.5% Triton X-100
for 5 min. The cells were washed twice with PBS and
blocked using 5% BSA at room temperature for 1 h. After
blocking, the cells were incubated with a primary antibody
against JAGI (cat. no. ab7771; 1:300; Abcam) at 37°C for 1 h
and rinsed in PBS. Subsequently, the cells were incubated
with an Alexa Fluor® 647-conjugated secondary antibody
(cat. no. ab150075; 1:500; Abcam) at 37°C for 1 h. Cells were
placed onto slides and mounted using Fluoromount-G™
with DAPI (Thermo Fisher Scientific, Inc.). The images
were obtained using a laser scanning confocal microscope
(Olympus Corporation).

Statistical analysis. Statistical analysis was performed
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). The data
are presented as the means + standard deviation of at least
three independent experiments. Statistical differences were
analyzed by Student's t-test or one-way analysis of variance
followed by Student-Newman-Keuls post hoc test for multiple
comparisons. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of ATG on the viability of retinoblastoma cells.
To investigate the effects of ATG on cell viability, the
retinoblastoma cell line Y79 was treated with various
concentrations of ATG for 48 h. ATG significantly decreased
cell viability in a dose-dependent manner, as detected by
CCK-8 assay (Fig. 1A). To further assess the effects of ATG

on cell proliferation, an EdU labeling assay was performed
following treatment with 50 uM ATG, a concentration
identified to exhibit an inhibition rate of 46.5%, as assessed
by CCK-8 assay (Fig. 1A). Treatment with ATG significantly
decreased the number of EdU-positive cells from 67.9 to
39.4% (Fig. 1B). The present results suggested that ATG may
inhibit the viability and proliferation of Y79 retinoblastoma
cells.

Effects of ATG on apoptosis of human retinoblastoma cells.
Apoptosis was analyzed following treatment with ATG
by performing an Annexin V/propidium iodide assay. The
proportion of cells in the early and late stages of apoptosis
was increased by 114 and 468%, respectively (Fig. 2A).
Furthermore, western blotting assessed the protein expression
levels of the apoptosis-associated factors BCL2 and BAX.
Treatment with ATG increased the protein expression levels
of the pro-apoptotic factor BAX and decreased the protein
expression levels of the anti-apoptotic protein BCL2 (Fig. 2B).
The present results suggested that treatment with ATG induced
apoptosis of Y79 retinoblastoma cells.

Effects of ATG on retinoblastoma cell migration. The effects
of ATG were also investigated on retinoblastoma cell migra-
tion using a Transwell migration assay. The average number
of migrated cells was significantly decreased by 66.7%
following treatment with ATG (Fig. 3). The present results
suggested that treatment with ATG inhibited the migration of
Y79 retinoblastoma cells.

Effects of ATG on the Notch signaling pathway in human
retinoblastoma cells. The Notch signaling pathway serves an
important role in cell proliferation, migration and apoptosis. To
investigate the molecular mechanism underlying the anticar-
cinogenic effects of ATG, the effects of ATG on JAGI protein
expression were analyzed by immunofluorescence (Fig. 4A)
and western blotting (Fig. 4B). The protein expression levels of
JAGI were markedly decreased following treatment with ATG
compared with in the control group (Fig. 4A-C). Additionally,
the protein expression levels of various factors involved in the
Notch signaling pathway, including NICD, HESI and HESS
were significantly decreased following treatment with ATG,
as assessed by western blotting (Fig. 4B and C). The present
results suggested that ATG suppressed the protein expression
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Figure 2. ATG induces apoptosis of the retinoblastoma cell line Y79. (A) Apoptosis was determined by Annexin V/PI staining. (B) Protein expression levels
of apoptosis-associated factors were analyzed by western blotting. Cells were treated with ATG (50 xM) or an equivalent volume of dimethyl sulfoxide.
“P<0.01 vs. Con. ATG, arctigenin; BAX, BCL2-associated X protein; BCL2, B-cell lymphoma 2; Con, control; PI, propidium iodide.
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Figure 3. ATG inhibits cell migration of the retinoblastoma cell line Y79.
Cells were treated with ATG (50 M) or an equivalent volume of dimethyl
sulfoxide. Scale bar, 100 ym. “P<0.01 vs. Con. ATG, arctigenin; Con,
control.

levels of JAGI and inhibited the Notch signaling pathway in
Y79 retinoblastoma cells.

JAGI mediates the antitumor effects of ATG in human
retinoblastoma cells. To examine the role of JAGI in
the anticarcinogenic effects of ATG on retinoblastoma,
JAGI1 was overexpressed by transfecting Y79 cells with
pCDNA-JAGI. The mRNA expression levels of JAG1 were
significantly upregulated in the transfected cells, as measured
by RT-quantitative polymerase chain reaction (Fig. 5A). The
immunofluorescence and western blotting results further
suggested that transfection with the recombinant plasmid
significantly increased the expression levels of JAGI following
treatment with ATG (Fig. 5B and 5C). The protein expres-
sion levels of NICD, HES1 and HESS5 were also significantly

increased (Fig. 5D and 5E). Furthermore, JAGI overexpres-
sion significantly reversed the cell viability suppressed
by treatment with ATG, as determined using the CCK-8
assay (Fig. 5F). The migratory ability of retinoblastoma cells
was also partly restored by overexpressing JAG1 (Fig. 6A).
Furthermore, overexpression of JAGI partially abrogated the
pro-apoptotic effects of ATG (Fig. 6B). The present results
suggested that ATG may serve as an antitumor compound
partly by downregulating the protein expression levels of
JAGI in Y79 retinoblastoma cells.

Discussion

In a previous study, ATG exhibited increased antitumor
activity against retinoblastoma cells compared with carboplatin
in vitro (18,19), indicating its potential clinical value in the
treatment of retinoblastoma; however, ATG does not represent
a current available therapy to treat patients with retinoblastoma,
to the best of our knowledge. The antitumor potential of ATG
has been demonstrated in various types of cancer in vitro
and in vivo. In the HepG2 liver cancer cell line, ATG was
revealed to inhibit cell proliferation and colony formation by
recruiting CCA AT-enhancer binding protein a and peroxisome
proliferator-activated receptor o to the promoter of ankyrin,
downregulating its expression levels (20). In addition, ATG
decreases cell proliferation and promotes apoptosis of the H460
non-small lung cancer cell line by suppressing the expression
level of surviving (10). Similarly, treatment with ATG induces
cell senescence and inhibits tumor growth of gallbladder
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Figure 4. Effects of ATG on the protein expression levels of JAG1, NICD, HES1 and HESS in the retinoblastoma cell line Y79. (A) Protein expression levels
of JAGI were determined by immunofluorescence assay. (B) Protein expression levels of JAGI, NICD, HES1 and HESS were analyzed by western blotting.
(C) Densitometric analysis. Cells were treated with ATG (50 zM) or the equivalent volume of dimethyl sulfoxide. Scale bar, 100 ym.“P<0.01 vs. Con. ATG,
arctigenin; Con, control; HES, transcription factor HES; JAGI, jagged-1; NICD, Notch intracellular domain.
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Figure 5. JAGI mediates the antitumor effects of ATG on the retinoblastoma cell line Y79. (A) JAGI transfection increased the expression levels of JAGI, as
determined by reverse transcription-quantitative polymerase chain reaction analysis. (B) JAG1 overexpression increased the protein expression levels of JAGI
in cells treated with ATG, as determined by immunofluorescence assay. (C) JAGI overexpression increased the protein expression levels of JAGI in cells
treated with ATG, as determined by western blotting. (D) Protein expression levels of NICD, HES1 and HESS following treatment with ATG and transfection
with JAG1 were determined by western blotting. (E) Densitometric analysis. (F) JAG1 overexpression increased cell viability following treatment with ATG, as
determined by Cell Counting kit-8 assay. Cells were transfected with pPCDNA3.1(+) vector or pPCDNA-JAGI and were subsequently treated with ATG (50 M)
or an equivalent volume of dimethyl sulfoxide. Scale bar, 100 ym. “P<0.01 vs. respective control. ATG, arctigenin; Con, control; HES, transcription factor
HES; JAGI, jagged-1; NICD, Notch intracellular domain.

cancer by downregulating the expression levels of epidermal  the Wnt/B-catenin pathway (8). Similar observations have been
growth factor receptor (11). Additionally, ATG exhibits anti- made in human lung cancer cells (22). Although the molecular
metastatic properties in colorectal cancer cells by modulating ~ mechanism underlying ATG function has been identified to be
the expression of E-cadherin (21) or by suppressing activity of  associated with various signaling pathways in numerous types
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Figure 6. Effects of JAG1 overexpression on the ATG-mediated migration and apoptosis of the retinoblastoma cell line Y79. (A) Effects of JAGI overexpres-
sion on cell migration were determined using Transwell assay. Scale bar, 100 ym. (B) Effects of JAGI overexpression on apoptosis were determined by
Annexin V/PI staining and quantified by flow cytometry. The cells were transfected with pPCDNA3.1(+) vector or pPCDNA-JAGI and were subsequently treated
with ATG (50 M) or an equivalent volume of dimethyl sulfoxide. “P<0.01. ATG, arctigenin; Con, control; JAG1, jagged-1; PI, propidium iodide.

of cancer, whether ATG affects the Notch signaling pathway
remains unclear. The present study revealed that treatment with
ATG suppressed activity of the Notch signaling pathway by
inhibiting the protein expression levels of JAGI.

The Notch signaling pathway is highly conserved among
organisms, serving roles in the regulation of cell viability,
apoptosis and migration (12,13,23). Notably, the Notch signaling
pathway is upregulated in cancer cell lines and tissues, and is able
to promote cancer development and progression (15). Conversely,
activation of the Notch signaling pathway has been identified to
inhibit human tongue carcinoma cells by downregulating the
Wnt/B-catenin pathway (14) and to suppress the proliferation of
small cell lung cancer cells by inducing cell cycle arrest (24). The
present results suggested that the Notch signaling pathway may
promote the development and progression of retinoblastoma.
The present results are consistent with a previous report that
demonstrated that microRNA-433 may inhibit retinoblastoma
malignancy by suppressing NOTCHI (25).

In the Notch signaling pathway, the binding between
NOTCH and a ligand leads to the release of the NICD from
the cell membrane into the nucleus, where the NICD is able
to serve as a transcription factor, activating the expression of
downstream genes (26). Treatment with ATG decreased the
protein expression levels of JAGI and NICD in this study,
indicating a decrease in the activity of the Notch signaling
pathway, which led to a decrease in the protein expression
levels of the downstream factors HES1 and HESS. In addition
to the Notch signaling pathway, treatment with ATG was
able to influence the protein expression levels of two factors
associated with apoptosis, BCL2 and BAX. Previous studies
have investigated the molecular mechanism of ATG, and it
has been reported to regulate various signaling pathways,
including transforming growth factor f/SMAD family member
2/3 (22), p38 mitogen-activated protein kinase (MAPK) (9) and
phosphoinositide 3-kinase/AKT serine/threonine kinase 1 (27),

suggesting that ATG may serve as an anticarcinogenic factor
via a complex regulatory network. Notably, other pathways and
molecular factors may be involved, in addition to JAGI and the
Notch signaling pathway, in mediating the effects of ATG in
retinoblastoma cells. Furthermore, the Notch signaling pathway
was previously identified to undergo crosstalk with multiple
signaling pathways, including MAPK (28), Ras (24) and
Wt (29). Therefore, the numerous pathways interacting with the
Notch signaling pathway may be involved in the anticarcinogenic
effects of ATG. Additionally, JAGI overexpression may reverse
the effects of ATG by influencing multiple pathways associated
with the Notch signaling pathway, thus affecting the function of
ATG on the regulation of various cellular processes.

In conclusion, the present study suggested that ATG served
anticarcinogenic effects on retinoblastoma cells partly by
negatively regulating JAGI, indicating that ATG may repre-
sent a novel potential therapeutic compound to treat patients
with retinoblastoma. Furthermore, the Notch signaling
pathway may be further investigated as an additional target
to treat retinoblastoma. Nevertheless, further studies are
required to examine the multiple roles of ATG and the Notch
signaling pathway in retinoblastoma, in order to understand
the molecular mechanisms underlying ATG. Notably, only one
cell line was investigated in the present study; therefore, the
function of ATG in other retinoblastoma cell lines requires
further investigation in the future.
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