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Z-360 Suppresses Tumor Growth in MIA PaCa-2-bearing Mice
via Inhibition of Gastrin-induced Anti-Apoptotic Effects
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Abstract. Background/Aim: The aim of the study was to
evaluate the anti-tumor mechanism of Z-360, a
gastrin/cholecystokinin-2 receptor (CCK2R) antagonist, in
MIA PaCa-2 cells and in a subcutaneous xenograft mice
model. Materials and Methods: The anti-tumor effects of Z360 and/or gemcitabine were monitored using a MIA PaCa2 xenograft model. The effect of Z-360 on apoptosis in the
model was examined by TUNEL staining and real-time PCR
analysis and the effect in MIA PaCa-2 cells stably expressing
human CCK2R was also evaluated by caspase-3/7 activity.
Results: In this xenograft model, Z-360 significantly reduced
the tumor weight, increased TUNEL-positive cells and
suppressed the expression of anti-apoptosis factors such as
survivin, XIAP and Mcl-1, and these effects of Z-360
combined with gemcitabine were more effective.
Furthermore, gastrin-17 and gastrin-34 inhibited apoptosis
in vitro and Z-360 dose-dependently abrogated this effect.
Conclusion: These results suggest that Z-360 exerts an antitumor effect through a reduction in anti-apoptosis factors by
blocking CCK2R.

Pancreatic cancer is one of the leading causes of cancerrelated death with a 5-year survival rate of less than 10% (1,
2). It is characterized by a high incidence of loco-regional
recurrence and distant metastasis. It is expected that by the
year 2030, pancreatic cancer will become the second-most
common cause of cancer-related deaths (3). Currently,
combination drug therapies with erlotinib or nab-paclitaxel
in addition to gemcitabine are commonly used treatments for
patients with locally advanced or metastatic disease (4, 5).
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Nevertheless, the median survival time is still less than 1
year, which is far from satisfactory. Accordingly, new
approaches to chemotherapy are needed. To solve these
problems, novel strategies involving less toxic agents that
can sensitize pancreatic cancer cells to chemotherapy are
necessary.
Tumor development and progression, as well as resistance
to most oncologic therapies, result mainly from
unresponsiveness of apoptosis pathways (6). The poor
prognosis of pancreatic cancer is partly due to intrinsic
resistance to the apoptosis-inducing effects of chemotherapy.
Therefore, it is important to discover a new drug that
attenuates the apoptotic resistance of pancreatic cancer cells.
Apoptosis is triggered by signals from within the cell,
such as genotoxic stress, or by extrinsic signals, which
involve the activation of cell surface death receptors. The
signaling from within the cell, which is also known as the
mitochondrial apoptosis pathway, is regulated by suppressor
proteins, which include the Bcl-2 family proteins and
inhibitor of apoptosis (IAP) proteins. Induced myeloid
leukemia cell differentiation protein (Mcl-1) belongs to the
Bcl-2 family. Mcl-1 inhibits the activation of caspase-3
following the DNA damage-induced release of cytochrome
c from mitochondria. Survivin and X-linked inhibitor of
apoptosis protein (XIAP) belong to the IAP family proteins.
Survivin and XIAP directly bind to and inhibit caspase-3, -7
and -9, which are known as apoptosis-inducing factors (7).
Previous studies have reported that these anti-apoptotic
proteins are overexpressed in pancreatic cancers and might
be involved in malignant transformation (8-12).
Cholecystokinin-2 receptor (CCK2R) is a G proteincoupled receptor for gastrin and cholecystokinin (CCK)
which is expressed throughout the body, including the
gastrointestinal tract (13). Previous studies have revealed that
the malignancy of pancreatic cancer involves CCK2R and
gastrin (14-18). Gastrin has several functions, including the
secretion of gastric acid and growth of gastrointestinal tissues
in the stomach, colon and pancreas through CCK2R (19, 20).
Gastrin is found in several forms, including gastrin-17,
gastrin-34 and progastrin (21). In previous reports, gastrin-17
inhibited apoptosis and stimulated the proliferation of
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pancreatic cancer cells through CCK2R (22-24), and the
apoptosis-related factors such as the Bcl-2 and IAP family
proteins could be controlled by the gastrin signal pathway
(25). CCK2R has therefore been regarded as a therapeutic
target for pancreatic cancer (26). CCK2R antagonists such as
L-365, 260, JB95008 and Z-360 can inhibit the growth of
pancreatic carcinoma-derived cell lines (27-31), suggesting
that CCK2R antagonist therapy may be useful for patients
with pancreatic cancers (32).
Z-360 (calcium bis [(R)-(-)-3-[3-{5-cyclohexyl-1-(3,3dimethyl-2-oxo-butyl)-2-oxo-2,3,4,5-tetrahydro-1Hbenzo[b][1,4]diazepin-3-yl}ureido]benzoate]) is a potent and
orally active CCK2R antagonist that was developed by Zeria
Pharmaceutical Co., Ltd. In Previous experiments by our
group, Z-360 inhibited pentagastrin-stimulated acid secretion
in acute fistula rats with ID50 values of 0.17 mg/kg (i.d.)
(33). A radioligand binding assay using [3H]CCK-8
demonstrated that Ki values of Z-360 for CCK1R and
CCK2R were 316±81.2 nM and 0.47±0.03 nM, respectively
(30). We previously reported that Z-360 suppressed the
proliferation of human pancreatic cancer cell lines in preclinical studies (30), and it was safe and well tolerated when
combined with gemcitabine in patients with advanced
pancreatic cancer, resulting in clinical benefits in pancreatic
carcinoma (34). The impetus for our study was based on
current evidence that gastrin plays a crucial role for
gastrointestinal tumor growth (31, 34). Currently, a phase IIb
clinical trial of Z-360 is being conducted in Asia to clarify
the interaction between Z-360 and gemcitabine in
unresectable advanced pancreatic cancer. Although the antitumor effect of Z-360 has been revealed, the precise
mechanism of its anti-tumor action remains to be elucidated.
Here, we investigated the anti-tumor mechanism of Z-360
in the xenograft model of human pancreatic carcinoma MIA
PaCa-2. In addition, we examined the effects of Z-360 on
gastrin-induced anti-apoptosis in MIA PaCa-2 cells stably
expressing human CCK2R. Finally, we discussed the
potential of Z-360 as a drug for treating pancreatic cancer.

Cell cultures. The MIA PaCa-2 human pancreatic carcinoma cell
line was purchased from the American Type Culture Collection
(Manassas, VA, USA). MIA PaCa-2 cells stably expressing human
CCK2R (MIA PaCa-2/hCCK2R cells) were obtained from the
Central Research Laboratories of ZERIA Pharmaceutical Co., Ltd.
MIA PaCa-2 cells and MIA PaCa-2/hCCK2R cells were cultured
using Dulbecco’s modified Eagle’s medium (DMEM; Thermo
Fisher Scientific K.K., Kanagawa, Japan) supplemented with 50
U/ml penicillin, 50 μg/ml streptomycin (Thermo Fisher Scientific
K.K., Kanagawa, Japan) and 10% heat-inactivated fetal bovine
serum (FBS; Thermo Fisher Scientific K.K., Kanagawa, Japan).
Both cell lines were grown as a monolayer in tissue culture flasks
at 37˚C in a humidified atmosphere of 95% air and 5% CO2.

Reagents. Z-360 was synthesized at the Central Research
Laboratories of ZERIA Pharmaceutical Co., Ltd. (Saitama, Japan).
Z-360 was dissolved in 0.5% carboxymethylcellulose sodium
solution (CMC-Na) and dimethyl sulfoxide (DMSO) for in vivo
tests and in vitro assay, respectively. Gemcitabine hydrochloride
(gemcitabine) was purchased from Eli Lilly Japan K.K. (Hyogo,
Japan). Human gastrin-17 and gastrin-34 were purchased from
Peptide Institute, Inc. (Osaka, Japan) and prepared according to the
manufacturer’s protocol. Briefly, sterile distilled water or 1%
sodium bicarbonate solution was added to a vial of gastrin-17 or
gastrin-34, respectively. Human progastrin was synthesized at
Biologica Co., Ltd. (Nagoya, Japan) and sterile distilled water was
added to a vial of progastrin.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) staining in pancreatic cancer xenografts. TUNEL
staining was performed using ApopTag Peroxidase In Situ Apoptosis
Detection Kit (EMD Millipore Corporation, MA, USA). Tumor tissues
were fixed in formalin and embedded in paraffin. Paraffin-embedded
tissues were sectioned (4 μm) and deparaffinized. The tissues were
treated with 0.001% proteinase K (20 μg/ml) for 15 min, then washed
with PBS (3 times for 5 min) and incubated with PBS containing 3%
hydrogen peroxide for 5 min to block endogenous peroxidase. After 3
washes with PBS, sections were incubated with ApopTag Equilibration
Buffer (EMD Millipore Corporation, MA, USA) for 15 min at room
temperature. Sections were incubated with terminal deoxynucleotidyl
transferase for 1 h at 37˚C, and then incubated with ApopTag
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Cloning of MIA PaCa-2/hCCK2R cells. Expression vector
containing the coding region of human CCK2R was transfected
using ViaFect transfection reagent (Promega K.K., Tokyo, Japan)
according to manufacturer’s protocol. The transfected cells were
cultured in culture medium containing 1.25 mg/ml G418 (Thermo
Fisher Scientific K.K., Kanagawa, Japan), from which a single clone
was selected.

Animals. Eight-week-old female BALB/c Slc-nu/nu mice purchased
from Japan SLC, Inc. (Shizuoka, Japan) were housed under standard
controlled environmental conditions (23±3˚C, 55±20% humidity,
lights on from 7:00-19:00), with free access to water and standard
chow (CRF-1; Oriental Yeast Co., Ltd., Tokyo, Japan). Animals
were adapted to the experimental conditions for at least 1 week
before the start of experiments. All experimental procedures were
approved by the Institutional Animal Care and Use Committee of
ZERIA Pharmaceuticals Central Research Laboratories.

Subcutaneous xenograft model. MIA PaCa-2 cells (3×106 cells)
were subcutaneously injected into the right flank of the BALB/c
nude mice as described previously (30). On Day 14 after the tumor
inoculation, the mice were randomly divided into four groups such
that animals in each group had an approximately equal average
tumor size and body weight. The animals were orally administered
Z-360 at a dose of 100 mg/kg once daily as described previously
(30) and intravenously administered gemcitabine at a dose of
50 mg/kg twice a week for 3 weeks after the inoculation. The tumor
size of each animal was measured once a week, and the tumor
volume (mm3) was calculated by the formula: tumor volume
(mm3)=length × width2 × 1/2. On Day 35 after the tumor
inoculation, all the mice were sacrificed, and the tumors were
carefully removed and weighed.
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Stop/Wash Buffer (EMD Millipore Corporation, MA, USA) for 20
min at room temperature. Sections were washed 3 times with PBS and
incubated for 30 min in a solution containing anti-digoxigeninperoxidase. The reaction color was developed by treating tissue
sections with 3,3’-diaminobenzidine. The tissues were washed with
water and counter-stained with hematoxylin. These processed sections
were examined with a fluorescence microscope (BZ-9000; Keyence
Corporation, Osaka, Japan). TUNEL-positive cells were quantified by
selecting five representative sections per animal and manually
counting at 400× magnification. Cell counts from 5 sections were
averaged to obtain a single value for each animal. These average
values were then used to calculate the mean number of TUNELpositive cells in each experimental group.

RNA isolation. Total RNA was prepared from tumor tissue using
Isogen II (Nippon Gene Co., Ltd., Tokyo, Japan). After purification,
the amount of RNA was measured by spectrophotometry (OD260).
Total RNA (1 μg) was converted into first-strand cDNA using the
High-Capacity RNA-to-cDNA Kit (Thermo Fisher Scientific K.K.
Kanagawa, Japan) according to the manufacturer’s protocol.

Quantitative real-time PCR. The first-strand cDNAs were subjected to
quantitative real-time PCR with ABsolute QPCR ROX Mix (Thermo
Fisher Scientific K.K., Kanagawa, Japan) and TaqMan probes for
survivin, X-linked inhibitor of apoptosis (XIAP), induced myeloid
leukemia cell differentiation protein (Mcl-1), baculoviral IAP repeatcontaining 2 (BIRC2, also called c-IAP1) and BIRC3 using a real-time
thermal cycler (ABI PRISM 7900HT Sequence Detection System;
Thermo Fisher Scientific K.K., Kanagawa, Japan). The IDs for TaqMan
probes used in this study are survivin, Hs00153353_m1; XIAP,
Hs01597783_m1; Mcl-1, Hs00172036_m1; BIRC2, Hs01112284_m1;
BIRC3, Hs00154109_m1; and HPRT1, Hs99999909_m1. The program
was as follows: 15 min at 95˚C, and then 45 cycles of 15 s at 95˚C and
1 min at 60˚C. The obtained data were normalized to the expression of
hypoxanthine phosphoribosyltransferase1 (HPRT1) and analyzed by the
comparative threshold cycle method (Thermo Fisher Scientific K.K.,
Kanagawa, Japan).

Calcium flux assay. MIA PaCa-2/hCCK2R cells (1.5×104 cells/well)
were cultured in DMEM containing 10% FBS for two days after
being seeded into 96 well plates. Intracellular Ca2+ release was
measured using a Screen Quest™ Fluo-8 NW Calcium Assay Kit
(AAT Bioquest, Inc., Sunnyvale, CA, USA) and a fluid handling
integrated fluorescence plate reader (Flex Station; Molecular
Devices, LLC., Sunnyvale, CA, USA). Briefly, aliquots of gastrin17, gastrin-34, progastrin and Z-360 were delivered to the sample
plate automatically at the preprogrammed times, and then the
fluorescence of Fluo-8 NW in the culture supernatant was read with
excitation at 490 nm and emission at 525 nm. The 50% effective
dose (ED50) and the 50% inhibition concentration (IC50) values
were calculated using GraphPad Prism (GraphPad Software, Inc.,
La Jolla, CA, USA).

Subculture and pre-treatment of gastrin-17, gastrin-34 and Z-360.
MIA PaCa-2/hCCK2R cells (1×103 cells/well) were seeded in two
different 96-well assay plates (Biocoat collagen I, clear or
white/clear; Corning International K.K., Tokyo, Japan) with 100 μl
of culture medium containing 1% FBS. These assay plates were
then incubated in a CO2 incubator (37˚C, 5% CO2, humidified
environment).

The cells were allowed to adhere to the assay plates for three
days and then the medium was replaced with 50 μl of serum-free
medium. After 24 h serum starvation, 25 μl of serum-free medium
or Z-360 solution (1, 10 or 100 nM) containing 0.2% BSA was
added to the plates. After 1 h treatment with Z-360 solution, 25 μl
of vehicle, gastrin-17 or gastrin-34 solution (0.001, 0.01, 0.1 or
1 nM) containing 0.2% BSA was added to the plates for 24 h under
serum-free conditions.

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4sulfophenyl)-2H-tetrazolium (MTS) assay. To measure cell viability,
MTS assay was performed using MIA PaCa-2/hCCK2R cells. 20 μl
of Cell Titer 96 Aqueous One Solution (Promega K.K. Tokyo,
Japan) was added to each well and incubated at 37˚C for an
additional 120 min after 24 h treatment with gastrin solution. The
clear plates were then measured at 490 nm on a microplate reader
(SUNRISE Remote; Tecan Japan Co., Ltd., Kanagawa, Japan).

Caspase-Glo 3/7 assay. To monitor cell apoptosis through caspase
activation, Caspase-Glo 3/7 assay was performed using MIA PaCa2/hCCK2R cells. 100 μl of Caspase-Glo 3/7 Assay Systems
(Promega K.K. Tokyo, Japan) was added to each well and incubated
at room temperature for more than 20 min after 24 h treatment with
gastrin solution. The relative light units (RLU) of the white/clear
plates were measured on a multilabel counter (ARVO SX;
PerkinElmer Japan Co., Ltd., Kanagawa, Japan). The value of
caspase-3/7 activity was normalized by the total cell number
measured by MTS assay in each group.

Statistical analysis. Results are expressed as the mean±standard
error of means (SEM). Data were analyzed using statistical analysis
software (SAS System Version 9.2; SAS Institute Inc., Cary, NC,
USA, and EXSUS Version 8.0.0 and 8.1.0; CAC Croit Corporation,
Tokyo, Japan). Time-course data for tumor volume (Figure 1A)
were analyzed by a two-way repeated measure analysis of variance
(ANOVA). Differences between two groups were assessed using
Student’s t-test. Data involving more than two groups were assessed
by Dunnett’s test. p<0.05 was considered statistically significant.

Results

Effect of Z-360 on tumor growth in xenograft tumors. We
evaluated the effects of Z-360, gemcitabine and the
combination of both agents on tumor growth in the MIA
PaCa-2 subcutaneous xenograft mice. The animals were
orally administered Z-360 at a dose of 100 mg/kg once daily
and intravenously administered gemcitabine at a dose of
50 mg/kg twice a week for 3 weeks after inoculation.
Administration of Z-360 alone or gemcitabine alone slightly
reduced tumor volume. In particular, tumor volume in the
combination group was significantly lowest in all groups
(Figure 1A). On Day 35 after tumor inoculation, the tumor
weights of the vehicle, Z-360, gemcitabine and combination
groups were 0.24±0.02 g, 0.17±0.02 g, 0.15±0.01 g and
0.12±0.01 g, respectively. Also, tumor weight in the Z-360
alone or gemcitabine alone groups was significantly smaller
than that in the vehicle group, and the combination of both
agents was most effective (Figure 1B). No significant body
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Figure 1. Effect of Z-360 on tumor growth in the MIA PaCa-2 xenograft model. MIA PaCa-2 cells (3×106 cells) were injected subcutaneously into
the right flank of female BALB/c nude mice on Day 0. From Day 14 to Day 34, 100 mg/kg Z-360 or 0.5% CMC-Na was orally administered once
a day. In the same period, 50 mg/kg gemcitabine or saline was intravenously administered twice a week. (A) Tumor size was measured once a week
during this period. Values represent the mean±SEM (n=20). On Day 35, the results compared with the vehicle-treated mice were analyzed by twoway repeated measure ANOVA. ###p<0.001. (B) Tumor weight was measured on Day 35. Values represent the mean±SEM (n=20). The results
compared with vehicle-treated groups were analyzed by Dunnett’s test. *p<0.05, **p<0.01 and ***p<0.001.

weight changes were observed in any group (data not
shown). These results suggested that Z-360 exerts anti-tumor
effect and the combination with gemcitabine suppresses
tumor growth more effectively.

Effect of Z-360 on apoptosis in xenograft tumors. On Day
35, subcutaneous tumor tissues were dissected and the
TUNEL assay was performed to assess the effect of Z-360
and/or gemcitabine on apoptosis. Z-360 alone significantly
increased TUNEL-positive cells to the same degree as
gemcitabine alone and the combination of both agents was
more effective (Figure 2). These results suggested that Z-360
shows an anti-tumor effect by inducing apoptosis in tumors
and the combination with gemcitabine is more significant.

Effect of Z-360 on anti-apoptotic gene expression in xenograft
tumors. To investigate the mechanism of apoptosis in the
xenograft tumors, we examined the effects of Z-360 and/or
gemcitabine on the expression of anti-apoptosis-related genes.
We investigated survivin, XIAP and Mcl-1 as mitochondrial
pathway-related genes, and BIRC2 and BIRC3 as death
receptor pathway-related genes. The expression of survivin,
XIAP and Mcl-1 were significantly down-regulated by the
administration of Z-360 alone or gemcitabine alone. The
combination of both agents showed additive effects (Figure
3A-C). On the other hand, there were no significant changes
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in BIRC2 or BIRC3 gene expression between the vehicle and
Z-360 alone groups (Figure 3D and E). These results
suggested that Z-360 prevents tumor growth by regulating the
gene expressions of survivin, XIAP and Mcl-1; that is,
mitochondrial pathway-related genes of apoptosis and the
combination with gemcitabine is more significant.

Agonistic activity of gastrin-17, gastrin-34 and progastrin in
MIA PaCa-2/hCCK2R cells. CCK2R releases Ca2+ from
endoplasmic reticulum stores according to its activity. To
determine the agonistic effect of gastrin-17, gastrin-34 and
progastrin against CCK2R, we measured intracellular Ca2+
release in MIA PaCa-2/hCCK2R cells. Treatment with
gastrin-17 and gastrin-34 up-regulated intracellular Ca2+
release, whereas progastrin (0.01-10 nM) showed no effect
on intracellular Ca2+ release (Figure 4A). The EC50 values
(95% confidence intervals) of gastrin-17 and gastrin-34 were
1.5 (0.49-4.9) and 0.36 (0.22-0.60) nM, respectively. These
results are in agreement with previous reports showing that
progastrin did not bind CCK2R, whereas gastrin-17 and
gastrin-34 bound CCK2R with high affinity (35, 36).
A previous study reported that Z-360 potently inhibited
specific binding of [3H]CCK-8 to the human CCK2R with
a Ki value of 0.47 nM (30). However, the antagonistic
activities of Z-360 for other CCK-2 ligands remain
unknown. To determine the antagonistic effect of Z-360 on
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the CCK2R, intracellular Ca2+ release was measured. While
3 nM gastrin-17 and 1 nM gastrin-34 increased intracellular
Ca2+ release in MIA PaCa-2/hCCK2R cells, treatment with
Z-360 (0.1-10,000 nM) inhibited ligand-induced
intracellular Ca2+ release in a concentration-dependent
manner (Figure 4B). The IC50 values (95% confidence
intervals) of Z-360 for 3 nM gastrin-17 and 1 nM gastrin34 were 53 (28-100) and 30 (15-58) nM, respectively. These
results demonstrated that Z-360 shows antagonistic activity
for the human CCK2R.
Effects of CCK2R ligands on cell number and apoptosis in
MIA PaCa-2/hCCK2R cells. MTS assay and Caspase-Glo
3/7 assay were performed to evaluate the anti-apoptosis
effects induced by CCK2R ligands in MIA PaCa-2/hCCK2R
cells. For the MTS assay, both 1 nM gastrin-17 and 1 nM
gastrin-34 significantly increased cell number compared to
the vehicle group (Figure 5A and B). In the Caspase-Glo 3/7
assay, both 1 nM gastrin-17 and 1 nM gastrin-34
dramatically reduced caspase-3/7 activity (Figure 5C and D).
These findings suggested that both gastrin-17 and gastrin-34
act as CCK2R ligands and exert an anti-apoptotic effect.

Effects of Z-360 on CCK2R ligand-induced apoptosis in MIA
PaCa-2/hCCK2R cells. Z-360 dose-dependently inhibited the
increase in the total cell number and the decrease in caspase3/7 activity induced by 1 nM gastrin-17 or 1 nM gastrin-34
(Figure 6). Z-360 at a dose of 100 nM showed significant
inhibitory effects against gastrin-17 and gastrin-34. In
contrast, Z-360 alone did not show a dose-dependent
inhibitory effect on the cell number of MIA PaCa-2/hCCK2R
cells (data not shown). The IC50 value of Z-360 was
estimated to be approximately 10 nM, which was very
similar to that of Z-360 for cell proliferation in CHO cells
overexpressing human CCK2R, as previously reported (30).

Discussion

In the present study, we examined the effects of Z-360 and/or
gemcitabine on tumor growth and apoptosis to elucidate the
mechanisms of action of Z-360 using the MIA PaCa-2
subcutaneous xenograft mice model. As shown in Figures 1
and 2, Z-360 significantly suppressed tumor weight as
previously reported (30), and increased the number of
TUNEL-positive cells in the tumor. Furthermore, Z-360
inhibited the gastrin-induced anti-apoptotic effect in vitro
(Figures 5 and 6). These results suggest that the anti-tumor
effect of Z-360 is related to apoptosis.
Novel therapeutic strategies that have potential to sensitize
pancreatic cancer to chemotherapy and increase the efficacy
of current treatments for pancreatic cancer are needed. One
solution to the problem of drug resistance is to control the

Figure 2. Effects of Z-360 on apoptosis in the MIA PaCa-2 xenograft
model. MIA PaCa-2 cells (3×106 cells) were injected subcutaneously
into the right flank of female BALB/c nude mice on Day 0. From Day
14 to Day 34, 100 mg/kg Z-360 or 0.5% CMC-Na was orally
administered once a day. In the same period, 50 mg/kg gemcitabine or
saline was intravenously administered twice a week. On Day 35, the
subcutaneous tumor tissues were dissected and TUNEL staining was
performed. Values represent the mean±SEM (n=15). The results
compared with vehicle-treated groups were analyzed by Dunnett’s test.
*p<0.05, ***p<0.001.

apoptosis pathways and then abrogate the resistance to
apoptosis, which is a well-known mechanism in a wide range
of cancer cells. Resistance to apoptosis is caused by the
overexpression of anti-apoptotic factors such as Bcl-2 family
proteins and IAP proteins (8-12). We demonstrated that Z360 decreased gene expressions of survivin and XIAP, and
Mcl-1 (Figure 3). These results suggested that Z-360
inhibited the expression of apoptosis resistance-related
factors. Our previous study showed that Z-360 potently
4131
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Figure 3. Effects of Z-360 on survivin, XIAP and Mcl-1 mRNA levels in the MIA PaCa-2 xenograft model. MIA PaCa-2 cells (3×106 cells) were
injected subcutaneously into the right flank of female BALB/c nude mice on Day 0. From Day 14 to Day 34, Z-360 (100 mg/kg) or 0.5% CMC-Na
was orally administered once a day, and gemcitabine (50 mg/kg) or saline was intravenously administered twice a week. On Day 35 after
implantation, all mice were killed and the tumors were carefully removed for gene expression analyses. Gene expression analyses for (A) survivin,
(B) XIAP, (C) Mcl-1, (D) BIRC2 and (E) BIRC3 were performed with quantitative real-time PCR. Data represent fold changes versus the mean for
the vehicle group. Values represent the mean±SEM (n=15-18). The results compared with vehicle-treated groups were analyzed by Dunnett’s test.
*p<0.05, **p<0.01 and ***p<0.001.

antagonized the specific binding of [3H]CCK-8 to human
CCK2R with a Ki value of 0.47 nM, and that Z-360 had a
higher affinity for CCK2R than CCK1R, given that the ratio
of CCK1R/CCK2R was 615 (30). Previous studies reported
that gastrin, as a ligand of CCK2R, increased Mcl-1 and
survivin expression (23, 37, 38). Furthermore, knockdown of
CCK2R decreases XIAP protein expression in several human
pancreatic cancer cell lines (39). We, therefore, considered
that the suppression of survivin, XIAP and Mcl-1 gene
4132

expression by Z-360 was through the inhibition of CCK2R.
Previous reports have identified two cell types, each using
one of two different CD95 (APO-1/Fas) signaling pathways
almost exclusively (40, 41). In type I, cells that die through
CD95 use the mitochondria-independent apoptosis pathway.
In type II, the mitochondrial pathway of apoptosis is
employed and anti-apoptosis proteins such as Bcl-2 family
proteins protect cells from apoptosis. This study, suggests
that treatment of Z-360 alone decreased the expression of
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Figure 4. Inhibitory effects of Z-360 on CCK2R ligand-induced intracellular Ca2+ release in MIA PaCa-2/hCCK2R cells. (A) The ability of gastrin-17
(solid line), gastrin-34 (dotted line) and progastrin (chain line) to increase the release of intracellular Ca2+ was determined using Fluo-8 NW-loaded
MIA PaCa-2/hCCK2R cells. Each value represents the mean±SEM of data from three independent experiments. (B) The ability of 3 nM gastrin-17
(solid line) and 1 nM gastrin-34 (dotted line) to increase the release of intracellular Ca2+ was determined in the presence of various concentrations of
Z-360 using Fluo-8 NW-loaded MIA PaCa-2/hCCK2R cells. Each value represents the mean±SEM of data from three independent experiments.

Figure 5. Effects of CCK2R ligands-induced anti-apoptosis in MIA PaCa-2/hCCK2R cells. (A) and (B) The cell number of MIA PaCa-2/hCCK2R
cells was examined by MTS assay. Data were expressed as the mean±SEM of cell number (%) in three independent experiments. The results
compared with vehicle-treated groups were analyzed by Dunnett’s test. (C) and (D) Apoptosis in MIA PaCa-2/hCCK2R cells was examined by the
Caspase-Glo 3/7 assay. Data were expressed as the mean±SEM of relative caspase-3/7 activity (RLU) in three independent experiments. The results
compared with vehicle-treated groups were analyzed by Dunnett’s test. *p<0.05, **p<0.01 and ***p<0.001.
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Figure 6. Inhibitory effects of Z-360 on CCK2R ligand-induced anti-apoptosis in MIA PaCa-2/hCCK2R cells. (A) and (B) The cell number in MIA
PaCa-2/hCCK2R cells was examined by MTS assay. Data were expressed as the mean±SEM of cell number (%) in three independent experiments.
The results compared with vehicle-treated groups were analyzed by Student’s t-test. The results compared with 1 nM gastrin-17- or gastrin-34treated groups were analyzed by Dunnett’s test. (C) and (D) Caspase-3/7 activity in MIA PaCa-2/hCCK2R cells was examined by the Caspase-Glo
3/7 assay. Data were expressed as the mean±SEM of caspase-3/7 activity (RLU) in three independent experiments. The results compared with
vehicle-treated groups were analyzed by Student’s t-test. #p<0.05 and ##p<0.01. The results compared with 1 nM gastrin-17- or gastrin-34-treated
groups were analyzed by Dunnett’s test. *p<0.05, **p<0.01 and ***p<0.001.

type II cell-related genes (survivin, XIAP and Mcl-1), but
not of type I cell-related genes (BIRC2 and BIRC3) in MIA
PaCa-2 pancreatic cells (Figure 3). This result matched that
of a previous study demonstrating that pancreatic cancer cell
lines are type II cells (7, 41-43). Thus, Z-360 may show an
anti-tumor effect on cancers that mainly consist of type II
cells, in addition to MIA PaCa-2 pancreatic cancer cells. As
illustrated in Figure 3D, the combination of Z-360 and
gemcitabine significantly down-regulated the gene
expression of BIRC2 even though treatment with either agent
did not decrease gene expression of BIRC2. Although there
was no statistically significant difference between the vehicle
group and gemcitabine-treated group in BIRC2 gene
4134

expression, gemcitabine tended to reduce the gene
expression of BIRC2. Furthermore, a previous study reported
that gemcitabine suppressed BIRC2 protein expression in the
MIA PaCa-2 orthotopic xenograft mouse model (44). We,
therefore, consider that gemcitabine substantially contributed
to the results of combination treatment and that Z-360 hardly
decreased the gene expression of BIRC2.
Combined therapies for pancreatic cancer have recently
been developed, including 5-fluorouracil/leucovorin with
irinotecan and oxaliplatin (FOLFIRINOX) and nabpaclitaxel. Although FOLFIRINOX and gemcitabine/nabpaclitaxel dramatically improve outcomes for patients with
advanced pancreatic cancer, their use still poses challenges
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including recurrence and serious side effects (45). Thus,
more effective and low-toxicity combination therapy is
needed for patients with pancreatic cancer. While the mode
of action of Z-360 is inhibition of CCK2R, gemcitabine as
a nucleotide analogue is converted to difluorodeoxycytidine
triphosphate (dFdCTP) by intra-cellular enzymes and
incorporated into DNA, where it causes strand termination
and in turn leads to apoptosis (46). Despite these differences
in mechanism of action between Z-360 and gemcitabine, our
study suggested that gemcitabine as well as Z-360 induced
apoptosis and inhibited anti-apoptosis-related factors such
as survivin, XIAP and Mcl-1 (Figures 2 and 3A-C). A
previous report showed that gemcitabine down-regulated
survivin and XIAP in the MIA PaCa-2 orthotopic xenograft
model (47). We therefore consider that the combination of
Z-360 and gemcitabine may have an additive effect
concerning apoptosis. In fact, the combination of Z-360 and
gemcitabine more potently inhibited the tumor growth than
either agent alone (Figure 1). Furthermore, we previously
reported that Z-360 rarely caused severe side effects in a
phase Ib/IIa trial (34) while this agent showed a potent
inhibitory effect against CCK2R (Figure 4B) (30). These
results mean that combined therapy with Z-360 and
gemcitabine could be more effective than monotherapy
using either agent without causing serious side effects in
pancreatic cancer patients.
Clinical trials have already been performed to evaluate the
efficacy of the specific gastrin antibodies for advanced
pancreatic carcinoma. Insegia, a vaccine that targets gastrin17, significantly prolonged survival compared with placebo
(48). These studies suggested that the inhibition of gastrindependent pathophysiological changes could be effective for
the treatment of pancreatic carcinoma. The antibody that is
raised against Insegia targets only gastrin-17 and does not
cross-react with any of the other gastrin species, including
gastrin-34 and CCK-8 (49). As previously reported, gastrin34 is a major molecular form of gastrins in plasma from
hypergastrinaemic patients with gastric or pancreatic
adenocarcinoma (50). In our study, we demonstrated that not
only gastrin-17 but also gastrin-34 shows an anti-apoptosis
effect (Figures 4A and 5) and Z-360 dose-dependently inhibits
these effects (Figures 4B and 6). Therefore, we expect that Z360 may inhibit the anti-apoptosis effects of both gastrin-17
and gastrin-34, while Insegia cannot inhibit the effect of
gastrin-34, suggesting that the combination of Z-360 and
Insegia has stronger anti-tumor effects than Insegia alone.
In conclusion, we demonstrated that Z-360 has an antitumor effect through the reduction of anti-apoptosis factors
in a mouse model. Our results revealed that Z-360 canceled
the anti-apoptosis effect of gastrin-34 as well as gastrin-17,
suggesting that Z-360 might be clinically useful in the
treatment of pancreatic cancer, particularly when combined
with other anticancer drugs.
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