
Abstract. Background: To evaluate the efficacy of vitamin K3
(VK3) against pancreatic cancer, the molecular mechanism of
VK3 or gemcitabine (GEM)-induced inhibition of proliferation
was characterized. Materials and Methods: The cell viability was
determined using the 3-[4,5-dimethylthiazol]-2,5-diphenyl
tetrazolium bromide (MTT) test method. The expressions of
cellular proteins were evaluated by Western blot analysis. For
morphological studies of the in vivo transplanted cancer cells,
the tissues were stained with hematoxylin and eosin. Results: The
IC50 of VK3 for pancreatic cancer cells was calculated for
42.1±3.5 ÌM. Western blot analysis showed that VK3 induced
rapid phosphorylation of extracellular signal-regulated kinase
(ERK) and c-Jun NH2-terminal kinase (JNK) 30 minutes after
application. ERK but not JNK phosphorylation was maintained
for at least 12 hours. Activation of apoptosis by VK3, as shown
by molecular weight shifts of the pro-activated 32-kDa form of
caspase-3 and poly(ADP-ribose)polymerase (PARP) cleavage of
the 112-kDa form, was found. Treatment with the thiol
antioxidant, L-cysteine (>0.2 mM), completely abrogated the
VK3-induced phosphorylation of ERK, but not the JNK, and
inhibition of proliferation. A caspase-3 inhibitor antagonized
caspase-3 activation, but had no inhibitory effect on the
proliferative activity of VK3. GEM at concentrations >0.1 Ìg/ml
was found to inhibit cell proliferation after 24 hours. GEM also
induced phosphorylation of JNK, activation of caspase-3 and
accumulation of cyclin B1. Local application of VK3 was found
to induce extensive tumor tissue necrosis, but slight hematemesis
without necrosis was observed 48 hours after GEM injection. In
Western blot, ERK, but not JNK phosphorylation, was clearly
detected in response to VK3 injection into the tumor tissue.

Conclusion: The action of VK3 may lead to a favorable
outcome against pancreatic cancer, and the detection of ERK
phosphorylation in the tissue is important for predicting this
effect.

Despite recent progress in diagnostic and therapeutic
modalities, pancreatic carcinomas are usually detected at an
advanced stage, with a low resectability rate of approximately
30% (1). Chemotherapy can provide symptom relief for some
patients, but its impact on survival has been modest and it can
lead to unacceptable levels of toxicity. To decrease unfavorable
reactions to chemotherapeutic drugs, local delivery of drugs
might be useful (2). In this regard, a new technique, endoscopic
ultrasound-guided fine-needle injection, may be used. The
technique involves the injection of antitumor agents directly
into localized carcinomas (3). But, no obvious association
between commonly used antitumor agents and patient survival
has yet been detected (2). Vitamin K3 (VK3, menadione) has
been reported to inhibit proliferation of several cancer cell
lines, even some resistant to standard chemotherapeutic agents
(4-6), such as pancreatic cancer cell lines (7). VK3 has been
found to show unique mechanisms by activating cellular signal
factors. In the present study, the efficacy of local VK3 injection
therapy against pancreatic cancer was evaluated and compared
with the standard chemotherapeutic reagent gemcitabine
(GEM, Gemzar; Eli Lilly and Company, Indianapolis, IN,
USA) (8). GEM has been approved for the treatment of
advanced pancreatic cancer on the basis of improved clinical
benefit and increased overall survival (9). In addition, the
molecular mechanism of VK3 or GEM-induced inhibition of
proliferation was characterized.

Materials and Methods

Cell lines. The rat pancreatic cancer cell line ARIP (American Type
Culture Collection, Manassas, VA, USA) was grown in F12K
medium (MP Biomedicals Inc.). The medium was supplemented
with 10% fetal calf serum, penicillin, streptomycin, L-glutamine,
and fungizone. The cells were harvested after trypsin-EDTA
treatment, washed with Dulbecco's PBS, and re-suspended in
serum-less medium for 24 hours.
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Determination of cell viability. The cell viability was determined
using the 3-[4,5-dimethylthiazol]-2,5-diphenyl tetrazolium bromide
(MTT) test method. MTT (5 mg/ml) was dissolved in PBS and the
solution was stored at 2–8ÆC for frequent use after filtration
though a 0.2 Ìm filter. To determine the effects of VK3 or GEM
on cell growth inhibition, the cells were treated with several
concentrations of VK3 (from 0 to 100 ÌM), ethanol or GEM (from
0 to 10 Ìg/ml) for 24 hours. For the determination of cell viability,
the medium was discarded and MTT solution was added, followed
by incubation for 3 hours. At the end of the incubation period the
MTT solution was removed and the cells’ dye crystals were
dissolved by adding dimethylsulfoxide (DMSO). Absorbance was
measured at 570 nm in a spectrophotometer and the results were
expressed as a percentage of the absorbance of the samples in
comparison with the control (without VK3 or GEM), as described
previously (10).

Western blot analysis. The cell lysate was isolated and homogenized
in radioimmunoprecipitation assay (RIPA) buffer (10 mmol/L
Tris-HCl (pH 7.5) 150 mmol/L NaCl; 5 mmol/L EDTA; 0.5%
SDS; 1.0% NP40; and 1.0% sodium deoxycholate-containing
protease inhibitors) as described previously (10, 11). The
homogenate was incubated on ice for 30 minutes and centrifuged
for 15 minutes at 14,000 rpm at 4ÆC. The supernatant was
recovered and kept at –80ÆC. Protein determination was
performed with the Bradford assay (Bio-Rad Laboratories), and
equal amounts of cell tissue lysate (40 Ìg for each lane) were
mixed with SDS-PAGE sample buffer and boiled for 5 minutes
before loading onto a discontinuous SDS-PAGE gel. After
electrophoresis, the gel was incubated in 3-(cyclohexylamino)
propanesulfonic acid (CAPS) buffer (10 mmol/L 3-
cyclohexylamino-1-propane-sulfonic acid (pH 11.0) 10%
methanol) for 5 minutes, and proteins were electroblotted onto a
polyvinylidene difluoride membrane (Bio-Rad Laboratories) in
CAPS buffer. The blot was blocked by incubating in 5% non-fat
dried milk/Tris-buffered saline (TBS)-Tween for 1 hour at room
temperature and then incubated for 1 hour with the first antibody
for phospho-tyrosine (Cell Signaling, Beverly, MA, USA; 1:2,000),
phospho-extracellular signal-regulated kinase (phospho-ERK)
(Calbiochem, La Jolla, CA, USA; 1:1,000) or phospho-c-Jun NH2-
terminal kinase (phospho-JNK), p38, caspase-3 and poly(ADP-
ribose)polymerase (PARP) (Santa Cruz Biotechnology, Santa
Cruz, CA, USA; 1:1,000) in 5% non-fat dried milk/TBS-Tween at
room temperature. The membrane was washed 3 times for 20
minutes in TBS-Tween and additionally incubated with a
secondary antibody mouse (Sigma, St. Louis, MO, USA; 1:1,000)
for phospho-JNK and phospho-tyrosine and rabbit antibody
(Sigma; 1:500) for phospho-ERK immunoglobulin conjugated with
horseradish peroxidase in 5% non-fat dried milk/TBS-Tween for
1 hour at room temperature. After washing 3 times for 30 minutes
in TBS-Tween at room temperature, the signal was detected using
enhanced chemiluminescence (PerkinElmer Life Science, Boston,
MA, USA). The loading of protein was normalized by reprobing
with a ‚-actin polyclonal antibody.

Morphological studies. All procedures with animals were conducted
according to the criteria approved by the Institutional Animal Care
and Use Committees at the Gifu University School. Wister rats
were housed in individual cages and fed a standard laboratory chow.
Under general anesthesia with Nembutal, 1.0x106 pancreatic cancer

cells were transplanted into the spleen in order to easily
demonstrate the effects of the chemotherapeutic agents. Three days
later, when the transplanted cancer cells were completely
established, in a maximum treatment volume of 10 Ìl (to avoid any
problems such as back flow or bursting) reagents (VK3, 100 ÌM and
GEM, 200 Ìg) in ethanol or ethanol alone as control were injected.
After 1 hour, the spleen was removed from sacrificed animal, frozen
in liquid nitrogen as soon as possible and crushed in 1 ml RIPA
buffer for Western blot analysis (11). For the purpose of
microscopic study, the animals were sacrificed 48 hours after the
injection of the test reagents, the spleen was resected, processed and
embedded in paraffin. Six micrometer thick sections were cut and
the tissues were stained with hematoxylin and eosin (H&E). Five
individual rats were used for each group.

Statistical analysis. At least four independent determinations of
each parameter were compared to the control using the Student's
t-test. Differences were considered significant when p<0.05 was
obtained.

Results

Vitamin K3-induced inhibition of proliferation. Following the
24-hour VK3 treatment, the IC50 of the ARIP cells was
calculated to be 42.1±3.5 ÌM (Figure 1). The vehicle
(ethanol) alone had no effect on cell proliferation (data not
shown). Western blot analysis showed that VK3 induced
rapid phosphorylation of ERK and JNK within 30 minutes
of application (Figure 2A). JNK was phosphorylated in
response to treatment with 50 ÌM VK3 but the response
diminished after 60 minutes. In contrast, ERK
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Figure 1. Effects of VK3 or ethanol on growth inhibition of pancreatic
cancer cells. Cells (2.5x105) were plated on 24-well plates, and treated with
various concentrations of VK3 (closed circle) and ethanol, control (open
circle) for 24 hours. Cell viability was determined by the 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) test
method. The IC50 of VK3 was calculated to be 42.1±3.5 ÌM. The bars
show standard deviation (S.D.).



phosphorylation was maintained over 60 minutes and lasted
for at least 12 hours (data not shown). Phosphorylation of
another mitogen-activated protein kinase (MAPK) family
member, p38, was not detected in response to treatment with
VK3 (Figure 2A). In response to 100 ÌM VK3, ERK
phosphorylation was observed after 10 minutes, and tyrosine
phosphorylation was observed after 60 minutes (Figure 2B).
The activation of apoptosis, as shown by caspase-3 activation
(molecular weight shifts pro-activated 32-kDa form) and
PARP cleavage of the 112-kDa form within 6 hours of
treatment with 50 ÌM VK3 is shown in Figure 2C. Pre-
treatment with the thiol antioxidant L-cysteine (>0.2 mM)
completely abrogated the VK3-induced ERK, but not JNK
phosphorylation and diminished the VK3-induced inhibition
of proliferation (Figure 3A). A non-thiol antioxidant,
catalase, antagonized JNK phosphorylation but did not affect
the inhibition of cell proliferation. A caspase-3 inhibitor,
Asp-Glu-Val-Asp-chloromethylketone (DEVD-CMK),
antagonized caspase-3 activation, but had no inhibitory effect
on the anti-proliferative activity of VK3 (Figure 3B).

GEM-induced inhibition of proliferation. GEM at
concentrations >0.1 Ìg/ml was found to inhibit cell
proliferation at 24 hours, and significant inhibition was
observed at 48 and 72 hours (Table I). GEM also induced
phosphorylation of JNK but phosphorylation of other MAPKs
was not observed (Figure 4A). Phosphorylation of JNK was
completely inhibited by the presence of catalase (data not
shown). Caspase-3 was activated by exposure to >1.0 Ìg/ml of
GEM for 24 hours (Figure 4B). In addition, accumulation of
cyclin B1 was detected after 24 hours (Figure 4C). 

In vivo experiments. On the basis of the anti-proliferative
effect of VK3 and GEM in vitro, the localized application
of these agents for cancer therapy was evaluated in vivo.
VK3 and the ethanol vehicle were found to induce extensive
tumor tissue necrosis. In response to VK3 rather than
ethanol, a large necrotic area with severe hematemesis was
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Figure 2. Effect of VK3 on MAPK family and apoptosis pathway protein
expression. Cells treated with various concentrations of VK3 for 30 and 60
minutes and MAPK family phosphorylation (A). Cells exposed to 100 ÌM
VK3 for the indicated time showing the time course of ERK and whole
tyrosine phosphorylation (B). Cells treated with various concentrations of
VK3 for 6 hours showing caspase-3 activation and PARP cleavage (C).

Figure 3. Mechanisms of VK3-induced growth inhibition. Effects of anti-
oxidants L-cysteine and catalase on VK3-induced MAPK family
phosphorylation and cell growth inhibition (A). Cells were treated with
indicated concentrations of anti-oxidants for 5 minutes and then exposed
to VK3 for 60 minutes. Effects of caspase-3 inhibition on VK3-induced
cell growth inhibition (B). Cells were pretreated with indicated
concentrations of DEVD-CMK for 30 minutes. Cell viability was
determined using the MTT test method.



noted. However, slight hematemesis without necrosis was
observed 48 hours after GEM injection (Figure 5). By
Western blot, ERK phosphorylation was clearly detected
only in response to VK3 injection into the tumor tissue
(Figure 6). JNK phosphorylation was not induced by VK3
or GEM treatment. The total protein volumes of ERK and
JNK in each sample were similar. 

Discussion

Recent studies have shown the involvement of two pathways
of GEM toxicity, cell cycle arrest (12) and apoptosis (13).
Caspase activation via the MAPKs, JNK or p38 (14),
depending on the cell type, has been suggested to be
important in GEM treatment. In the ARIP pancreatic cancer
cells in the present study, the activation of JNK and caspase-
3 was observed in response to >0.1 Ìg/ml GEM (Figure 4),
which also inhibited cell proliferation (Table I). Signal
transduction pathways that modulate cell death are known to
involve induction of reactive oxygen species (ROS) (15, 16).
Because GEM is a strong inducer of ROS compared to other
chemotherapeutic agents (17), GEM-induced JNK
phosphorylation has been suggested to be closely related to
ROS induction. Many enzymatic or chemical antioxidants
have been reported to abrogate apoptosis (18). Thus, JNK
phosphorylation may be critical for the cellular response to
GEM resulting in inhibition of proliferation.

Protein tyrosine phosphorylation is regulated by a
balance between action of protein tyrosine phosphatase
(PTPase) and protein tyrosine kinase (PTK) activities.
Ligand-mediated phosphorylation, such as that induced by
growth factors, is well-known to activate PTK activity.
Inhibition of PTPases also leads to protein tyrosine
phosphorylation (19) by binding the active site of PTPases
(20). VK3 has been suggested to inhibit PTPases resulting
in the phosphorylation of cellular proteins, which then
occurs in the absence of ligand binding proteins (4). In our
time-course experiment (Figure 2B), ERK phosphorylation
was detected earlier than the tyrosine phosphorylation of
other proteins. Thus, ERK phosphorylation may be induced
by a direct inhibitory effect of VK3 on PTPase activity.

Indeed, VK3 has been found to mediate ERK
phosphorylation, but not the phosphorylation of upstream
MAPK kinases (4, 5). Other mechanisms of ROS induction
should also be considered because VK3 increases
intracellular levels of ROS, and ROS themselves inhibit
PTPase activity (21). In the present study, VK3-induced
ERK phosphorylation was completely inhibited by the thiol
antioxidant cysteine but not by the non-thiol antioxidant
catalase (Figure 3A) suggesting that sulfhydryl arylation
(20) is more critical for ERK phosphorylation than oxidative
stress. In contrast, JNK phosphorylation by VK3 was
induced by oxidative stress but not by sulfhydryl arylation.
Arylation in relation to ERK phosphorylation appeared to
be more critical than oxidative stress and JNK activation in
the VK3-induced inhibition of proliferation. There is
evidence that ERK plays an anti-apoptotic role and that
JNK plays a pro-apoptotic role (22), which is inconsistent
with the present study. However, recent reports have shown
that ERK phosphorylation promoted apoptosis or cell-cycle
arrest, inhibiting proliferation (23). Indeed, VK3 induced an
intermediate type of phosphorylated ERK (5, 23), which
inhibited proliferation (4, 6), supporting our results.
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Table I. Gemcitabine-induced growth inhibition of pancreatic cancer cells.

Time Gemcitabine (Ìg/ml)
(h)

0 0.001 0.01 0.1 1.0 10

24 100 98.1±2.3 99.4±1.3 88.1±4.8 82.3±8.2 86.2±7.5
48 100 101.2±1.2 97.6±1.8 78.2±6.6** 77.4±4.4** 58.1±4.7**
72 100 94.3±3.6 96.3±5.4 61.2±4.3** 56.2±5.4** 51.2±3.6**

Means±S.D. calculated for percentage of control, **means p<0.01.

Figure 4. Mechanisms of GEM-induced growth inhibition. Cells were
treated with various concentrations of GEM for 60 minutes to demonstrate
MAPK family phosphorylation (A). To detect the effect on apoptosis (B)
and the cell cycle proteins (C), cells were exposed to various
concentrations of GEM for 24 or 48 hours. The cleavage of caspase-3 (B)
and accumulation of cyclin B1(C) were detected by Western blotting. 



Surgical resection of the primary tumor remains the only
potentially curative treatment for pancreatic cancer (24), and
preoperative therapy has demonstrated the ability to convert
locally unresectable pancreatic cancer to a respectable disease
(25, 26), thereby increasing the number of patients potentially
cured. The use of VK3 with a local drug delivery system may
represent a favorable strategy in the curative treatment of
unresectable pancreatic tumors in the near future.

Acknowledgements

We wish to thank Eli Lilly & Co. for their generous supply of
gemcitabine used for this research.

References

1 Yamaguchi K, Shimizu S, Yokohara K et al: Pancreatic
carcinoma: reappraisal of surgical experiences in one Japanese
University Hospital. Hepatogastroenterology 46: 3257-3262, 1999.

2 Chang KJ, Nguyen PT, Thompson JA et al: Phase I clinical trial of
allogenic mixed lymphocyte culture (cytoimplant) delivered by
endoscopic ultrasound-guided fine-needle injection in patients with
advanced pancreatic carcinoma. Cancer 88: 1325-1335, 2000.

Osada et al: The Action of Vitamin K3 against Pancreatic Cancer

49

Figure 5. Morphological findings by GEM, ethanol and VK3. Pancreatic cancer cells (1.0x106) were completely established three days after transplantation into
spleen (A). Treatment reagents (GEM, 200 Ìg B; ethanol, C and VK3, 100 ÌM; D) were injected, after 48 hours the spleen was removed and tissue sections
were stained with hematoxylin and eosin (H&E). White arrows show extensive tumor tissue necrosis (C and D) and slight hematemesis without necrosis (B).

Figure 6. MAPK family phosphorylation in transplanted cancer cells in
vivo. Pancreatic cancer cells (1.0x106) were completely established three
days after transplantation into spleen. Treatment reagents (VK3; 100 ÌM
or GEM; 200 Ìg) were injected and the spleen was removed and frozen
in liquid nitrogen after 1 hour. Then, each sample was crushed in 1 ml
RIPA buffer for Western blot analysis.



3 Bhutani MS: Endoscopic ultrasound guided antitumor therapy.
Endoscopy 35: 54-56, 2003.

4 Osada S, Saji S and Osada K: Critical role of extracellular
signal-regulated kinase phosphorylation on menadione (vitamin
K3) induced growth inhibition. Cancer 91: 1156-1165, 2001.

5 Osada S and Carr BI: Mechanism of novel vitamin K analog
induced growth inhibition in human hepatoma cell line. J
Hepatol 34: 676-682, 2001.

6 Osada S, Osada K and Carr BI: Tumor cell growth inhibition
and extracellular signal-regulated kinase (ERK) phosphorylation
by novel K vitamins. J Mol Biol 314: 765-772, 2001.

7 Osada S and Carr BI: Critical role of extracellular signal-
regulated kinase (ERK) phosphorylation in novel vitamin K
analog-induced cell death. Jpn J Cancer Res 91: 1250-1257,
2000.

8 Burris HA III, Moore MJ, Andersen J et al: Improvements in
survival and clinical benefit with gemcitabine as first-line
therapy for patients with advanced pancreas cancer: a
randomized trial. J Clin Oncol 15: 2403-2413, 1997.

9 Berlin JD, Catalano P, Thomas JP et al: Phase III study of
gemcitabine in combination with fluorouracil versus gemcitabine
alone in patients with advanced pancreatic carcinoma: Eastern
Cooperative Oncology Group Trial E2297. J Clin Oncol 20:
3270-3275, 2002.

10 Osada S, Imai H, Tomita H et al: Vascular endothelial growth
factor protects hepatoma cells against oxidative stress-induced
cell death. J Gastroenterol Hepatol 21: 988-993, 2006.

11 Osada S, Kanematsu M, Imai H et al: Evaluation of
extracellular signal regulated kinase expression ant its relation
to treatment of hepatocellular carcinoma. J Am Coll Surg 201:
405-411, 2005.

12 Renner K, Amberger A, Konwalinka G et al: Changes of
mitochondrial respiration, mitochondrial content and cell size
after induction of apoptosis in leukemia cells. Biochim Biophys
Acta 1642: 113-123, 2003.

13 Teraishi F, Zhang L, Guo W et al: Activation of c-Jun NH2-
terminal kinase is required for gemcitabine’s cytotoxic effect
in human lung cancer H1299 cells. FEBS Lett 579: 6681-6687,
2005.

14 Habiro A, Tanno S, Koizumi K et al: Involvement of p38
mitogen- activated protein kinase in gemcitabine-induced
apoptosis in human pancreatic cancer cells. Biochem Biophys
Res Commun 316: 71-77, 2004.

15 Marderstein EL, Bucher B, Guo Z et al: Protection of rat
hepatocytes from apoptosis by inhibition of c-Jun N-ternal
kinase. Surgery 134: 280-284, 2003.

16 Schoemaker MH, Conde de la Rosa L, Buist-Homan M et al:
Taurourso- deoxycholic acid protects rat hepatocytes from bile
acid-induced apoptosis via activation of survival pathways.
Hepatology 39: 1563-1573, 2004.

17 Gervasoni JE Jr, Hindenburg AA, Vezeridis MP et al: An
effective in vitro antitumor response against human
pancreatic carcinoma with paclitaxel and daunorubicin by
induction of both necrosis and apoptosis. Anticancer Res 24:
2617-2626, 2004.

18 Datta K, Barbbar P, Srivastava T et al: p53 dependent apoptosis
in glioma cell lines in response to hydrogen peroxide induced
oxidative stress. Int J Biochem Cell Biol 34: 146-157, 2002.

19 Nishikawa Y, Wang Z, Kerns J et al: Inhibition of hepatoma cell
growth in vitro by arylating and non-arylating K vitamin analogs.
Significance of protein tyrosine phophatase inhibition. J Biol
Chem 274: 34803-34810, 1999.

20 Osada S and Saji S: New approach to cancer therapy: the
application of signal transduction to anti-cancer drug. Curr Med
Chem Anti-Cancer Agents 3: 119-131, 2003.

21 Nutter LM, Ngo EO, Fisher GR et al: DNA strand scission and
free radical production in menadione-treated cells. Correlation
with cytotoxicity and role of NADPH quinone acceptor
oxidoreductase. J Biol Chem 267: 2474-2479, 1992.

22 Xia Z, Dickens M, Raingeaud J et al: Opposing effects of ERK
and JNK-p38 MAP kinases on apoptosis. Science 270: 1326-
1331, 1995.

23 Pumiglia KM and Decker SJ: Cell cycle arrest mediated by the
MEK/mitogen-activated protein kinase pathway. Proc. Natl
Acad Sci USA 94: 448-452, 1997.

24 Osada S, Imai H, Okumura N et al: A modified reconstruction
method to prevent critical complications after pancreatoduo-
denectomy. Hapaogastroeterol 53: 296-300, 2006.

25 Kim HJ, Czishke K, Brennan MF et al: Does neoadjuvant
chemoradiation downstage locally advanced pancreatic cancer?
J Gastrointest Surg 6: 763-769, 2002.

26 Cunha AS, Rault A, Laurent C et al: Surgical resection after
radio-chemotherapy in patients with unresectable adeno-
carcinoma of the pancreas. J Am Coll Surg 201: 359-365, 2005.

Received July 30, 2007
Revised October 2, 2007

Accepted October 26, 2007

ANTICANCER RESEARCH 28: 45-50 (2008)

50



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


