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Abstract Genetic polymorphisms are responsible for
inter-individual variation and diversity and have been
recently considered as the main genetic elements involved in
the development and progression of cancer. We examined
associations between common germline genetic variants in 7
genes involved in folate metabolism, cell proliferation and
apoptosis, prostaglandin synthesis, detoxification of com-
pounds and inflammation, and disease-free survival among
women diagnosed with invasive breast cancer. DNA from up
to 432 women was genotyped for 8 polymorphisms. The
genotypes of each polymorphism were tested for association
with disease-free survival using univariate and multivariate
Cox regression analysis. The model was adjusted for known
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breast cancer prognostic factors. The rare allele of the IL-10
592C>A polymorphism was significantly associated with
reduced disease-free survival (P = 0.018, risk ratio of
recurrence (RR) = 1.45, 95% confidence interval (CI) =
1.06—-1.98), which was not attenuated after adjusting for age
at diagnosis, tumor size, lymph node status, clinical stage,
histological grade, estrogen receptor status, progesterone
receptor status, and treatment modalities (P = 0.019,
RR = 148, 95% CI = 1.066-2.044). No association was
found between MTHFR 677C>T, TGFB1 29T>C, FASLG
844C>T, FAS 1377G>A, FAS 670A>G, PTGS2 8473T>C
and SULT1A1 638G>A polymorphisms and disease-free
survival. Our data suggest that the rare allele of IL-10
592C>A may be a potential prognostic marker in breast
cancer for disease-free survival.

Keywords Breast cancer - Prognosis - Polymorphism -
Interleukin
Introduction

Genetic polymorphisms are responsible for inter-individual
variation and diversity and have been recently considered
as the main genetic elements involved in the development
and progression of common and complex diseases [1].
Metastasis accounts for ~90% of cancer-related death and
its impact in developed nations will likely escalate, which
primarily reflects an aging population [2, 3]. A number of
models have been proposed for the mechanism of metas-
tasis, and although each model explains certain aspects of
this process, none has yet provided a comprehensive
explanation. Somatic alterations have been shown to cor-
relate with breast cancer prognosis and survival, but less is
known about the effects of common inherited genetic

@ Springer



702

Breast Cancer Res Treat (2010) 119:701-705

variations [4]. Recent results suggest that germline poly-
morphism is a significant, previously unrecognized factor
in breast cancer progression and metastasis. Germline
polymorphisms contribute to the overall metastasis risk by
providing a more or less permissive environment on which
the secondary mutational events occur, mediated by the
combination of subtle changes in gene function due to
single nucleotide polymorphisms (SNPs) in coding
sequence, splice sites promoters and enhancers [5]. The
existence of inherited susceptibility to metastasis may have
profound implications in regard to cancer diagnosis and
assessment of prognosis [6]. The existence of germline
polymorphisms that influence metastasis may enable the
clinicians to better identify those patients at risk, providing
individual treatment with low toxicity but maximum ben-
efit [7, 8]. The purpose of this study was to assess whether
common germline polymorphisms in a variety of pathways
are associated with disease-free survival (DFS) in breast
cancer. Seven genes involved in folate metabolism, cell
proliferation and apoptosis, prostaglandin synthesis,
detoxification of compounds and inflammation have been
investigated in this study. This study was conducted
adhering to as many of the reporting recommendations for
tumor marker prognostic studies as applicable (REMARK;
[9, 10]).

Materials and methods
Subjects

Between January and July 2002, 432 blood samples from
women patients with histologically confirmed, sporadic
breast cancers without synchronous metastasis were col-
lected at the Division of Oncology, Department of Internal
Medicine, Medical University of Graz, Austria. Patients
were followed until January 2008 for breast cancer recur-
rence/metastasis and death due to breast cancer. Complete
clinical (age at diagnosis, tumor size, lymph node status and
stage) and tumor biological factors (grade, estrogen and
progesterone receptor), therapy data (hormone-/tamoxifen-
therapy, anthracycline-/nonanthracycline-chemotherapy),
genotyping results and breast cancer relapse information
were available for 383 patients. The main reason for
incomplete patients’ data was missing clinical data
(Table 1). Follow-up information was available for all
patients. The study was performed according to the Austrian
Gene Technology Act and has been approved by the Ethical
Committee of the Medical University Graz. Written
informed consent was obtained from all participating sub-
jects. All subjects were Caucasian.
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Table 1 Clinical, tumor biological and treatment characteristics

Follow-up time 78.5 (median) 3.8-120 (range,

(month) censored)
Disease-free survival 83.2 (median) 3.5-120 (range,
(month) censored)

Age (years) 55.9 (median) 28-83 (range)

Menopausal status

Premenopausal 52 12%

Postmenopausal 380 88%
Tumor size

T1 223 51.6%

T2 145 33.6%

T3 15 3.5%

T4 32 7.4%

Unknown 17 3.9%
Lymph node involvement

NO 202 46.8%

N1 202 46.8%

N2 14 3.2%

Unknown 14 3.2%
Grade

Gl 20 4.6%

G2 188 43.5%

G3 205 47.5%

Unknown 19 4.4%
Stage

I 129 29.9%

I 230 53.2%

I 56 13%

Missing 17 3.9%
Estrogen receptor

Negative 103 23.8%

Positive 316 73.1%

Unknown 13 3%
Progesterone receptor

Negative 141 32.6%

Positive 275 63.7%

Unknown 16 3.7%
Hormone therapy

No 189 43.8%

Yes 243 56.2%
Tamoxifen therapy

No 197 45.6%

Yes 235 54.4%
Anthracycline therapy

No 340 78.8%

Yes 92 21.3%
Nonanthracycline therapy

No 360 83.3%

Yes 72 16.7%
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Selection of genetic polymorphisms

For the present analysis, SNPs previously tested for breast
cancer risk assessment by our study group were evaluated.
Eight SNPs involved in a variety of pathways, including
folate metabolism (MTHFR 677C>T), inflammation (IL10
592C>A), cell proliferation and apoptosis (FAS 1377G>A,
FAS 670A>G, FASL 844C>T, TGFB1 29T>C), prosta-
glandin synthesis (PTGS2 8473T>C) and detoxification of
compounds (SULT1A1 638G>A) were analyzed [11-16].

Genotyping

Genotypes were determined by a S5V-nuclease assay
(TagMan) with primers and probes designed and manu-
factured using Applera’s “Assayby-Design” custom ser-
vice (Applied Biosystems, Vienna, Austria). PCR and
evaluation of fluorescence data were done as described
previously [17]. For each set of reactions, one negative
control containing water instead of DNA was added to
check for contamination. Genotyping failed in 4 cases for
TGFBI1, 6 cases for MTHFR and 11 cases for FASL.

Statistical analysis

The primary outcome was disease-free survival. The end-
points included cancer recurrence/metastasis or death due to
breast cancer. Follow-up was censored at 10 years. The
relationship between the genotype frequency of the SNPs
and clinicopathological factors were assessed by 7> and
Fisher’s exact probability tests. Models were adjusted for
known breast cancer prognostic factors by multivariate
regression analysis. Disease-free survival curves were gen-
erated by the Kaplan—-Meier method and verified by the log-
rank test. Cox’s proportional hazards regression analysis was
used for univariate and multivariate analyses of prognostic
values. SNPs were re-evaluated in a model adjusted for
known breast cancer prognostic factors, which included age
at diagnosis (<40, 40-49, 50-59, or >60 years), tumor size
(T 1, 2, 3, 4), lymph node status (N 0, 1, 2), clinical stage
(TNM 1, 2, 3), histological grade (grade 1, 2, 3), estrogen
receptor status (ER), progesterone receptor status (PR)
and treatment modalities (hormone-/tamoxifen therapy,
anthracycline-/nonanthracycline-chemotherapy). Differen-
ces were considered significant when a P value < 0.05 was
obtained. All analyses were performed using the SPSS 14.0
statistical software package (SPSS Inc., Sunnyvale, USA).

Results

Frequency data for clinical and tumor biological factors
and therapy modalities are shown in Table 1. The patients

were genotyped for a panel of eight SNPs in various
pathways. We found an association between the SULT1A1
genotypes with lymph node status and tumor stage. The
SULTI1A1 638A allele was significantly associated with a
higher prevalence of lymph node involvement (P = 0.04)
and higher tumor stage (P = 0.04). No correlation was
found between the other SNPs and clinicopathological
features. When the models were adjusted for known breast
cancer prognostic factors no association between genotypes
and clinical variables were found (data not shown). We
investigated whether the SNPs were associated with DFS.
No association was found between MTHFR 677C>T,
TGFB1 29T>C, FASLG 844C>T, FAS 1377G>A, FAS
670A>G, PTGS2 8473T>C and SULT1A1l 638G>A and
DFS. In contrast, the A-allele of the IL-10 592C>A poly-
morphism was significantly associated with reduced DFS
by Kaplan—Meier analysis, as shown in Fig. 1 (P = 0.017),
and univariate Cox’s proportional hazards regression
analysis (P = 0.018, risk ratio of recurrence [RR] = 1.45,
95% confidence interval [CI] = 1.06—-1.98; Table 2; dis-
ease-free survival table: Table 3). In this analysis, we
combined the C/A heterozygous and A/A homozygous
genotypes of IL-10 592C>A, because of the small number
of A/A genotypes. The risk associated with IL-10 was not
significantly attenuated after adjusting for age at diagnosis,
tumor size, lymph node status, clinical stage, histological
grade, ER, PR and treatment modalities (P = 0.019,
RR = 1.48, 95% CI = 1.066-2.044; Fig. 2). In addition,
we performed independent cohort analyses of IL10
592C>A for each treatment group (anthracycline therapy,
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Fig. 1 Disease-free survival of patients with breast cancer after
diagnosis stratified by the genotypes of IL-10 592C>A (C/A
heterozygous and A/A homozygous genotypes are combined;
N = 432 cases; C/C: 231 cases, 157 censored; C/A and A/A: 201
cases, 113 censored)
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Table 2 Univariate Cox’s model (disease-free survival) of analyzed
polymorphisms

Variables n P RR (95% CI)

MTHFR 677C>T 426 0.14 1.18 (0.95-1.48)
TGFB1 29T>C 428 0.13 1.18 (0.95-1.47)
FASLG 844C>T 421 0.84 0.98 (0.77-1.24)
FAS 1377G>A 432 0.16 0.78 (0.56-1.10)
FAS 670A>G 431 0.55 1.07 (0.85-1.35)
PTGS2 8473T>C 432 0.99 0.99 (0.80-1.25)
SULT1A1 638G>A 431 0.56 1.08 (0.84-1.37)
IL-10 592 592C>A 432 0.018 1.45 (1.07-1.98)

Table 3 Disease-free survival table for IL10 592C>A (C/C: 231
cases; C/A and A/A: 201 cases)

Time C/C C/A and A/A
(month)

N of N of N of N of

cumulative remaining cumulative remaining

events cases events cases
12 5 226 12 189
24 22 209 29 172
36 35 196 40 161
48 41 190 57 144
60 50 181 66 135
72 57 138 69 110
84 62 112 75 97
96 65 92 82 73
108 68 67 86 56
120 74 39 88 39

Cumulative DFS

0.4

0,2 1

00 T T T T T T
0 20 40 60 80 100 120

Time (months)

Fig. 2 Disease-free survival of patients with breast cancer after
diagnosis stratified by the genotypes of IL-10 592C>A (C/A
heterozygous and A/A homozygous genotypes are combined) after
adjusting for known breast cancer prognostic factors (N = 398 cases)
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nonanthracycline therapy, hormone-/tamoxifen therapy)
and found no association with DFS (data not shown).

Discussion

In this study we assessed whether common germline
polymorphisms in a variety of pathways are associated
with DFS in breast cancer. The findings that the SULT1A1
genotypes are associated with lymph node status and tumor
stage have been discussed by our research group in a
previous study [15]. We demonstrate that the 592C>A
polymorphism of the IL-10 gene may have an important
role in breast cancer metastasis. The IL-10 592C>A
polymorphism showed a significant association with DFS
after the diagnosis of breast cancer (unadjusted P
value = 0.018). This finding remains significant after
adjusting for clinicopathological and therapy factors
(adjusted P value = 0.019). There was no evidence of
association with DFS for polymorphisms in the MTHFR,
TGFB, FASL, FAS, PTGS2 and SULTI1A1 genes. To
evaluate the “predictive” value of IL10 592C>A we per-
formed independent cohort analyses of the marker within
the treatment groups and found no association with DFS.
As a multifunctional Th2-cytokine, IL-10 is an immu-
nosuppressive cytokine with anti-angiogenic functions and
participates in the development and progression of various
tumors [18]. The IL-10 gene comprises 5 exons, spans
~35.2 kb, and is located on chromosome 1 at 1q31-1q32.
Physiologically, interleukin-10 secreted by antigen-pre-
senting cells promotes the development of immunologic
tolerance and suppresses the production of inflammatory
cytokines [19]. In the context of breast cancer risk, IL-10
may act as a two-edged sword: On the one hand, elevated
IL-10 levels could facilitate development of cancer by
supporting tumor escape from the immune response. On
the other hand, anti-angiogenic effects of IL-10 are sup-
posed to prevent or reduce tumor growth and metastazing.
A [TCATA] haplotype formed by polymorphisms at
positions —3,575, —2,763, —1,082, —819 and —592 in the
promoter of the IL-10 gene has been associated with
increased IL-10 expression [20]. Due to linkage disequi-
librium the presence of this haplotype can be fully deter-
mined by analysis of the —592C>A polymorphism. The
—592A allele indicates the presence of the [TCATA]
haplotype, whereas the —592C allele indicates its absence.
Although the genetic control of IL-10 expression is not
fully understood yet, previous studies indicated that the
[TCATA] haplotype is associated with high levels of IL-10
[21, 22]. Recently, homozygosity for the IL-10 [TCATA]
haplotype has been associated with a reduced risk of acute
graft-versus-host-disease after hematopoietic stem-cell
transplantation [22]. Together with the reported biological
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functions of interleukin-10 in vitro and in vivo [19, 23],
these data suggest that the T-C-A-T-A haplotype is defined
by high levels of interleukin-10. Results of IL polymor-
phism studies with respect to cancer prognosis are con-
flicting [24, 25]. The association found in our study has not
been previously reported but is biologically possible. The
mechanism for this remains to be determined, but may likely
include tumor escape by IL-10 mediated immunosuppres-
sion. The strengths of the present study are: its relatively
high number of participants as well as the clinically vali-
dated phenotypes. Some limitations of the present study
should be taken into account: potential confounding factors,
such as age at menarche, number of full-term pregnancies or
dietary factors, were not available. Furthermore, due to its
retrospective design, a survival bias cannot be excluded. The
conflicting data in the literature indicate that larger and
prospective studies are needed to clarify the role of IL gene
polymorphisms in breast cancer. However, our findings hold
promise for further investigations.

References

1. Rannala B (2001) Finding genes influencing susceptibility to
complex diseases in the post-genome era. Am J Pharmacoge-
nomics 1(3):203-221. doi:10.2165/00129785-200101030-00005

2. Weigelt B, Peterse JL, van‘t Veer LJ (2005) Breast cancer
metastasis: markers and models. Nat Rev Cancer 5:591-602. doi:
10.1038/nrc1670

3. Parkin DM, Bray F, Ferlay J et al (2002) Global cancer statistics.
CA Cancer J Clin 55:74-108. doi:10.3322/canjclin.55.2.74

4. Hunter K (2005) The intersection of inheritance and metastasis:
the role and implications of germline polymorphism in tumor
dissemination. Cell Cycle 4(12):1719-1721

5. Hsieh SM, Lintell NA, Hunter KW (2007) Germline polymor-
phisms are potential metastasis risk and prognosis markers in
breast cancer. Breast Dis 26:157-162

6. Hunter K (2006) Breast host genetics influence tumour metasta-
sis. Nat Rev Cancer 6(2):141-146. doi:10.1038/nrc1803

7. Schneider BP, Wang M, Radovich M et al (2008) Association of
vascular endothelial growth factor and vascular endothelial growth
factor receptor-2 genetic polymorphisms with outcome in a trial of
paclitaxel compared with paclitaxel plus bevacizumab in advanced
breast cancer: ECOG 2100. J Clin Oncol 26(28):4672-4678. doi:
10.1200/JC0O.2008.16.1612

8. Lenz HJ (2004) The use and development of germline poly-
morphisms in clinical oncology. J Clin Oncol 22(13):2519-2521.
doi:10.1200/JC0O.2004.04.900

9. Hayes DF, Ethier S, Mippman ME (2006) New guidelines for
reporting of tumor marker studies in breast cancer research and
treatment: REMARK. Breast Cancer Res Treat 100:237-238. doi:
10.1007/s10549-006-9253-5

10. McShane LM, Altman DG, Sauerbrei W et al (2006) Reporting rec-
ommendations for tumor MARKer prognostic studies (REMARK).

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Breast Cancer Res Treat 100:229-235. doi:10.1007/s10549-006-
9242-8

Langsenlehner U, Krippl P, Renner W et al (2003) The common
677C>T gene polymorphism of methylenetetrahydrofolate
reductase gene is not associated with breast cancer risk. Breast
Cancer Res Treat 81(2):169-172. doi:10.1023/A:1025752420309
Langsenlehner U, Krippl P, Renner W et al (2005) Interleukin-10
promoter polymorphism is associated with decreased breast
cancer risk. Breast Cancer Res Treat 90(2):113-115. doi:10.1007/
$10549-004-3607-7

Krippl P, Langsenlehner U, Renner W et al (2004) Re: poly-
morphisms of death pathway genes FAS and FASL in esophageal
squamous-cell carcinoma. J Natl Cancer Inst 96(19):1478-1479
Krippl P, Langsenlehner U, Renner W et al (2003) The L10P
polymorphism of the transforming growth factor-beta 1 gene is
not associated with breast cancer risk. Cancer Lett 201(2):181—
184. doi:10.1016/S0304-3835(03)00468-3

Langsenlehner U, Krippl P, Renner W et al (2004) Genetic
variants of the sulfotransferase 1A1 and breast cancer risk. Breast
Cancer Res Treat 87(1):19-22. doi:10.1023/B:BREA.000004 1
574.90735.ea

Langsenlehner U, Yazdani-Biuki B, Eder T et al (2006) The
cyclooxygenase-2 (PTGS2) 8473T>C polymorphism is associ-
ated with breast cancer risk. Clin Cancer Res 12(4):1392-1394.
doi:10.1158/1078-0432.CCR-05-2055

Gerger A, Langsenlehner U, Renner W et al (2007) A multige-
netic approach to predict breast cancer risk. Breast Cancer Res
Treat 104(2):159-164. doi:10.1007/310549-006-9408-4
Mocellin S, Marincola F, Rossi CR et al (2004) The multifaceted
relationship between IL-10 and adaptive immunity: putting
together the pieces of a puzzle. Cytokine Growth Factor Rev 15:
61-76. doi:10.1016/j.cytogfr.2003.11.001

. Fiorentino DF, Zlotnik A, Mosmann TR et al (1991) IL10 inhibits

cytokine production by activated macrophages. J Immunol 147:
3815-3822

Turner DM, Williams DM, Sankaran D et al (1997) An investi-
gation of polymorphism in the interleukin-10 gene promoter. Eur
J Immunogenet 24:1-8

Crawley E, Kay R, Sillibourne J et al (1999) Polymorphic haplo-
types of the interleukin-10 5° flanking region determine variable
interleukin-10 transcription and are associated with particular
phenotypes of juvenile rheumatoid arthritis. Arthritis Rheum 42:
1101-1108. doi:10.1002/1529-0131(199906)42:6<1101::AID-ANR6>
3.0.CO2-Y

Lin MT, Storer B, Martin PJ et al (2003) Relation of an inter-
leukin-10 promoter polymorphism to graft-versus-host disease
and survival after hematopoietic-cell transplantation. N Engl J
Med 349:2201-2210. doi:10.1056/NEJM0a022060

Holler E, Roncarolo MG, Hintermeier-Knabe R et al (2000)
Prognostic significance of increased IL10 production in patients
prior to allogeneic bone marrow transplantation. Bone Marrow
Transplant 25:237-241. doi:10.1038/sj.bmt.1702126
Balasubramanian SP, Azmy IA, Higham SE et al (2006) Interleukin
gene polymorphisms and breast cancer: a case control study and
systematic literature review. BMC Cancer 6:188. doi:10.1186/
1471-2407-6-188

Howell WM, Rose-Zerilli MJ (2006) Interleukin-10 polymor-
phisms, cancer susceptibility and prognosis. Fam Cancer 5(2):
143-149. doi:10.1007/s10689-005-0072-3

@ Springer


http://dx.doi.org/10.2165/00129785-200101030-00005
http://dx.doi.org/10.1038/nrc1670
http://dx.doi.org/10.3322/canjclin.55.2.74
http://dx.doi.org/10.1038/nrc1803
http://dx.doi.org/10.1200/JCO.2008.16.1612
http://dx.doi.org/10.1200/JCO.2004.04.900
http://dx.doi.org/10.1007/s10549-006-9253-5
http://dx.doi.org/10.1007/s10549-006-9242-8
http://dx.doi.org/10.1007/s10549-006-9242-8
http://dx.doi.org/10.1023/A:1025752420309
http://dx.doi.org/10.1007/s10549-004-3607-7
http://dx.doi.org/10.1007/s10549-004-3607-7
http://dx.doi.org/10.1016/S0304-3835(03)00468-3
http://dx.doi.org/10.1023/B:BREA.0000041574.90735.ea
http://dx.doi.org/10.1023/B:BREA.0000041574.90735.ea
http://dx.doi.org/10.1158/1078-0432.CCR-05-2055
http://dx.doi.org/10.1007/s10549-006-9408-4
http://dx.doi.org/10.1016/j.cytogfr.2003.11.001
http://dx.doi.org/10.1002/1529-0131(199906)42:6%3c1101::AID-ANR6%3e3.0.CO;2-Y
http://dx.doi.org/10.1002/1529-0131(199906)42:6%3c1101::AID-ANR6%3e3.0.CO;2-Y
http://dx.doi.org/10.1056/NEJMoa022060
http://dx.doi.org/10.1038/sj.bmt.1702126
http://dx.doi.org/10.1186/1471-2407-6-188
http://dx.doi.org/10.1186/1471-2407-6-188
http://dx.doi.org/10.1007/s10689-005-0072-3

	Association of interleukin-10 gene variation with breast cancer prognosis
	Abstract
	Introduction
	Materials and methods
	Subjects
	Selection of genetic polymorphisms
	Genotyping
	Statistical analysis

	Results
	Discussion
	References



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


