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Prexasertib increases the sensitivity of pancreatic
cancer cells to gemcitabine and S-1
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Abstract. Our previous study demonstrated that gemcitabine
(GEM), S-1, and a combination of GEM and S-1 (GS)
induced S-phase arrest and increased the phosphorylation of
checkpoint kinase 1 (Chkl), which is a critical mediator of
cell survival under impaired DNA replication, in pancreatic
cancer cell lines. The aim of the present study was to investi-
gate the combined effect of the Chkl inhibitor prexasertib and
antitumor drugs (GEM and S-1) on pancreatic cancer cell line
SUIT-2. Furthermore, we conducted mechanistic analysis of
the combined effect. The MTT assay revealed that a combina-
tion of prexasertib and GS showed a strong effect. Mechanistic
analysis of the combined effect showed effective induction of
apoptosis. Furthermore, a combination of prexasertib and GS
downregulated the expression of antiapoptotic protein Bcl-2.
Chk1 knockdown with small interfering RNA and GS treat-
ment resulted in strong induction of apoptosis. Our results
provide evidence to show that the combination of prexasertib
and GS has a strong antitumor effect and effectively induces
apoptosis in pancreatic cancer cells through downregulation
of the antiapoptotic protein Bcl-2. Prexasertib could possibly
enhance the effects of standard drugs, including GEM, S-1,
and GS, against pancreatic cancer.
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Introduction

Pancreatic cancer is a highly malignant carcinoma character-
ized by a dismal patient prognosis; therefore, the development
of more effective treatments is urgently required. Gemcitabine
(GEM) has been used worldwide as a key agent for chemo-
therapy for the treatment of pancreatic cancer after it was
reported that it significantly prolonged overall survival in a
phase III trial compared with 5-fluorouracil (5-FU) (1). S-1
(TS-1; Taiho Pharmaceutical Co., Ltd., Tokyo, Japan), an oral
fluoropyrimidine developed in Japan, consists of tegafur (FT),
5-chloro-2 4-dihydroxypyridine (CDHP), and oteracil potas-
sium (Oxo) at a molar ratio of 1:0.4:1 (2). FT is a prodrug of
5-FU and is catabolized by dihydropyrimidine dehydrogenase
(DPD) (3,4). CDHP competitively inhibits DPD, and thereby
maintains effective concentrations of 5-FU in both plasma
and tumor tissues (5). Oxo inhibits phosphorylation of 5-FU in
the gastrointestinal tract, thereby reducing the gastrointestinal
toxicity of 5-FU (6). The antitumor effect of S-1 has already
been demonstrated in a single agent or combination regimen
against a variety of solid tumors, such as gastric cancer,
colorectal cancer and non-small cell lung cancer (7-11).
Regarding pancreatic cancer, a randomized phase III trial of
GEM and S-1 monotherapy and GEM + S-1 combination (GS)
therapy for pancreatic cancer with locally advanced or distant
metastases (GEST) has shown that S-1 was not inferior to GEM.
The GEM therapy group had a median overall survival (OS)
of 8.8 months and the S-1 therapy group had a median OS of
9.7 months [hazard ratio (HR) 0.96] (12). Although the superi-
ority of GS therapy (10.1 months median OS) to GEM therapy
was not verified, GS significantly prolonged the progres-
sion-free survival of secondary endpoints compared with
GEM and in a subgroup analysis, GS significantly prolonged
the OS compared with GEM in locally advanced pancreatic
cancer. For adjuvant chemotherapy for pancreatic cancer after
resection, a phase III trial of GEM and S-1 therapy has shown
that the median OS at the time of the 5-year follow-up between
April 2007 and January 2016 was 46.5 months in the S-1
group and 25.5 months in the GEM group, and the HR of the
S-1 group vs. the GEM group was 0.57 (0.44-0.72), indicating
S-1 therapy was superior to GEM therapy (P<0.0001; log-rank
test) (13). On the basis of these trials, GEM and S-1 are
recognized as key drugs for pancreatic cancer in Japan.
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Our previous research using pancreatic cancer cells showed
that a combination of S-1 and GEM is more effective than
either drug alone, both in vitro and in vivo. Moreover, a combi-
nation of S-1 and GEM induced a greater degree of S-phase
arrest than either agent alone (14,15). Mechanistic studies
showed that both drugs led to increased phosphorylation of
checkpoint kinase 1 (Chkl). Chkl is activated when DNA
is damaged, when it stops the cell cycle and catalyzes DNA
repair (16). Therefore, it is expected that after the induction
of DNA damage with antitumor drugs in combination with a
Chkl1 inhibitor, DNA damage checkpoints are inactivated and
eventually cause cell death in a more potent manner. Several
Chkl1 inhibitors have been developed and clinical trials have
been conducted for both monotherapy or combination treat-
ments with antitumor drugs (17-22). Prexasertib (LY2606368)
is one of the inhibitors of Chk1 and checkpoint kinase 2 (Chk2)
and inhibits Chkl more strongly than Chk?2 by causing DNA
double-strand breaks and apoptosis when used as a single
agent (23).

The aim of the present study was to investigate the
combined effect of the Chkl inhibitor prexasertib with
GEM, S-1, and GS on the pancreatic cancer cell line SUIT-2.
Moreover, we conducted further mechanistic analysis of the
combined effects.

Materials and methods

Cell cultures. The human pancreatic cancer cell line SUIT-2
was obtained from the Japanese Collection of Research
Bioresources (Osaka, Japan). SUIT-2 cells were grown in
RPMI-1640 medium (FUJIFILM Wako Pure Chemical Corp.,
Osaka, Japan) supplemented with 10% fetal bovine serum
(FBS), penicillin, and streptomycin.

Antitumor agents. GEM, 5-FU, and CDHP were purchased
from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan), and
prexasertib was purchased from Selleck Biotech (Osaka,
Japan).

Antibodies. Monoclonal antibodies against phosphory-
lated-Chk1 (Ser296) (product #90178, 1:1,000 dilution),
phosphorylated-Chk1 (Ser317) (product #12302, 1:1,000
dilution), phosphorylated-Chkl1 (Ser345) (product #2348,
1:1,000 dilution), Chkl (product #2360, 1:1,000 dilution),
vYH2AX (Ser139) (product #9718, 1:1,000 dilution), H2AX
(product #2595, 1:1,000 dilution), caspase 9 (product #9508,
1:1,000 dilution), caspase 3 (product #9665, 1:1,000 dilution),
cleaved PARP (Asp214) (product #5625, 1:1,000 dilution),
Mcl-1 (product #94296, 1:1,000 dilution), Bcl-2 (product
#2870, 1:1,000 dilution), Bel-xL (product #2764, 1:1,000
dilution) and Bax (product #2772, 1:1,000 dilution) were
purchased from Cell Signaling Technology. The monoclonal
antibody against B-actin was purchased from Sigma-Aldrich
(Merck KGaA, 1:5,000 dilution). Purified mouse anti-cyto-
chrome c (cat. no. 556433, 1:1,000 dilution) was purchased
from BD Biosciences.

Cell proliferation assay.Cells were seeded in 96-well plates ata
density of 1x10* cells/well. After 24 h, the culture medium was
replaced with 0.2 ml of fresh medium containing GEM, S-1,
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and/or prexasertib at each concentration. After a further 72 h,
20 pl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reagent (Sigma-Aldrich; Merck KGaA) 0.5%
in phosphate buffered saline (PBS) was added to each well.
The plate was then incubated for 4 h, and 0.1 ml of dimethyl
sulfoxide (Kanto Chemical Co. Inc., Tokyo, Japan) was added
to each well to dissolve the formazan crystals. Absorbance
was then measured in each well using a microplate reader
at a wavelength of 620 nm. Inhibitory concentration (ICs,)
values were then calculated. A classical isobologram was
used to evaluate the synergistic effects of GEM + prexasertib
and S-1 + prexasertib (24). The combination index (CI) was
calculated using CalcuSyn (Biosoft, Cambridge, UK) and
synergy level classifications were determined. A CI <1 indi-
cates synergy, a CI=1 indicates additive effects, and a CI >1
indicates antagonistic effects. All experiments were repeated
at least three times.

Analysis of cell death. Cells were seeded on 6-well plates
(6.0x10* cells/well) in RPMI-1640 medium supplemented
with 10% FBS. After 24 h, the culture medium was replaced
with 2.0 ml of fresh medium containing GEM (0.3 ng/ml),
S-1 (0.2 pg/ml), and/or prexasertib (5 nM). After a further
72 h, mono- and oligonucleosomes in the cytoplasmic frac-
tion were measured by the Cell Death Detection ELISA kit
(Roche Diagnostics, Basel, Switzerland; cat. no. 1544675)
according to the manufacturer's instructions. Floating and
attached cells were collected and homogenized in 500 pl of
incubation buffer. The wells of a 96-well plate were coated
with antihistone antibodies at room temperature for 1 h and
incubated with the lysates, horseradish peroxidase-conjugated
anti-DNA antibodies, and the substrate, and the absorbance
was read at 405 nm. Furthermore, after 72 h of culture on a
6-well plate under the same conditions, apoptotic cells were
assessed by examining their nuclear morphology under a
fluorescence microscope after staining with 1.2 mM Hoechst
33342 for 5 min.

Western blot analysis. Cells (3.0x10°) were seeded in dishes
and cultured for 24 h. The medium was replaced by fresh
medium containing the drugs (GEM 0.3 ng/ml, S-1 0.2 yg/ml,
or prexasertib 10 nM) and the cells were incubated for the
indicated times (24, 48, and 72 h). Cells were rinsed with PBS
and scraped into cell lysis buffer M (FUJIFILM Wako Pure
Chemical Corp.) dissolved in complete protease inhibitor
cocktail (Roche) and PhosSTOP phosphatase inhibitor cocktail
(Roche). After incubation on ice for 20 min, cell lysates were
obtained by centrifugation at 15,000 x g for 15 min at 4°C.
Protein concentrations were determined and equal amounts
(30 pg) of total protein were separated on 7.5-12% sodium
dodecyl sulfate polyacrylamide gels at a constant current of
30 mA. Separated proteins were then transferred to Immobilon
polyvinylidene difluoride membranes (Millipore) at 150 mA.
The membranes were blocked with 1% Difco™ skim milk
(BD Biosciences) and hybridized overnight at 4°C with various
primary antibodies. Membranes were then probed with a
horseradish peroxidase-conjugated anti-rabbit or anti-mouse
antibody (Dako Denmark A/S, Glostrup, Denmark; cat. nos.
P0448 or P0260) and chemiluminescence was developed
using a SuperSignal West Pico Chemiluminescent Substrate
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(Thermo Fisher Scientific, Inc.). The band intensities of Bcl-2
and (-actin were analyzed using Image J 1.41 (National
Institutes of Health, Bethesda, MD, USA).

Analysis of the release of cytochrome c. Cells (3.0x10°%)
were seeded in dishes and cultured for 2 h. The medium
was replaced with fresh medium containing the drugs (GEM
0.3 ng/ml, S-1 0.2 ug/ml, or prexasertib 10 nM) and the cells
were incubated for the indicated time (24, 48, and 72 h). Cells
were washed with PBS and treated with 0.05% trypsin, and
then resuspended in 100 ul of ice-cold digitonin lysis buffer
(0.01% digitonin in PBS). After 5 min on ice, the cells were
centrifuged at 14,000 x g for 5 min, and the supernatant was
subjected to western blot analysis with cytochrome c-specific
antibody.

Small interfering RNAs and transfection of cells. Silencer®
Select Validated siRNA (small interfering RNA) against Chk1
and Silencer® Select Negative Control siRNA were purchased
from Thermo Fisher Scientific, Inc. The day before siRNA
transfection, the cells (1x10°) were seeded into 6-well plates
and incubated overnight at 37°C without antibiotics. Cells
were then treated with siRNA (final concentration of 25 nM)
in RPMI-1640 medium in the presence of the DharmaFECT
transfection reagent according to the manufacturer's instruc-
tions (GE Healthcare Japan, Tokyo, Japan). After incubation
for 24 h at 37°C, the medium containing the mixture of
DharmaFECT and siRNA was replaced by RPMI-1640
medium containing 10% FBS and cells were incubated for a
further 24 h with or without the drugs (GEM 0.8 ng/ml, S-1
0.5 ug/ml).

Statistical analysis. Data from the MTT assays, ELISA and
western blot analyses are expressed as the mean + standard
deviation. Differences between the groups were examined for
statistical significance using analysis of variance (ANOVA)
followed by Fisher's protected least significant difference anal-
ysis. A P-value of <0.05 was considered statistically significant.
Statistical analysis was performed using a BellCurve created
in Excel for Windows (Social Survey Research Information
Co., Ltd., Tokyo, Japan).

Results

Combinations of prexasertib and antitumor drugs (GEM or
S-1) exhibit a synergistic antiproliferative effect on SUIT-2
cells. An MTT assay was used to investigate whether prexas-
ertib and an antitumor drug (GEM or S-1) exhibit synergistic
effects on the inhibition of cell growth in SUIT-2 cells. S-1 is
a combination drug comprising three compounds, but in our
study, we omitted the Oxo component (Oxo is used to reduce
the incidence of gastrointestinal side effects) and instead used
a combination of 5-FU and CDHP at a ratio of 1:2 based on the
blood concentration ratio of the combination in humans (25).
First, we calculated the ICs, values for each drug. The ICj,
values for prexasertib, GEM, and S-1 were 30.8+6.04 nM,
0.642+0.048 ng/ml and 0.506+0.219 pg/ml, respectively.
Simultaneous administration of various concentrations of
prexasertib and an antitumor drug (GEM or S-1) resulted in
greater inhibition of SUIT-2 cell growth (Fig. 1A and B). The
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Table 1. Combination indexes (CI) calculated for the combi-
nation of prexasertib + GEM or prexasertib + S-1 (CI <1
indicates synergy).

Prexasertib (nM)

10 20 30

GEM (ng/ml)

0.1 0.488* 0.564* 0.679*

0.3 0.456* 0.584* 0.723*

0.5 0.495* 0.653* 0.793*
S-1 (ug/ml)

0.1 3016 0.807* 0.749*

02 1.007 0.702* 0.753*

0.3 0.820* 0.661* 0.716*

GEM, gemcitabine. *Indicates synergy.

ICy, values of prexasertib + GEM and prexasertib + S-1 were
connected using a dotted line in a classical isobologram to
evaluate any possible synergistic effects (Fig. 1C and D). The
data revealed that each of these drugs had a synergistic effect,
and a combination of prexasertib and GEM had a stronger
synergistic effect than prexasertib and S-1 in the SUIT-2 cells.
The combination index also demonstrated that the combined
effect of prexasertib + GEM and prexasertib + S-1 on cell
viability was synergistic (CI <1) for many concentration
combinations (Table I). We further investigated the effect of
the combination of all three drugs [prexasertib + GEM + S-1
(GS)]. Prexasertib + GS showed significantly greater inhibition
of cell proliferation than prexasertib + GEM or prexasertib +
S-1 (P<0.05) (Fig. 2A and B).

Induction of apoptosis by prexasertib + [GEM + S-1 (GS)].
We also investigated apoptotic cell death in SUIT-2 cells using
a Cell Death Detection ELISA kit (Roche). This kit includes
mouse monoclonal antibodies directed against DNA and
histones and allows the specific determination of mono- and
oligonucleosomes in the cytoplasmic fraction of cell lysates.
Assays using the ELISA kit confirmed that the treatment of
SUIT-2 cells with prexasertib at 5 nM + GS significantly
increased the extent of apoptotic cell death compared with the
other groups (P<0.05) (Fig. 3A). In addition, the absorbance
for prexasertib at 10 nM with GS was 2.26+0.14, which was
an approximately 2-fold increase compared to prexasertib
at 5 nM with GS. Fig. 3B shows morphological changes in
SUIT-2 cells treated with several drugs for 72 h. The cells
treated with prexasertib + GS developed apoptotic features
including nuclear fragmentation.

Effect of prexasertib + GS on Chkl signaling and apoptotic
pathways. We performed western blotting to measure the
change in signals from apoptosis due to the combination
of prexasertib + GS. We used prexasertib at 10 nM, which
induced apoptosis in combination with GS more efficiently
than at 5 nM in our pilot experiments. To examine the phos-
phorylation of the DNA damage-induced cell cycle checkpoint
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Figure 1. Prexasertib enhanced the antitumor effect of (A) GEM and (B) S-1. SUIT-2 cells were treated with a combination of prexasertib (0, 1, 5, 10, 20, or
30 nM) and GEM (0, 0.1, 0.3, or 0.5 ng/ml), or S-1 (0, 0.1, 0.2, or 0.3 ug/ml) for 72 h. Values shown are the mean + standard deviation (SD) from at least 3
independent experiments. A classical isobologram shows the combined effect of (C) prexasertib + GEM and (D) prexasertib +S-1 in SUIT-2 cells. The ICs,
values for prexasertib (30.8 nM) and GEM (0.642 ng/ml), as well as those for prexasertib and S-1 (0.506 pg/ml), are connected with a dotted line to distinguish
the area of synergism (under the line) and the area of antagonism (above the line). Plots on the dotted line indicate an additive effect. Both prexasertib + GEM

and prexasertib + S-1 showed a synergistic effect. GEM, gemcitabine.

protein Chkl1, western blotting was used to assess the levels of
phosphorylated Chk1 (pS296, pS317, and pS345) in the SUIT-2
cells (Fig. 4A). Prexasertib suppressed the phosphorylation of
Chkl pS296, which is an autophosphorylation site and most
important for the activation of Chkl, at 24 h. Prexasertib + GS
increased the phosphorylation of Chk1 pS317 and Chk1 pS345,
which are DNA damage markers. The expression of YH2AX,
which is also a DNA damage marker, was also induced to a
higher degree following prexasertib + GS treatment. However,
the expression of total H2AX did not correlate with the
expression of YH2AX. We investigated the apoptotic mecha-
nism induced by prexasertib + GS. The expression levels of
cleaved caspase 3 and cleaved PARP were increased at 48 h
(Fig. 4B). We also investigated the effect of prexasertib + GS
on the Bcl-2 family. Cleaved Mcl-1 was increased after 48 h of
prexasertib + GS treatment and Bcl-2 was markedly decreased
at 24 h; this effect was prolonged until after 72 h (Fig. 4C).
We next examined the effects of prexasertib + GS on the
release of cytochrome ¢ from mitochondria in SUIT-2 cells.
When the cells were exposed to prexasertib + GS, a significant

increase in the release of cytochrome ¢ was observed within
48 h (Fig. 4D). These results suggest a correlation between the
release of cytochrome ¢ and the induction of apoptosis by prex-
asertib + GS. The expression of Bcl-2 at 72 h was significantly
decreased by prexasertib + GS (P<0.05) (Fig. 4E).

Effects of Chkl-specific siRNA on combination treatment with
GEM and S-1. It is important to investigate whether prexas-
ertib enhances the combination of GEM and S-1 activity
through Chkl inhibition. We used siRNA to selectively
deplete Chkl in the cells to investigate Chkl inhibition and
its contribution to the effect of GEM and S-1 combined treat-
ment (GS). After transfection, the levels of expression of Chk1
were analyzed by western blotting (Fig. 5A). As shown in
Fig. 5A, treatment of SUIT-2 cells with Chkl siRNA (Chk1-si)
significantly suppressed the expression of Chkl compared
with cells treated with non-silencing siRNA (Control-si) or
with vehicle alone. Compared with the Control-si (nonspecific
siRNA)-transfected cells treated with GS, the Chkl-si cells
treated with GS showed significantly higher levels of apoptosis
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Figure 2. Prexasertib + GEM + S-1 inhibit cell proliferation. (A) SUIT-2 cells were treated with prexasertib (0, 1, 5, 10, 20, or 30 nM) and GEM + S-1 (GEM
0.1 ng/ml + S-1 0.1 pg/ml, GEM 0.3 ng/ml + S-1 0.2 ug/ml, or GEM 0.5 ng/ml + S-1 0.3 pg/ml) for 72 h. (B) SUIT-2 cells were treated with prexasertib (5 nM)
and/or GEM 0.3 ng/ml and/or S-1 0.2 ug/ml for 72 h. Values shown are the mean + SD from 3 independent experiments. "P<0.05 indicates a significant differ-

ence. NS, not significant; GEM, gemcitabine.

at 24 h (P<0.05) (Fig. 5B). Only the Chkl-si cells treated with
GS developed obvious apoptotic features (Fig. 5C), including
nuclear fragmentation. When we examined the mechanism
of apoptosis in the Chkl-si transfected SUIT-2 cells after GS
treatment, the expression of Bcl-2 was decreased after 24 h
(Fig. 5D). Knockdown of Chkl using siRNA showed almost
the same apoptotic signaling pathway as prexasertib when used
in combination with GS (Fig. 4B and C). However, the fact that
vyH2AX was not induced in the Control-si-treated GS group
is thought to be due to differences in several experimental

conditions. The expression of Bcl-2 was also significantly
decreased by Chkl-si + GS (P<0.05) (Fig. SE).

Discussion

In the present study, the results revealed that combinations of
prexasertib and antitumor drugs (GEM or S-1) have a syner-
gistic antiproliferative effect and a combination of prexasertib
and GS (GEM and S-1) was the most effective in SUIT-2 cells.
Furthermore, the combination of all three drugs (prexasertib
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+ GS) induced apoptotic cell death through the suppression
of Bel-2.

DNA checkpoints are activated by DNA damage, and serve
to arrest the cell cycle and catalyze DNA repair. DNA check-
points are controlled by two major signaling pathways, namely,
the ATM/Chk2/p53 pathway and the ATR/Chk1/Cdc25A

pathway (26). In many cancers, the ATM/Chk2/p53 pathway
is impaired; therefore, Chkl inhibitors are expected to
selectively induce mitotic cell death in cancer cells (26).
Preclinical studies in solid tumor and blood cancer models
have shown that prexasertib as a single agent or in combina-
tion with other agents has antitumor activity both in vitro and
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cells. (B and C) Western blot analysis revealed the levels of caspase 9, caspase 3, and PARP and Bcl-2 family. (D) Release of cytochrome ¢ from mitochondria
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of expression of Bcl-2 at 72 h normalized to that of 3-actin (Bcl-2/B-actin) and reported as the fold change compared with the control value. The relative band
intensities of Bcl-2 and B-actin were quantified using densitometric analysis. Values are expressed as the mean + SD of three independent experiments. "P<0.05
indicates a significant difference. GEM, gemcitabine; GS, GEM + S-1 combined treatment; Chk1, checkpoint kinase 1; PARP, poly(ADP-ribose) polymerase.

in vivo (23,27-30). Dysregulation of Chkl-dependent replica-
tion and checkpoint control by prexasertib is thought to be an
extremely efficient approach to the induction of apoptosis in
cancer cells. We previously showed that both GEM and S-1 led
to the increased phosphorylation of Chkl (15). Therefore, the
effects of both drugs can be enhanced by combining them with
an effective Chkl1 inhibitor. The results showed a synergistic
effect for each drug. Although prexasertib + GS increased
the phosphorylation of Chk1-S317 and Chk1-S345, which are
DNA damage markers, prexasertib strongly suppressed the
phosphorylation of Chk1-S296, which is the most important
autophosphorylation site for the activation of Chkl (26).
Previous reports have also shown that prexasertib suppresses
the autophosphorylation of Chk1-S296 (23,27,29).

Although there have been several reports that show that
GEM in combination with other Chkl inhibitors has a strong
antitumor effect (20,31,32), this study is the first to show that
the combined effect with S-1, which is an oral fluorinated
pyrimidine drug, led to high Chkl inhibition and efficiently
induced apoptosis. It has also been reported that the Chkl
pathway is involved in the resistance mechanism of 5-FU (33).
In addition, our results showed that prexasertib + GS had a
stronger effect than prexasertib + GEM or prexasertib + S-1,and
this may be due to greater induction of Chkl phosphorylation
by GS than by GEM or S-1 alone.

Few studies have conducted a close examination of the
mechanism of apoptosis via combinations of a Chkl inhibitor
and antitumor drugs. Therefore, we examined the Bcl-2 family,
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which has been a target of drug discovery in recent years.
Western blot analysis showed that prexasertib + GS suppressed
Bcl-2. Bcl-2 is located in mitochondria and controls apoptosis
by inhibiting the release of cytochrome ¢ (34). The selective

Bcl-2 inhibitor venetoclax (ABT-199) has already shown a
strong effect on refractory chronic lymphocytic leukemia in
combination with rituximab in a phase III trial (35). It has
been reported that Bcl-2 expression is intimately involved in
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the induction of apoptosis in pancreatic cancer cells (36). In
human colon cancer cell lines, it has been reported that the
sensitivity of anticancer agents depends on the expression
level of Bcl-2 (37); thus, the detailed mechanism and effective
combinations with existing antitumor drugs must be investi-
gated. We have not clarified the detailed relationship between
the Chkl and Bcl-2 mechanisms in the synergistic effect of
prexasertib + GS; therefore, it is necessary to investigate the
correlation. In addition, the combination of low concentrations
of the three agents caused apoptosis efficiently; therefore, we
did not investigate the mechanism for the two-drug combina-
tions (prexasertib + GEM or prexasertib + S-1). We plan to
investigate the two-drug combinations (prexasertib + GEM
or prexasertib + S-1) in future research. Similarly, only one
cell line was used in the present study, and therefore multiple
pancreatic cancer cell lines must be utilized in future research.

Furthermore, we showed that prexasertib + GS increased
the levels of cleaved Mcl-1. Mcl-1 is a member of the Bcl-2
family and has an antiapoptotic effect. It has been reported
that Mcl-1 cleaved by caspase 3 in non-small cell lung cancer
cells treated with antitumor drugs triggers apoptosis and
the cleavage by caspase partially impairs the antiapoptotic
activity of Mcl-1 (38). Drug research targeting Mcl-1 has been
progressing in recent years, but the detailed mechanisms of
Mcl-1 during apoptosis induced by antitumor drugs are still
unknown and further investigation is required.

The standard regimens currently used worldwide
as chemotherapy for metastatic pancreatic cancer are
FOLFIRINOX or GEM + nab-paclitaxel (39,40). However,
FOLFIRINOX frequently induces grade 3 adverse events
and GEM + nab-PTX results in a high frequency of periph-
eral neuropathy and neutropenia. Thus, even though both
regimens have antitumor effects in pancreatic cancer, they
can be administered only to patients with a good performance
status due to their high toxicity. In Japan, GS is used for
perioperative chemotherapy or in the elderly for pancreatic
cancer (41,42). Regarding cholangiocarcinoma, GS has been
proven not to be inferior to GEM and cisplatin (GC) therapy,
which are worldwide standard treatments (43). Because GC
has severe side effects, such as vomiting and acute kidney
injury, a regimen of either GC or GS can be selected according
to the patient's situation. In addition to pancreatic cancer, the
combined effect of prexasertib + GS in cholangiocarcinoma
must be examined.

Several Chkl inhibitors have been developed, and the results
of several clinical trials have been reported (18-22,44.45).
However, none of the drugs can be used in clinical settings
for various reasons, such as poor efficacy and high toxicity.
Prexasertib is currently under development and shows
single-agent activity against ovarian cancer and squamous
cell carcinoma (46,47). However, it frequently leads to grade
4 neutropenia. Therefore, it is desirable to combine existing
antitumor drugs and prexasertib to create regimens that have
fewer side effects via using lower doses.

Prexasertib enhanced the antitumor effect of GEM + S-1
through the induction of apoptosis in pancreatic cancer
cells with downregulation of anti-apoptotic Bcl-2 protein.
Prexasertib could be a useful agent to enhance the effect of
GEM or fluorinated pyrimidine drugs, which are standard
drugs for the treatment of pancreatic cancer.
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