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A quinolinone derivative, vesnarinone (OPC-8212),
significantly inhibits the in vitro and in vivo growth of
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Yoshinori Nio, Hiroshi Ohmori, Yoshimitsu Minari, Noriyuki Hirahara, Susumu Sasaki,

Michio Takamura and Katsuhiro Tamura

First Department of Surgery, Shimane Medical University, 89-1, Enya-cho, Izumo, Shimane 693, Japan.

Tel: (+81) 853-23-2111 (extn 2615); Fax (+81) 853-25-3240.

A quinolinone derivative, vesnarinone, has been used as a
cardiotonic agent. Previous studies have demonstrated that
vesnarinone has potent antitumor activity. The present study
was designed to assess the antitumor effects of vesnarinone
on human pancreatic cancer cell lines in vitro and in vivo.
The in vitro effects of vesnarinone on the human pancreatic
cancer cell lines (PANC-1, MIA PaCa-2 and BxPC-3) were
assessed by the MTT assay, the Trypan blue dye exclusion
test and the Matrigel invasion chamber assay. The inhibition
of in vivo tumor growth was evaluated on two human
pancreatic cancer xenografts (BxPC-3 and SPa-1) trans-
planted s.c. into nude mice. The dose of vesnarinone for 50%
inhibition of cell growth in a 7 day culture ranged between 10
and 20 pg/ml as verified by the Trypan blue dye exclusion
test. The dose for 50% cytotoxicity after a 3 day culture in the
MTT assay was 32 pg/ml for PANC-1 and 30 pg/ml for BxPC-
3, but 50% cytotoxicity for MIA PaCa-2 was not achieved by
the maximal dose of vesnarinone (50 pg/ml). Nomalsky optic
microscopy and acridine orange staining demonstrated the
vacuolization and crater-like changes in the cell nucleus after
vesnarinone treatment. Moreover, staining of an apoptosis
marker (Le¥ protein) and nick end-labeling increased.
Vesnarinone also inhibited cancer invasion in the Matrigel
invasion chamber assay. In vivo, BxPC-3 and SPa-1 were s.c.
transplanted into the nude mice, and vesnarinone (5 or
50 mg/kg) was daily administered orally for 21 days. In both
lines, vesnharinone at 50 mg/kg achieved significant inhibi-
tion. The present study suggests that vesnarinone may be a
new therapeutic agent for pancreatic cancer.
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Introduction

Pancreatic cancer is highly progressive and resistant to
various cancer therapies. The prognosis of patients
with pancreatic cancer is extremely poor: 87% of
patients with nonresectable tumors and 50% of
patients who undergo pancreatectomy die within 1
year after diagnosis." Although some authors have
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reported better results after chemotherapy with
fluorouracil-related agents, the 1 year survival rate
was still less than 40%.% Accordingly, the development
of an effective therapy for pancreatic cancer is
urgently needed.

A quinolinone derivative, vesnarinone (OPC-8212),
with a chemical formula of 4-dihydro-6-[4-(3,4-di-
methoxybenzoyl) - 1 - piperazinyl] - 2 (1H) - quinolinone
and molecular weight of 395.46, has been widely used
for the treatment of heart failure as a cardiotonic agent
with no chronotropic effects.>* Vesnarinone is
structurally similar to flavonoid compounds, which
are known as tumor cell differentiation inducers.
Therefore, it is also expected to cause cancer cell
differentiation and this was demonstrated on erythro-
leukemia cells.’> A previous study indicated that
vesnarinone may become a potential anticancer
agent,® and the antiproliferative effects of vesnarinone
on solid tumors including cervical cancer and mela-
noma have also been demonstrated.”® In this report,
we assessed the in vitro cytotoxic and cytostatic
effects of vesnarinone on human pancreatic cancer
cell lines and the #n wvivo antitumor activity of
vesnarinone alone or in combination with chemother-
apeutic agents on pancreatic cancer lines, which are
transplanted into nude mice.

Materials and methods
Pancreatic cancer cell lines

Four human pancreatic tumor cell lines, PANC-1, MIA
PaCa-2, BxPC3 and SPa-1, were used in this study
(Table 1). PANC-1, MIA PaCa2 and BxPc3 were
purchased from Riken Gene Bank (Wako, Japan).
PANC-1 and MIA PaCa-2 lines, which were established
in 1975 and 1977, respectively, represent undiffer-
entiated carcinomas.”'® BxPC-3, established in 1981,
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Table 1. Human pancreatic cancer lines used in the present study

Line Histology Mean doubling time (days)
In vitro In vivo
PANC-1 undifferentiated carcinoma 2.1 NT
MIA PaCa-2 undifferentiated carcinoma 3.1 NT
BxPC-3 poorly to moderately differentiated adenocarcinoma 45 74
SPa-1 moderately differentiated adenocarcinoma -2 84

aSPa-1 cannot be cultured in vitro.
NT, not tested.

represents a poorly to moderately differentiated
adenocarcinoma.'’ These cell lines have been pas-
saged in wvitro in plastic flasks. All lines were
maintained in culture medium containing 10% fetal
calf serum (Gibco, Grand Island, NY), 1% L-glutamate,
1% non-essentjal amino acids (Gibco), 1% pyruvic acid
(Gibco) and 100 ug/ml gentacin (Gibco) in RPMI-1640
(Gibco). The medium was filtered through a 0.22 um
filter (Corning, Corning, NY). These three lines are
plastic-adherent, and before the experiments they
were treated with 0.25% trypsin-EDTA solution
(Gibco) at 37°C for 5 min. The SPa-1 xenograft line
was established by us from a surgical specimen of
human pancreatic cancer (35-year-old male patient).
The tumor was serially passaged by s.c. transplantation
into the backs of male BALB/c nude mice, since it was
impossible to maintain the tumor in a cell culture.
Histologically, SPa-1 tumor is a moderately differen-
tiated adenocarcinoma of the pancreas.

Nude mice

Male BALB/c athymic nude mice (4-8 weeks old) were
purchased from CLEA Japan (Tokyo, Japan). They
were housed in specific pathogen-free conditions at
the Shimane Institute of Health Science.

Agents

Vesnarinone (OPC-8212, Arkin-Z) was kindly supplied
by Otsuka Pharmaceutical (Tokyo, Japan). Vesnari-
none is not water-soluble and was first dissolved in 1 N
HCl at 1 mg/ml. The solution was diluted with the
culture medium, adjusted to pH 7.3 with 1 N NaOH
and then filtered through a 0.22 um filter. Vesnarinone
was not soluble in a pH 7.3 medium at concentrations
higher than 50 ug/ml, which is its maximal concentra-
tion n vitro. For in vivo experiments, the vesnarinone
powder was emulsified in 0.5% celogen F-SB (CMC,
Daiichi Kogyo Seiyaku, Tokyo, Japan) for oral admin-
istration to the nude mice. A 0.5% CMC solution was

prepared by dissolving 0.5 g of CMC in 100 ml of
distilled water and then heating at 50°C.

Trypan blue dye exclusion test

For determination of the cell proliferation activity,
5x10° cells were cultured for 7 days in 10 ml of
culture medium containing the drugs at wvarious
concentrations in 25 cm? plastic flasks (Corning) at
37°C under 5% CO, and the number of growing cells
was measured. After culture, the cells were treated
with 0.25% trypsin—-EDTA solution (Gibco) for 5—
10 min, and the cells were removed from the plastic
by tapping and shaking the flasks. The recovered cells
were washed twice and resuspended in 1 mi of
culture medium, and the live and dead cells were
counted using a hemocytometer after staining with
Trypan blue. All experiments were set up in triplicate
(three flasks) and mean values were used to calculate
the inhibition rate. The results were expressed as -
percent inhibition of the control value.

MTT assay

Cell damage was assessed in a 3 day culture using the
MTT [3-(4,5-dimethyl-2-thiazolyl)2,5-diphenyl-2H-tetra-
zolium bromide; Sigma, St Louis, MO] method.'? MTT
was dissolved in Hanks’ balanced salt solution (HBSS;
Gibco) at 5 mg/ml. The cells were incubated in 96-
well flat-bottom microtiter plates (Corning) at 5 x 104/
0.2 ml/well in the presence of the drug at various
concentrations at 37°C under 5% CO,. After culture
with vesnarinone for 72 h, MTT solution (25 ul/well)
was added and the mixture was incubated for 4 h. The
supernatant was carefully taken up with a pipette and
the cells were stained by treatment with 0.1 ml/well
of propanol for 1h. The number of cells was
measured with a microplate reader (Model 450;
Nippon BioRad, Osaka, Japan) at 570 nm. All experi-
ments were set up in quadriplicate and mean values
were used to calculate the inhijbition rate. The results
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were expressed as percent inhibition of the control
value.

Morphological observation

The tumor cells were cultured overnight in a 100 mm
plastic dish (Corning) with culture medium and
adhered to a 20 x 20 mm cover glass. The cover glass
was moved to another dish and treated with vesnar-
inone for the indicated period. After treatment with
vesnarinone, the cover glass was washed in phosphate-
buffered saline (PBS; Gibco) at 37°C and the resulting
morphological changes to the cells were observed
under a Nomalsky optic differential interference
microscope (IMT2-NIC; Olympus Optic, Tokyo, Japan)
and photographed. In addition, acridine orange (Sigma)
was added to the cell suspension to a final concentra-
tion of 5 pg/ml and morphological changes to the
nuclei caused by vesnarinone were determined.'®

Immunohistochemical staining with an
apoptosis-related BM-1 antibody

After treatment with vesnarinone, the cells were
stained with an apoptosisrelated antibody, BM-1
(anti-Le’, BM-1/JIMRO; Japan Antibody Laboratory,
Takasaki, Gunma, Japan).” A histofine SAB-PO kit
(Nichirei, Tokyo, Japan) was used for the following
procedures, all performed according to the manufac-
turer’s instructions. The cells were cultured in a Lab-
Tek Chamber Slide (Nunc, Naperville, IL) overnight
and incubated with vesnarinone. The slides were then
fixed in 100% methanol. Specimens were treated with
3% peroxidase in methanol for 10-15 min at room
temperature to block endogenous peroxidase. After
washing twice in PBS, the specimens were treated
with blocking serum (10% normal rabbit serum) for
10-15 min at room temperature to block non-specific
reaction and then with the primary antibodies as
indicated by the instructions. The specimens were
treated with BM-1 antibody for 1 h at 37°C, washed
twice in PBS and then reacted with biotin-labeled anti-
mouse IgM (i chain specific; Nichirei) as the
secondary antibody. After being washed twice in
PBS, specimens were exposed to peroxidase-labeled
streptoavidin (Nichrei) for 5 min at room temperature.
After washing in PBS, the specimens were then treated
with 0.2% peroxidase in Tris—HCl buffer containing
3,3-diamino-benzidine (DAB) for 5-20 min at room
temperature. After washing in distilled water, the
specimens were counterstained with hematoxylin and
then covered in Entellan-new (Merck, Rathway, NJ)
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with cover glasses. For the evaluation of the positive
cell ratios, a total of 300 cells in one optical field were
counted three times and the mean values were taken
as the percent positive. All experiments were set up in
triplicate (three slides) and the mean values were used
for calculation.

Nick end-labeling'®

The cells were incubated with vesnarinone in eight-
well Lab-Tek Chambers (Nunc) at 4 x 10%/0.2 ml/well.
After incubation, the cells were fixed with neutral
formalin solution, washed with PBS, fixed again with a
mixture of ethanol:acetic acid (2:1) for 5 min and then
washed again with PBS. The cells were treated with
20 ug/ml of Proteinase K (Boehringer, Mannheim,
Germany) for 20 min and then with 0.3% H,O, for
7.5 min at room temperature. Next, cells were rinsed
with TdT buffer and reacted with terminal deoxy
transferase (0.3 U/ul; Gibco) and then with biotin-16-
2'-deoxyuridine-5"-triphosphate (Boehringer). The re-
sulting cell morphology was observed with an optical
microscope after staining using the ABC method. For
evaluation of the positive cell ratios, a total of at least
300 cells in one optical field were counted three times
and the mean values were taken as the percent
positive. All experiments were set up in triplicate
(three slides) and the mean values were used for
calculation.

Matrigel invasion chamber assay

The invasive activity of tumor cell lines was deter-
mined by Matrigel invasion chamber (Becton Dick-
inson, Bedford, MA) assay according to the
instructions.’®!” Five hundred microliters of chemo-
attractant (the supernatant of a 3T3 fibroblast cell
culture incubated for 12 h from the semiconfluent
state) was added to the external fluid in a well of a
Falcon 24-well plate (Becton Dickinson) and 104/
0.2 ml of the tumor cells was added to the interior of
the chamber (Falcon cell culture insert with an 8 um
pore size PET membrane coated with Matrigel).
Matrigel basement membrane matrix is a solubilized
basement membrane preparation extracted from
Engelbreth-Holm-Swarm (EHS) mouse sarcoma. It
contains laminin, collagen type IV, heparin sulfate
proteoglycan, entactin and growth factors, including
transforming growth factor (YGF)-8, basic fibroblast
growth factor and others which occur naturally in the
EHS tumor. After a 24 h incubation, the cells that
passed through the Matrigel-coated artificial mem-



brane were counted to determine their invasive
activity. Vesnarinone was added to the chamber and
incubated as described above. The chamber was taken
off, the culture medium was removed by suction and
the non-invasive cells attached to the upper surface of
the membrane were removed with a cotton swab. The
chamber was dipped in formalin solution, and the cells
were fixed and stained with hematoxylin. After the
artificial basal membrane was cut off with a scalpel and
mounted on a glass slide, the cells that had invaded the
underside of the membrane were counted.

Evaluation of the toxicity and antitumor
effect on human pancreatic cancer
xenograft in nude mice

BxPC-3 and SPa-1 tumors were maintained i»n vivo by
transplanting them into nude mice. The tumors were
aseptically removed from the nude mice and cut into
2-3 mm fragments in HBSS. One fragment each was
s.c. transplanted into the backs of the nude mice. After
transplantation as described above, the size of the
tumors was measured serially with calipers. The tumor
volume was calculated according to the following
formula:'®

volume (V) = length x width? x 1/2.

When the tumor had grown to 100-300 mm’
(usually 2-3 weeks after transplantation), the experi-
ments were started. The mice were randomly assigned
to the indicated groups of eight to 10 animals. The
following groups were created: group 1, control (CMC
only); group 2, vesnarinone (5 mg/kg); group 3,
vesnarinone (50 mg/kg). The agents were adminis-
tered directly into the stomach of the mice using a
stainless steel canule (KN-348; Natsume, Matsue,
Japan), daily for 3 weeks.

The tumor size was measured serially and on day 21
the tumor growth rate (TGR) in each group was
calculated in terms of an inhibition rate dR). The TGR
and IR were calculated according to the following
formulae:

TGF =V, /V,
IR = (1 — TGR;/TGR,) x 100(%)

V,, represents the tumor volume estimated #n days
after the initial administration and V; is the tumor
volume at the start of the experiment. TGR, and
TGR. indicate the TGRs of the test and control
groups, respectively. A regimen was considered
effective when there was a significant difference in
TGR between the control group and the relevant test

group.
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The toxicities of the regifnens were assessed in
terms of the percentage mortality, body weight loss
and peripheral blood cell counts.

Statistics

The results of the Trypan blue dye exclusion test and
the Matrigel invasion chamber assay were evaluated
for significance using unpaired Student’s #test and p
values less than 0.05 were considered significant. The
relative inhibition of in wvivo tumor growth was
statistically analyzed according to the Scheffe method.

Results

Cytostatic and cytotoxic effects of
vesnarinone on the in vitro growth of
human pancreatic cancer cell lines

The in vitro cytostatic and cytotoxic effects of
vesnarinone on three human pancreatic cancer cell
lines were assessed by the Trypan blue dye exclusion
assay and MTT assay.

After 7 days of culturing, untreated PANC-1, MIA
PaCa-2 and BxPC3 showed 10-, 4.9- and 2.7-fold
increases in growth, respectively, which were calcu-
lated using the results of the Trypan blue dye
exclusion assay. When vesnarinone was added to the
culture medium, the growth of the cells was dose-
dependently. inhibited. The growth of BxPC3 was
significantly inhibited by vesnarinone at more than
1.0 ug/ml, and the growth of PANC-1 and MIA PaCa-2
was significantly inhibited at more than 5.0 ug/ml
(Figure 1). The ICsq value of vesnarinone was 21.0 ug/
ml for PANC-1, 18.0 ug/ml for MIA PaCa-2 and
10.0 pug/ml for BxPC-3.

The cytotoxicity curves for the three cell lines based
on the MTT assay (3 days culture) are shown in Figure
2. The ICs, of vesnarinone for the three lines based on
the MTT assay was 32 ug/ml for PANC-1 and 30 ug/ml
for BxPC-3, but 50% cytotoxicity for MIA PaCa-2 was
not achieved even with the maximal dose of
vesnarinone (50 pg/ml).

Morphological changes to the human
pancreatic cancer cells after incubation
with vesharinone

Acridine orange staining demonstrated the vacuoliza-

tion and crater-like changes to the nuclei in the cells
after vesnarinone treatment. Figure 3(a—f) shows
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pictures of PANC-1 cells obtained by Nomalsky optical
differential interference microscopy after incubation
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Figure 1. Inhibitory effects of vesnarinone on the growth
of three pancreatic cancer cell lines (O, PANC-1; A,
MIA-PaCa2; [, BxPC-3). After 10* cells were cultured for 7
days in 25 cm? plastic flasks, the number of cells was
counted using the Trypan biue dye exclusion test.
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with vesnarinone for 48 h. The cells incubated with
vesnarinone (Figure 3d-f) were vacuolated and
produced small and large craterlike cave-ins (Figure
3e). When nuclei were stained with acridine orange,
the marginal zone was stained, but the crater-like cave-
ins were not. This suggests that the crater-like cave-ins
might be formed from the nuclear chromatins
aggregating along the marginal zone of the cell nucleus
(Figure 3f). Similar phenomena were also observed for
vesnarinone-treated MIA PaCa-2 and BXPC-3 cells.

Immunostaining of BM-1 and nick end-
labeling after incubation with vesnarinone

In order to investigate the relation between cell
damage and apoptosis caused by vesnarinone, kinds
of immunocytochemical staining of the Le' antigen
and nick endlabeling were applied. It has been
shown that an increase in nick end-labeling indicates
DNA fragmentation caused by apoptosis,'> while the
Le” antigen, visualized by BM-1 antibody, is reported to
be specifically stained in the cytoplasm of cells
undergoing apoptosis.'*
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—— Day 1
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Figure 2. Cytotoxic effect of vesnarinone against three pancreatic cancer cell lines, assessed using the MTT assay. Tumor
cells were cultured with vesnarinone at the indicated concentrations for 3 days in a 96-well flat-bottom microtiter plate and the

cell viability was assessed using the MTT assay.
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Figure 3. Morphological changes to PANC-1 caused by vesnarinone treatment. (a—c) Control cells. (d—f) Vesnarinone-treated
cells (50 ug/ml for 48 h). (a and d) Pictures taken using an ordinary microscope. (b and e) Images obtained using a Nomalsky
differential interference microscope. (c and f) Nuclear staining by acridine orange. Arrows refer to the crater-like cave-ins.
Arrowheads indicate areas not stained by acridine in the nucleus.

Table 2 summarizes the results of immunostaining.
After culturing cells with vesnarinone for 72 h, the
number of cells with positive nick end-labeling and
BM-1 staining increased. Figure 4(a-d) shows the
immunostaining of nick end-labeling and BM-1 in
PANC-1 cells.

Effect of vesnarinone on the invasivity of
human pancreatic cancer cells

Since, of the three pancreatic tumor cell lines, only
PANC-1 attaches poorly to the basal membrane, it
could not be used for the Matrigel invasive chamber

Table 2. immunostaining of human pancreatic cancer cell lines with BM-1 antibody and nick

end-labeling

Vesnarinone Positive cells (%)

(ug/ml)

0
(control) 10 20 50

BM-1 PANC-1 21.7+39 585+6.1** 43.04+14.3" 82.7+15.9*

MIA-PaCa2 165+7.6 85.1+0.9*" 97.8+3.1™ 98.5+2.1*
Nick end-label PANC-1 45+24 42.8+19.0* 47.8+3.2" 61.0+7.3™

MIA-PaCa2 20.2+51 50.84+22.6* 70.941.3** 54.1+9.0*

*p<0.05; **p<0.01 versus vesnarinone (-).

BxPC-3 cells were not stained, because they produced mucin which caused strong non-specific staining.
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Figure 4. Immunostaining by the apoptosis-related antibody, BM-1 (anti-Le” antibody) and detection of DNA fragmentation
using the nick end-labeling method in PANC-1 cells after treatment with vesnarinone ( x 180) (a) Control cells (BM-1). (b) Cells
treated with vesnarinone (50 pg/ml) for 72 h (BM-1). (c) Control cells (nick end-labeling). (d) Cells treated with vesnarinone

(50 ug.ml) for 72 h (nick end-labeling).

Table 3. The inhibitory effect of vesnarinone on invasivity
of human pancreatic cancer cell lines assessed by the
"matrigel invasion chamber assay

Vesnarinone (ug/ml) No. of invading cells

(field, x 200)

MIA PaCa-2 BxPC-3
0 (control) 90.3+20.0 733+4.2
1.0 56.0+24.8 71.0+8.5
5.0 53.04+-10.4"* 62.7+24.0
10.0 37.0+3.6™ 47.3+15.6
20.0 22.3+7.2™ 69.3+24.8
50.0 28.3+6.4* 6.0+1.0"*

*p<0.05; **p<0.01; **p<0.001 versus control.

assay. Accordingly, MIA PaCa-2 and BxPC-3 were used
for the inhibition assay of the cell invasivity. The
invasivity of both tumor cell lines was assessed after
2 h of incubation, at which time the invasivity reached
its maximum. Vesnarinone significantly inhibited the
invasivity of MIA PaCa-2 line at concentrations larger
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than 5 ug/ml to 24.4% of the activity shown by the
untreated cells and reached its peak activity at 20 ug/
ml (Table 3). On the other hand, the minimal
concentration of vesnarinone required to significantly
inhibit the invasivity of BxPC-3 was higher than 20 ug/
ml; at this concentration the invasiveness was
inhibited to 10% of the activity of the control cells.

In vivo antitumor activity of vesnarinone on
human pancreatic cancer xenografts in
nude mice

The BxPC-3 cell line was used for the in vivo study,
because it responded best to vesnarinone in vitro.
Furthermore, the human pancreatic cancer xenograft,
SPa-1, was also used. Vesnarinone was-orally adminis-
tered and the antitumor effects of the agents were
assessed after daily administration for 21 days (Table
4). The inhibition of the growth of BxPC-3 by
vesnarinone at 5 mg/kg was not significant (mean
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Table 4. The antitumor effect of vesnarinone on human pancreatic cancer lines transplanted s.c. into

the back of nude mice

Tumor growth rate (mean percent inhibition versus control) on day 21

BxPC-3

SPa-1

Control (CMC)
Vesnarinone (5 mg/kg)
Vesnarinone (50 mg/kg)

8.44+2.90 (n=10)
5.41+2.25 (35.9%, n=9)
488+2.11 (42.2%, n=9)**

6.27 +2.45 (n=9)
5.77+1.63 (8.0%, n=8)
4444112 (29.2%, n=8)*

*p<0.05; **p<0.01 versus control.

Table 5. Side effects of vesnarinone in nude mice transplanted BxPC-3

Body weight (ratio®)®

WBC (x 10%mm?3)

Day 1 Day 21 Day 21
Controf (CMC) 224123 24.0+3.1 (1.07, n=10) 35+1.2 (n=8)°
Vesnarinone (5 mg/kg) 2531241 26.6+4.2 (1.05, n=9) 47425 (n=9)
Vesnarinone (50 mg/kg) 248+28 259+4.3 (1.04, n=9) 34+1.3(n=9)

2Mean ratio versus body weight before therapy.
®Body weight was measured including tumor.

“Blood cells were not counted in all mice, because the blood coagulated.

IR=36%). In contrast, vesnarinone at 50 mg/kg
showed significant inhibition (mean IR=42%,
p<0.01). The inhibitory effect of vesnarinone on
SPa-1 tumors was similar to that observed on BxPC-3
tumors. Administration of vesnarinone at 5 mg/kg did
not produce a significant inhibition of tumor growth,
whereas significant inhibition was observed with
vesnarinone at 50 mg/kg (mean IR=29%, p<0.05).
Side effects of the agents are summarized in Table 5.
No significant body weight loss or leucopenia was
seen.

Discussion

Vesnarinone is used clinically in therapy for congestive
heart failure.>* Its chemical structure is related to that
of flavonoids, which have been shown to induce
apoptosis in tumor cells and to inhibit tumor
proliferation.19 The clinical application of vesnarinone
as an anticancer agent has been expected. In fact,
vesnarinone was reported to inhibit the proliferation
of various tumor cells.>’ In the present study, we
demonstrated that vesnarinone had cytotoxic and
cytostatic activity against human pancreatic cancer
lines én vitro and in vivo. The mechanisms respon-
sible for the antitumor activity of vesnarinone are
unclear. However, as described above, vesnarinone
has been shown to induce apoptosis. In the present
study morphological observations with an ordinary
phase contrast microscope and a Nomalsky optical

differential interference microscope demonstrated
vacuoles in the nucleus and crater-like cave-ins in the
vesnarinone-treated cells. Staining of the nucleus with
acridine orange suggested that the condensation of
chromatins at the margins caused vacuoles in the
nucleus. Furthermore, increases in nick end-labeling
and in staining of apoptosisrelated antibody BM-1 after
vesnarinone treatment also indicated that vesnarinone
caused apoptosis in these pancreatic tumor cell lines.
These results also suggest that vesnarinone induced
nuclear damage, presumably caused by apoptosis, to
the three human pancreatic tumor cell lines and
consequently caused cell damage.

Vesnarinone has also been studied as a potential
anti-AIDS drug and a report described that vesnarinone
inhibited HIV-1 replication in virus-infected lympho-
cytes.”® The mechanism of action is considered to be
the inhibition of tumor necrosis factor (TNF) and
interleukin-6 production in peripheral lymphocytes.?®
It has been reported that TNF triggers apoptosis
induction through its receptor and also that the
receptor has a chemical structure similar to that of
the Fas antigen,®’ which is known to induce
apoptosis.”* Judging from these observations, the
growth inhibition by vesnarinone may be derived
from its action on the TNF receptor or on the TNFlike
substances produced by tumor cells. At present,
studies on alteration of TNF production and on TNF
receptor expression in tumor cell membranes are in
progress. In connection with these studies, there is a
report that the level of TNF increased in the blood of
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patients with congestive heart failure.® Thus, vesnar-
inone may have the same mechanism of action as
cardiovascular and antitumor drugs. However, swel-
ling of the cell, which was recognized in vesnarinone-
treated cells, was not observed for ordinary apoptotic
cells. Therefore, cell death caused by vesnarinone may
be induced by a mechanism different from that of the
apoptosis induced by ordinary chemotherapeutic
agents. Consequently, additional experimental studies
including electron microscopic observations may be
needed to elucidate whether or not vesnarinone really
induces apoptosis.

In this study, vesnarinone showed an inhibitory
effect on the invasion as well as proliferation of tumor
cells. Many reports have described the anti-invasive
activity of various anticancer agents against tumor
cells. Adriamycin was reported to inhibit tumor cell
invasion #7n vitro at a concentration as low as 1.0 ng/
ml. At this dose, it did not inhibit tumor grovvth.24
Several studies demonstrated that the production of
TGF-f is modulated by vesnarinone, resulting in the
suppression of proteins regulating the cell cycle,?® and
that tyrosine phosphorylation of proteins is stimulated
by vesnarinone, resulting in the activation of cytoske-
leton molecules.?® These results suggest that vesnar-
inone not only activates tyrosine phosphorylation
pathways to inhibit tumor growth, but also affects
morphological structures of tumor cells resulting in
alterations of cell adhesion characteristics.

The in wvitro inhibition activity of vesnarinone
against three pancreatic tumor cell lines, expressed
as ICsp, was 10-21 pg/ml in the growth inhibition
assay (7 day culture). In clinical application for heart
failure patients, the blood concentration of vesnar-
inone generally reaches about 9.5 ug/ml with a 60 mg
dose over a 4 week schedule. Therefore, this usual
dose and slightly higher doses are considered sufficient
to inhibit tumor growth and tumor invasion. The in
vivo experiments using human pancreatic cancer
xenografts (BxPC-3 and SPa-1) transplanted into nude
mice aiso demonstrated that a significant inhibition of
tumor growth was obtained by the administration of
vesnarinone at 50 mg/kg without serious side effects.
The in vivo antitumor activity of vesnarinone appears
to be comparable to that of conventional anticancer
drugs such as adriamycin, mitomycin or cisplatin,
because the percent inhibition of the growth of
human pancreatic cancer lines, which were trans-
planted into nude mice, by these agents alone at a dose
of 1/3 LDso, was less than 50%.”” Moreover, there
were no evident side effects in the group receiving
50 mg/kg of vesnarinone. Vesnarinone is known to
cause body weight loss in 1.7% of patients treated for
heart failure. Chemotherapeutic agents produce much
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higher weight loss. The biological half life of
vesnarinone is much longer in humans than in mice.
‘When vesnarinone is administered at 1 mg/kg/day for
4 weeks in humans, a blood concentration of 9.5 ng/
ml results;6 in order to obtain the same concentration
of vesnarinone in mice, the necessary dose would be
about 50 times higher than in humans.® Accordingly,
for clinical application in cancer therapy, vesnarinone
may be administered at a dose 2- or 3-fold higher than
that used for heart failure (usually 1 mg/kg/day). It is
necessary to assess the side effects of vesnarinone at
these higher doses.

Conclusion

Vesnarinone may be a beneficial agent for pancreatic
cancer therapy. Furthermore, studies on the combina-
tion effect of vesnarinone with other anticancer agents
and/or with radiation therapy must be pursued to
determine whether vesnarinone is truly worthwhile of
clinical application.
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