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ABSTRACT

The triggering of gemcitabine (GEM) drug resistance in pancreatic cancer by the receptor
for advanced glycation end products (RAGE) has been demonstrated. Hence, finding a safe
and effective adjuvant for preventing pancreatic cancer progression is imperative. Quer-
cetin is a flavonoid that is abundant in apples, grapes, red raspberry, and onions and has
been reported to inhibit RAGE. This research aimed to investigate the mechanisms of
quercetin in regulating cell death and enhancing drug effects through RAGE reduction,
especially in GEM-resistant pancreatic cancer cells. Our results showed that silencing RAGE
expression by RAGE-specific siRNA transfection significantly increased cell death by
apoptosis, autophagy and GEM-induced cytotoxicity by suppressing the PI3K/AKT/mTOR
axis in MIA Paca-2 and MIA Paca-2 MR cells (GEM-resistant cells). Notably, quercetin
showed a dramatic effect similar to RAGE silencing that effectively attenuated RAGE
expression to facilitate cell cycle arrest, autophagy, apoptosis, and GEM chemosensitivity
in MIA Paca-2 “FMR cells, suggesting that an additional reaction occurred under combined
quercetin and GEM treatment. In conclusion, the results demonstrated that the molecular
mechanisms of quercetin in regulating apoptosis and autophagy-related pathways and
increasing GEM chemosensitivity in pancreatic cancer cells involved inhibition of RAGE
expression.
Copyright © 2019, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: Atg, autophagy gene; Bax, Bcl2-associated X Protein; Bcl-2, B-cell lymphoma 2; GEM, gemcitabine; LC3, microtubule-
associated protein light chain 3; MDR1, multidrug resistance protein 1; MFI, median fluorescence intensity; NF-«B, nuclear factor «B; Pgp,
P-glycoprotein; RAGE, receptor for advanced glycation end products; siRNA, small interfering RNA.
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1. Introduction

Pancreatic cancer is the 7th most frequent cause of cancer
death in the world and presents the lowest five-year survival
rate of 6%, with approximately 460,000 new cases in 2018.
Despite the existence of many academic institutes devoted to
improving the diagnosis and treatment of pancreatic cancer, it
remains the most lethal cancer, can rarely be treated by sur-
gical resection, and exhibits a poor prognosis and high mor-
tality rate [1]. The poor prognosis of pancreatic cancer patients
may mainly be attributed to its early metastasis and highly
aggressive nature, which accelerate cancer progression and
reduce the effects of treatment [2]. Currently, surgical resec-
tion is regarded as the only effective method for pancreatic
cancer patient treatment [3]. Unfortunately, less than 20% of
stage I or II pancreatic cancer patients are suitable for resec-
tion because most patients exhibit local vascular growth and
distant metastatic disease that preclude curative surgery [4].
Thus, chemotherapy is the most common method for meta-
static pancreatic cancer treatment.

Gemcitabine (GEM), an analog of deoxycytidine for DNA
synthesis inhibition, is the first approach for pancreatic can-
cer treatment and is also used to treat head and neck cancers,
breast cancer, melanoma, nonmuscle-invasive urothelial
carcinoma, and nonsmall cell lung carcinoma [5—7]. Despite
the wide use of GEM, intrinsic and acquired drug resistance
frequently leads to treatment failure [8], and the underlying
mechanism of chemoresistance is poorly understood.

The receptor for advanced glycation end products (RAGE)
is expressed by cancer cells such as those of pancreatic,
colonic, breast, prostate, liver, and lung cancers [9,10]. RAGE
activation is responsible for increasing inflammation, pro-
moting the development of a variety of cancers, causing the
cancer metastasis phenomenon, and increasing the devel-
opment of drug-resistant pancreatic cancer [11,12]. RAGE-
initiated signals accelerate pancreatic tumor development;
therefore, clarifying the cancer-related RAGE pathways may
reduce the length of pancreatic cancer treatment and drug
resistance.

In recent years, phytochemicals have been used as cancer
chemopreventive agents [13,14]. Quercetin is a flavonoid
found in many foods, including apples, grapes, red raspberry,
vegetables, cabbage, broccoli, onions, shallots, tea, tomatoes,
and nuts [15]. Research has indicated that quercetin exerts
anti-cancer effects in different ways, such as anti-oxidation
and anti-proliferation activities, cell cycle arrest, apoptosis
induction, and metastasis inhibition [16,17]. A study on drug-
resistant uterine sarcoma showed that quercetin inhibits
multidrug resistance protein 1 (MDR1) expression, blocks drug
efflux via P-glycoprotein (Pgp) transport proteins, and in-
creases the activity of anti-cancer drugs in MES-SA cells,
suggesting that quercetin may act as a chemopreventive agent
and plays an important role in modulating chemotherapy
drug sensitivity [18].

However, the role of quercetin in the inhibition of RAGE-
initiated pancreatic cancer progression and drug resistance
remains unknown. Therefore, this study analyzed the impact
of RAGE expression on cell viability and drug efflux in human

pancreatic cancer cells. In addition, we investigated the role of
quercetin in promoting cell death and reducing drug resis-
tance via the RAGE-associated signaling pathway.

2. Materials and methods
2.1. Cell maintenance and GEM-resistant cell
establishment

The human pancreatic cancer cell lines MIA Paca-2 (BCRC NO.
60139), BxPC-3 (BCRC NO. 60283), AsPC-1 (BCRC NO. 60494),
HPAC (BCRC NO. 60495) and PANC-1 (BCRC NO. 60284) were
purchased from the Bioresource Collection and Research
Center (Hsin Chu, Taiwan). A stable GEM-resistant pancreas
carcinoma cell line (designated MIA Paca-2 “®MR cells) was
established from 0.05 uM GEM concentration and gradually
increasing GEM concentrations for developing a cellular
model tolerance of 0.5 uM GEM. All tumor cells were main-
tained according to ATCC guidelines and cultured in an
incubator supplemented with 5% CO, at 37 °C. The stimulants
GEM and quercetin were purchased from Sigma—Aldrich (St.
Louis, MO, USA).

2.2.  Transfection of small interfering RNA (siRNA)

Cells were seeded into six-well plates and transfected with
25 nM siRNA for 24 h. The procedure was performed according
to the manufacturer's instructions for the Dharmacon trans-
fection kit (GE Healthcare, Lafayette, CO, USA).

2.3. MTT assay

A total of 5 x 10* cells/well were seeded into 24-well plates,
followed by incubation for 24 h. After cell attachment, the
MTT solution (5 mg/mL) was added, followed by incubation for
2 h. Then, 500 uL of DMSO solution was added to each well to
determine cell viability. The absorbance was read at 570 nm.
As control 100%, % = [Abs (sample)/Abs (control)] x 100.

2.4. RNA preparation and PCR

Total RNA of MIA Paca-2 cell was extracted by TRIzol plus RNA
purification kit (Thermo Fisher Scientific, Waltham, MA, USA)
according the description of the manufacturer's manual.
Then, cDNA was synthesis and amplified by reverse
transcription-PCR analysis to detect RAGE and 18s (as an in-
ternal standard) gene expression. The primers used for
amplification were as follows:

RAGE (forward 5'CACCTTCTCCTGTAGCTTCA3'; reverse
5'TGCCACAAGATGACCCCAAT?3);

18s (forward 5 TTGGAGGGCAAGTCTGGTG3;
5'CCGCTCCCAAGATCCAACTAZ).

reverse

2.5. Western blotting analysis

Western blotting was performed according to our previous
reported [17]. Antibodies of RAGE, phospho-mTOR (Millipore,
Billerica, MA, USA), Bcl-2, Bax, Akt, phospho-Akt, PI3K,
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phospho-PI3K (Cell signaling technology, Danvers, MA, USA),
B-actin, becline-1, ATGS5, LC3 (Novus Biologicals, Littleton,
Colorado, USA), and NF-«B p65 (Abcam, Cambridge, UK) were
used in this study. The protein-relative intensity were quan-
tified by VisionWorks LS 6.3.3 (UVP, Cambridge, UK) and
normalized to the B-actin control.

2.6. Cell cycle measurement

The cells were treated with GEM and quercetin, respectively.
Cell cycle was measured by propidium iodide (PI) staining
assay according to our previous reported [19] by using FACS-
can flow cytometry (FACScan®. BD Co). The distribution of
sub-G1 was analyzed using CellQuest software.

2.7.  Annexin V-FITC/PI staining

After treatment, the FITC Annexin V Apoptosis Detection Kit
(BD Biosciences, San Jose, CA, USA) was used to measure
apoptotic cells staining with Annexin-V and PI solution and
then analyzed by Flow Cytometer.

2.8. Caspase 3 activity analysis

Caspase-3 activity was analyzed according to our previous
report [19]. After treatment and preparation, cell lysates were
measured by caspase-3/CPP32 fluorometric assay kit (Bio-
Vision, Inc., Milpitas, CA, USA). Activity was calculated by
FLUOstar glaxy fluorescence plated reader.

2.9. Calcein-AM measurement

Cells were plated into 24-well culture plates and added 500 uL
(250 nM) calcein incubation at 37 °C for 30-min. After incu-
bation, the fluorescence was measured by Flow Cytometer.
The mean fluorescence intensity (MFI) values was represented
as calcein accumulation.

v

2.10. Statistical analysis

Data analysis was performed by using the SPSS statistical
program. Results are presented as the mean + SD. Duncan's
test was used to assess differences between multiple groups
by using one-way ANOVA. A P value < 0.05 was considered
significant.

3. Results

3.1. Enhanced effect of RAGE-specific sSiRNA combined
with GEM on inducing cell death and drug influx in MIA
Paca-2 cells

RAGE activation is responsible for increasing metastasis and
the development of drug-resistant pancreatic cancer [12,20].
To assess the role of RAGE in pancreatic cancer cells, endog-
enous RAGE levels in HPAC, AsPC-1, MIA Paca-2, PANC-1, and
BxPC-3 cells were initially measured (Fig. 1A). Furthermore,
we established cells with low RAGE expression by siRNA
transfection of MIA Paca-2 cells, which exhibited the highest
level of endogenous RAGE expression in this study (Fig. 1B—E).
After low RAGE-expressing MIA Paca-2 cells were established,
the role of RAGE in cell growth was investigated.

Knocking down RAGE expression did not affect cell
viability but significantly increased GEM cytotoxicity in MIA
Paca-2 cells (Fig. 2A and B). The same effect was also observed
through cell cycle analysis. Treatment of low RAGE-
expressing cells with 500 nM GEM for 72 h increased cell
cycle arrested at the sub-G1 stage (69.7 + 1.8%) compared with
the control (0.98 + 0.17%) (Fig. 2C). Previous evidence has
shown that cell cycle arrest in an early phase can trigger
autophagy through inhibition of the PI3K/AKT/mTOR axis
[21,22]. Unexpectedly, autophagy-related 5 (ATGS5) and Beclin-
1 protein expression was not significantly changed by GEM
treatment in RAGE knockdown cells (Fig. 2D). Nevertheless,
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Fig. 1 — Silencing RAGE mRNA expression in MIA Paca-2 cells. (A) Basal expression of RAGE in the HPAC, AsPC-3, MIA Paca-
2, PANC-1 and BxPC-3 cell lines. (B—E) RAGE knockdown efficiency was measured by RT-PCR and Western blotting,
respectively. Reported values are means + SD (n = 3), *p < 0.05 versus the control.
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Fig. 2 — Enhanced effect of RAGE-specific siRNA and GEM in inducing the cell death of MIA Paca-2 cells. Cells were
transfected with RAGE-specific siRNA for 24 h and then treated with 500 nM GEM for 72 h. (A, B) Cell viability. (C) Sub-G1
phase. (D) Autophagy-associated ATGS5, Beclin-1, LC3I, and LC3II protein expression. (E) Akt, PI3K, and (F) mTOR protein
expression. (G) Apoptotic cells were stained with Annexin V-FITC positive/PI negative staining. (H) Bcl-2 and Bax protein
expression. (I) Caspase 3 activity. (J) Protein levels of p65. (K, L) Effect of RAGE knockdown on the mean calcein fluorescence
intensity in MIA Paca-2 cells. Reported values are means + SD (n = 3), *p < 0.05 versus the control. (n.s. = Not significant).
MFI: mean fluorescence intensity.
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the autophagy-related light chain 3 (LC3)-II protein level was
dramatically increased in both cells subjected to RAGE
silencing alone and GEM-treated RAGE-silenced cells (Fig. 2D).
To examine the PI3K/AKT/mTOR axis in low RAGE-expressing
MIA Paca-2 cells, the phosphorylation activities of PI3K, AKT,
and mTOR were reduced in cells subjected to either RAGE
silencing alone or RAGE silencing combined with GEM treat-
ment (Fig. 2E and F).

Some reports have demonstrated that mTOR-mediated
autophagy precedes apoptosis and can induce the apoptosis
process [23,24]. In this study, an increase apoptotic cells was
observed in GEM-treated RAGE-silenced cells (Fig. 2G).
Furthermore, increasing pro-apoptotic Bax protein expression
and lower anti-apoptotic Bcl-2 levels were observed in cells
subjected to either RAGE silencing alone or RAGE silencing
combined with GEM treatment, respectively (Fig. 2H). Addi-
tionally, caspase 3 activity was significantly increased in GEM-
treated RAGE-silenced cells compared to that in GEM-treated
MIA Paca-2 cells (Fig. 2I). Previous studies have found that
downregulation of the nuclear factor-kappa B p65 (NF-«kB p65)
subunit acts synergistically with GEM to restrict the growth of
pancreas adenocarcinoma [25]. Knocking down RAGE
expression greatly decreased NF-«kB p65 nuclear protein pro-
duction (Fig. 2J), suggesting that RAGE-specific siRNA exerts
enhanced effect with GEM treatment in inducing cell death in
MIA Paca-2 cells.

It has been well documented that Ca®" influx and MDR1
upregulation are highly associated with GEM metabolism in
human pancreatic carcinoma [26]. MDR1 principally regulates
drug efflux. In addition, a previous study showed that NF-«xB
induces drug resistance through MDR1 expression [27]. In this
study, RAGE-silenced cells exhibited a higher median fluo-
rescence intensity (MFI) value, implying that a low level of
MDR1 expression obstructed metabolization and increased
the cytotoxicity effect (Fig. 2K,L). These results suggested that
knocking down RAGE resulted in a decrease in NF-kB pro-
duction, which may decrease MDR1 expression and concen-
trate GEM-induced intracellular cytotoxicity.

3.2. Quercetin promoted GEM-induced cytotoxicity by
suppressing RAGE expression in MIA Paca-2 cells

Research has shown that quercetin protects against amnesic
injury through inactivation of the RAGE-mediated ERK/CREB/
BDNF pathway [28]. Our previous results also demonstrated
that quercetin inhibits RAGE-mediated oxidative stress and
inflammatory responses in THP-1 cells [29]. Here, we first
noted that RAGE mRNA and protein expression was signifi-
cantly suppressed by quercetin treatment in MIA Paca-2 cells,
accompanied by cell growth inhibition (Fig. 3A—C). To deter-
mine the effect of quercetin on GEM sensitivity in MIA Paca-
2 cells, cells were treated with quercetin at various concen-
trations (6.25, 12.5, 25, and 50 uM) for 24 h and then cultured
with 500 nM GEM for 72 h. An additional reaction was
observed that reduced the viability level under both 25 and
50 uM quercetin treatment during the GEM incubation period
(Fig. 3D). Moreover, autophagy-associated vacuolation was
observed in MIA Paca-2 cells treated with quercetin combined
with GEM (Fig. 3E). Autophagic cells were further detected by
acridine orange staining, and acridine orange-positive cells

were increased by 25 or 50 uM quercetin treatment during the
GEM incubation period (Fig. 3F).

Moreover, ATG5 and LC3-II protein expression was
increased in both cells subjected to quercetin-treated alone
and quercetin combined with GEM-treated cells compared
with untreated control cells (Fig. 3G). Quercetin treatment of
MIA Paca-2 cells not only induced autophagy but also
increased apoptosis-associated caspase 3 activity and NF-«B
p65 expression (Fig. 3H—J). Interestingly, the MFI value of
calcein was increased in a dose-dependent manner by quer-
cetin treatment in MIA Paca-2 cells (Fig. 3K), implying that a
low level of MDR1 expression succeeded in impeding GEM
efflux and increasing cytotoxicity.

3.3. Enhanced effect of RAGE-specific sSiRNA combined
with GEM on inducing chemosensitivity in MIA Paca-2 ™%
cells

To assess whether quercetin treatment is effective against
GEM-chemoresistant pancreatic cancer cell growth, we first
established a GEM-resistant MIA Paca-2 human pancreatic
cancer cell line (designated MIA Paca-2 MR cells) and
assessed cell viability. As shown in Fig. 4A—D, the resistance
to the pharmacologic cytotoxicity of GEM was noteworthy in
MIA Paca-2 ™R cells compared with parental cells. Not sur-
prisingly, a high RAGE expression level was noted in MIA Paca-
2 SEMR cells compared with MIA Paca-2 cells (Fig. 4E and F).
Neither silencing RAGE gene expression nor GEM treatment
reduced cell viability in MIA Paca-2 ™R cells. However, an
enhanced effect on increasing GEM chemosensitivity and
reducing cell viability was observed under combined treat-
ment with RAGE small interfering RNA and 500 nM GEM in
MIA Paca-2 ®MR cells (Fig. 4G and H).

3.4. Quercetin induced autophagy and apoptosis by
suppressing RAGE expression in MIA Paca-2 ™R cells

Cell death was exacerbated in a dose-dependent manner by
quercetin treatment of MIA Paca-2 “*™R cells at 24 h or 48 h
(Fig. 5A—C). The level of RAGE protein expression was
decreased by quercetin treatment not only in MIA Paca-2 cells
but also in MIA Paca-2 “¥MR cells (Fig. 5D and E). Remarkably,
the percentages of sub-G1 cell cycle arrest, autophagy, and
apoptotic cells were increased by a dose-response effect upon
quercetin treatment of MIA Paca-2 “MR cells (Fig. SF—H).

3.5. Additional effect of quercetin pretreatment coupled
with GEM treatment in inducing cell death and increasing
the MFI in MIA Paca-2 “EMR cells

Cell viability was significantly decreased by quercetin treat-
ment compared with GEM treatment in MIA Paca-2 MR cells
(Fig. 6A). Interestingly, quercetin pretreatment combined with
GEM treatment remarkably inhibited cell growth in MIA Paca-
2 GEMR cells (Fig. 6A). Indeed, cell death via both autophagy and
apoptosis was elicited by quercetin pretreatment coupled
with GEM treatment in MIA Paca-2 “®™F cells (Fig. 6B and C).
Moreover, MFI values were increased in a concentration-
dependent manner by quercetin treatment in MIA Paca-2
GEMR cells (Fig. 6D), implying a reduction in drug elimination
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Fig. 3 — Quercetin promoted GEM-induced cytotoxicity by suppressing RAGE expression in MIA Paca-2 cells. Effect of
quercetin on (A) cytotoxicity, (B) RAGE mRNA expression, and (C) RAGE protein levels in Mia Paca-2 cells. (D) Cells were
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stained with Annexin V-FITC positive/PI-negative staining. (I) Caspase 3 activity. (J) Protein levels of p65. (K) Effect of
quercetin on mean calcein fluorescence intensity in MIA Paca-2 cells. Reported values are means + SD (n = 3), *p < 0.05
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and extension of cytotoxicity effects under quercetin

treatment.

4.

Discussion

The difficulty of early diagnosis of pancreatic cancer and
resistance to chemotherapy result in a high mortality rate for

pancreatic cancer patients. Accumulating evidence has
shown that RAGE plays an important role in mediating
pancreatic cancer tumorigenesis through distinct signaling
cascades [9,30]. Hence, we knocked down RAGE expression in
MIA Paca-2 and MIA Paca-2 “®MR cells to investigate the effects
of RAGE on cell death and GEM metabolism. Silencing RAGE
gene expression significantly reduced cell viability through
cell cycle arrest, autophagy, and apoptosis in both cell lines.
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siRNA for 24 h and then treated with 500 nM GEM for 72 h. Cell viability was measured via the MTT assay. Reported values

are means + SD (n = 3), *p < 0.05 versus the control.

Furthermore, suppression of MDR1 levels was observed in
RAGE knockdown cells, indicating that GEM efflux was pre-
vented by RAGE inhibition. Interestingly, quercetin treatment
significantly inhibited RAGE protein expression in both types
of cells. The dramatic additive reaction effectively induced cell
death and MDR1 expression in a dose-dependent manner in
MIA Paca-2 and MIA Paca-2 MR cells.

RAGE has been shown to increase tumorigenesis and
cancer processes in early pancreatic neoplasia [31]. Knocking
down RAGE increases apoptosis and decreases inflammatory
responses in mice with 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced skin cancer [32]. Similarly, RAGE is a potential
factor involved in autophagy and apoptosis regulation in
pancreatic cancer [33]. Accordingly, our results demonstrated
that silencing RAGE gene expression significantly reduced cell
viability by increasing autophagy and apoptosis in MIA Paca-2
and MIA Paca-2 ®®MR cells, respectively (Figs. 2 and 4). Sup-
pression of RAGE gene expression resulted in reduced PI3k/
Akt/mTOR signaling protein expression and increased auto-
phagy by increasing LC3 II protein levels in MIA Paca-2 cells
(Fig. 2D—F). Notably, increased PI3k/AKT/mTOR signaling and
suppression of autophagy are observed in macrophages iso-
lated from rats with streptozotocin (STZ)-induced diabetic
encephalopathy (DE) [34]. In addition, Rottlerin elicits auto-
phagocytosis, which causes apoptosis by inhibition of the
PI3K/Akt/mTOR cascade in human pancreatic cancer stem
cells [35]. Accordingly, our results showed that autophagy was
negatively regulated by the RAGE/PI3K/Akt/mTOR axis.

LC3-1I, a hallmark of autophagy, is tightly associated with
autophagosomes and essential for autophagy [36]. Although
other autophagy-associated proteins were not significantly
altered by GEM treatment in RAGE knockdown cells, LC3-II
protein expression was dramatically increased in RAGE-
silenced cells and GEM-treated RAGE-silenced cells (Fig. 2D).

In addition, a previous report showed that abnormal induction
of autophagy by 6-OHDA-induced ROS accumulation could
promote cytochrome c release and ultimately accelerate cas-
pase-3-dependent apoptosis [37]. Moreover, increasing the
ratio of Bax to Bcl-2 may activate caspase-3-modulated
apoptosis [38]. Here, we found that the induction of auto-
phagy by RAGE suppression led to an increase in the Bax/Bcl-2
ratio and a decrease in NF-kB p65 expression, causing caspase-
3-dependent apoptosis in MIA Paca-2 cells (Fig. 2H-]J).
Convincing evidence has established that NF-«B can induce
drug resistance through MDR1 expression [27,39]. In agree-
ment with previous reports, our results showed that down-
regulation of NF-kB suppressed MDR1 expression in GEM-
treated MIA Paca-2 cells (Fig. 2I-L). As mentioned above, our
findings demonstrated enhanced effect of RAGE-specific
siRNA combined with GEM treatment in inducing cell death
via autophagy and apoptosis and reducing GEM efflux in MIA
Paca-2 cells.

Quercetin is a flavonoids with outstanding anti-cancer po-
tential due to its anti-proliferation effect and roles in cell cycle
arrest, the induction of apoptosis, and the inhibition of cell
invasion [16,40]. Our previous results demonstrated that
quercetin inhibited RAGE-mediated oxidative stress and in-
flammatory responses in THP-1 cells [17]. Previous findings
have shown that quercetin inhibits MDR1 expression, prevents
drug efflux via Pgp transport proteins, and increases the ac-
tivity of anti-cancer drugs in MES-SA cells [18]. However, the
underlying mechanism of quercetin in reducing MDR1
expression is unknown. As anticipated, treatment with quer-
cetin significantly inhibited RAGE expression in MIA Paca-
2 cells (Fig. 3B and C). Similar to what was observed in RAGE
siRNA knockdown cells, autophagy, apoptosis, and increased
MFI values were observed to promote GEM-induced cytotox-
icity under quercetin treatment in MIA Paca-2 cells (Fig. 3).
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Fig. 5 — Quercetin induced cell death by inhibiting RAGE protein expression in MIA Paca-2 SEMR cells. (A) Effect of quercetin

on the morphology of MIA Paca-2 ®MR cells. Cell viability of MIA Paca-2 “*™R cells after quercetin treatment for (B) 24 h and
(C) 48 h. (D, E) Effect of quercetin on RAGE protein expression. (F) Cells were treated with various concentrations (25, 50, 100,
and 200 pM) of quercetin for 48 h. The cell cycle was assessed by PI staining. (G) Percentages of autophagosomes in
quercetin-treated MIA Paca-2 EMR cells. (H) Quercetin-induced apoptotic cells were stained with Annexin V-FITC positive/PI
negative staining. The data are expressed as the mean + SD of three independent measurements. Data from the same time
point with different letters (a, b, c, d) show significant differences (p < 0.05) by Duncan's test.
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Fig. 6 — Chemoprotective effect of quercetin in MIA Paca-2 ™R cells. (A) Cells were pretreated with 100 uM Que for 24 h and
then treated with 0.5 M GEM for 72 h. Cell viability was measured via the MTT assay. (B) Percentages of autophagosomes in
quercetin-treated MIA Paca-2 SEMR cells. (C) Percentage of apoptotic cells in quercetin-treated MIA Paca-2 ™R cells. (D) Mean

fluorescence intensity of calcein in MIA Paca-2 EMR

cells treated with quercetin. The data are expressed as the mean + SD of

three independent measurements. Data from the same time point with different letters (a, b, ¢, d) show significant
differences (p < 0.05) by Duncan's test. MFI: mean fluorescence intensity.

Importantly, a higher RAGE expression level was observed
in MIA Paca-2 “EMR cells compared with MIA Paca-2 cells
(Fig. 4E and F). Quercetin dramatically reduced cell viability,
increased autophagy, and promoted apoptosis in a dose-
dependent manner by suppressing RAGE expression in MIA
Paca-2 ™R cells (Fig. 5). Furthermore, autophagy, apoptosis,
and chemosensitivity were greatly increased by the additional
effect of quercetin combined GEM treatment in MIA Paca-2
GEMR cells (Fig. 6).

Collectively, these results indicate that silencing RAGE
significantly increases cell death and GEM-induced cytotox-
icity through the PI3K/AKT/mTOR axis in MIA Paca-2 and MIA
Paca-2 “FMR cells. Notably, quercetin treatment (similar to
RAGE silencing) effectively attenuated RAGE expression,
resulting in cell cycle arrest, autophagy, apoptosis, and GEM
chemosensitivity in MIA Paca-2 “EMR cells, suggesting that an
additional reaction occurred under combined quercetin and
GEM treatment. This study provides direct evidence for
revealing the molecular mechanisms of quercetin in
increasing autophagy, apoptosis, and chemosensitivity in
pancreatic cancer.
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