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Growth suppression and apoptosis inducing effect of (-)-epigallocatechin 3-gallate (EGCG) and
(-)-epigallocatechin (EGC) were studied against human promyeolcytic leukemia, HL-60 cells.
EGCG showed higher growth suppression against HL-60 cells than EGC. IC50 values for
EGCG were 60.0 µM and EGC was 107.7 µM, respectively. Both EGCG and EGC induced apo-
ptosis evidenced by nuclei fragmentation. Nuclear fragmentation was observed as a time-
dependent manner and the extent of nuclear fragmentation was slightly higher in EGCG-
treated cells than EGC-treated cells. The expression level of Bcl-2 was decreased and caspase-
3 was activated by EGCG or EGC treatment. The extent in decrease of Bcl-2 and activation
caspase-3 were more extensively occurred in EGCG-treated cells than in EGC-treated cells.
These data corresponded to the growth suppression data. EGC showed no cytotoxicity to a
normal V79-4 cell line and EGCG showed slight cytotoxicity at higher concentrations.
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INTRODUCTION

Green tea has been a most consumed beverage
next to water for many centuries in Asian coun-
tries. Since the beneficial effects of green tea are
known, many studies have been carried out to iden-
tify the components of green tea and to investigate
the mechanism of active ingredients (Aggarwal and
Shishodia, 2006, Bode and Dong, 2006, Zaveri,
2006, Dorai and Aggarwal, 2004). The major com-
ponents of green tea polyphenolic catechins include
(-)-epigallocatechin 3-gallate (EGCG), (-)-epigallo-
catechin (EGC), (-)-epicatechin gallate (ECG), (-)-
epichatechin (EC), (+) catechin and (+) gallocate-
chin. The beneficial effects of green tea are well-
known including cancer preventive activity and
other medical applications (Fujiki et al., 2002;
Mukhtar and Ahmad, 2000; Zaveri, 2006).

Among polyphenolic catechins of green tea, EGCG,
which is the most abundant component of green

tea, has drawn attention of researchers mostly, so
potential cancer preventive effect was suggested
(Sugamura et al., 1999; Yang et al., 2002) based on
its inhibitory effects on diverse cellular events as-
sociated with anti-mutagenic effect and tumorigenesis
(Hernaez et al., 1998; Hour et al., 1999; Mimito et
al., 2000). It is also reported that this compound
has anti-oxidative and anti-inflammatory activities
(Shi et al., 2000; Ahmed et al., 2002). EGC, the
second most abundant catechin of green tea and
constitute about 50% of the level of EGCG, has not
much drawn attention to its beneficial medical
effect; Apoptosis induction in human breast cancer
cells (Vergote et al., 2002) and topoisomerase II
inhibition activity of EGC were reported (Neukam
et al., 2008). In this study we compared the growth
suppression and apoptosis induction effect of EGC
with those of EGCG in human leukemia cells in
order to obtain data can be used for developing
potential therapeutic or chemo-preventive agents
for cancer patients.
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MATERIALS AND METHODS

Cell culture, Cell viability and cytotoxicity
analysis

The human promyelocytic leukemia cell line HL-
60 (ATCC CCL-240) was grown in RPMI-1640 (Gibco
BRL, USA). The Chinese hamster lung cell line
V79-4 (ATCC CCL-93) was grown in Dulbecco's
modified Eagle's medium (DMEM, Gibco BRL,
USA). Culture media was supplemented with 10%
(v/v) heat inactivated fetal bovine serum, 2 mM
glutamine, and antibiotics. Cultures were main-
tained at 37oC in a humidified atmosphere of 95%
air and 5% CO2. Cytotoxicity of EGCG and EGC
were estimated by the MTT assay (Hansen et al.,
1989). HL-60 cells were treated with samples for
the indicated time. V79-4 cells were treated with
EGCG or EGC for 48 hr. The data are expressed as
a mean percentage of viable cells as compared to
the respective control cultures.

Nuclear morphology observation
HL-60 cells were treated with 50 µM of EGCG or

EGC for 24 and 48 hr. Morphology of cellular nuclei
were observed under a fluorescent microscope as
described previously (Lee et al., 2003).

Western blot analysis
HL-60 cells were treated with samples and sub-

jected to Western blot analysis, as described pre-
viously (Piao et al., 2001). Blots were probed with
mouse monoclonal anti-human anti-Bcl-2 (Oncogene
Science, USA) and anti-caspase-3 (Transduction
Laboratory, USA) antibodies. Immunoreactivity was
detected using either an anti-mouse (Santa Cruz

Biotechnology, USA) or anti-rabbit (Amersham Bio-
sciences, UK) peroxidase-conjugated secondary IgG
antibody and an enhanced chemiluminescence (ECL)
detection kit (Amersham Biosciences, UK). The in-
tensity of protein bands was measured using soft-
ware, Image J 1.41 and expressed as relative values
to the control.

RESULTS AND DISCUSSION

Growth suppression of EGCG and EGC
The growth suppression effect of EGCG and EGC

on a human promyelocytic leukemia cell line, HL-
60 was evaluated using MTT assay. At 48 hr exp-
osure to EGCG and EGC, HL-60 cell growth was
dramatically decreased in a dose-dependent manner,
as shown in Fig. 1A. Growth suppression effect of
EGCG was slightly higher than that of EGC in
almost all ranges of the concentration used in this
study. However, both EGCG and EGC revealed
similar pattern of growth suppression of HL-60
cells. Control cells treated with vehicle alone showed
no changes in cell growth or viability. The concen-
tration required to inhibit growth by 50% (IC50) for
EGCG and EGC on HL-60 cells was 60.0 µM and
107.7 µM after 48 hrs of incubation, respectively
(Fig. 1B). When the incubation time was increased
to 72 hr, IC50 value for EGCG and EGC were decre-
ased slightly to 57.5 µM and 97.5 µM, respectively
even though these decreased values were not signi-
ficantly different from the values of 48 hr incubation.

Induction of apoptosis by both EGCG and
EGC treatment

To determine whether EGCG and EGC-meditated

Fig. 1. Growth suppression effect of EGCG and EGC in HL-60 cells. A. Dose-dependent growth curve of EGCG or EGC-
treated HL-60 cells. Cells were incubated with 0, 3, 10, 30 and 100 and 200 µM of EGCG ( ● ) or EGC ( ○ ) for 48 hr. The
relative cell survival rate was measured by the MTT assay. The percentage of cell growth in the control group was
designated as 100%. B. IC50 values of EGCG and EGC against HL-60 cells after 48 or 72 hr incuation. Experiments were
performed at least 3 times and data are presented as means ± S.D.
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growth suppression of HL-60 cells was associated
with apoptosis, we examined the EGCG and EGC-
induced nuclei fragmentation. Cells were treated
with 50 µM of EGCG or EGC and the nuclei of cells
were stained with propidium iodide after 24 or 48
hr of incubation. Control cells exhibited intact
nuclei, but EGCG and EGC-treated cells showed
significant nuclear fragmentation (Fig. 2), which is
one of typical makers of apoptosis induction. More
cells with nuclei fragmentation were observed in
cells treated with EGCG or EGC for extended
period of time (48 hr in Fig. 2). Slightly more nuclei
fragmentation was observed in cells treated with
EGCG than cells treated with EGC. The induction
of apoptotic cell death was accompanied by charac-
teristic morphological and structural changes in-
cluding a condensed and fragmented nuclear struc-
ture and decreased cell size (Kerr et al., 1994). In
this experiment we showed the changes in the mor-
phology of the nucleus of EGCG or EGC-treated
cells. Thus, our data suggest that the growth sup-
pression effect of both EGCG and EGC related to
induction of apoptosis evidenced by the induction of
nucleus fragmentation.

Changes in apoptosis-related molecules
In order to investigate the mechanism by which

EGCG and EGC cause apoptosis, we observed the
changes in levels of apoptosis-related proteins. The
concentration of each protein lysate was measured
and the same amount of protein was loaded for
Western blot analysis. Protein integrity was con-
firmed by SDS-PAGE analysis (data not shown).

Among apoptosis-related proteins, the changes in
Bcl-2 protein level, an important regulator of apo-
ptotic signaling pathways (Reed, 1998). As shown
in Fig. 3A, Western blot analysis revealed that both
EGCG and EGC treatment decreased Bcl-2 protein
levels. The relative level of Bcl-2 protein was
quantitatively compared and it was found that Bcl-
2 protein level decrease was more intensively oc-
curred in EGCG-treated HL-60 cells than EGC-
treated cells (Fig. 3B).

Next, we observed the changes in caspase-3, an
apoptosis execute molecule. Both EGCG and EGC
induced the proteolytic processing of pro-caspase-3
as a dose-dependent manner (Fig. 3C). Caspase-3 is
a cysteine protease that exists as an inactive zymo-
gen in cells that is activated by sequential proteolytic
events that cleave the 32-kDa precursor at aspartic
acid residue to generate active heterodimer of 20
and 12 kDa subunits (Nicholson et al., 1995). Similar
observation was made in green tea polyphenol
treated-human osteosarcoma SAOS-2 cells, where
the treatment of inhibitors of caspase-3 rescued
SAOS-2 cells from GTP-induced apoptosis (Hafeez
et al., 2006). The quantitative analysis showed that
the proteolytic cleavage of procaspase-3, which im-
plied the activation of caspase-3, was induced more
intensively in EGCG-treated cells than EGC-treat-
ed cells (Fig. 3D). And the slope of the decrease in
the level of procaspase-3 was sharper than that of
Bcl-2. Therefore, it seemed that the downstream
molecules such as caspase-3 in apoptotic pathway
were more influenced by the EGCG-treatment. These
results supported the growth suppression data pre-

Fig. 2. Nuclear fragmentation was induced by EGCG or EGC treatment in HL-60 cells. HL-60 cells were treated with
50 µM of EGCG (upper panel) or EGC (lower panel) for 24 or 48 hr and stained with propidium iodide. Cellular
morphological changes were observed using a fluorescence microscope at the magnitude of 600×.
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sented above, where EGCG was more effective than
EGC for the growth suppression of HL-60 cells.

Cytotoxicity to a normal cell line, V79-4
In order to observe cytotoxicity of EGCG and EGC

on a normal cell line, we measured the relative cell
survival of a Chinese hamster cell, V79-4 upon
treatment of either EGCG or EGC (Fig. 4). EGC
showed no cytotoxicity in 48 hr incubation. EGCG
also showed no significant cytotoxicity at lower
concentrations however, slight decrease in relative
cell survival was observed at higher concentrations
(50 µM) in EGCG-treated V79-4 cells. Similarly,
EGC reduced the growth of human breast cancer
cells but not that of normal breast epithelial cells
(Vergote et al., 2002). These cytotoxicity data were
obtained with a Chinese hamster cell line, the data
may be used as a reference data for in vivo or clini-
cal experiments to develop these phytochemicals as
potential therapeutic agents.
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Fig. 3. Changes in the expression of apoptosis-related proteins in response to treatment with EGCG and EGC. HL-60
cells were treated with 0, 4, 20, 50 and 100 µM of EGCG and EGC for 48 hr. Cell extracts were subjected to Western
blotting to determine immunoreactivity levels of Bcl-2 (A and B) and procaspase-3 (C and D) as described in Materials
and Methods. Protein band intensity was measured and expressed as relative values (B for Bcl-2 and D for pro-caspase-
3). Experiments were performed at least 3 times and representative Western blots are shown. 

Fig. 4. Cytotoxicity of EGCG and EGC to a normal cells
V79-4. V79-4 cells were incubated with 0, 4, 20, 50 and
100 µM of EGCG or EGC for 48 hr. The relative cell
survival was measured by MTT assay. Data are pre-
sented as means±SD. The percentage of cell growth in the
control group was designated as 100%.



Differences in Apoptosis Induction of EGCG and EGC 547

REFERENCES

Aggarwal, B. B. and Shishodia, S., Molecular targets of
dietary agents for prevention and therapy of cancer.
Biochem. Pharm., 71, 1397-1421 (2006).

Ahmed, S., Rahman, A., Hanain, A., Lalonde, M., Goldberg, V.
M., and Haqqi, T. M., Green tea polyphenol epigallo-
catechin-3-gallate inhibits the IL-1β–induced activity
and expression of cyclooxygenase-2 and nitric oxide
synthase-2 in human chondrocytes. Free Radic. Biol.
Med., 33, 1097-1105 (2002).

Bode, A. M. and Dong, Z., Signal transduction pathways:
Targets for green and black tea polyphenols. J.
Biochem. Mol. Biol., 36, 66-77 (2003).

Dorai, T. and Aggarwal, B. B., Role of chemopreventive
agents in cancer theraphy. Cancer Lett., 215, 129-140
(2004).

Fujiki, H., Suganuma, M., Imai, K., and Nakachi, K.,
Green tea: cancer preventive beverage and/or drug.
Cancer Lett., 188, 9-13 (2002).

Hafeez, B. B., Ahmed, S., Wang, N., Gupta, S., Zhang, A.,
and Haqqi, T. M., Green tea polyphenols-induced
apoptosis in human osteosarcoma SAOS-2 cells involves
a caspase-dependent mechanism with down regulation
of nuclear factor-βB. Toxicol. Appli. Pharmacol., 216,
11-19 (2006).

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

Hernaez, J. F., Xu, M., and Dashwood, R. H., Antimu-
tagenic activity of tea towards 2 hydroxyamino-3-
methylimidazo[4,5-f] quiolone:effect of tea concentra-
tion and brew time on electrophile scarvenging. Mut.
Res., 402, 299-306 (1998).

Hour, T. C., Liang, Y. C., Chu, I. S., and Lin, J. K., Inhibi-
tion of eleven mutagens by various tea extracts, (-)
epigallocatechin-3-gallate, gallic acid and caffeine.
Food. Chem. Toxicol., 37, 569-579 (1999). 

Kerr, J. F., Winterford, C. M., and Harmon, B. V., Apo-
ptosis: Its significance in cancer and cancer therapy.
Cancer, 73, 2013-2026 (1994).

Lee, S. E., Shin, H-T., Hwang, H. J., and Kim, J. H., Anti-
oxidant activity of extracts from Alpinia katsumadai seed.
Phytother. Res., 17, 1041-1047 (2003).

Mimito, J., Kiura, K., Matsuo, K., Yoshino, T., Takata, I.,
Ueoka, H., Kataoka, M., and Harada, M., (-)-Epigallo-

catechin gallate can prevent cisplatin-induced lung
tumorigenesis in A/J mice. Carcinogenesis, 21, 915-919
(2000). 

Mukhtar, H. and Ahmad, N., Tea polyphenols: preven-
tion of cancer and optimizing health. Am. J. Clin. Nutr.,
71, 1698S-1702S (2000).

Neukam, K., Pastor, N. and Cortés, F., Tea flavanols
inhibit cell growth and DNA topoisomerase II acti-
vity and induce endoreduplication in cultured Chinese
hamster cells. Mut. Res., 654, 8-12 (2008).

Nicholson, D. W., Ali, A., Thornberry, N. A., Vaillancourt, J.
P., Ding, C. K., Gallant, M., Gareau, Y., Griffin, P. R.,
Labelle, M., Lazebnik, Y. A., Mundau, N. A., Raju, S.
M., Smulson, M. E., Yamin, T. T., Yu, V. L., and Miller,
D. K., Identification and inhibition of the ICE/CED-3
protease necessary for mammalian apoptosis. Nature,
376, 37-43 (1995).

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 anti-cancer agent, DW2282, in promyelocytic
leukemia (HL-60) cells. Biochem. Pharmacol., 62, 1439-
1447 (2001).

Reed, J. C., Bcl-2 family proteins. Oncogene, 17, 3225-
3226 (1998).

Shi, X., Leonard, S. S., Ding, M., Vallyathan, V.,
Castranova, V., Rojanasaki, Y., and Dong, Z., Antioxi-
dant properties of (-)-epigallocatechin-3-gallate and its
inhibition of Cr(VI)-induced DNA damage and Er(IV)0
or TPA-stimulated NF-kappaB activation. Mol. Cell.
Biochem, 206, 125-132 (2000).

Suganuma, M., Okabe, S., Sueoka, N., Sueoka, E.,
Matsuyama, S., Imai, K., Nakachi, K., and Fujiki, H.,
Green tea and cancer chemoprevention. Mutat. Res.,
428, 339-344 (1999). 

Vergote, D., Cren-Olivé, C., Chopin, V., Toillon, R-A.,
Rolando, C., Hondermarck, H., and Bourhis, X. L., (–)-
Epigallocatechin (EGC) of green tea induces apoptosis
of human breast cancer cells but not of their normal
counterparts. Breast Cancer Res. Treat., 76, 195-201
(2002). 

Yang, C. S., Maliakal, P., and Meng, X., Inhibition of
carcinogenesis by tea. Annu. Rev. Pharmacol., Toxicol.,
42, 25-54 (2002).

Zaveri N. T., Green tea and its polyphenolic catechins:
Medicinal uses in cancer and noncancer applications.
Life Sci., 78, 2073-2080 (2006).



<<
  /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


