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j Abstract Background Obesity
is a chronic sub-inflammatory
condition which is a risk factor for
several cancer diseases, e.g. colon
cancer. Adipose tissue secretes
biologically active factors like lep-
tin with a known pro-inflamma-
tory or mitogenic activity. Both,
chronic inflammation and an in-
creased cell proliferation are con-
sidered to play an important role
in colon carcinogenesis. Diverse
phytochemicals were shown to
have cell growth inhibiting effects.
Aim of the study The aim was to
investigate whether adipocytes
could mediate a proliferative
capacity to HT29, a human colon
adenocarcinoma cell line, and
whether phytochemicals could
modulate this effect. Methods
Infranatants of adipocyte cultures
from different donors were pre-
pared and the effects of those
conditioned adipocyte media
(CAM) on HT29 cell growth were
measured. Additionally, cell cycle
progression was analyzed by flow
cytometry after CAM treatment
and ERK 1/2 phosphorylation was
analyzed. Results CAM from a
subgroup of adipose tissue donors
stimulated HT29 cell growth,
whereas others did not. This effect
seems to be mediated via the ERK
1/2 pathway. Furthermore, CAM
caused changes in cell cycle distri-
bution with a shift of HT29 cells

from G1- into the S-phase. This
effect could be mimicked by leptin
(1 nM). Co-incubation of CAM-
treated HT29 cultures with b-caro-
tene or EGCG did not have a
significant impact on cell cycle
progression, whereas genistein
(30 lM) tended to inhibit the CAM-
stimulated transition of cells into
the S-phase. Conclusion This study
confirmed the mitogenic activity of
leptin in HT29 cells, although leptin
secretion from adipocytes is not
likely to be responsible for CAM-
stimulated cell growth in our test
system. The investigated phyto-
chemicals seem to have only a
minor influence on CAM-mediated
cell cycle progression.

j Key words colon cancer –
adipokines – adipose tissue –
secondary plant metabolites –
proliferation

j Abbreviations ANOVA: Ana-
lysis of variance, AMPK: Adenosine
monophosphate-activated protein
kinase, BMI: Body mass index, PKB/
Akt: Protein kinase B, BHT:
Butylhydroxytoluene, BSA: Bovine
serum albumin, CAM: Conditioned
adipocyte media, d: Diameter,
DMEM: Dulbecco’s modified Eagle’s
medium, DMSO: Dimethylsulfoxide,
EGCG: (-)-Epigallocatechingallate,
EGF: Epidermal growth factor, ERK:
Extracellular regulated kinases, FCS:
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Introduction

Obesity is associated with an increased risk of various
diseases, including certain malignancies like colon
cancer (relative risks 1.2–2.0, reviewed in [19]), al-
though the causal relationship is not yet fully under-
stood. Elevated insulin concentrations commonly
observed in obesity (reviewed in [9]) may stimulate
proliferation and reduce apoptosis in colon cancer
cell lines and in animal models. Additionally, altera-
tions in the insulin-like growth factor (IGF) system
adversely effects cellular growth pathways in insulin
resistant state [9].

Moreover, during recent years, adipose tissue was
found to represent an active endocrine organ which
secretes different bioactive products collectively
termed adipokines. A variety of studies have sug-
gested that the link between obesity and colon cancer
might be explained by these adipokines [10] of which
adiponectin and leptin are the most abundantly se-
creted products. Beside control in energy metabolism
and food intake leptin has been shown to stimulate
growth of normal and neoplastic colonic cells [10,
12]. In turn, adiponectin is considered to demon-
strate an anti-inflammatory adipokine and it’s
expression was shown to be reduced in the obese
state [3]. Interestingly, adiponectin seems to exert
pro-proliferative action on HT29 human colon can-
cer cells [20]. Other adipokines, cytokines and che-
mokines, with a known immunmodulatory function
[11, 30] may additionally increase the risk for colon
cancer. Especially IL-6 seems to play a crucial role for
the growth of primary and metastatic carcinoma cells
[5, 26].

In contrast to a high energy intake, consumption of
fruits and vegetables may protect against certain types
of cancer, including colorectal carcinoma [23, 34],
although controversial data exist [8, 18]. Food con-
tents like carotenoids like b-carotene [6, 21] and
the polyphenol (-)-epigallocatechingallate (EGCG)
may exert anti-proliferative or pro-apoptotic effects
on colonic cells [14, 27] as underscored by animal
models of colon carcinogenesis [35].

Aim of this study was (I) to investigate whether
secretory factors from adipocytes can confer an ele-
vated capacity for cell proliferation on intestinal

epithelial cells and (II) to address potential molecu-
lar mechanisms. Additionally, we (III) were inter-
ested to investigate whether phytochemicals are able
to modulate a potential adipocyte-mediated effect on
the HT29 proliferation. Therefore, conditioned
media from cultured human adipocytes were pre-
pared and their effects on HT29 cells were investi-
gated in vitro either alone or in combination with
phytochemicals.

Materials and methods

j Chemicals

b-carotene was pre-dissolved in THF stabilized with
0.025% BHT. Stock solutions of EGCG and genistein
were prepared in DMSO. Final concentrations of the
solvents in cell culture media were always 0.5%. All
other chemicals were from Sigma-Aldrich (Taufkir-
chen, Germany) or Merck (Darmstadt, Germany).
Genistein was from Extrasynthese (Genay, France),
collagenase from Biochrom (Berlin, Germany).

j Donors of adipose tissue samples

For the different experiments in total subcutaneous
adipose tissue samples (50–100 g wet weight) were
obtained from 36 (9 male, 27 female) subjects
undergoing elective plastic abdominal surgery. The
mean age of the donors was 45 ± 13 (range 27–82)
years and their average BMI was 27.1 ± 5.3 kg/m2.
They were all of Caucasian origin and did not suffer
from acute infections. The protocol was approved by
the ethical committee of the Technische Universität
München.

j Isolation and culture of fat cells

Adipose tissue samples were transported to the lab-
oratory in DMEM/Ham’s F12 (1:1 w/w) containing
50 lg/ml gentamycin and were dissected within 1 h
after operation [29]. For preparation of mature fat
cells minced tissue was digested with 100 U/ml col-
lagenase and 4% BSA for 60 min at 37�C in a shaking

Fetal calf serum, FITC: Fluorescein
isothiocyanate, IGF: Insulin-like
growth factor, IL: Interleukine,
JNK: Janus kinase, MAPK: Mitogen-
activated phosphokinase, KRP:
Krebs-Ringer phosphate buffer, OD:
Optical density, PI: Propidium

iodide, PI3K: Phosphatidyl-inositol
3-kinase, PBS: Phosphate buffered
saline, THF: Tetrahydrofurane, w/o:
Without, WST-1: (4-[3-(4-iodophen-
yl-)2-(4-nitrophenyl)-2H-5-tetrazo-
lio-]1, 3-benzodisulfonate
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water bath. Floating mature adipocytes were purified
by 2 filtration steps with 2,000 and 250 lm pore size
(VWR, Darmstadt, Germany) and mean cell volumes
were calculated from the diameter using the for-
mula 4/3 · r3 · p. The floating adipocytes were wa-
shed three times with KRP containing 0.1% BSA. For
the preparation of conditioned adipocyte media
(CAM) packed fat cells were resuspended with
DMEM/F12 medium (1:8) supplemented with 50 lg/
ml gentamycin for 16 h in a humidified atmosphere
with 5% CO2 at 37�C. Thereafter, infranatants were
harvested and stored at 4�C not longer than 3 h until
used in subsequent experiments. For cell viability
lactate dehydrogenase (LDH) activity was measured
[33]. Only cell preparations below a certain threshold
were used for the experiments.

j Culture of HT29 cells and proliferation assays

For the determination of proliferation HT29 human
colon adenocarcinoma cells (German Collection of
Microorganisms and Cell Cultures, Braunschweig,
Germany, passages 13–26) were used. The cells were
cultivated in DME-medium (25 mM glucose) con-
taining 10% (v/v) FCS, 50 units/ml penicillin and
50 lg/ml streptomycin (referred as HT29 medium).
Cells were seeded into 96-well plates (5,000 cells/well)
and were incubated with HT29 cell culture to allow
cell attachment. After 12 h cells were incubated with
test media consisting of HT29 medium and fat cell
medium (fi CAM control) (1:1 (v/v)), adipocyte in-
franatants (fi CAM) or leptin (1 nm) containing a
final concentration of 5% FCS in every medium. After
5 days in the respective medium, viability of the cells
was determined using a WST-1 test (final concentra-
tion of WST 10%).

j Measurement of adipokines by ELISA

Adiponectin and leptin in the cell culture media were
measured by ELISAs from R&D Systems (Wiesbaden,
Germany). The detection limits for adiponectin and
leptin were 3.9 ng/ml and 15.6 pg/ml, respectively.
The intra-assay coefficient was <5%, the inter-assay
coefficient <10%. The amount of protein in the
medium was normalized for 106 cells.

j Measurement of ERK 1/2 (p42/p44) MAPK
activation

Mitogen activated phosphokinases (MAPKs) ERK 1/2
(p44p42) were measured with a bead-based multiplex
assay (Bio-Plex 200 System, Bio-Rad, Hercules, CA,
USA). Therefore, cells CAM were added to HT 29

(5 · 103 cells/cm2) at a dilution of 1:2 in DMEM
without FBS for different time periods as indicated in
the figure. Subsequently, cells were harvested in cell
lysis buffer (Bio-Rad) and total protein content was
determined (BCA-assay, Promega, Heidelberg, Ger-
many). For MAP-kinase phosphorylation 10 lg of
total protein were incubated with specific phosp-
hoantibody-coupled polystyrene beads and were de-
tected with a biotinylated secondary antibody
according to the manufacturers protocol (Bio-Rad).
Fluorescence signals were corrected for total ERK1/2
for the same starting amount of protein.

j Cell cycle experiments

For cell cycle experiments HT29 cells were seeded into
6-well plates (125,000 cells/well) and grown for 24 h
in HT29 medium. Cell cycle was synchronized by
deprivation of serum for another 24 h. Subsequently,
cells were treated for 15 h with the test media de-
scribed above, either with or without the phyto-
chemicals b-carotene, EGCG or genistein. For flow
cytometry analysis, cells were trypsinized. Cell via-
bility was determined by trypan blue staining and
250,000 cells of each sample were washed twice with
PBS and fixed in 70% ethanol for 1 h on ice. After
washing twice with PBS, 25 ll RNAase (100 lg/ml)
was added to each sample. After 5 min at room
temperature, cells were stained with propidium iodide
(50 lg/ml) for 25 min (15 min at room temperature
and 10 min at 37�C) and placed on ice until analysis.
Cell cycle distribution was measured in the LSRII flow
cytometer (BD Biosciences, Heidelberg, Germany)
with an argon ion laser emitting light at 488 nm. At
least 10,000 cells per sample were measured and data
analysis was performed with the FACSDiva� software
version 3.0. For the statistical analysis of cell cycle
distribution ModFit LT� Version 2.0 (Verity Software
House Inc., Topsham, USA) was used.

j Statistical analysis

Statistical analyses were carried out using the Sigma-
Stat� 3.0 (SPSS Science Software, Erkrath, Germany).
Differences in cell growth and cell cycle distribution
between treated and corresponding control cells were
tested using paired Student’s t tests. Linear correla-
tions between different parameters were done to see
their relationships. The significance level was set at
P £ 0.05. If the measured data were not normally
distributed, adequate nonparametric statistical tests
were used. As adipose material was limited not all
analyses from every sample could be performed.
Therefore, number of samples is always given.
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Results

j Influence of conditioned adipocyte-media on HT29
cell proliferation

Thirty CAM were used for the assessment of prolif-
eration-promoting activity in HT29 cells. Interest-
ingly, only CAM from 11 donors led to a significant
mean increase in cell growth by 22 ± 9% (Fig. 1).
However, the others failed to stimulate proliferation.
There was no significant effect when all samples were
combined (Fig. 1). Baseline characteristics of donors
from active and inactive CAM were not different (data
not shown). There was no correlation of HT29 cell
growth with BMI, age, and mean fat cell size of the
donors. Two-way ANOVA did not show any influence
of gender (P = 0.54) on HT29 cell growth after CAM
treatment (data not shown).

j Measurement of adipokines in CAM and their
effects on HT29 cells growth

As shown recently, leptin caused potent proliferation
in colonocytes [24]. In own experiments, use of 1 nm

recombinant leptin for 5 days resulted in a significant
proliferation of HT29 cells by 75 ± 39% (P < 0.05,
data not shown). In CAM Leptin levels greatly varied
from 24 to 2,200 pg/ml. Although logarithmic (log10)
leptin concentration from all measured CAM was not
significantly associated with the BMI of the adipose
tissue donors (R = 0.20; P = 0.49; n = 14; Fig. 2a)
leptin levels in the CAM samples with proliferation-
stimulating effects were closely associated with donor
BMI (R = 0.82; P = 0.01; n = 8; Fig. 2a). Hereby lep-
tin levels in stimulating CAM were 24.7 ± 18.4 and
51.6 ± 54.5 nm, in non-stimulating CAM respectively.
However, cell growth tended to be negatively corre-
lated with leptin concentrations in CAM if all samples
were analyzed (R = )0.45; P = 0.08; n = 16; Fig. 2b).
Considering only data from CAM that significantly
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stimulated cell growth (black dots), the reverse cor-
relation between leptin concentration in CAM and
HT29 proliferation activity was notably high and
reached statistical significance (R = )0.91; P = 0.002;
n = 8; Fig. 2b). Measurement of adiponectin exhib-
ited concentrations between 8.6 and 88.7 ng/ml in
CAM and did not result in a significant association to
cell growth (R = )0.22; P = 0.43; data not shown).
Adiponectin concentrations in stimulating CAM
30.2 ± 24.3 versus 28.8 ± 17.6 ng/ml in non-stimu-
lating CAM.

j Effect of conditioned adipocytes media on
MAP-kinase and I-jB phosphorylation

The ERK 1/2 (p44/p42) pathway is a major mediator
for cell growth (reviewed in [1]). Therefore, CAM
were added in a time-dependent manner to measure
the phosphorylation of ERK 1/2, JNK, p38, and I-jB.
CAM were found to stimulate phosphorylation of
ERK 1/2 MAP-kinase with a maximum effect after
5 min by 5.4 ± 1.4 fold compared to control medium
(Fig. 3). JNK, p38, and I-jB were not significantly
affected (data not shown). To further characterize the
role of ERK 1/2 MAP-kinase as a possible mediator of
the effect of CAM, we exposed HT29 cells to 10 lM
UO126, a specific inhibitor of MEK 1/2, 30 min. prior
to the incubation with CAM. As demonstrated in
Fig. 3 UO 126 did not affect basal ERK 1/2 phos-

phorylation, but completely inhibited the stimulatory
action of CAM. Again, JNK, p38 and I-jB were not
affected (data not shown).

j Effect of phytochemicals on leptin- and
CAM-stimulated cell cycle progression of HT29 cells

To assess the effect of phytochemicals on leptin or
CAM-stimulated HT29 cell growth, cells were
deprived from FCS for 24 h to ensure a synchroni-
zation of cells. Flow cytometric cell cycle analysis
showed that 87% of serum-free control cells were in
the G0/G1-phase, 9% in the S-phase and 4% in the G2/
M-phase. A 15-h treatment of HT29 cells with leptin at
a concentration of 1 nM resulted in a significant 3.5-
fold increase of cells in the S-phase of the cell cycle
compared to serum-free control cells. To study the
effect of selected phytochemicals HT29 cells were pre-
incubated with different concentrations of b-carotene
(5 and 20 lM), (-)-epigallocatechingallate (EGCG) (5
and 25 lM), or genistein (10 and 30 lM) for 2 h.
Then, leptin or CAM were used to induce HT29
proliferation either in the presence or absence of the
respective phytochemicals. Concerning the effect of
1 nM leptin, neither b-carotene, nor EGCG nor geni-
stein could significantly modulate the effect on cell
cycle distribution (data not shown). In contrast,
addition of genistein (30 lM) to CAM treated cells
tended to result in an inhibition of the shift of the
HT29 cells into the S-phase (Fig. 4). The percentage of
genistein-treated cells in the S-phase was reduced by
13 ± 2% (P < 0.13). Furthermore, CAM-stimulated
transition of HT29 cells into the S-phase was not af-
fected by co-incubation with b-carotene and EGCG
(Fig. 4).

Discussion

Chronic inflammation and an increased colonic cell
proliferation are suggested to represent important
events in colon carcinogenesis (reviewed in [4]).
Obesity is a major cause for a chronic low-grade
inflammatory condition and this may be one link for
the association between obesity and the increased risk
of colon cancer [9]. Adipose tissue could mediate
proliferative signals to the colonic epithelium by the
secretion of pro-inflammatory adipokines. In the
present study, conditioned adipocyte media (CAM)
from different adipose tissue donors were prepared
and showed variable effects on HT29 cell growth. The
co-incubation model in our study uses a similar ap-
proach as recently published for other cell types [28,
37]. The approach may mirror the in vivo situation at
least in part as we were able to identify a variety of
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adipokines which also play a role in diseases with a
chronic inflammatory background like diabetes or
atherosclerosis [11, 30, 31]. Although we were not able
to demonstrate significant associations between BMI,
fat cell volume or leptin and HT29 growth CAM from
a subset of donors were identified to significantly
stimulate the proliferation of the cultured cells. As
conditioned medium from adipocytes demonstrates a
mixture of more than 100 secreted factors the prolif-
erative effectors which could act as a potential bio-
marker still have to be defined.

An interesting adipokine in this context known to
stimulate cell proliferation in colon cells is leptin [16].
In line with other studies [16, 24], we observed a
significant stimulation of HT29 cell growth after
treatment with leptin, already at a concentration of
1 nM (16 pg/ml, data not shown) which is lower than
serum concentrations in normal-weight subjects (2–
13 ng/ml, [7, 13]). In the present study, leptin con-
centrations in CAM ranged from 24 to 2,200 pg/ml
(1.5–137.5 nM) and HT29 cells were incubated with
half of those concentrations due to the 1:2 dilution of
CAM in HT29 medium. Nevertheless, instead of a
positive association between leptin concentrations in
the growth-promoting CAM and the relative increase
in cell growth we found a reverse association, which
may indicate that other secreted factors from adipo-
cytes contribute to the total biological activity of the
respective CAMs either alone or in combination. In
animal experiments, a significant positive correlation
between serum leptin concentration and colonic cell
proliferation was previously shown [16]. Although
our results are in line with published data showing,
that adipocytes promote colonocyte cell growth [2],

they also seem to contradict the significance of leptin
in this respect [16, 17, 20].

We also measured adiponectin, another adipokine
which was recently shown to stimulate proliferation of
HT29 cells at concentrations of 0.1–5.0 lg/ml [20].
Adiponectin concentrations in CAM varied between
8.6 and 88.7 ng/ml but did not correlate significantly
with HT29 cell growth (data not shown).

CAM were prepared from adipocytes of the sub-
cutaneous depot as major adipose tissue which is
representing at least 80% of total fat mass [20]. As
visceral and subcutaneous adipose tissue show dif-
ferent secretion patterns including leptin secretion
[32], additional investigations about the effects of
CAM from isolated adipocytes of visceral origin on
HT29 cell growth should be performed. With respect
to the heterogeneous effects of CAM seen in subcu-
taneous adipocytes, however, more samples have to
be investigated to draw final conclusions.

To get first insight into possible intracellular
mechanisms responsible for the stimulation of HT29
cell growth, we measured the phosphorylation of se-
lected signalling proteins. The mitogen-activated
protein kinase (MAPK) cascade is a highly conserved
pathway that plays an important role for cell prolif-
eration, differentiation and migration. Other mem-
bers of the MAPK family are ERK 1/2, also known as
p44/p42 and the c-Jun N-terminal kinase (JNK). In the
present study, exposure of HT29 cells to CAM re-
sulted in a marked increase of ERK 1/2 phosphory-
lation. Therefore, inhibition of this pathway
potentially prevents cell proliferation. There are great
efforts to identify naturally occurring products to
inhibit stress-activated protein/MAPK pathways such
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as resveratrol, a product of red wine [15]. Phyto-
chemicals like carotenoids and polyphenols are sug-
gested to considerably contribute to the protective
effects of fruits and vegetables against colorectal
cancer due to their marked anti-proliferative effects
on HT29 cells accompanied by induction of cell cycle
arrest and apoptosis [6, 14]. There is also some evi-
dence that the green tea polyphenol EGCG inhibits
ERK 1/2 activation [25].

In our cell cycle experiments, we investigated the
effect of the phytochemicals on HT29 cell cycle pro-
gression as previously described in the literature [22,
36]. An incubation time of 16 h was chosen to mini-
mize cell fragmentation due to treatment-induced
apoptosis. The phytochemicals b-carotene and EGCG
were not found to modulate the effect of leptin and
CAM on cell cycle distribution of serum-deprived
cells significantly (Fig. 4). At least, genistein at a
concentration of 30 lM tended to inhibit the shift of
cells into the S-phase when they were co-incubated
with CAM for 15 h (Fig. 4).

In conclusion, the present study provides first
evidence that CAM prepared from adipocytes of
subcutaneous adipose tissue from human donors ex-
erts some potential to stimulate cell growth of HT29

cells, although this effect was not observed in the
media from all donors. As leptin concentrations in
CAM were negatively correlated with HT29 cell
growth other adipokines may mediate this effect.
Therefore, future studies should focus on factors with
a pro-proliferative potential which could serve as
biomarkers. Phytochemicals used in the present in
vitro study had only a minor if not negligible influ-
ence on CAM-mediated proliferation only genistein
exhibited a modest anti-proliferative effect. Never-
theless, our cell culture model using primary fat cells,
which retain to a certain degree the phenotype of the
individual donor may be suitable to gain insight into
the complex interplay of mediators which contribute
to the development of colon cancer in obesity.
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K. Schnäbele et al. 161
Phytochemicals and adipocyte-mediated cell cycle progression


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Sec11
	Sec12
	Sec13
	Fig1
	Fig2
	Sec14
	Sec15
	Sec16
	Fig3
	Fig4
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


