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Quercetin (3,3’,4’,5,7-pentahydroxyflavone) is a polyphenolic flavonoid compound and is found
in a variety of plants. Potential biological activities including antioxidant and anticarcinogen-
esis have been reported. The antiproliferative effect and apoptosis inducing effect of quercetin
in human osteosarcoma cells was evaluated in this study. The IC5y values were 290 uM and
160 uM at 24 h and 48 h incubation, respectively. Antiproliferative action of quercetin
appeared to be linked to apoptotic cell death based on increase in the sub-G; apoptotic cell
population analyzed by flow cytometric analysis. Prior to apoptosis induction, quercetin
caused cell cycle arrest at G,/S phase. The G/S phase arrest was accompanied by down regu-
lation of cyclin D1, one of the cyclins required for advance from G; to S. Subsequent apoptosis
was induced by the gradual activation of caspase-3 and the cleavage of PARP.
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INTRODUCTION

Many plant-derived compounds and their derivati-
ves have been identified useful in the treatment of
cancer including paclitaxel (from Taxus brevifolia L.),
vincristine (Catharanthus roseus G. Don), podophyllo-
toxin (Podophyllum peltatum L.), and camptothecin
(Camptotheca acuminata) (Lilenbaum and Green, 1993;
Pezzuto, 1997; Bertrand and Sané, 1999). Naturally
occurring cytotoxic compounds have been added to the
list, such as neolignans from Saururus chinensis,
squamocin from the Annona reticlata seed, and
momordin I from Amelopsis japonica — all of which
effective against bladder and other types of cancer
(Kim et al., 2002; Hahm et al., 2005; Yuan et al.,
2006). Recently, it was reported that whole apple
extract supressed DMBA-induced mammary tumor in
rats (Liu et al., 2009). And the phenolic fraction of
Duchesnea induced apoptosis and cell-cycle arrest in
cervical cnacer in vitro and in vivo (Peng et al., 2009).
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A compound, 4-nerolidylcatechol purified from Potho-
morphe umbellate induced apoptosis in melanoma cell
lines through G1 cell cycle arrest and inhibition of
MMP-2 activity (Brohem et al., 2009).

Quercetin (3,3’,4’,5,7-pentahydroxyflavone), a poly-
phenolic flavonoid compound, is a common plant poly-
phenol found in a variety of plants including caper
(Capparis spinosa L.), lovage (Levisticum officinale),
and apple (Malus domestica) (Yang et al., 2001).
There are many natural flavonoids distributed among
the plants and they have been consumed as human
diet and medicinal herbs for centuries. Flavonoids
including quercetin are attracted great interests for
their potential biological activities such as antioxi-
dant, antiproliferative, anti-inflammatory or anticar-
cinogenesis activities (Lamson and Brignall, 2000;
Ramos, 2007). However, the effect of quercetin in
human osteosarcoma cells and the mechanism of
action are not well-studied. Therefore, antiprolifera-
tive effect of quercetin and the apoptosis induction
mechanism were evaluated and reported in this study.
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MATERIALS AND METHODS

Cell culture sample treatment

Human osteosarcoma cells (HOS, ATCC 1543) were
maintained in the logarithmic phase of growth in
Dulbecco's modified Eagle's media (Gibco) supple-
mented with 10% fetal bovine serum, 2 mM L-glu-
tamine and antibiotics in a humidified incubator with
5% CO4/95% air at 37°C. Logarithmically growing HOS
cells were used for all experiments.

Antiproliferation analysis

Exponentially growing HOS cells were seeded at 5x
10* cells/well in a 96-well plate and treated with
quercetin (Sigma) or vehicle, as indicated. Cyto-
toxicity of quercetin was estimated by the MTT assay
(Hansen et al., 1989). All experiments were performed
in triplicate.

Flow cytometry analysis

The effects of quercetin on cell proliferation were
evaluated by measuring the distribution of the cells in
the different phases of the cell cycle by flow cytometry.
Cells were treated with quercetin for 48 h at the
indicated concnetrations and harvested by centri-
fugation at 750 x g for 5 min. Cells were prepared as
described previously (Piao et al., 2001) and analyzed
on a fluorescence-activated cell sorter flow cytometer
(FACScaliber, Becton Dickinson). Results shown are
an example of 3 different experiments.

Western blot analysis

After quercetin treatment, cells were prepared as as
described previously (Piao et al., 2001). Blots were
probed with mouse monoclonal antihuman cyclin D1
(Santa Cruz Biotechnology), mouse monoclonal anti-
human caspase-3 (Transduction Laboratory), rabbit
monoclonal antithuman PARP (Santa Cruz Biotech-
nology) and mouse monoclonal anti-f-actin (Santa
Cruz Biotechnology) antibodies. Immunoreactivity
was detected using either an antimouse (Santa Cruz
Biotechnology) or antirabbit (Amersham Biosciences)
peroxidase-conjugated secondary IgG antibody and an
enhanced chemiluminescence (ECL) detection kit
(Amersham Biosciences). Experiments are repeated at
least three times.

RESULTS

Antiproliferative effect of quercetin on HOS
cells

The chemical structure of quercetin (3,3’,4°,5,7-pen-
tahydroxyflavone) is shown in Fig. 1. The antipro-
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Fig. 1. Structure of quercetin (3,3",4’,5,7-pentahydroxyflavone)

liferative effect of quercetin on a human osteosarcoma
cell line, HOS was evaluated with the MTT assay.
When cells were treated with 0, 10. 100, 200, 500 and
1000 uM of quercetin for 24 h or 48 h, the relative cell
proliferation progressively decreased in a dose-de-
pendent manner, as shown in Fig. 2. When the in-
cubation time was increased to 48 h, the relative cell
survival rate was further decreased. The ICsy value
for quercetin on HOS cells was approximately 290 uM
at 24 h incubation and 160 uM at 48 h incubation.

Flow-cytometric analysis

We further investigated the effects of quercetin on
the progression through the cell cycle and on the
induction of apoptotic bodies. HOS cells were cultured
for 48 h in the presence or absence of quercetin and
analyzed by a flow cytometry. As shown in Fig. 3,
quercetin induced a dose-dependent accumulation of
HOS cells in the G,/S phase of the cell cycle. Relative
population of cells in G,/S phase for untreated control
was 65.5%. Treatment of quercetin increased the
relative population of cells in G1/S to 66.6%, 71.0%,
71.4%, 70.1% and 73.7% at 10, 100, 200, 500 and 1000
uM of concentration (Fig. 3B). Progression of the cell
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Fig. 2. Antiproliferative activity of quercetin in HOS cells.
HOS cells were incubated with 0, 10, 100, 200, 500 and 1000
uM of quercetin for 24 h (@) and 48 h (O). Cell survival rate
was measured by the MTT assay. Data are presented as
means + S.D. The percentage of cell growth in the control
group was designated as 100%.
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cycle was unchanged in cells treated with medium
containing DMSO alone (0 uM in Fig. 3). After cell
cycle arrest at the G,/S phase, quercetin-treated cells
underwent apoptosis.

Cells with sub-G; levels of DNA were scored as
apoptotic. At 0 uM treatment about 2.4% of cells were
localized in apoptotic/hypodiploid peak (Fig. 3A and
C). Of the total number of cells, 9.0% and 24% were
contained in the apoptotic region at 10 and 100 uM of
quercetin treatment, respectively. At 200, 500 and
1000 uM of quercetin, 31.3%, 41.2% and 51.3% of the
cells underwent apoptosis. In addition, the relative
ratio of cells in the apoptosis/hypodiploid peak corres-
ponded proportionately to the dose of quercetin used.

Effect of quercetin on cyclin D1

Since G+/S arrest was observed in quercetin treated
HOS cells by flow cytometry analysis, it was of in-
terest to test the effect of quercetin on cyclin D1 which
is one of the cyclins required for advance from Gy to S.
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Fig. 4. Changes in the expression of cyclin D1 in quercetin-
treated HOS cells. Cells were treated with quercetin for 48
h. Cell extracts were subjected to Western blotting to deter-
mine immunoreactivity levels of cyclin D1, as described in
Materials and Methods. Representative Western blots are
shown.

As shown in Fig. 4, the level of cyclin D1 was gradually
decreased upon the treatment of quercetin in the
range of the concentration tested in this study.

Effect of quercetin on caspase-3 activation
and the cleavage of PARP

In order to investigate the mechanism by which
quercetin causes apoptosis, we monitored the protein
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Fig. 3. Flow cytometric analysis of quercetin-treated HOS cells. HOS cells were treated with quercetin at concentrations of
0, 10, 100, 200, 500 and 1000 uM for 48 h. Propidiun Iodide stained cells were analyzed for DNA content using a flow
cytometry (A). Representative histograms are shown. Relative percentage of cells in G; (B) and sub-G; (C) are shown. When
cells were treated with quercetin at concentration of 0, 10, 100, 200, 500 and 1000 uM, cells in G;/S phase were 65.5%,
66.6%, 71.0%, 71.4%, 70.1%, and 73.7%. At the same concentration of quercetin treatment, cells in sub-G; were 2.4%, 9.0%,

24%, 31.3%, 41.2%, and 51.3%.
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Fig. 5. Changes in the expression of apoptosis-related pro-
teins in quercetin-treated HOS cells. HOS cells were treated
with quercetin for 48 h. Cell extracts were subjected to Wes-
tern blotting to determine immunoreactivity levels of pro-
caspase-3, and PARP as described in Materials and Methods.
Representative Western blots are shown.

level changes of apoptosis-related molecules, caspase-
3 and PARP. First of all, we tested the effects of this
compound on levels of caspase-3, an important ex-
ecute molecule of apoptotic signaling pathways. We
found that the level of procaspase-3 was decreased
upon treatment of quercetin which implied that quer-
cetin induced the proteolytic processing of caspase-3
as a dose-dependent manner (Fig. 5). Activation of
caspase-3 leads to the cleavage a number of proteins,
one of which is poly (ADP-ribose) polymerase (PARP).
Although PARP is not essential for cell death, the
cleavage of PARP is another hallmark of apoptosis.
Quercetin treatment also induced a dose-dependent
proteolytic cleavage of PARP, with concomitant ap-
pearance of the 85 kDa form and the disappearance of
the full-size 116 kDa molecule (Fig. 5). Taken together,
these findings suggest that quercetin induced G./S
cell-cycle arrest and consecutive apoptosis through
activation of caspase-3.

DISCUSSION

A significant number of naturally occurring sub-
stances have been shown to protect against experi-
mental carcinogenesis. Thus, it is becoming increas-
ingly evident that certain phytochemicals, particu-
larly those included in the daily diet, have important
cancer chemopreventive properties (Sanaha et al.,
1997). It has been reported that quercetin was a potent
inhibitor of proliferation and inducer of apoptosis in
human colorectal cancer cells (Xavier et al., 2009),
human prostate cancer cells (Aalinkeel et al., 2008;
Lee et al., 2008), and human leukemia cells (Lee et al.,
2006). Several mechanisms for apoptosis induction by
quercetin were suggested. It was reported that quer-
cetin decreased the Bcl:Bax ratio, and increased trans-
location and multimerization of Bax to the mitochon-
dria membrane, thus caused the activation of caspase
families (Lee et al., 2008). Quercetin also arrested
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leukemia U937 cells at Go/M phase of the cell cycle
and induced caspase-dependent apoptosis (Lee et al.,
2006). In addition, it was observed that quercetin
accelerated tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL)-induced and tumor necrosis
factor alpha (TNF-o)-induced apoptosis (Kim et al.,
2008; Son et al., 2008).

In this study, we observed that quercetin inhibited
the proliferation of human osteosarcoma (HOS) cells
and induced apoptosis through activation of caspase-
3. Prior to apoptosis induction, treatment of quercetin
caused cell cycle arrest; cells were arrested at G/S
phase. Similar observation was made with human
breast cancer cells; apoptosis induction after cell cycle
arrest by quercetin (Choi et al., 2008). In other studies,
quercetin-induced Go/M phase block was observed in
other human cancer cells including human leukemia
cells, human oesophageal adenocarcinoma cells (Lee et
al., 2006; Zhang et al., 2008). To further analyze the
molecular mechanism by which quercetin cause cell
cycle arrest, we evaluated the changes in cell cycle re-
gulatory protein levels. Cyclin D1 is one of the cyclins
required for advance from G; to S (Tashiro et al.,
2007). It seemed that the reduction of cyclin D1 level
is one of the main causes for the G,/S block appeared
in quercetin-treated HOS cells. These results demon-
strated that quercetin induced transient cell cycle
arrest at G;/S phase in human osteosarcoma (HOS)
cells through DNA damage led to decrease in the level
of cyclin D1, a cell cycle regulatory molecule. Sub-
sequent quercetin-induced apoptosis was observed
through appearance of sub-G; population shown in
flow cytometry analysis. Caspase-3 was activated by
proteolytic cleavage as the decrease in the level of pro-
caspase-3 in dose-dependent manner in quercetin-
treated cells. The activity of casepase-3 was maintain-
ed at relatively higher doses of quercetin as evidenced
by the cleavage of PARP were preserved. In conclu-
sion, quercetin induced apoptotic cell death of human
osteosarcoma (HOS) cells by blocking cells transiently
at G,/S phase and activiation the capspase-3pathway.

REFERENCES

Aalinkeel, R., Bindukumar, B., Reynolds, J. L., Sykes, D. E.,
Mahajan, S. D., Chadha, K. C., and Schwartz, S. A., The
diatary biflavonoid, quercetin selectively induces apoptosis
of prostate cancer cells by down-regulating the expression
of heat shock protein 90. Prostate, 68, 1773-1789 (2008).

Bertrand, R. and Sané, A. T., Caspase inhibition in campto-
thecin-treated U-937 is coupled with a shift from apopto-
sis to transient G1 arrest followed by necrotic cell death.
Cancer Res., 59, 3565-3569 (1999).



Induction of G/S Arrest and Apoptosis by Quercetin

Brohem, C. A., Sawada, T. C., Massaro, R. R. et al., Apoptosis
induction by 4-nerolidylcatechol in melanoma cell lines.
Toxicol. In Vitro, 23, 111-119 (2009).

Choi, E. J., Bae, S. M., and Ahn, W. S., Antiproliferative
effects of quercetin through cell cycle arrest and apoptosis
in human breast cancer MDA-MB-453 cells. Arch. Pharm.
Res., 31, 1281-1285 (2008).

Hahm, J. C, Lee, I. K., Kang, W. K., Kim, S. U., and Ahn, Y.
J., Cytotoxicity of neolignans identified in Saururus
chinensis towards human cancer cell lines. Planta Med.,
71, 464-469 (2005).

Hansen, M. B., Nielsen, S. E., and Berg, K., Re-examination
and further development of a precise and rapid dye
method for measuring cell growth/cell kill. J. Immunol.
Methods, 12, 203-210 (1989).

Kim, Y.-H. Lee D.-H., Jeong, J.-H. et al., Quercetin augu-
ments TRAIL-induced apoptotic death: Involvement of
the ERK signal transduction pathway. Biochem. Pharmacol.,
75, 1946-1958 (2008).

Kim, J. H., Ju, E. M,, Lee, D. K., and Hwang, H. J., Induction
of apoptosis by mormodin I in promyelocytic leukemia
(HL-60) cells. Anticancer Res., 22, 1885-1890 (2002).

Lamson, D. W. and Brignall, M. S., Antioxidants an cancer
IIT: Quercetin. Altern. Med. Rev., 5, 196-208 (2000).

Lee, D,-H., Szczepanski, M., and Lee, Y. J., Role of Bax in
quercetin-induced apoptosis in human prostate cancer
cells. Biochem. Pharmacol., 75, 2345-2355 (2008).

Lee, T.-J., Kim, O. H. Kim, Y. H. et al., Quercetin arrests Gof
M phase and induces caspase-dependent cell death in
U937 cells. Cancer Lett., 240, 234-242 (2006).

Liu, J. R., Dong, H. W., Chen, B. Q. et al., Fresh apples sup-
press mammary carcinogenesis and proliferative activity
and induce apoptosis in mammary tumors of the Spraque-
Dawley rat. JJ. Agric. Food Chem., 14, 297-304 (2009).

Lilenbaum, R. C. and Green, M. R., Novel chemotherapeutic
agents in the treatment of non-small-cell lung cancer. J.
Clin. Oncol., 11, 1391-1402 (1993).

Peng, B., Hu, Q., Wang, L. et al.,, Duchesenea phenolic
fraction inhibits in vitro and in vivo growth of cervical
cancer through induction of apoptosis and cell cycle
arrest. Exp. Biol. Med., 234, 74-83 (2009).

785

Pezzuto, J. M., Plant-derived anticancer agents. Biochem.
Pharmacol., 53, 121-133 (1997).

Piao, W, Yoo, J., Lee, D. K., Hwang, H. J., and Kim, J. H.,
Induction of G2/M phase arrest and apoptosis by a new
synthetic anticancer agent, DW2282, in promyelocytic
leukemia (HL-60) cells. Biochem. Pharmacol., 62, 1439-
1447 (2001).

Ramos, S., Effect of dietary flavonids on apoptotic pathways
related to cancer chemoprevention. J. Nuitr. Biochem., 18,
427-442 (2007).

Sanaha, H. S., Kelloff, G. J., Steele, V., Rao, C. V., and Reddy,
B. S., Modulation of apoptosis by sulindac, curcumin,
phenylethyl-3-methylcaffeate, and 6-phenylhexyl isothio-
cyanate: apoptotic index as a biomarker in colon cancer
chemoprevention and promotion. Cancer Res., 57, 1301-
1305 (1997).

Son, Y.-K., Kook, S.-H., Choi, K.-C. et al., Quercetin acceler-
ates TNF-o-induced apoptosis of MC3T3-E1 osteoblastic
cell through caspase-dependent and JNK-mediated path-
way. Eur. J. Pharmacol., 579, 26-33 (2008).

Tashiro, E., Tsuchiya, A., and Imoto, M., Function of cyclin
D1 as an oncogene and regulation of cyclin D1 expression.
Cancer Sci., 98, 629-635 (2007).

Xavier, C. P. R., Limba, C. F., Preto, A. et al., Luteolin, quer-
cetin and ursolic acid are potent inhibitors of proliferation
and inducers of apoptosis in both KRAS and BRAF
mutated human colorectal cancer cells. Cancer Lett., 281,
162-170 (2009).

Yang, C. S., Landau, J., Huang, M. T., and Newmark, H. L.,
Inhibition of carcinogenesis by dietary polyphenolic
compounds. Annu. Rev. Nutr., 21, 381-406 (2001)

Yuan, S. S. F., Chang, H. L., Chen, H. W. et al., Selective
cytotoxicity of squamocin on T24 bladder cancer cells at
the S-phase via a Bax-, Bad-, and caspase-3-related
pathways. Life Sci., 78, 869-974 (2006).

Zhang, Q., Zhao, X.-H., and Wang, Z.-J., Flavones and
flavonols exert cytosolic effects on a human oesophageal
adenocarcinoma cell line (OE33) by causing G2/M arrest
and inducing apoptosis. Food Chem. Toxicol., 46, 2042-
2053 (2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /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 ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


