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Abstract The MMAC/PTEN tumor suppressor gene has an
essential biological role in the formation of glioblastomas. It
is known that there are variations in genetic alterations in
tumors that develop in patients with different ethnic back-
grounds; thus, we aimed to evaluate the incidence of MMAC/
PTEN mutations and protein expression among various low
grade gliomas of Turkish patients. We investigated 28 low
grade gliomas for mutations of the MMAC/PTEN gene using
single strand conformational polymorphism method fol-
lowed by DNA sequencing. Additionally, the level of
MMAC/PTEN protein expression in the tissues of 26 tumors
was assessed by immunohistochemistry. In our investiga-
tion, MMAC/PTEN mutations were detected in 2 of 28
tumors (7.14%). One novel sequence variant G — A tran-
sition at codon 159 was identified. This missense variation
was a result of an alteration from AGG (Arginine) to AAG
(Lysine). Moreover, it was observed that MMAC/PTEN
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protein expression was reduced to 73.08% of tumors. In
conclusion, reduced MMAC/PTEN expression by genetic
and/or epigenetic mechanisms in low grade gliomas might be
associated with glioma tumorigenesis.
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Abbreviations

SSCP  Single strand conformational polymorphism
PCR Polymerase chain reaction

WHO  World Health Organization

IHC Immunohistochemistry

GBM  Glioblastome multiforme

GFAP Glial fibrillary acidic protein

Introduction

Brain tumors are the ninth most common malignancy
in Turkey (representing 3.33% of all neoplasms). Their
incidence is 2.34/100.000 (http://www.saglik.gov.tr/istati
stikler). More than 30% of central nervous system tumors
are gliomas. The World Health Organization (WHO)
classification scheme divides these tumors into four grades
(Kleiheus and Cavenee 2000). Grade I and II are the least
malignant phenotypes. The survival of patients with glio-
mas is concerned with WHO tumor grade (Zhou et al.
2003). Molecular genetic analysis has added useful infor-
mation regarding the characteristic pattern of aberrations
for the different histological subtypes. The tumorigenesis
of gliomas has been associated with several tumor sup-
pressor genes including MMAC/PTEN (phosphatase, tensin
homologue, deleted on chromosomel0; MIM no. 601728)
gene (Zhou et al. 1999). MMAC/PTEN encodes a major
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lipid phosphatase which signals down the phosphoinositol-
3-kinase/Akt pathway and effects G1 cell cycle arrest and
apoptosis (Eng 2003). Germ-line mutations in the tumor
suppressor gene MMAC/PTEN mediate cell cycle arrest
and apoptosis (Eng 2003). The alteration in the expression
of MMAC/PTEN is correlated with the progression of gli-
omas (Zhou et al. 2003). Expression of MMAC/PTEN has
been shown to correlate with better prognosis (Sano et al.
1999). To date, loss level of MMAC/PTEN expression has
been analyzed with immunohistochemistry (IHC) analysis
in low grade gliomas by two unrelated groups (Sano et al.
1999; Yakut et al. 2007). Number of cases evaluated in
these two studies is very limited. So, their results on
MMAC/PTEN expression in low grade gliomas have
shown difference with each other. In this study, we ana-
lyzed the expression of MMAC/PTEN in larger series of
low grade gliomas than two previous studies to designate

Table 1 Characterizations of patients

the influence lacking MMAC/PTEN expression with real
percentage. Furthermore, we want to determine whether
sequence alterations have an effect on the loss of MMAC/
PTEN protein expression in these type of gliomas in
Turkish patients.

Materials and Methods
Patients

A total of 28 patients who were scheduled for surgical
treatment, fulfilling all inclusion criteria as assessed by
conventional histopathological examination, were evalu-
ated prospectively. Approved form the Institutional Review
Board was obtained, and written informed consent of the
patients was provided. Clinical and histopathological

Case  Age Sex  Histo-pathology Grade GFAP  KI 67 (%o) Tumor location MMAC/PTEN  IHC
no (years) mutation analysis
1 37 F Mix oligoastrocytoma  1I + 10 Right temporal — 2

2 53 M Oligodendroglioma 1T — 30 Left temporal — 2

3 26 F Ependimoma 11 + 15 Right lateral ventricle 159G - A 3

4 18 M Pilocytic astrocytoma II NS 20 Cerebellum — 2

5 61 M Oligodendroglioma I NS High Right temporal — 1

6 24 M Astrocytoma II NS 2 Right frontotemporal - 3

7 33 M Astrocytoma II NS 138 Left occipital 159G - A 1

8 42 M Oligodendroglioma I — 25 Left temporal — 3

9 23 M Astrocytoma 1T + 2 Left frontal — 1
10 25 F Oligodendroglioma 11 + 20 Right parietooccipital — 2
11 43 F Oligodendroglioma II - 135 Left temporal — 1

12 17 M Astrocytoma II NS 2 Cerebellar vermis - 1

13 19 F Oligodendroglioma II - 8 Temporobasal - 3

14 40 M Mix oligoastrocytoma  1I + 140 Left frontal - 2
15 42 F Astrocytoma II + 5 Right frontal - 1
16 19 M Ependimoma II + 680 Right oxipital — 2
17 46 M Oligodendroglioma 1T NS 2 Right temporal — 1
18 73 M Oligodendroglioma 11 + 1 Left temporal — 3
19 29 M Astrocytoma 11 + 27 Left frontal — 2
20 15 M Astrocytoma II + 1-2 Right temporal — NM
21 16 F Astrocytoma II + 2 Left occipital - 1
22 55 M Oligodendroglioma II NS 15 Left talamus — 2
23 64 F Gliosarcoma II + 2 Left parietal - 2
24 64 M Oligodendroglioma 1T — 300 Right frontal — 2
25 42 F Oligodendroglioma 11 + 60 Left frontal — 3
26 42 M Oligodendroglioma II — 27 Left frontal — 2
27 46 F Oligodendroglioma II - 10 Right frontal - NM
28 31 M Oligodendroglioma I - 2-5 Left parietal - 3

The expression rate of MMAC/PTEN protein; / highly reduced, 2 reduced, 3 expression, nm not materialized, NS non stained
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features of the tumors and oncological outcome were also
evaluated with regard to the presence of MMAC/PTEN
mutations in the tumors. The expression of glial fibrillary
acidic protein (GFAP) was also determined. The patients
were followed up for at least 24 months or until death
(Table 1).

Mutation Detection

Genomic DNA was extracted using standard methods from
each tissue sample taken from the tumors at the time of
surgery (Tunca et al. 2007). Exons 1-9 of MMAC/PTEN
gene were subjected to polymerase chain reaction (PCR)
analysis as previously described (Tunca et al. 2007). The
high-quality amplified products were assessed with single
strand conformational polymorphism (SSCP) analysis
(Tunca et al. 2007). Samples that showed one or two bands
separated from the wild-type bands were identified as
SSCP positive. All the samples that contained aberrant
migration patterns during gel electrophoresis were sub-
jected to the SSCP analysis procedure at least twice to rule
out contamination.

Sequencing Analysis

All samples with different SSCP bands were sequenced
using the BigDye Terminator Chemistry (Applied Biosys-
tems, Foster City, CA) and the MMAC/PTEN primers
which was used PCR and was analyzed using an automated
ABI Prism 310 Genetic Analyzer (Applied Biosystems).
Results of sequencing analysis were compared with wild-
type samples and normal sequencing of MMAC/PTEN gene
(MIM no. 601728, Gen Bank accession no. U93051).

Predicting Deleterious Amino Acid Substitutions

SIFT web-based program was used to calculates the
probabilities of having an amino acid at a specific position
which was relative to the most frequent amino acid at that
position (http://blocks.therc.org/sift/SIFT.html).

Protein Expression

The level of MMAC/PTEN protein expression has been
determined by IHC. Formalin-fixed paraffin-embedded tis-
sues were available from 26 patients. [HC staining, using
mouse monoclonal antiserum to human MMAC/PTEN
(clonel7.A, Thermo Scientific), was performed as described
before (Guler et al. 2005). Briefly, after antigen retrieval in
1 M sodium citrate (pH 6.0) in pressure cooker for 3 min,
primary antibody was applied at 1/25 dilution for 30 min,
and detection was conducted with strepavidin—biotin

complex using the UltraTek HRP Anti-Polyvalent Lab Pack
(ScyTek Laboratories, USA).

One section from each tumor was stained and evaluated
for extent and intensity of staining. Because of the heter-
ogeneous staining of some tumors, both staining intensity
and extent of staining in neoplastic cells were taken into
account in expression level scoring. Intensity was graded as
strong or reduced expression. Extent of staining was clas-
sified as the fraction of stained neoplastic cells: >25, 25—
50, and >50%. Cases with strong expression in more than
half of the neoplastic cells were scored as high expression;
cases with reduced staining intensity but in more than 50%
of tumor cells or strong staining in 25-50% of neoplastic
cells were scored as reduced expression; cases with
reduced expression in 50% of neoplastic cells or strong
staining in <25% of neoplastic cells were scored as highly
reduced expression. The vascular endothelial cells in each
section was used as internal positive control of staining, an
endometrial adenocarcinoma section with adjacent normal
endometrium was used as external positive control, and a
negative control was also included.

Results

We investigated sequence alterations of the MMAC/PTEN
gene and protein expression in low grade gliomas. The age
range of the patients was 15-73 years (mean age + SEM,
37.32 £+ 3.11 years). In total, there were 18 male and 10
female patients.

The presence of MMAC/PTEN mutations was detected
in the tumors of two patients (2/28; 7.14%) by SSCP.
Mutation was clustered in exon 5. As a result of sequencing

G G G GCAAGT AAAGACOU C

Fig. 1 Novel sequence alterations in MMAC/PTEN gene; 159 G—A
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Fig. 2 a Reduced of MMAC/ .

PTEN expression; b highly 012 ATAZRTTN oy
reduced of MMAC/PTEN 3 [ o=
expression ; : i L3

analysis for SSCP-positive samples, one novel gene alter-
ation was identified. It was G — A transition at codon 159.
This missense variation was a result of an caused to
alteration from AGG (Arginine) to AAG (Lysine; Table 1;
Fig. 1).

Predicting Deleterious Amino Acid Substitutions

As a result of analysis by using SIFT program, we observed
that mutation from AGG (Arginine) to AAG (Lysine) at
codon 159 was not tolerated.

Protein Expression

In THC analysis, only seven (26.92%) tumors showed
strong MMAC/PTEN protein expression. In 11 tumors
(42.31%), there was reduced MMAC/PTEN expression,
and in eight (30.77%) tumors highly reduced MMAC/
PTEN expression was detected (Fig. 2). Totally, reduced
MMAC/PTEN expression was observed in 73.08% of all
tumors. MMAC/PTEN protein expression was assessed by
IHC for two tumors exhibiting MMAC/PTEN mutation; the
level of MMAC/PTEN protein expression was highly
reduced in only one.

Discussion

Molecular studies indicate that the variation in expression
of MMAC/PTEN which has important roles in the regu-
lation of cell proliferation, apoptosis, and tumor invasion is
related to the progression of gliomas (Zhou et al. 2003;
Ohgaki et al. 2004). MMAC/PTEN gene alterations are
important in glioma formation (Tunca et al. 2007) and
patient prognosis; thus, that it may be intimately involved
in the generation of the malignant nature of the glioblas-
toma multiforme (GBM) (Sano et al. 1999). In addition, it
was determined that MMAC/PTEN is also an important
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prognostic variable in astrocytomas and may be helpful in
their routine pathologic evaluation (Kelley et al. 2005).
Expression levels of MMAC/PTEN protein can be evalu-
ated by THC methods. As a matter of fact, in clinical
practice, it was shown that evaluation of MMAC/PTEN
is accomplished by examining diffuse gliomas for
chromosomal imbalances using comparative genomic
hybridization and IHC (Yakut et al. 2007). It was also
observed that the loss of expression of MMAC/PTEN by
IHC may predict a subset of patients with reduced survival
(Sano et al. 1999). In our study, 73.08% of low grade
gliomas showed reduced levels of MMAC/PTEN protein
expression by IHC analysis. This result demonstrates that
the loss of MMAC/PTEN protein is significant for low
grade glioma development as for other tumor types.

Both genetic and epigenetic mechanisms have a role in
loss of protein expression. So, in this study, we want to
determine whether sequence alterations have an effect on
the loss of MMAC/PTEN protein expression in low grade
glioma. Furthermore, the frequencies and types of muta-
tions may vary in tumors of patients in the different
populations (Fukushima et al. 2006). As a matter of fact, in
our previous study, we determined eight novel mutations in
Turkish GBM patients (Tunca et al. 2007). These results
support this hypothesis. For this aim, we evaluated 28
patients with low grade gliomas and found a novel muta-
tion in 7.14% of the patients (2/28). Therefore, it is shown
that genetic mechanisms also have an effect on the loss of
MMAC/PTEN protein expression in low grade gliomas.

In gliomas, MMAC/PTEN mutations are most often
detected in GBM which is the most frequent and malignant
human brain tumors and only occasionally in less malig-
nant gliomas, this situation indicates that MMAC/PTEN
alterations appear as a late event also in tumorigenesis of
gliomas (Zhou et al. 1999; Daumas-Duport et al. 1997,
Wang et al. 1997; Maier et al. 1998; Duerr et al. 1998). In
our previously study on GBM, MMAC/PTEN mutations
were detected in 15 of 62 tumors (24.19%) (Tunca et al.
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2007). The findings of that study and results of this study
on low grade gliomas indicate that the effects and fre-
quencies of MMAC/PTEN mutations on glioma
oncogenesis in Turkish population are similar to other
populations in literature (Tunca et al. 2007).

We determined one novel alteration localized at codon
159 in exon 5 of MMAC/PTEN gene. This codon localized
in the N-terminal phosphatase domain which has an
important biological role in lipid and protein phosphatase
activity of MMAC/PTEN protein. This domain is defined
by the first 185 amino acids (exon 1-6) of MMAC/PTEN
gene (Eng 2003). Specially, exon 5 encodes amino acids
which are items of CKAGKGR phosphatase catalytic core
motive of N-terminal phosphatase domain of MMAC/
PTEN. In the literature, ~30% of all germ-line and
somatic mutations have been determined in this catalytic
core. In vitro studies showed that MMAC/PTEN mutations
occurred in the catalytic core motive caused loss of lipid
phosphatase activity (Eng 2003). Our missense mutation
was a result of the cause to variation of amino acid con-
figuration in N-terminal phosphatase domain. Despite the
fact that the core motive have an essential role in phos-
phatase activity (Furnari et al. 1997), to carry out this
activity, it needs the whole part of N-terminal domain (Eng
2003). In addition, we used web-based tool SIFT to cal-
culate the probabilities of having an amino acid at a
specific position relative to the most frequent amino acid at
that position. A cutoff for these probabilities is used to
classify the mutations as tolerated and nontolerated (Mathe
et al. 2006). As a result of this analysis, it was determined
that mutation from AGG (Arginine) to AAG (Lysine) at
codon 159 was not tolerated. This situation is shown that
this mutation may have an important role in the function of
MMAC/PTEN protein and glioma tumorigenesis. Further-
more, novel of this alteration supports the suggestion that
there is variability in mutations underlying the gliomas of
patients in different populations (Fukushima et al. 2006).
Therefore, this mutation may be specific for Turkish pop-
ulation. In addition, our findings in glioma patients
revealed 7.14% of the MMAC/PTEN gene mutation and
added new knowledge about MMAC/PTEN gene mutation
types and frequencies.

In this study, we reported decreased expression of
MMAC/PTEN in a series of 28 low grade gliomas. We
found only one MMAC/PTEN mutation in this group;
nevertheless, we observed a reduced or absent expression
of MMAC/PTEN for the vast majority of tumors. Similar
to the results described herein, decreased expression of
MMAC/PTEN was reported in prostate cancer xenographs
and their several cell lines (Whang et al. 1998). Further-
more, they found that the treatment of one xenograph with
5-azodeoxcytidine restored the expression of MMAC/
PTEN, suggesting that methylation of a promoter may

affect MMAC/PTEN expression. We also suggest that
epigenetic mechanisms may affect MMAC/PTEN protein
expression.

In conclusion, this study reveals new and important
information regarding reduced level of MMAC/PTEN
protein expression by genetic and/or epigenetic mecha-
nisms in glioma formation. We believe that these types of
studies will contribute to clarify the biological mechanisms
of glioma tumorigenesis.

Acknowledgments We thank to Prizma and Elips Ltds for their
support in supplying the experimental equipment.

References

Daumas-Duport C, Tucker ML, Kolles H, Cervera P, Beuvon F, Varlet
P, Udo N, Koziak M, Chodkiewicz JP (1997) Oligodendrogliomas
partII: a new grading system based on morphological and imaging
criteria. J Neurooncol 34:61-78. doi:10.1023/A:1005759220434

Duerr EM, Rollbrocker B, Hayashi Y et al (1998) PTEN mutations in
gliomas and glioneuronal tumors. Oncogene 16:2259-2264. doi:
10.1038/sj.0nc.1201756

Eng C (2003) PTEN: one gene, many syndromes. Hum Mutat 22:
183-198. doi:10.1002/humu. 10257

Fukushima T, Favereaux A, Huang H, Shimizu T, Yonekawa Y,
Nakazato Y, Ohagki H (2006) Genetic alterations in primary
glioblastomas in Japan. J Neuropathol Exp Neurol 65:12-18.
doi:10.1097/01.jnen.0000196132.66464.96

Furnari FB, Lin H, Huang HIJS, Cavenee WK (1997) Growth
suppression of glioma cells by PTEN requires a functional
phosphatase catalytic domain. Proc Natl Acad Sci USA 94:
12479-12484. doi:10.1073/pnas.94.23.12479

Guler G, Uner A, Guler N, Han SY, lliopoulos D, McCue P, Huebner K
(2005) Concordant loss of fragile gene expression early in breast
cancer development. Pathol Int 55(8):471-478. doi:10.1111/
j-1440-1827.2005.01855.x

Kelley TW, Tubbs RR, Prayson RA (2005) Molecular diagnostic
techniques for the clinical evaluation of gliomas. Diagn Mol
Pathol 14:1-8. doi:10.1097/01.pdm.0000138207.96718.85

Kleiheus P, Cavenee WK (2000) Pathology and genetics of tumor of
the nervous system, 2nd edn. IARC Press, Lyon, pp 9-54

Maier D, Zhang Z, Taylor E, Hamou MF, Gratzl O, Van Meir EG, Scott
RJ, Merlo A (1998) Somatic deletion mapping on chromosome 10
and sequence analysis of PTEN/MMACI point to the 10q25-26
region as the primary target in low-grade and high-grade gliomas.
Oncogene 16:3331-3335. doi:10.1038/sj.onc.1201832

Mathe E, Olivier M, Kato S, Ishioka C, Hainaut P, Tavtigian SV (2006)
Computational approaches for predicting the biological effect of
p53 missense mutations: a comparison of three sequence analysis
based methods. Nucleic Acids Res 34:1317-1325. doi:10.1093/
nar/gkj518

Ohgaki H, Dessen P, Jourde B et al (2004) Genetic pathways to
glioblastoma: a population-based study. Cancer Res 64:6892—
6899. doi:10.1158/0008-5472.CAN-04-1337

Sano T, Lin H, Chen X et al (1999) Differential expression of MMAC/
PTEN in glioblastoma multiforme: relationship to localization and
prognosis. Cancer Res 59:1820-1824

Tunca B, Bekar A, Cecener G, Egeli U, Vatan O, Tolunay S, Kocaeli
H, Aksoy K (2007) Impact of novel PTEN mutations in Turkish
patients with glioblastoma multiforme. J Neurooncol 82:263—
269. doi:10.1007/s11060-006-9293-z

@ Springer


http://dx.doi.org/10.1023/A:1005759220434
http://dx.doi.org/10.1038/sj.onc.1201756
http://dx.doi.org/10.1002/humu.10257
http://dx.doi.org/10.1097/01.jnen.0000196132.66464.96
http://dx.doi.org/10.1073/pnas.94.23.12479
http://dx.doi.org/10.1111/j.1440-1827.2005.01855.x
http://dx.doi.org/10.1111/j.1440-1827.2005.01855.x
http://dx.doi.org/10.1097/01.pdm.0000138207.96718.85
http://dx.doi.org/10.1038/sj.onc.1201832
http://dx.doi.org/10.1093/nar/gkj518
http://dx.doi.org/10.1093/nar/gkj518
http://dx.doi.org/10.1158/0008-5472.CAN-04-1337
http://dx.doi.org/10.1007/s11060-006-9293-z

738

Cell Mol Neurobiol (2009) 29:733-738

Wang SI, Puc J, Li J, Bruce JN, Cairns P, Sidransky D, Parsons R
(1997) Somatic mutations of PTEN in glioblastoma multiforme.
Cancer Res 57:4183-4186

Whang YE, Wu X, Suzuki H, Reiter RE, Tran C, Vessella RL, Said
JW, Isaacs WB, Sawyers CL (1998) Inactivation of the tumor
suppressor PTEN/MMACI in advanced human prostate cancer
through loss of expression. Proc Natl Acad Sci USA 95:5246—
5250. doi:10.1073/pnas.95.9.5246

Yakut T, Gutenberg A, Bekar A, Egeli U, Gunawan B, Ercan I,
Tolunay S, Doygun M, Schulten HJ (2007) Correlation of
chromosomal imbalances by comparative genomic hybridization

@ Springer

and expression of EGFR, PTEN, p53, and MIB-1 in diffuse
gliomas. Oncol Rep 17:1037-1043

Zhou XP, Li YJ, Hoang-Xuan K et al (1999) Mutational analysis of
the PTEN gene in gliomas: molecular and pathological corre-
lations. Int J Cancer 84:150-154. doi:10.1002/(SICI)1097-0215
(19990420)84:2<150:: AID-1JC10>3.0.CO;2-#

Zhou YH, Tan F, Hess KR, Yung WKA (2003) The expression of
PAX6, PTEN, vascular endothelial growth factor, and epidermal
growth factor receptor in gliomas: relationship to tumor grade
and survival. Clin Cancer Res 9:3369-3375


http://dx.doi.org/10.1073/pnas.95.9.5246
http://dx.doi.org/10.1002/(SICI)1097-0215(19990420)84:2%3c150::AID-IJC10%3e3.0.CO;2-#
http://dx.doi.org/10.1002/(SICI)1097-0215(19990420)84:2%3c150::AID-IJC10%3e3.0.CO;2-#

	Investigation of MMAC/PTEN Gene Mutations and Protein Expression in Low Grade Gliomas
	Abstract
	Introduction
	Materials and Methods
	Patients
	Mutation Detection
	Sequencing Analysis
	Predicting Deleterious Amino Acid Substitutions
	Protein Expression

	Results
	Predicting Deleterious Amino Acid Substitutions
	Protein Expression

	Discussion
	Acknowledgments
	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 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


