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Abstract
Purpose Gastrin is known to enhance the growth of
pancreatic carcinoma via the cholecystokinin (CCK)-2/
gastrin receptor. We investigated the anti-tumor eVect
of Z-360 (calcium bis [(R)-(¡)-3-[3-{5-cyclohexyl-1-(3,3-
dimethyl-2-oxo-butyl)-2-oxo-2,3,4,5-tetrahydro-1H-benzo[b]
[1,4]diazepin-3-yl}ureido]benzoate]), a novel orally active
CCK-2 receptor antagonist alone or combined with the
chemotherapeutic agent, gemcitabine in human pancreatic
adenocarcinoma cell lines.
Results Z-360 potently inhibited speciWc binding of
[3H]CCK-8 to the human CCK-2 receptor, with a Ki value
of 0.47 nmol/l, and showed antagonistic activity for this
receptor. The anti-tumor eVect of Z-360 alone or combined
with gemcitabine was assessed using subcutaneous xeno-
grafts of MiaPaCa2 and PANC-1 and an orthotopic xeno-
graft model (PANC-1). Oral administration of Z-360
signiWcantly inhibited the growth of MiaPaCa2 (41.7%
inhibition at 100 mg/kg, P < 0.01). Combined administra-
tion of Z-360 and gemcitabine signiWcantly inhibited sub-
cutaneous PANC-1 tumor growth compared with either
agent alone (27.1% inhibition compared to eVect with gem-
citabine, P < 0.05), and signiWcantly prolonged survival

compared with the vehicle control (median survival of
49 days in vehicle compared to 57 days in the combination
group, P < 0.05). In vitro studies showed that Z-360 signiW-
cantly inhibited gastrin-induced proliferation of human
CCK-2 receptor-expressing cells, and also signiWcantly
reduced gastrin-induced PKB/Akt phosphorylation to the
level of untreated controls.
Conclusion In the present study, we have shown that Z-
360 combined with gemcitabine can inhibit pancreatic
tumor growth and prolong survival in a pancreatic carci-
noma xenograft model, on a possible mode of action
being the inhibition of gastrin-induced PKB/Akt phos-
phorylation through blockade of the CCK-2 receptor. Our
results suggest that Z-360 may be a useful adjunct to gem-
citabine for the treatment of pancreatic carcinoma and a
therapeutic option for patients with advanced pancreatic
cancer.

Keywords Z-360 · Gastrin · Cholecystokinin 
(CCK)-2/gastrin receptor · Antagonist · 
Pancreatic carcinoma · Gemcitabine

Abbreviations
CCK Cholecystokinin
PKB Protein kinase B
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DMEM Dulbecco’s modiWed Eagle’s medium
FBS Fetal bovine serum
CMC Carboxymethyl cellulose
BSA Bovine serum albumin
ELISA Enzyme-linked immuno sorbent assay
SE Standard error
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Introduction

Pancreatic carcinoma is one of the most fatal cancers
because of the diYculty in making an early diagnosis,
resulting in late presentation. Only 10–20% of pancreatic
cancers can be curatively resected at the time of diagnosis
[15, 23, 25], and the overall 5-year survival rate for all pan-
creatic carcinoma patients is only 0.4%. Although gemcita-
bine (2�, 2�-diXuorodeoxycytidine), a nucleoside analog
used as a Wrst line drug can prolong the survival of these
patients, <3% remain alive at 5 years after the initial diag-
nosis [5], thus, the options for drug treatment are limited.

Gastrin is a polypeptide hormone that is involved in the
secretion of gastric acid, and has been suggested to have a
role in the growth of normal and malignant gastrointestinal
tissues in the stomach [19, 39], colon [39], and pancreas
[32, 35]. These cancers have been shown to overexpress the
gastrin gene and are sensitive to the trophic eVects of gas-
trin [16, 38]. Gastrin stimulates the proliferation of pancre-
atic carcinoma by endocrine, autocrine, and paracrine
mechanisms after binding to the G-protein-coupled chole-
cystokinin (CCK)-2/gastrin receptor.

Gastrin may have an important growth eVect on various
gastrointestinal malignancies because they frequently over-
express or ectopically express CCK-2 receptors [16, 29, 30].
Recent studies revealed that the intracellular signaling
pathway in the activation of the CCK2 receptor leads to
carcinogenesis [13]. Moreover, ontogenic studies on trans-
genic mice overexpressing the gastrin or CCK-2 receptors
have shown that this hormone is involved in gastric and
pancreatic tumor formation [10, 26].

In pre-clinical studies, the role of gastrin and the CCK-2
receptor in human pancreatic carcinogenesis has been
investigated in vitro by using human pancreatic carcinoma
cell lines [34] and in vivo by using xenograft models [32].
CCK-2 receptor antagonists such as L-365,260 [3, 21] can
inhibit the growth of pancreatic carcinoma-derived cell
lines in these models [32, 35], suggesting that CCK-2
receptor antagonist therapy might be useful for patients
with pancreatic cancers expressing this receptor.

In fact, clinical trials have already been performed to
evaluate the eYcacy of some CCK-2 receptor antagonists
for advanced pancreatic carcinoma. Gastrazole (JB95008),
a CCK-2 receptor antagonist, signiWcantly prolonged sur-
vival compared with placebo [9], providing evidence that
the inhibition of gastrin-dependent pathophysiological
changes could be eVective for the treatment of pancreatic
carcinoma, albeit its administration via protracted venous
infusion may limit its clinical utility.

Z-360 (calcium bis [(R)-(-)-3-[3-{5-cyclohexyl-1-(3,3-
dimethyl-2-oxo-butyl)-2-oxo-2,3,4,5-tetrahydro-1H-benzo[b]
[1,4]diazepin-3-yl}ureido]benzoate]) is a potent and orally
active CCK-2 receptor antagonist (Fig. 1) that was developed

by Zeria Pharmaceutical Co., Ltd. We previously reported
that Z-360 inhibits pentagastrin-stimulated acid secretion in
acute Wstula rats and Heidenhain pouch dogs, with ID50 val-
ues of 0.17 mg/kg (i.d.) and 0.28 mg/kg (p.o.), respectively
[27]. Furthermore Z-360 is expected to show clinical ben-
eWt in gastrin-sensitive pancreatic carcinoma on the basis of
the current evidence that gastrin can play a crucial role for
gastrointestinal tumor growth. Currently a Phase Ib/IIa
clinical trial is being conducted in Europe to clarify the
interaction between Z-360 and gemcitabine for unresec-
table advanced pancreatic cancer. 

In the present study, we have investigated the anti-tumor
eVect of Z-360 and its combined eVect with gemcitabine in
xenograft murine models of human pancreatic carcinoma.
In addition, we have also examined gastrin-induced cell
proliferation and protein kinase B (PKB)/Akt phosphoryla-
tion using human CCK-2 receptor-expressing cell lines in
vitro to determine a possible mode of action.

Materials and methods

Reagents

Z-360 and its calcium-free form (Z-360F) and YF476 were
synthesized at the Central Research Laboratories of Zeria
Pharmaceutical Co., Ltd (Saitama, Japan). Gemcitabine
hydrochloride (gemcitabine) was purchased from Eli Lilly
Japan (Hyogo, Japan). L-365,260 and L-364,718 were also
synthesized at Zeria, as above. Human gastrin-17 (G17)
and CCK-8 sulfate (CCK-8) were purchased from the
Peptide Institute (Osaka, Japan). [Propionyl-3H]CCK-8 sul-
fate ([3H]CCK-8) was purchased from GE Healthcare
(Buckinghamshire, UK). Human CCK-1 and CCK-2 recep-
tor cDNAs were obtained from a human pancreas cDNA
library (Clontech, Mountain View, CA). 5-bromo-2�-deox-
yuridine (BrdU) was purchased from Sigma-Aldrich Japan
(Tokyo, Japan). Cell Proliferation ELISA kit (BrdU, colori-
metric) was from Roche Applied Science (Tokyo, Japan)
and a FACE® AKT ELISA kit was purchased from Active
Motif (Tokyo, Japan).

Fig. 1 Chemical structure of Z-360
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Mice

Seven-week-old female nude mice (BALB/c-nu/nuSlc)
were purchased from Japan SLC (Shizuoka, Japan) and
7-week-old female severe combined immunodeWciency
(SCID) mice (C.B-17/lcr-scid/scidJcl) were purchased from
Clea Japan (Tokyo, Japan). Six-week-old male mice
(Crlj:CD1, ICR) were purchased from Charles River Labo-
ratories Japan, Inc. (Kanagawa, Japan). All animal experi-
ments were approved by the Animal Care and Use
Committee of the Central Research Laboratories of Zeria
Pharmaceutical Co., Ltd.

Cell lines

MiaPaCa2 (a human pancreatic carcinoma cell line), HT-29
(a human colorectal carcinoma cell line), and CHO-K1 (a
Chinese hamster ovarian cell line) were purchased from the
American Type Culture Collection (Manassas, VA).
PANC-1 (a human pancreatic carcinoma cell line) was pur-
chased from the European Collection of Cell Cultures
(Wiltshire, UK). MiaPaCa2, PANC-1, and HT-29 cells
were cultured using Dulbecco’s modiWed Eagle’s medium
(DMEM) (Invitrogen, Tokyo, Japan), while CHO-K1 cells
were maintained in Ham’s F-12 nutrient mixture (F-12)
(Invitrogen). All of the media were supplemented with 10%
(v/v) heat-inactivated fetal bovine serum (FBS; Bench-
MarkTM, Gemini Bio-Products, West Sacramento, CA),
100 U/ml of penicillin, and 100 �g/ml of streptomycin.

Human CCK-1 and CCK-2 receptor expression

The ampliWcation and cloning of human CCK-1 and
CCK-2 receptor cDNAs were performed by a modiWed
method of Miyake et al. [28] CHO-K1 cells were transfec-
ted with plasmids encoding human CCK-1 receptor cDNA
(CHO-K1/CCK-1) or human CCK-2 receptor cDNA
(CHO-K1/CCK-2), while HT-29 cells were transfected
with plasmids encoding human CCK-2 receptor cDNA
(HT-29/CCK-2). Stable transfectants were obtained by
culture for more than 2 weeks in the presence of G418
(400 �g/ml, Invitrogen).

Radioligand binding assay

The radioligand binding assay was performed by a modi-
Wed method of Miyake et al. [28] BrieXy, CHO-K1/CCK-1
cells (5 £ 104/well) or CHO-K1/CCK-2 cells (1.67 £
104/well) were cultured overnight in F-12 medium contain-
ing 10% FBS and 10 mmol/l HEPES. These cells were sus-
pended in F-12 medium containing 0.1% (w/v) BSA and
10 mmol/l HEPES, and then incubated at 37°C for 1 h
in the presence of [3H]CCK-8 with or without Z-360F,

L-365,260, or L-364,718. The radioactivity of bound
[3H]CCK-8 was determined with a liquid scintillation
counter (2000CA, Perkin Elmer Japan, Kanagawa, Japan).
NonspeciWc binding was measured in the presence of
1 �mol/l CCK-8. The Ki was calculated using Graph Pad
Prism™ (computer software for data analysis, Ver. 3.0,
GraphPad Software). [3H]CCK-8 concentrations for the
calculation of Ki values were 1 nmol/l (CHO-K1/CCK-1)
and 0.5 nmol/l (CHO-K1/CCK-2), while the Kd values
were 0.98 § 0.07 nmol/l for the CCK-1 receptor and
0.23 § 0.02 nmol/l for the CCK-2 receptor.

Measurement of intracellular Ca2+ release

CHO-K1/CCK-2 cells (4 £ 104/well) were cultured over-
night in F-12 medium containing 10% FBS. The cells were
incubated at 37°C for 1 h in assay buVer (Hanks/HEPES
buVer containing 2.5 mmol/l probenecid and 0.1% BSA,
pH 7.4) containing 4.4 �mol/l Fluo-3AM and 0.04%
Pluronic F-127 (both were from Molecular Probes, Eugene,
OR). After incubation, the cells were washed 4 times with
assay buVer and then placed in buVer containing Z-360F
(10¡10 to 10¡6 mol/l).

Intracellular Ca2+ release was measured with a Xuid han-
dling integrated Xuorescence plate reader (Flex Station;
Molecular Devices, Sunnyvale, CA). BrieXy, aliquots of
CCK-8 (1 nmol/l) were delivered to the sample plate auto-
matically at the preprogrammed times, and then the Xuores-
cence of Fluo-3AM in culture supernatant was read with
excitation at 485 nm and emission at 525 nm. The IC50 was
calculated using GraphPad Prism.

Subcutaneous xenograft models

Three million MiaPaCa2 cells were injected subcutane-
ously into the right Xank of nude mice. On day 14 after
tumor cell injection, the mice were divided into four groups
with an approximately equal average tumor size in each
group. The animals were orally administered the vehicle or
Z-360 at doses of 10, 30, and 100 mg/kg once daily for
21 days. Tumor size was measured on day 3, 7, 11, 14, 18,
21, 25, 29, 32 and 35, These were calculated by using the
formula; tumor size (mm3) = 1/2 length £ width2. On day
35 after tumor injection, all of the mice were sacriWced, and
the tumors carefully removed and weighed.

Three million PANC-1 cells were injected subcutane-
ously into the right Xanks of SCID mice. On day 4 after
tumor cell injection, the mice were divided into four groups
with an approximately equal average tumor size in each
group. The animals were administered oral Z-360 at a dose
of 10, 30, and 100 mg/kg once daily for 63 days and/or
intravenous gemcitabine at a dose of 100 mg/kg on days 5,
8, and 12 after tumor injection. The vehicle control group
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was treated orally with 0.5% carboxymethyl cellulose
(CMC)-Na and intravenously with saline as the schedule
given above. Tumor size was measured on day 4, 11, 18,
25, 32, 40, 46, 53, 60 and 67. These were calculated by
using the formula; tumor size (mm3) = 1/2 length £ width2.
On day 67 after tumor cell injection, all of the mice were
sacriWced, and the tumors were carefully removed and
weighed.

Orthotopic xenograft model

Three million PANC-1 cells were injected subcutaneously
into the right Xanks of donor SCID mice. Forty days after
tumor cell injection, the mice were sacriWced, and the
tumors removed and cut into small pieces. Recipient SCID
mice were anesthetized by intraperitoneal injection of
0.25 ml of 2.5% (v/v) avertin (2, 2, 2-tribromoethanol). An
incision was made in the left abdomen, the pancreas was
carefully exposed, and a piece of tumor was attached to the
centre of the organ with an absorbable 6–0 suture. The pan-
creas was returned to the peritoneal cavity and the abdomi-
nal wall and the skin were closed with 5-0 sutures. On day
7 after orthotopic tumor implantation, the mice were ran-
domized to four groups on the basis of body weight. Mice
were treated orally with Z-360 at a dose of 100 mg/kg once
daily and/or intravenously with gemcitabine at a dose of
100 mg/kg on days 7, 10, and 14 after tumor implantation.
Vehicle control group was treated orally with 0.5% CMC-
Na and intravenously with saline by respective schedule
given above. Survival of the mice was monitored once
daily.

Measurement of cell proliferation

CHO-K1/CCK-2 cells (6 £ 103/well) were cultured over-
night in serum-free F-12 medium. The cells were pretreated
with Z-360F (10¡9 to 10¡6 mol/l) for 30 min, and then G17
(10¡7 mol/l) was added to each well. On day 4, BrdU
(10 �mol/l) was added to each well, and the plate incubated
for a further 2 h. Finally, the BrdU uptake of CHO-K1/
CCK-2 cells was measured using a cell proliferation ELISA
kit.

Measurement of PKB/Akt phosphorylation

HT-29/CCK-2 cells (1 £ 104/well) were cultured overnight
in DMEM containing 10% FBS. The cells were washed
with PBS and preincubated for 2 h with fresh serum-free
medium. The cells were then treated with Z-360F
(10¡6 mol/l) for 30 min, after which G17 (10¡8 mol/l) was
added to the cultures. At 30 min after G17 stimulation,
phosphorylation of PKB/Akt was measured by using a
FACE® AKT ELISA kit.

Statistical analysis

Results are expressed as the mean § standard error (SE).
Data were analyzed with SAS System Version 8.2 (SAS
Institute Japan Ltd., Japan.) using the t test, Dunnett’s test,
Tukey’s test or the log-rank test. DiVerences with a P value
of less than 0.05 were considered statistically signiWcant.

Results

Binding of Z-360 to the CCK-2 receptor

G17 has the same Wve amino acids on its carboxyl terminus
as CCK. These two peptide hormones (G17 and CCK)
interact with two distinct receptors, which are known as the
CCK-1 and CCK-2 receptors, respectively, and belong to
the G-protein-coupled receptor superfamily. Gastrin has a
high aYnity for the CCK-2 receptor, but not for the CCK-1
receptor. Therefore, the aYnity of Z-360 for human CCK-1
and CCK-2 receptors was examined by a radioligand bind-
ing assay using [3H]CCK-8.

CHO-K1/CCK-1 or CHO-K1/CCK-2 cells were incu-
bated with [3H]CCK-8 (1 nmol/l) with or without Z-360F,
L-365,260 as a selective CCK-2 receptor antagonist [3, 21]
and L-364,718 as a selective CCK-1 receptor antagonist
[21] at 37°C for 1 h. As shown in Table 1 and Fig. 2, Z-
360F potently inhibited speciWc binding of [3H]CCK-8 to
the human CCK-2 receptor with a Ki value of 0.47 nmol/l.
This result indicates that Z-360F had a higher aYnity for
the CCK-2 receptor compared with the CCK-1 receptor
(CCK-1/CCK-2 ratio: 615). Regarding CCK-2 receptor, the
Hill coeYcient of Z-360F was estimated to be 0.79 (0.44–
1.15, 95% conWdence limits from three separate duplicate
determinations) and it was not signiWcantly diVerent from
unity (P > 0.05). The Hill coeYcient analysis indicated that
Z-360F recognized a single class of binding site in CCK-2
receptor. Accordingly it was only one class of sites found in

Table 1 Binding of Z-360F to both the CCK-1 and CCK-2 receptor

a The selectivity ratio represents the Ki for the CCK-1 receptor divided
by the Ki for the CCK-2 receptor. Values are the mean of three separate
experiments performed in duplicate
b The Kd values (nmol/l) of CCK-8 represented as means § SE were
made by saturation analysis with nine concentrations of the ligand
(0.05–7.7 nmol/l) from three or six separate duplicate experiments

Drug Ki (nmol/l) Selectivity 
ratioa

CCK-2 receptor CCK-1 receptor

Z-360F 0.47 § 0.03 316 § 81.2 672

L-365,260 11.9 § 1.95 487 § 112 40.9

L-364,718 166 § 20.4 0.25 § 0.06 0.0015

CCK-8b 0.23 § 0.02 0.98 § 0.07
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this study. The Hill coeYcient of Z-360F for CCK-1 recep-
tor was estimated to be 1.05 (0.66–1.43, 95% conWdence
limits from three separate duplicate determinations) and it
was not signiWcantly diVerent from unity (P > 0.05). The
Hill coeYcient analysis indicated that Z-360 recognized a
single class of binding site in CCK-1 receptor. On the other
hand, YF476, another CCK-2 receptor antagonist, inhibited
speciWc binding to human CCK-2 receptor with a Ki value
of 0.21 nmol/l.

Antagonistic activity for the CCK-2 receptor by Z-360

To determine the antagonistic eVect of Z-360 on the CCK-2
receptor, the intracellular Ca2+ release was measured.
Although it has been reported that CCK-8 and gastrin are
not equally acting on the CCK-2 receptor [24], in our pre-
liminary experiments using CHO-K1/CCK-2 cells loaded
Fluo-3AM, the degree of the Ca2+ release induced by the
two kinds of ligand showed the almost same. Therefore we
mainly used CCK-8 throuughout the study, similarly in
receptor binding assay. Whereas 1 nmol/l CCK-8 increased
intracellular Ca2+ release by CHO-K1/CCK-2 cells, pre-
treatment with Z-360F (10¡11 to 10¡5 mol/l) inhibited
CCK-8-induced intracellular Ca2+ release in a concentra-
tion-dependent manner (IC50 value: 11 nmol/l, Fig. 3).
However, Z-360F at 10¡5 mol/l showed no eVect on Ca2+

release in CHO-K1/CCK-2 cells without CCK-8 stimula-
tion. As the degree of the Ca2+ release from unstimulated
CHO-K1/CCK-2 cells is similar to untransfected cells
(intact CHO-K1 cells), we deWned as basal activity using
unstimulated CHO-K1/CCK-2 cells. As Z-360F alone did
not increased calcium release in CHO-K1/CCK-2 cells
comparing to basal activity, we considered that Z-360 did
not act as agonist activity for classical CCK-2 receptor, at

least at range of 10¡5 M from 10¡11 M. These results dem-
onstrated that Z-360 shows selective antagonistic activity
for the human CCK-2 receptor without an agonistic activity
for CCK-2 receptor. On the other hand, YF476 showed the
inhibition of CCK-8-induced Ca2+ release with IC50 value
of 1.6 nmol/l.

Inhibitory eVect of Z-360 on tumor growth in xenograft 
models of pancreatic carcinoma

Since an antagonistic eVect of Z-360 on the human CCK-2
receptor was demonstrated, the inhibitory eVect of Z-360
was next examined on the tumor growth of two human pan-
creatic adenocarcinoma cell lines, MiaPaCa2 and PANC-1,
both of which have been previously reported to express the
CCK-2 receptor [34].

MiaPaCa2 cells were injected subcutaneously into the
right Xanks of nude mice and allowed to establish for
14 days. Z-360 was then administered orally to the mice at
doses of 10, 30, or 100 mg/kg once daily for 21 days. Z-360
signiWcantly inhibited tumor growth as measured by both
tumor size (Fig. 4a) and tumor weight (Fig. 4b) in a dose-
dependent manner. As shown in Fig. 4b, administration of
Z-360 at 10, 30, and 100 mg/kg resulted in 16.5, 39.6, and
41.7% inhibition of Wnal tumor weight, respectively. This
dose-dependent inhibitory activity was signiWcant at doses
of 30 mg/kg (P < 0.05) and 100 mg/kg (P < 0.01).

PANC-1 cells were injected subcutaneously into the
right Xanks of SCID mice. On day 4 after tumor inocula-
tion, Z-360 was administered orally to the mice at doses of
10, 30, and 100 mg/kg once daily for 63 days. As shown in
Fig. 5a, in contrast to MiaPaCa2, of Z-360 did not show an
inhibitory eVect on PANC-1 growth.

Fig. 2 AYnity estimates for Z-360F and classical CCK antagonists
from radioligand binding studies in CHO-K1/CCK-2 cells and CHO-
K1/CCK-1 cells. Ki values represent the mean § SE from three sepa-
rate duplicate determinations
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Gemcitabine has been widely used for the treatment of
pancreatic carcinoma as a Wrst-line drug [15, 25]. Therefore
we next examined the combined eVect of Z-360 and gem-
citabine on the tumor growth of PANC-1, which had previ-
ously been shown to be resistant to the inhibitory eVect of
Z-360 alone.

After implantation of PANC-1 cells, Z-360 was adminis-
tered orally at a dose of 100 mg/kg once daily for 63 days,
with or without gemcitabine, which was injected intrave-
nously at a dose of 100 mg/kg on days 5, 8, and 12 after
tumor cell implantation. As shown in Fig. 5b (kinetics of
tumor sizes) and 5C (Wnal tumor weights), PANC-1 showed
no sensitivity to gemcitabine alone (one cycle given) as seen
with Z-360 alone. In contrast, the combination of Z-360 and

gemcitabine signiWcantly inhibited tumor growth when com-
pared with either Z-360 alone (36.9% inhibition, P < 0.001)
or gemcitabine alone (27.1% inhibition, P < 0.05).

Fig. 4 Inhibitory eVect of Z-360 on tumor growth in the MiaPaCa2
xenograft model. MiaPaCa2 cells (3 £ 106 cells) were injected subcu-
taneously into the right Xanks of nude mice, after which Z-360 was
administered orally at doses of 10, 30, and 100 mg/kg once daily for
21 days. a Tumor size was measured on day 3–35, and calculated by
using the formula; tumor size (mm3) = 1/2 length £ width2. b Tumor
weight was measured on day 35. Values represent the mean § SE of
eight mice. * P < 0.05, ** P < 0.01, *** P < 0.001 compared with the
vehicle control (Dunnett’s test)
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Combined therapy with Z-360 and gemcitabine 
in an orthotopic xenograft model of pancreatic carcinoma

It is important to evaluate the prolongation of survival
when assessing the potency of treatments for pancreatic
carcinoma. Therefore, the survival beneWt of Z-360 when
combined with gemcitabine was examined in the orthotopic
xenograft model of PANC-1. Small pieces of PANC-1
tumors were implanted into the pancreas’ of SCID mice,
after which Z-360 was given orally at a dose of 100 mg/kg
once daily with/without gemcitabine which was injected
intravenously at a dose of 100 mg/kg on days 7, 10, and 14.
Survival of the mice was analyzed by the Kaplan–Meier
method (Fig. 6). Mice treated with the combination of Z-
360 and gemcitabine (50% median survival: 57 days) dem-
onstrated signiWcantly longer survival compared with mice
treated by the vehicle control (50% median survival:
49 days) (P < 0.05). However, Z-360 alone or gemcitabine
alone did not signiWcantly prolong survival.

The plasma concentration of Z-360 in Mice after single 
oral administration

Plasma concentration of Z-360 after a single oral adminis-
tration to CD1 male mice was measured by LS/MS/MS
method. The highest plasma concentration of Z-360
appeared at 0.25 h after oral administration and the plasma
concentration gradually decreased in a time-dependent
manner. At 0.25, 0.5, 1, 2 and 6 h after oral administration
of Z-360 at a dose of 30 mg/kg, plasma concentration was
920.0 § 302.8, 713.7 § 226.8, 172.9 § 42.8, 246.6 §
140.1 and 29.57 § 5.49 ng/ml, respectively. After 0.25, 0.5,

1, 2 and 6 h oral administration of Z-360 at a dose of
100 mg/kg, plasma concentration was 2227 § 453, 2053 §
687, 1406 § 309, 774.0 § 235.2 and 100.1 § 33.5 ng/ml,
respectively.

In vitro studies on possible mode of action of Z-360 
on the biological parameters of CCK-2 receptor 
positive cell lines

Gastrin may have an important role in the proliferation of
pancreatic carcinoma cells [7]. In order to investigate the
cell growth by gastrin, several studies using CHO-K1/
CCK-2 cells has been reported [1, 12, 22]. In assessments
of BrdU uptake, the stable and constant proliferation for the
response of gastrin after serum starvation was observed in
CHO-K1/CCK-2 cells. To determine the inhibitory eVect of
Z-360 on the cell growth by gastrin-stimulation, the sup-
pression of the gastrin-induced proliferation of cultured
CHO-K1/CCK-2 cells was determined. As shown in Fig. 7,
G17 signiWcantly enhanced cell proliferation by 1.5-fold
compared with the control (P < 0.001), whereas Z-360F
blocked the enhancement of the cell proliferation by G17 in
a concentration-dependent manner (10¡8 mol/l; P < 0.05,
10¡7 mol/l; P < 0.01, 10¡6 mol/l; P < 0.001).

Gastrin promotes pancreatic tumor cell survival though
phosphorylation of PKB/Akt, a kinase known to promote
cell survival, via phosphoinositide 3-kinase [11]. Phosphor-
ylated PKB/Akt also inhibits apoptosis by the inactivation
of several pro-apoptotic factors [6, 8]. Regarding Akt

Fig. 6 Survival beneWt of Z-360 combined with gemcitabine in a
mouse orthotopic xenograft model (n = 15/group). Small pieces of
PANC-1 tumor were implanted in the pancreas of SCID mice. Z-360
was administered orally at a dose of 100 mg/kg once daily and/or gem-
citabine was injected intravenously at a dose of 100 mg/kg on days 7,
10, and 14 after implantation. Survival of the mice was analyzed by the
Kaplan–Meier method. * P < 0.05 compared with the vehicle control
(log-rank test)
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Fig. 7 Inhibitory eVect of Z-360F on gastrin-induced proliferation of
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proliferation. Values represent the mean § SE of six replicates.
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phosphorylation by gastrin, the stable and constant
responses were observed in HT-29/CCK-2 cells. To investi-
gate the role of phosphorylated PKB/Akt in the anti-tumor
activity of Z-360, the inhibitory eVect of Z-360 on gastrin-
induced PKB/Akt phosphorylation in HT-29/CCK-2 cells
was evaluated. G17 (10¡8 mol/l) signiWcantly increased
PKB/Akt phosphorylation compared with untreated control
cells (P < 0.01), whereas pretreatment with Z-360F
(10¡6 mol/l) signiWcantly reduced phosphorylation com-
pared with that in cells exposed G17 (P < 0.05, Fig. 8). Z-
360 alone has no eVect on basal PKB/Akt phosphorylation.

Discussion

The therapeutic eVect of Z-360, a potent CCK-2 receptor
antagonist, on human pancreatic cancer in murine xenograft
models was investigated. Z-360 caused dose-dependent
inhibition of subcutaneous tumor growth of MiaPaCa2 but
not PANC-1 human pancreatic xenografts.

The K-ras gene, which can be activated by G-coupled
protein receptors such as CCK receptors but can diVeren-
tially activate down-stream signaling, dependant on the cell
type. For example, with the two pancreatic cell lines used in
the current study, both showed reduced proliferation after
K-ras gene knockdown, but only MiaPaca-2 cells showed
increased apoptosis, indicating an increased dependency on
k-ras induced signaling [14], which may impact on the sen-
sitivity to Z-360.

Z-360 was shown to have no inhibitory eVect in the
PANC-1 model which was also resistant to gemcitabine

therefore this model was used to examine additive eVects
when combining Z-360 and gemcitabine. The combination
of Z-360 and gemcitabine signiWcantly inhibited tumor
growth compared with Z-360 alone or gemcitabine alone in
a subcutaneous PANC-1 model. ConWrmation of an addi-
tive combination eVect in a pancreatic cancer model with
low sensitivity to a standard of care chemotherapeutic
agent, such as gemcitabine, may relate to the gain of
increased clinical beneWt with gemcitabine in pancreatic
caner patients through co-administration of Z-360.

Most notably, the combination of Z-360 and gemcita-
bine was able to prolong survival time compared with vehi-
cle control in the orthotopic PANC-1 model. Although
there have been several reports that CCK-2 receptor antag-
onists can inhibit the growth of pancreatic carcinoma
[9, 32, 35], few studies have assessed the inhibitory eVect
of such agents combined with gemcitabine in a patient-
relevant orthotopic survival model.

Gastrin is found in the fetal rat pancreas by radioimmu-
noassay, but its expression is not detected after birth. In
adult rats, gastrin is mainly limited to the G-cells of the gas-
tric antrum [4]. In fetal and neonatal human pancreatic tis-
sues, progastrin was processed to amidated bioactive
gastrin to a higher degree than in adult pancreatic tissue [2].
The average level of mRNA encoding the human CCK-2
receptor during fetal life was three or fourfold higher than
observed in adults [31]. These observations support the idea
of a trophic role of pancreatic gastrin in the early stages of
development. However, gastrin has been identiWed in
human pancreatic cancer cells and tissues, but not normal
tissues, by radioimmunoassay and immunocytochemistry
[32, 33, 35], suggesting that gastrin may be re-expressed in
the pancreatic malignant state. Furthermore, treatment of
pancreatic cancer cells with an antisense oligonucleotide
for gastrin decreases proliferation, suggesting that the
growth of these cells might be promoted via an autocrine
mechanism [36].

CCK-2 receptor expression is also signiWcantly
increased in human pancreatic cancer cells compared with
normal pancreatic tissue according to the results of a recep-
tor binding assay using a selective CCK-2 receptor antago-
nist [33], although optimal measurement of CCK-2
receptors in pancreatic tissue can be problematic as gene
expression levels are low [17], splice variants exist [20] and
normal CCK-2 receptor-expressing cells, within the pancre-
atic acini, may lead to artefactual expression levels of the
CCK-2 receptor in malignant pancreatic tissue [30]. We
found that Z-360 shows a high selectivity for the human
CCK-2 receptor compared with the CCK-1 receptor based
on our radioligand binding assays. Z-360 also antagonised
the human CCK-2 receptor in a functional assay involving
measurement of intracellular Ca2+ release. Moreover, Z-360
inhibited gastrin-induced proliferation of CHO-K1/CCK-2

Fig. 8 Inhibitory eVect of Z-360F on gastrin-induced PKB/Akt phos-
phorylation in HT-29/CCK-2 cells. HT-29/CCK-2R cells (1 £ 104 cells)
were treated with Z-360F (10¡6 mol/l) for 30 min, and then gastrin
(10¡8 mol/l) was added to the cells. After 30 min of gastrin stimulation,
phosphorylation of PKB/Akt was measured. Values represent the
mean § SE of triplicate determinations. ** P < 0.01 compared with the
control (Dunnett’s test). # P < 0.05 compared with gastrin alone (t test)
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cells. These Wndings suggest that Z-360 potently inhibits
the activity of the CCK-2 receptor in pancreatic carcinoma,
leading to suppression of tumor growth.

Gastrin has been conWrmed as an anti-apoptotic factor
acting via the CCK2 receptor [37]. An important down-
stream consequence of CCK-2 receptor activation is the
phosphorylation/activation of PKB/Akt, which is known to
promote cell survival by modifying expression of anti-
apoptotic proteins [37] and in the present study, Z-360
blocked gastrin-induced PKB/Akt phosphorylation. In
addition, Grabowska et al. have revealed that the combina-
tion of Z-360 and gemcitabine signiWcantly enhanced the
induction of apoptosis in pancreatic carcinoma in vivo
compared with gemcitabine alone or Z-360 alone [18].
These results assumed that Z-360 may suppress the expres-
sion of anti-apoptotic factors induced by gastrin stimulation
in CCK-2 receptor positive cells.

In the present study, we showed that Z-360 combined
with gemcitabine can inhibit pancreatic tumor growth and
prolong survival time in PANC-1 carcinoma xenograft
model. Although the detailed mechanism of this combina-
tion eVect was not determined, the therapeutic eVect of
Z-360 in vivo pancreatic cancer model may involve in
inhibitory action of gastrin-induced tumor growth via inhi-
bition of PKB/Akt phosphorylation. The elucidation mech-
anism of combination eVect of Z-360 and gemcitabine
needs further investigation.

Gemcitabine is well known nucleoside analogue with
activity against several solid tumors. It is Wrst-line drug
showing clinical eYcacy for pancreatic cancer. Survival
rates for patients with pancreatic cancer are extremely poor.
The disease is often resistant to chemotherapy or radiation
therapy, and tends to spread quickly to other tissues of the
body. Therefore, treatment of pancreatic cancer requires
new drugs for use in combination with gemcitabine to
enhance its eYcacy. Our results suggest that Z-360 may be
a useful adjunct to gemcitabine for the treatment of pancre-
atic carcinoma and may also be a therapeutic option for
patients with advanced pancreatic cancer.
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