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Quercetin 3-O-glucoside suppresses epidermal growth
factor–induced migration by inhibiting EGFR signaling
in pancreatic cancer cells
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Abstract Pancreatic cancer is one of the most dangerous can-
cers and is associated with a grave prognosis. Despite in-
creased knowledge of the complex signaling networks respon-
sible for progression of pancreatic cancer, many challenging
therapies have fallen short of expectations. In this study, we
examined the anti-migratory effect of quercetin 3-O-glucoside
in epidermal growth factor–induced cell migration by
inhibiting EGF receptor (EGFR) signaling in several human
pancreatic cancer cell lines. Treatment with quercetin, querce-
tin 3-O-glucoside, and quercetin 7-O-glucoside differentially
suppressed epidermal growth factor–induced migration activ-
ity of human pancreatic cancer cells. In particular, quercetin 3-
O-glucoside strongly inhibited the infiltration activity of pan-
creatic cancer cells in a dose-dependent manner. Furthermore,
quercetin 3-O-glucoside exerted the anti-migratory effect even
at a relatively low dose compared with other forms of querce-
tin. The anti-tumor effects of quercetin 3-O-glucoside were
mediated by selectively inhibiting the EGFR-mediated FAK,
AKT, MEK1/2, and ERK1/2 signaling pathway. Combinato-
rial treatment with quercetin 3-O-glucoside plus gemcitabine
showed the synergistic anti-migratory effect on epidermal
growth factor–induced cell migration in human pancreatic
cancer cell lines. These results suggest that quercetin 3-O-
glucoside has potential for anti-metastatic therapy in human
pancreatic cancer.
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Introduction

Pancreatic cancer has the worst prognosis of all cancers and is
the fourth leading cause of cancer mortality worldwide [1].
Most patients diagnosed with pancreatic cancer die, and the
overall 5-year survival rate is <3 % [2]. The lethality of pan-
creatic cancer is caused by its aggressive biological features,
including potential for metastasis and resistance to currently
available anti-cancer drugs and/or radiation therapy. In partic-
ular, local metastasis to the surrounding structures makes sur-
gical resection challenging because of unclear margins. More-
over, ~60 % of patients with this tumor have metastatic can-
cers at the time of diagnosis [3–5]. However, the molecular
mechanisms responsible for these characteristics are unclear,
and additional studies are needed to improve the treatment
outcomes in patients with pancreatic cancer.

Natural products are an abundant source of active therapeu-
tic reagents that exert anti-viral, anti-microbial, anti-inflamma-
tory, anti-allergic, anti-thrombotic, anti-mutagenic, and anti-
cancer effects on various cell types [6]. Intake of fruits and
vegetables, which contain high amounts of phytochemicals, is
associated with decreased risk of various cancers. Several dif-
ferent mechanisms have been suggested for phytochemicals,
such as inhibiting oxidative DNA damage, altering gene ex-
pression, and modifying signaling pathways [7, 8]. One of the
best known phytochemical groups is the flavonoids, which
function as antioxidant compounds [9]. Among these, querce-
tin possesses potential chemopreventive effects via anti-
oxidative activity and also modulates various proteins that
are involved in carcinogenesis and signal transduction path-
ways [10–12].

* Jae Hoon Kim
kimjh@jejunu.ac.kr

1 Faculty of Biotechnology, College of Applied Life Science, SARI,
Jeju National University, 102 Jejudaehak-ro, Jeju-si, Jeju 690-756,
Korea

2 Subtropical Horticulture Research Institute, Jeju National University,
Jeju 690-756, Korea

Tumor Biol. (2015) 36:9385–9393
DOI 10.1007/s13277-015-3682-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s13277-015-3682-x&domain=pdf


O-Glucosidation of quercetin is a naturally occurring
process, and quercetin glucosides exert high antioxidant
effects in vitro [13]. However, little information is avail-
able regarding the functional effects of quercetin gluco-
sides on tumor cells.

Epidermal growth factor receptor (EGFR) is a receptor ty-
rosine kinase that is activated when bound to EGF. Over-
activation of EGFR is observed in various tumors and can
be caused by gene over-expression, mutations that affect
ligand-receptor interactions, and ligand-independent activa-
tion [14, 15].

In the present study, we investigated the functional
effects of quercetin and its derivatives on cell migration
and EFGR signaling in human pancreatic cancer cell
lines. Our results suggest that quercetin 3-O-glucoside
may block the infiltration of pancreatic cancer cells into
surrounding structures.

Materials and methods

Cell culture and reagents

CFPAC-1 cells were purchased from the American Type Cul-
ture Collection (ATCC, Manassas, VA, USA), and SNU-213
and Panc-1 cells were obtained from the Korean Cell Line
Bank (Seoul, Korea). The cells were cultured in DMEM
(CFPAC-1 and Panc-1) or RPMI-1640 (SNU-213) medium
supplemented with 10 % fetal bovine serum (Gibco-BRL,
Gaithersburg, MD, USA), and 1×105 U/L penicilin-100 mg/
L streptomycin (Invitrogen, Carlsbad, CA, USA) at 37 °C in a
humidified atmosphere containing 5 % CO2. Human umbili-
cal vein endothelial cells (HUVECs) were purchased from the
ATCC (Manassa, VA, USA). HUVECs were grown in EGM-
2 Bulletkit medium (Lonza Biologics, Hopkinton, MA, USA)
at 37 °C in a humidified atmosphere containing 5 % CO2. All
experiments were performed using HUVECs within three to
six passages. Inhibitors of MEK1/2 (U0126), phos-
phatidylinositol 3-kinase (PI3K) (LY294002), and focal adhe-
sion kinase (FAK) (SC203950) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies
against phospho-EGFR (Tyr1068), EGFR, phospho-FAK
(Tyr397), FAK, phospho-AKT (Ser473), AKT, phospho-
MEK1/2 (S217/221), MEK1/2, phospho-ERK (Thr202/
Tyr204), ERK, and GAPDH were obtained from Cell Signal-
ing Technology (Beverly, MA, USA). Quercetin and
quercetin-3-O glucoside were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Quercetin-7-O glucoside was
obtained from Chem Faces (Dongfeng Rd, Wuhan, China).
Recombinant EGF and platelet-derived growth factor
(PDGF) were purchased from R&D Systems (Minneap-
olis, MN, USA).

Measurement of cell viability

Cell viability was determined using a WST-1 (2-(4-
iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tet-
razolium) solution (Boehringer Mannheim, Mannheim, Ger-
many) as described previously [16]. Briefly, CFPAC-1, Panc-
1, and SNU-213 cells (5×103/well) were seeded in 96-well
plates (Nunc, Roskilde, Denmark). The cells were maintained
in culture medium for 24 h and treated with various doses of
quercetin, quercetin-3-O-glucoside, and quercetin-7-O-gluco-
side. The cells were incubated at 37 °C for an additional 72 h.
WST-1 solution (10 μL) was added to each well, and absor-
bance was measured at 450 nm using a microplate reader
(Bio-Rad, Richmond, CA, USA) after a 10-min incubation
at room temperature.

Migration assay

Cell migration assays were performed using 8.0-μm-pore-size
Transwell permeable supports (Corning Costar, Lowell, MA,
USA). Polycarbonate filters were pre-coated with 10 mg/L
fibronectin (Sigma-Aldrich) in phosphate-buffered saline
(PBS) for 30 min at room temperature. The lower chamber
was filled with 500 μL of 10 % serum containing RPMI-1640
medium. After a 15-h starvation in RPMI-1640 medium with
0.2 % fetal bovine serum, cells (5×104 cells/well) were
suspended in 100-μL serum-free medium and loaded into
each of the upper chambers. The cells were then incubated
for 6 h at 37 °C, after which cells on the upper surface of the
filter were removed with a cotton swab. The filters were fixed
and stained with 1% crystal violet solution. The absorbance of
the eluted dye was measured at 560 nm in an enzyme-
l inked immunosorbent assay reader (Bio-Rad,
Richmond, CA, USA).

Western blot analysis

Western blotting was performed as previously described to
evaluate phosphorylation of various molecules [17]. In brief,
starved SNU-213 cells were stimulated with EGF for the in-
dicated times and washed with pre-chilled PBS. For whole
cell lysates, cells were lysed in M-PER lysis buffer (Thermo
Scientific, Bonn, Germany) with protease and phosphatase
inhibitors. Total protein quantity was determined by the
BCA quantification method (Bio-Rad). Cell lysates were sep-
arated on sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred to a nitrocellulose membrane
(Amersham Bioscience, Little Chalfont, Buckinghamshire,
UK). The membranes were blocked with 5 % bovine serum
albumin and 2 % Tween in TBS. Antibodies specific for
EGFR, p-FAK (Tyr397), p-FAK (Tyr576/577), FAK, p-AKT
(Ser473), AKT, p-MEK1/2 (Ser217/221), MEK1/2, p-ERK
(Thr202/204), ERK, and GAPDH were diluted in blocking
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buffer at 1:1000 and incubated overnight at 4 °C. Secondary
antibodies included horseradish-peroxidase-conjugated don-
key anti-rabbit or donkey anti-mouse antibodies (Santa Cruz
Biotechnology) in conjunction with a Western blot detection
reagent (iNtRON, Seoul, Korea) to visualize bands using X-
ray film. The bands were measured by densitometry using
ImageJ software (National Institutes of Health, Bethesda,
MD, USA).

Statistical analysis

Data are presented as means ± standard deviations. Student’s t
test was used to compare two independent samples. Groups
were also compared using a one-way analysis of variance with
Tukey’s post hoc test for significant main effects (SPSS
12.0 K for Windows; SPSS, Inc., Chicago, IL, USA).

Results

Treatment with quercetin and its derivatives decreases
EGF-induced migration of human pancreatic cancer cells

The CFPAC-1, Panc-1, and SNU-213 human pancreatic can-
cer cell lines were incubated in the absence or presence of
different doses of quercetin and its derivatives, and cell via-
bility was assessed. Treatment with quercetin and its deriva-
tives had no significant affect on viability of CFPAC-1, Panc-
1, or SNU-213 cells (Fig. 1a, b, c). Quercetin and its deriva-
tives also had no effect on the migratory activity of CFPAC-1,
Panc-1, and SNU-213 cells (Fig. 1d).

Previous reports suggest that EGF and EGFR signaling is
important in pancreatic cancer metastasis [18, 19]. To eluci-
date the anti-cancer effects of quercetin and its derivatives in
the presence of active EGF signaling, we examined their abil-
ity to prevent EGF-induced migration of human pancreatic
cancer cells. Quercetin, quercetin 3-O-glucoside, and querce-
tin 7-O-glucoside all inhibited EGF-induced migration at 50
and 100 nM in SNU-213 cells (Fig. 2a). However, only 100
nM quercetin 3-O-glucoside inhibited migration significantly
in CFPAC-1 cells (Fig. 2b). Panc-1 also showed the similar
migration patterns to quercetin, quercetin-3-O glucoside, and
quercetin-3-O glucoside treatment under EGF activation com-
pared with SNU-213 and CFPAC-1 cells. However, Panc-1
was not statistically significant to quercetin, quercetin-3-O
glucoside, and quercetin-3-O glucoside treatment (data not
shown). These data suggest that quercetin 3-O-glucoside in-
hibits EGF-induced migration of both SNU-213 and CFPAC-
1 cells, even after a relatively low dose treatment. In contrast,
no significant inhibitory effect against PDGF-induced migra-
tion was detected under the same treatment conditions
(Fig. 2c). Next, we examined the dose dependency of querce-
tin 3-O-glucoside to inhibit EGF-induced cell viability. EGF

had little effect on SNU-213 and CFPAC-1 cell viability, and
no significant inhibitory effects of quercetin 3-O-glucoside
treatment were observed (Fig. 2d). These results suggest that
quercetin and its derivatives inhibit EGF-inducedmigration of
human pancreatic cancer cells and that quercetin 3-O-
glucoside has particularly potent effects.

Treatment with quercetin 3-O-glucoside decreases
EGF-induced migration of human pancreatic cancer cells

CFPAC-1 and SNU-213 cells were exposed dose dependently
to quercetin 3-O-glucoside, and cell migration was assessed to
further verify the anti-migratory effect of quercetin 3-O-glu-
coside. Quercetin-3-O-glucoside inhibited EGF-induced mi-
gration of SNU-213 cells in a dose-dependent manner. Treat-
ment with quercetin-3-O-glucoside decreased EGF-induced
migration of SNU-213 cells up to 45 % compared with that
in exogenously EGF-treated cells in a dose-dependent manner
(Fig. 3a, left). Representative images of the migration inhibi-
tion assays are shown in Fig. 3a, right. The same treatment
caused an approximate 30 % decrease in migration of
CFPAC-1 cells compared with that in exogenously EGF-
treated cells (Fig. 3b). Next, we verified the basal toxicity of
quercetin-3-O-glucoside using a representative normal cell
line, HUVECs. As shown in Fig. 3c, d, treatments with vari-
ous concentrations of quercetin-3-O-glucoside showed no
change in the viability and migration of HUVECs. These re-
sults suggest that quercetin-3-O-glucoside effectively inhibits
EGF-induced migration of human pancreatic cancer cells
without significant toxicity.

Treatment with quercetin 3-O-glucoside blocks
EGF-induced migration by inhibiting EGFR signaling
in human pancreatic cancer cells

We examined the signal transduction pathways that are mod-
ulated specifically by EGF stimulation and quercetin 3-O-
glucoside treatment to understand the mechanism by which
quercetin 3-O-glucoside inhibits the migration of human pan-
creatic cancer cells. Exogenous EGF treatment induced a dra-
matic increase in tyrosine phosphorylation of proteins 60, 120,
130, and 180 kDa in size in SNU-213 cells. However, pre-
treatment with quercetin 3-O-glucoside inhibited these phos-
phorylation events in a dose-dependent manner, even in the
presence of EGF (Fig. 4a). Similar results were also obtained
in CFPAC-1 cells (data not shown). To further analyze the
detailed mechanism of action of quercetin 3-O-
glucoside in SNU-213 and CFPAC-1 cells, the levels
of phosphorylated EGFR, FAK, AKT, MEK1/2, and
ERK1/2 were examined under the same conditions. Ex-
ogenous EGF treatment increased phosphorylation of
EGFR, FAK, AKT, MEK1/2, and ERK1/2, whereas
pre-treatment with quercetin 3-O-glucoside inhibited
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these phosphorylation events in a dose-dependent man-
ner (Fig. 4b).

Treatment with different doses of FAK, PI3K, andMEK1/2
pharmacological inhibitors inhibited migration of SNU-213
cells in a dose-dependent manner, even in the presence of
exogenous EGF (Fig. 4c). In particular, inhibiting PI3K with
LY294002 significantly inhibited cell migration to the maxi-
mum. In addition, inhibiting PI3K suppressed AKT and
ERK1/2 phosphorylation, whereas specifically inhibiting
FAK and MEK1/2 had no effect on phosphorylation of other
molecules. This result suggests that PI3K is upstream of AKT
and ERK1/2 and that it plays a pivotal role in this signaling
pathway (Fig. 4d). Similar results were obtained in CFPAC-1
cells (data not shown). These results suggest that quercetin-3-
O-glucoside inhibits the EGFR signaling pathway and that
FAK, AKT, and ERK1/2 play roles in EGF-induced cell mi-
gration of pancreatic cancer cells.

Combined treatment of quercetin 3-O-glucoside
and gemcitabine shows a synergistic anti-migration effect
in EGF-treated pancreatic cancer cells

We further assessed whether quercetin-3-O-glucoside could
have a synergistic anti-migratory effect when combined with
gemcitabine, a conventional chemotherapeutic reagent. We
first examined the anti-migratory effect of gemcitabine in

EGF-activated SNU-213 cells. Gemcitabine alone had a weak
anti-migratory effect on SNU-213 cells. Gemcitabine alone, at
the highest concentration that we tested (1000 nM), reduced
SNU-213 cell migration approximately 10 %; low doses of
gemcitabine (10, 50, and 100 nM) had no effect on SNU-213
cells (data not shown). SNU-213 cells were incubated in the
absence or presence of 50 or 100 nM gemcitabine with vari-
ous doses of quercetin 3-O-glucoside (0, 200, 500, and 1000
nM) and EGF (50 μg/L). As shown in Fig. 5, migration of
SNU-213 cells decreased significantly when the cells were
treated with 200 or 500 nM quercetin-3-O-glucoside and
gemcitabine; the 200 or 500 nM quercetin-3-O-glucoside
and 100 nM gemcitabine co-treatment resulted in an approx-
imate 17 and 18 % decrease in EGF-induced SNU-213 cell
migration, respectively. In contrast, no synergistic effect was
detected in the 1000-nM quercetin-3-O glucoside and
gemcitabine co-treatment. These results indicate that the
quercetin-3-O glucoside and gemcitabine co-treatment syner-
gistically inhibits EGF-induced migration of human pancreat-
ic cancer cells (Fig. 6).

Discussion

We demonstrated that quercetin-3-O-glucoside suppressed
EGF-induced migration of human pancreatic cancer cells by
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Fig. 1 Sensitivity of human pancreatic cancer cells to quercetin and its
derivatives: a CFPAC-1, Panc-1, and SNU-213 human pancreatic cancer
cells were incubated with varying doses of quercetin, quercetin-3-O-glu-
coside, and quercetin-7-O-glucoside for 72 h. Viability was measured
using the WST-1 assay (b, c). d CFPAC-1, Panc-1, and SNU-213 human
pancreatic cancer cells were incubated with 100 nM quercetin, quercetin-

3-O-glucoside, and quercetin-7-O-glucoside for 6 h. Migration was eval-
uated using the Transwell migration assay (n=3; Tukey’s post hoc test
was applied to detect significant group effects as determined by analysis
of variance, p<0.0001; asterisks indicate a significant difference vs. 0 %
inhibition)
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inhibiting EGFR signaling, even at relatively low doses. We
further showed that a quercetin 3-O-glucoside and
gemcitabine co-treatment had a synergistic anti-migration ef-
fect in EGF-treated pancreatic cancer cells. This is the first
report to reveal that quercetin 3-O-glucoside may have anti-
migratory effects on human pancreatic cancer cells by
inhibiting EGFR signaling.

Multiple functions have been attributed to various growth
factor–related signaling pathways in almost every cancer, in-
cluding metastasis, local infiltration, survival, and prolifera-
tion. In particular, EGF, which is a very effective oncogenic
factor, promotes a variety of cancer behaviors, such as migra-
tion, invasion, and proliferation, in human pancreatic cancer
[18, 19]. Accordingly, the viability of human pancreatic can-
cers increases in the presence of EGF, and EGF triggers mi-
gration of human pancreatic cancer cells.

Quercetin inhibits pancreatic cancer growth in vitro and
in vivo through the apoptosis pathway. In particularly, quer-
cetin was shown to have the anti-cancer effect even in oral
administration in vivo [20]. Expression of the epithelial-

mesenchymal transition-related proteins was inhibited by
quercetin treatment [21]. In agreement with previous studies,
quercetin and its derivatives quercetin 3-O-glucoside and
quercetin 7-O-glucoside decreased EGF-induced migration
of human pancreatic cancer cells. Our observation that
inhibiting EGF-induced signaling with quercetin exerted
prominent anti-cancer effects in vitro is consistent with a pre-
vious study [22]. However, we additionally found that quer-
cetin 3-O-glucoside had strong anti-migratory effects even at
lower doses compared to those of quercetin and quercetin 7-
O-glucoside without significant toxicity. Low-dose treatments
are attractive to avoid side effects, as high-dose treatment with
anti-cancer drugs results in vomiting, anemia, diarrhea, and
depilation. Quercetin 3-O-glucoside may be absorbed more
efficiently through cell membranes than other forms of quer-
cetin [23].

It is also possible that quercetin 3-O-glucoside inhibits
EGFR signaling selectively, but not PDGF-A signaling, sug-
gesting that quercetin 3-O-glucoside may block EGFR signal-
ing effectively, despite being a phytochemical. We also
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human pancreatic cancer cells were pre-treated with different doses of
quercetin, quercetin-3-O-glucoside, and quercetin-7-O-glucoside and
then incubated with 50 μg/L EGF. Migration was evaluated using the
Transwell migration assay (n=3; Tukey’s post hoc test was applied to
detect significant group effects as determined by analysis of variance,
p<0.0001; *p<0.05, **p<0.01 vs. 0 % inhibition) (b). c SNU-213 and
CFPAC-1 human pancreatic cancer cells were pre-treated with different

doses of quercetin-3-O-glucoside and then incubated with 50 μg/L exog-
enous platelet-derived growth factor (PDGF)-A. Migration was evaluated
using the Transwell migration assay (n=3; Tukey’s post hoc test was
applied to detect significant group effects as determined by analysis of
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showed that FAK, AKT, and ERK1/2 were critical signaling
molecules in EGF-induced migration of pancreatic cancers
cells, as described previously [24, 25]. Moreover, PI3K is
suggested to be upstream of AKT and ERK1/2 and responsi-
ble for migration of human pancreatic cancers cells.

Numerous reports have suggested that a combined treat-
ment of gemcitabine and a conventional chemotherapeutic
reagent, such as erlotinib, folfirinox, and nab-paxitaxel, is ef-
fective in patients with pancreatic cancer [26–28]. Erlotinib,
an EGF TKI, shows a synergistic effect when combined with
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Fig. 4 Intracellular signaling in response to treatment with exogenous
epidermal growth factor (EGF) and quercetin-3-O-glucoside a SNU-213
cells were pre-treated with different doses of quercetin-3-O-glucoside for
1 h and then incubated with 50 μg/L EGF for 10 min. The cell lysates
were prepared and analyzed by Western blotting with antibodies specific
for phospho-tyrosine kinases (Y99). b SNU-213 and CFPAC-1 cells were
pre-treated with different doses of quercetin-3-O-glucoside for 1 h and
then incubated with 50 μg/L EGF for 10 min. The cell lysates were
prepared and analyzed by Western blotting with antibodies specific for
phospho-epidermal growth factor receptor (EGFR) (Y1068), EGFR,
phospho-focal adhesion kinase (FAK) (Y397), FAK, phospho-AKT
(S473), AKT, phospho-MEK1/2 (S217/221), MEK1/2, phospho-ERK1/
2 (T202/Y204), ERK1/2, and GAPDH. c SNU-213 cells were incubated

with EGF (50 μg/L) in the absence or presence of various pharmacolog-
ical inhibitors of FAK (SC294950), phosphatidylinositol 3-kinase (PI3K)
(LY294002), and MEK1/2 (U0126). Migration was evaluated using the
Transwell migration assay (n=3; Tukey’s post hoc test was applied to
detect significant group effects as determined by analysis of variance,
p<0.0001; *p<0.05, **p<0.01, ***p<0.001 vs. 0 % inhibition). d
SNU-213 cells were incubated with EGF (50 μg/L) in the absence or
presence of various pharmacological inhibitors of FAK (SC294950),
PI3K (LY294002), and MEK1/2 (U0126). The cell lysates were exam-
ined for phospho-FAK (Y397), FAK, phospho-AKT (S473), AKT,
phospho-ERK1/2 (T202/Y204), ERK1/2, and GAPDH expression by
Western blotting
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gemcitabine compared with single gemcitabine treatment
in a phase III trial of patients with pancreatic cancer
[24]. Additionally, the gemcitabine and erlotinib combi-
nation therapy decreases the side effects of erlotinib in

metastatic adenocarcinoma of the pancreas [29]. Our
results suggest that the phytochemical quercetin 3-O-
glucoside inhibits EGF-induced migratory activity effec-
tively and has a synergistic anti-migratory effect with
gemcitabine.

In summary, we demonstrated that a quercetin 3-O-
glucoside and gemcitabine co- treatment had an additive or
synergistic anti-migratory effect on human pancreatic cancer
cells, suggesting that this drug combination could decrease the
potential risk of side effects. Quercetin 3-O-glucoside may be
a safe agent to inhibit infiltration of pancreatic cancer into
surrounding structures.
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