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Abstract

Pancreatic cancer is always diagnosed at an advanced stage. Hence, chemother-

apy becomes the best choice for patients. Therefore, new anticancer drugs for

pancreatic cancer are needed. Riluzole (RIL) is mainly used to treat

amyotrophic lateral sclerosis clinically, but many previous studies have shown

that RIL could inhibit tumors. However, no report has explored the association

between RIL and pancreatic cancer. To validate this association, we performed

this study. Our data showed that RIL could induce cytotoxicity, block the cell

cycle, and inhibit clone formation, apoptosis, and migration in pancreatic

cancer cells. Moreover, we demonstrated that RIL could suppress autophagy.

However, more experiments will be needed to validate the reliability of our

conclusions. In summary, our data suggest that RIL might provide clues for the

development of a treatment for human pancreatic cancer in the future.
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1 | INTRODUCTION

Pancreatic cancer is a global health problem.1 According
to the statistics, only eight percent of patients with
pancreatic cancer can be cured, leading to the lowest rate
among various tumors.2 To date, few new approaches
have affected the 5‐year survival rate of pancreatic
cancer.3,4 Pancreatic cancer cells always hide deeply
inside the body. Almost all pancreatic cancer patients are
diagnosed at a late stage.5,6 Therefore, many patients
suffering from pancreatic cancer do not have the
opportunity for operative treatment, and chemotherapy
becomes the best choice. As an effective chemotherapy
drug,7 gemcitabine has been widely used in clinical

practice, but an increasing number of patients are
resistant to the drug.8 Therefore, research on novel
agents targeting pancreatic cancer cells has become
essential in clinical work.

To date, riluzole (RIL) is mainly used to treat
amyotrophic lateral sclerosis (ALS) clinically.9 Although
the number of in vivo studies on RIL antitumor activity,
such as in liver cancer, glioma, and renal cancer, has
increased in recent years,10,11 there have been few
investigations into the effect of RIL on pancreatic cancer.
Hence, we carried out this study to evaluate the potential
anticancer roles of RIL in pancreatic cancer cells.

Apoptosis, necrosis, and autophagy are the three
primary modes of cell death.12 During the process of
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apoptosis, caspases control a group of kinases that affect
cell survival.13 Therefore, the relevant caspase proteins,
including caspase3, are involved in apoptotic pathways.14

Among these modes of cell death, autophagy is a
relatively new type. Autophagy leads to nonapoptotic
death and suppresses the progression of tumorigenesis by
inhibiting tumorigenesis.15 Notably, autophagy has been
suggested to play dual roles in different kinds of cells,
promoting or preventing the survival of cells.15 However,
for pancreatic cancer, autophagy always favors cell
survival.16

In this current study, RIL‐induced cytotoxic effects
were extensively investigated in four types of pancreatic
cell lines: PANC1, SW1990, BXPC3, and ASPC1. It has
been reported that RIL could inhibit tumor progression
through caspase pathways in different tumors, such as
liver cancer, glioma, and renal carcinoma. According to
the known information, our results are the first to prove
that RIL not only affected the process of apoptosis but
also inhibited autophagy in pancreatic cancer. The
related mechanism study showed that RIL targeted
human pancreatic cancer cells by caspase3‐associated
apoptosis induction and autophagy suppression. These
data suggest that RIL might provide insight for the
development of a new anticancer agent for the clinical
treatment of human pancreatic cancer.

2 | MATERIALS AND METHODS

2.1 | Reagents

RIL was purchased from Selleck Chemicals (Shanghai,
China). The final solution was dissolved in dimethyl
sulfoxide at a concentration of 200mM and then stored at
−80°C. The working concentrations of 0, 25, 50, 100, 200,
400, and 1000 μM RIL, which were diluted in media,
were used fresh in each experiment. All of the reagents
used in cell culture were purchased from Gibco (Grand
Island, NY). The CCK‐8 reagent, crystal violet solution,
and Annexin V‐FITC/PI apoptosis detection kit were
purchased from Beyotime Company (Jiangsu, China).
The bicinchoninic acid protein assay kits were purchased
from Life Technologies (Grand Island, NY). All indicated
specific antibodies used in the current study were
purchased from Abcam (Cambridge, MA).

2.2 | Cell culture

The human pancreatic cancer cell lines PANC1, SW1990,
BXPC3, and ASPC1 were purchased from the Shanghai
Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences. These cells were maintained in
Dulbecco modified Eagle medium (Gibco) containing

10% fetal bovine serum and 1% penicillin/streptomycin at
37°C with 5% CO2 and 95% humidity.

2.3 | Cell viability assay

The PANC1, SW1990, BXPC3, and ASPC1 pancreatic
cancer cells were seeded onto cell plates. Five thousand
cells in 100 µL of culture medium were placed in every
well. The next day, these cells were incubated with the
indicated concentrations (0, 25, 50, 100, 200, 400, and
1000 μM) of RIL for 48 hours. Then, the CCK‐8 reagent
was applied to these cells. The absorbance was measured
in an enzyme‐linked immunosorbent assay microplate
reader (450 nm).

2.4 | Cell‐cycle analysis

PANC1 and ASPC1 cells were placed in cell plates. These
cells were maintained with the corresponding concentra-
tions (0, 100, 200, and 400 μM) of RIL. The cells were
collected, washed, and fixed in 70% ethyl alcohol. The
next day, the cells were stained with PI and analyzed by
flow cytometry (BD). Representative flow cytometry
histograms showing PI staining for cell‐cycle analysis
are displayed.

2.5 | Colony‐forming assay

PANC1 and ASPC1 cells were seeded onto cell plates and
incubated with corresponding concentrations (0, 100,
200, and 400 μM) of RIL. After 2 weeks, the cells were
harvested and stained with crystal violet (0.1%). Repre-
sentative photographs are shown for colony‐forming
analysis.

2.6 | Apoptosis assay

PANC1 and ASPC1 cells were seeded in cell plates and
treated with the indicated concentrations (0, 100, 200,
and 400 μM) of RIL. Then, these cells were harvested.
Apoptotic cells were labeled with the annexin V/PI
apoptosis detection kit according to the manufacturer’s
instructions. The stained cells were immediately exam-
ined by flow cytometry (BD). These cells were divided
into three groups: nonapoptotic dead cells (the upper left
area), late apoptotic cells (the upper right area), and early
apoptotic cells (the lower right area). Representative
graphs of different treatments are displayed.

2.7 | Wound‐healing assay

PANC1 and ASPC1 cells were seeded onto cell plates.
These cells were cultured overnight. A tip was used to
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scratch the confluent monolayers. Cells were then
maintained in medium with or without RIL. The cells
were photographed at time points (0, 18, and 36 hours)
under an inverted phase‐contrast microscope.

2.8 | Western blot analysis

PANC1 and ASPC1 cells were seeded on cell plates with
or without the indicated concentrations (0, 100, 200, and
400 μM) of RIL. Then, these cells were harvested and
lysed. The concentrations of protein in each group were
detected by the BCA method. The lysates were subjected
to immunoblotting with specific antibodies against
caspase3, CDK1, LC3B, p62, ubiquitinated proteins,
GAPDH, and α‐tubulin. The results were imaged using
Imaging System (Bio‐Rad).

2.9 | Statistical analysis

These data were compiled and analyzed with the
GraphPad Prism software. All data are presented as the
mean ± SEM and analyzed with one‐way ANOVA in this
study. When P< .05, the difference between groups was
statistically significant. Furthermore, * means P< .05, **
means P< .01, and *** means P< .001.

3 | RESULTS

3.1 | Riluzole induces cytotoxicity in
pancreatic cancer cells

In this study, we analyzed the cytotoxicity effect of RIL in
vitro using four kinds of human pancreatic cancer cells.
To check the effect of RIL on these cells, we treated
PANC1, SW1990, BXPC3, and ASPC1 cells with corre-
sponding concentrations (0, 25, 50, 100, 200, 400, and
1000 μM) of RIL. Cell viability was evaluated using a cell
counting kit‐8 assay (Figure 1A‐D). On the one hand,
these results indicated that RIL reduced pancreatic
cancer cell viability as the concentration increased. On
the other hand, the low concentrations (25 and 50 µM) of
RIL were not significantly involved in the growth of
BXPC3 cells. Moreover, the SW1990 cells were obviously
affected by these low concentrations. Thus, different cells
might have different sensitivities under certain condi-
tions. Therefore, PANC1 and ASPC1 cells were used
in the following experiments. Obviously, our results
indicated that RIL possessed an antiproliferative effect on
pancreatic cancer cells. However, to comprehensively
understand the effect of RIL on pancreatic cells, we
carried out further experiments.

In addition, the half‐maximal inhibitory concentra-
tions (IC50) of PANC1, SW1990, BXPC3, and ASPC1 cells

were calculated and were 91.07, 44.40, 122.00, and
51.07 μM, respectively. The cell lines with the highest
or lowest IC50 were not included in the cell cycle,
apoptosis induction, and colony formation assays to
reflect the most representative effects. Hence, the PANC1
and ASPC1 cells were used for the aforementioned
experiments.

3.2 | RIL blocks the cell cycle

To examine the change in the cell cycle of these
pancreatic cancer cells when treated with RIL, we
analyzed the cell cycle in PANC1 and ASPC1 cells. As
shown in Figure 1E and 1F, RIL blocked the cell cycle of
PANC1 cells in the G2/M phase. RIL upregulated the
percentage of cells in the G2/M phase in a dose‐
dependent manner. Similar data emerged for ASPC1
cells (Figure 1G and 1H). In summary, the data indicated
that RIL might suppress pancreatic cancer by blocking
the cell cycle in these cells.

3.3 | RIL inhibits the colony‐forming
ability of pancreatic cancer cells

In addition to the above experiments, we performed a
colony formation assay to evaluate the long term
antiproliferative effect of RIL. As we showed, the visible
colonies of PANC1 and ASPC1 cells (Figure 2A and 2B)
were obvious. However, the number of colonies in groups
treated with high concentrations of RIL decreased
significantly.

3.4 | RIL induces apoptosis in
pancreatic cancer cells

To clarify whether RIL‐induced cell death involved the
apoptosis signaling pathway, we determined the number
of apoptotic cells via an apoptosis detection kit using
annexin V and propidium iodide. The number of
apoptotic cells was analyzed by flow cytometry. The data
indicated that a dose‐dependent increase existed in the
RIL treatment group. As shown in Figure 2C and 2D,
the proportion of live PANC1 cells decreased as the
concentration of RIL increased. However, the numbers of
early apoptotic cells, late apoptotic cells, and total
apoptotic cells increased. These results showed that
RIL‐treated PANC1 cells elevated the number of apopto-
tic cells compared with that of the control group, in a
dose‐dependent manner, especially at 200 and 400 μM.
Similar results were observed in ASPC1 cells (Figure 2E
and 2F). Briefly, our data demonstrated that RIL induces
apoptosis in pancreatic cancer cells.
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FIGURE 1 Continued.
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3.5 | RIL inhibits migration in both
PANC1 and ASPC1 cells

To determine whether RIL affected the migratory ability
of human pancreatic cancer cells, we performed wound‐
healing assays. The results indicated that RIL could
significantly weaken the cell migration capacity of both
PANC1 and ASPC1 cells with increasing concentrations
of RIL (Figure 3). Therefore, our data support that RIL
could suppress pancreatic cancer cell metastasis in vitro.

3.6 | RIL promotes apoptosis and
suppresses autophagy in pancreatic cancer

Apoptosis and autophagy are two major modes of cell
death. To confirm whether the inhibition of cell activity
involved RIL‐induced apoptosis, we detected the protein
levels of pro‐caspase3 and caspase3 (Figure 4A and 4B),
which are effector enzymes related to a cascade of
apoptotic pathway events, in our study. Our data
indicated that the level of activated apoptotic proteins,
such as cleaved‐caspase3, increased with RIL treatment.
Otherwise, the protein level of CDK1, which is involved
in the G2/M phase, decreased significantly as the
concentration of RIL was increased (Figure 4C and 4D).
Taken together, our Western blot data showed that RIL‐
induced apoptosis through the activation of caspase3.

Moreover, LC3B is well known as an autophagy
marker and was upregulated in PANC1 and ASPC1 cells
treated with RIL (Figure 4E). These results suggest that
RIL also induced autophagy in these cells. To evaluate
the change in these cells, we examined the protein level
of p62. However, our data showed that the expression of
p62 also increased with increased RIL concentration.
These results further demonstrated that RIL inhibited the
complete autophagy flow in pancreatic cancer cells
(Figure 4E). Therefore, we concluded that RIL promoted
apoptosis but inhibited autophagy in a dose‐dependent
manner in pancreatic cancer cells.

Furthermore, we detected the protein level of
ubiquitinated proteins that might also cause protein
degradation in our system. However, no significant
difference was found between cells treated with or
without RIL. This result suggested that the process of
ubiquitination was not involved in cell death in our
experiments (Figure 4F).

3.7 | The cytotoxicity of RIL is
enhanced by chloroquine and inhibited by
rapamycin

To further address the inhibitory effect of RIL on
autophagy, we treated PANC1 and ASPC1 cells using
the autophagy enhancer rapamycin (RP) or inhibitor
chloroquine (CQ). Then, the cell viability was examined
using CCK‐8 reagent. Our data showed that the cells
treated with CQ showed decreased viability (Figure 4G
and 4I). Meanwhile, the cells treated with RP showed
rescued viability (Figure 4H and 4J). The results
demonstrated that the autophagy induced by RIL might
be protective in pancreatic cancer and that autophagy
suppression contributed to the anticancer role of RIL.

4 | DISCUSSION

In the current study, the cytotoxicity of RIL was first
shown in four types of pancreatic cancer cells. During
RIL‐mediated suppression of cell proliferation, RIL not
only promoted apoptosis (which was consistent with the
published studies) but also inhibited autophagy (which
was first validated in our system). Moreover, RIL could
inhibit migration and block the cell cycle in PANC1 and
ASPC1 cells.

Currently, surgery and chemotherapy remain the
most common methods used to treat cancers. The late
diagnosis and resistance to current chemotherapies lead
to the poor survival rate of pancreatic cancer patients.
Most pancreatic cancer patients are not suitable for
surgery therapy.17 Chemotherapy that inhibits the
growth of cancer cells via directly destroying them
becomes the best choice.18 However, the therapy has
some limitations and adverse effects.19 Therefore, new
anticancer drugs for pancreatic cancer are needed.

The research on mechanisms demonstrated that RIL
was a noncompetitive antagonist of metabotropic gluta-
mate receptors (mGluR). RIL inhibited the release of
glutamate at neural synapses.20 Currently, RIL is used to
treat ALS in clinical work.9 However, an increasing
number of studies have shown that mGluR plays
important roles not only in the nervous system but also
in tumorigenesis, such as in melanoma.21,22 Therefore, as
an antagonist of mGluR1, RIL might have an antitumor

FIGURE 1 Riluzole induces concentration‐dependent cytotoxicity and blocks the cell cycle in pancreatic cancer cells. PANC1(A),
SW1990(B), BXPC3(C), and ASPC1(D) cells were treated with the indicated concentrations (0, 25, 50, 100, 200, 400, and 1000 μM) of riluzole
for 48 hours, respectively. The cell viability of pancreatic cancer cells was detected by CCK‐8 assay (n = 6/group). Cell cycle in PANC1 and
ASPC1 cells were determined after treatment with indicated concentrations (0, 100, 200, and 400 µM) of riluzole for 24 hours. Representative
flow cell graphics of PANC1 (E) and ASPC1 (G) cells were followed by PI staining for cell‐cycle analysis. Quantification of cell‐cycle analysis
on PANC1 (F) and ASPC1 (H) cells were showed. (*P< .05, **P< .05, and ***P< .001)
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6 | SUN ET AL.



FIGURE 2 The colony‐forming ability and apoptosis in pancreatic cancer cells are affected by riluzole. Riluzole showed concentration‐
dependent (0, 100, 200, and 400 μM) inhibition on the cell colony formation of pancreatic cancer cells. Representative photographs of
PANC1 (A) and ASPC1 (B) cells with different treatments, followed by crystal violet staining, were displayed. Cell apoptosis in PANC1 and
ASPC1 cells were detected after treatment with indicated concentrations (0, 100, 200, and 400 µM) of Riluzole for 24 hours. Representative
graphics of PANC1 (C) and ASPC1 (E) cells were followed by annexin‐V/PI staining and flow cytometry analysis. Quantification of apoptosis
analysis on PANC1 (D) and ASPC1 (F) cells were showed. (*P< .05, **P< .05, and ***P< .001)

FIGURE 3 Inhibition of Riluzole on migration in both PANC1 and ASPC1 cells. PANC1 and ASPC1 cells were treated with indicated
concentrations of riluzole (0, 25, 50, 100, and 200 μM) for 0 to 36 hours. Wound‐healing assays were carried out to assess cell migration
inhibition. Representative images of PANC1 (A) and ASPC1 (B) cells were displayed. Bar chart indicating wound healing in PANC1 (C) and
ASPC1 (D) cells. (**P< .05 and ***P< .001)
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effect.23 A published study indicated that RIL inhibited
liver cancer.10 During the process, RIL affected the
mGluR1 distribution on the cell surface. The release of
glutamate in cells was decreased. More glutamate with
cysteine inhibited the synthesis of GSH, leading to the
eventual apoptosis of cells.24

Several recent studies demonstrated that RIL exhib-
ited antitumor activities in many kinds of cancer cells by
affecting the processes of cell‐cycle arrest and apopto-
sis.10,11,21,25 The promising anticancer roles of RIL have
been shown to be regulated by activating caspase‐
mediated apoptotic signaling pathways in various
tumors. Several previous studies demonstrated that RIL
promoted the apoptosis of other cancer cells through
caspase3 signaling pathways.10,21 However, the other
antiproliferative effects and molecular mechanism of RIL
on pancreatic cells remain unclear.

A large number of studies have shown that RIL
induces caspase3 activation‐dependent apoptosis in
various tumor cells.25 Our results provided supporting
evidence that RIL‐induced antiproliferation effects on
pancreatic cancer cells were associated with the activa-
tion of caspase3 in time‐ and dose‐dependent manners.

Caspases are well known to be involved in apoptosis
are composed of many kinases.13 Therefore, apoptosis
induced by caspase3 contributes to the cytotoxicity of
pancreatic cancer. However, accumulating evidence has
shown that the process of tumor cell death includes
apoptosis and autophagy in chemotherapy.

Autophagy is an important process, during which cells
dispose of unnecessary proteins by sending them to the
lysosome.26 They are degraded and recycled in this
organelle. Autophagy may have dual roles, including an
antitumor effect via promoting cell death in specific
conditions and a function that promotes survival in
starved cells.15 As a marker of autophagy, LC3 has two
members, LC3‐I and LC3‐II. The number of autophagic
vacuoles always correlates with the expression of LC3‐
II.27 Moreover, p62 has been proven to be a mediator in
the formation of autophagic vacuoles.28 According to
published studies, autophagy affects cell viability and
death in pancreatic cancer cells.29 To date, no studies
have reported on autophagy in RIL‐treated cancer cells.

Thus, autophagy in pancreatic cancer cells needs to be
studied.

In the current study, our data demonstrated that RIL
affected autophagy in pancreatic cancer cells and induced
the expression of autophagy‐related proteins, such as p62,
LC3‐I, and LC3‐II. The RIL‐induced inhibition of
autophagy led to a cancer‐suppressing process and
promoted death in PANC1 and ASPC1 cells. To further
validate the effect of autophagy in PANC1 and ASPC1
cells treated with RIL, we treated cells with either the
autophagy inhibitor CQ or the autophagy enhancer RP.30

Our data indicated that the cells treated with RIL and CQ
had lower survival than the cells treated with RIL alone,
which also had a decreased viability. Thus, the autophagy
inhibitor CQ could augment the antitumor role of RIL in
PANC1 and ASPC1 cells. Furthermore, the autophagy
enhancer RP had the opposite effect. Therefore, we
inferred that autophagy in pancreatic cancer cells might
be cytoprotective and that RIL might function as an
autophagy inhibitor similar to CQ. Autophagic flux could
be blocked by RIL, inhibiting autophagy in pancreatic
cancer cells. However, more experiments are needed to
validate the molecular mechanism.

Although apoptosis and autophagy are various types
of cell death that have different purposes, a common
point may exist in their regulation. For instance,
caspase8, which is a key molecule in apoptosis signaling
pathways, has been reported to cause autophagy in recent
years.31 Therefore, a fine balance between apoptosis and
autophagy is important for the fate of cells.32,33 Overall,
the interaction between autophagy and apoptosis is
complex and important for cytotoxicity.

In the future, we will further explore whether
apoptosis is associated with autophagy in pancreatic
cancer cell death. Otherwise, the corresponding animal
experiments will be carried out in our system to validate
the reliability of our conclusions.

5 | CONCLUSION

In conclusion, our results demonstrated that riluzole
(RIL) affected the viability of pancreatic cancer cells. The

FIGURE 4 The cytotoxicity of riluzole, involved in caspase and autophagy pathways, is enhanced by chloroquine (CQ) and inhibited by
rapamycin (RP) in pancreatic cancer cells. PANC1 and ASPC1 cells were treated without or with indicated concentrations of riluzole (0, 100,
200, and 400 μM) for 24 hours. Detection of apoptosis‐associated proteins (caspase3 and cleaved‐caspase3) was executed by Western blot
analysis in PANC1 (A) and ASPC1 (B) cells. Investigation of cell cycle‐associated proteins (CDK1) was carried out by Western blot analysis
in PANC1 (C) and ASPC1 (D) cells. The expression levels of autophage‐associated proteins (LC3B and p62) and ubiquitinated protein in
PANC1 and ASPC1 cells were detected by Western blot analysis (E,F). PANC1 and ASPC1 cells were treated without or with riluzole
(200 μM) for 24 hours. Meanwhile, ASPC1 and PANC1 cells were treated with indicated concentrations of autophagy inhibitor (CQ) (G and
I) or enhancer (RP) (H,J). Cell viability of PANC1 and ASPC1 cells was checked using CCK‐8 assay
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role of RIL in suppressing autophagy was proven in our
study. Previous studies have demonstrated that the
promotion of apoptotic cell death and the suppression
of the cell‐protective effects induced by autophagy could
be used in the development of new therapies for tumors.
Hence, our results suggest that RIL could provide clues
for the development of treatments for pancreatic cancer.
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