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Prevalence of the mismatch-repair-deficient
phenotype in colonic adenomas arising
in HNPCC patients:
results of a 5-year follow-up study

Abstract In hereditary nonpolyposis
colorectal cancer (HNPCC) syn-
drome, more than 90% of the carci-
nomas show microsatellite instability
(MSI) due to a loss of mismatch repair
(MMR) function. Although adenomas
are very common in HNPCC and
demonstrate an accelerated adenoma–
carcinoma sequence, data about the
prevalence and development of MSI

in these early neoplastic lesions are
lacking. To determine whether MSI
and loss of MMR-protein expression
are already present in early stages
of tumorigenesis and could therefore
be used as a screening tool to identify
HNPCC patients before they develop
an invasive carcinoma, we analyzed
71 adenomas of 36 HNPCC patients
during a 5-year follow-up study. These
36 patients were part of a cohort of
122 HNPCC patients who were in-
vestigated at the Institute of Patholo-
gy, Klinikum Kassel, as part of the
multicentric German HNPCC Con-
sortium, which currently serves more
than 2,880 registered families. The
diagnosis of HNPCC was based either
on the detection of a pathogenic
germline mutation in the MSH2,
MLH1, or MSH6 genes or in cases
where a pathogenic mutation was not
found; diagnosis of HNPCC was
made, because all patients fulfilled the
Amsterdam or Bethesda criteria
and revealed a high degree of MSI
(MSI-H) as well as loss of one of the
MMR proteins by IHC in the cancer
tissue. We found that most adenomas
(58/71) were MSI-H and had loss of
MMR-protein expression. Of the 71
adenomas, 3 were MSI-H with ex-
pression of all MMR proteins, and 3
out of 71 displayed loss of a MMR
protein with the microsatellites being
classified as microsatellite stable
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(MSS). However, 7 of the 31 adeno-
mas that were located more than 5 cm
away from the carcinoma revealed
an MSS status (n=6) or low in MSI
(n=1) and expressed all MMR
proteins. In summary, a significant
percentage of HNPCC-associated
adenomas (7/31, 22.6%) developing
at a distance of more than 5 cm from

the corresponding carcinoma did
not show the MSI-H MMR-deficient
phenotype and expressed all MMR
genes. To our knowledge, this is the
first study that shows that in most
HNPCC patients, the mutator pathway
is already detectable in adenomas, but
MMR-proficient adenomas can also
be found. Therefore, screening for

MMR deficiency should not be
applied routinely in adenomas with
the goal to identify HNPCC patients.

Keywords HNPCC . Adenomas .
Microsatellite instability . Mismatch
repair

Introduction

Abnormal growth is one characteristic of cancer that is
caused by an imbalance between cell proliferation and cell
death. During tumorigenesis of colorectal cancer, a step-
wise inactivation of tumor suppressor genes and activation
of oncogenes drive the progression from a dysplastic lesion
to invasive cancer, which manifests grossly as a polyploid
or flat tumor with subsequent invasion and metastasis.

Hereditary nonpolyposis colorectal cancer (HNPCC) is a
highly penetrant, autosomal dominant disorder that ac-
counts for approximately 2–4% of all colorectal carcinomas
[1–4]. In HNPCC, the underlying defect has been identified
as mutations in the DNA mismatch repair (MMR) system.
So far, pathogenic mutations have been found in the MMR
genes MLH1, MSH2, PMS2, and MSH6 [5–9]. Lack of
MMR results in the so-called “mutator phenotype,” which
leads to increased mutation rates, accumulation of muta-
tions in tumor suppressor genes and oncogenes, and ulti-
mately genomic instability [10]. More than 90% of HNPCC
carcinomas show a high degree of microsatellite instability
(MSI-H), in contrast to only 10–15% of sporadic colorectal
cancers [11–13]. The latter become MMR deficient usually
through MLH1 promoter methylation [14].

Both clustering of malignant tumors in a single family
and early onset of disease are highly suggestive of a hered-
itary condition and can be used as clinical criteria to screen
for patients at risk. Identification of patients with a hered-
itary cancer predisposition provides a possibility to detect
tumors at an early stage or even to offer prophylactic sur-
gery before the onset of invasive cancer growth [3, 5].

Because MSI-H is the molecular hallmark of cancers in
HNPCC patients, the identification of an MSI-H status in
carcinomas has a high impact for recognition as well as
management of the individual patient [15–17]. Additional
immunohistochemical staining for MMR proteins is rec-
ommended to pinpoint the gene that is most probably
mutated. In case of a mutation, the nuclear staining pattern is
typically negative or less intense [18–22].

Ideally, the diagnosis of HNPCC should be made before
the development of an invasive tumor and should be accom-
panied by a rigorous surveillance program and possibly
prophylactic surgery. However, although adenomas are very
common in HNPCC and demonstrate an accelerated progres-

sion to carcinoma, data about the prevalence and development
of MSI-H in these early neoplastic lesions are lacking [23–
26]. The aim of the studywas therefore to investigate, whether
MSI-H and absence of MMR proteins are already detectable
in adenomas of MMR-deficient patients and whether these
assays could help to identify HNPCC patients before the
onset of fully developed invasive carcinomas.

Materials and methods

Patients and tumors

This study is based on 122 index patients presenting with
invasive cancers, who were investigated by the Pathology
Reference Center, Klinikum Kassel, within the German
Multicenter Study Group for HNPCC supported by the
Deutsche Krebshilfe (German Cancer Aid). After resection
of the cancer, each patient was followed-up over a period of
up to 5 years (median 3.1 years). All cancers and precan-
cerous lesions obtained either via surgery or via colonos-
copy during surveillance were recorded, staged, and graded
according to the recommendations of the WHO [27]. Of
122 patients, 36 were found to harbor additional adenomas
either synchronously or metachronously.

For all 36 patients, a mutation search in MSH2, MLH1,
andMSH6 was done. A pathogenic germline mutation was
found in 14 patients. The other 22 patients were classified
as HNPCC because they fulfilled the Amsterdam/Bethesda
criteria and revealed MSI-H as well as immunohistochem-
ical loss of MMR-protein expression in the tumor. In case
of loss of MLH1-protein expression, only cases with a
strong family history were included in the study to exclude
sporadic tumors lacking MLH1 due to promoter hyper-
methylation. All tumor specimens and blood samples were
analyzed after obtaining informed consent.

Adenomas were divided into three groups with regard to
their location and occurrence related to the corresponding
carcinoma; “group 1” consisted of adenomas contiguouswith
the carcinoma (carcinoma ex adenoma); “group 2” adenomas
were located less than 5 cm away from the carcinoma and all
detected at the same time as the cancer; “group 3” adenomas
developed at a distance of more than 5 cm away from the
cancer either synchronously (a) or metachronously (b).
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Microdissection and DNA extraction

Five-micron sections were cut from paraffin-embedded car-
cinoma, adenoma, and corresponding normal tissue, mount-
ed on glass slides, and stainedwith hematoxylin and eosin (H
& E) or periodic acid Schiff (PAS) reagent. Areas of interest
containing at least 80% of neoplastic cells were selected by a
pathologist for adenoma and carcinoma, respectively. These
regions were then scraped off the slide and underwent
proteinase K digestion at a final concentration of 2 μg/ml
(Qiagen, Hilden, Germany). Normal DNA was extracted
from microdissected normal mucosa. DNA was extracted
with the QIAamp DNA Mini Kit (Qiagen) according to the
manufacturer’s recommendations and purified with the PCR
Template Preparation Kit (Roche, Mannheim, Germany).

Additionally, laser microdissection was performed on all
adenomas. Sections of the same paraffin blocks as before
were mounted onto a polyethylene membrane attached to a
glass slide with rubber cement (Fixogum, Marabuwerke,
Tamm, Germany). Slides were deparaffinized in xylole,
rehydrated in descending alcohols, and stained with H & E.
Lasermicrodissectionwas performed using a LeicaASLMD
system (Leica Microsystems GmbH, Wetzlar, Germany).
About 100–200 epithelial cells were harvested for each anal-
ysis. Cell lysis was performed by dispensing 20 μl lysis
buffer into each cap. The buffer consisted of 2 μg/ml pro-
teinase K (Roche), 0.5% Tween 20 (Merck, Darmstadt,
Germany), and 1× Taq PCR Buffer (Roche). After diges-
tion for 18 h at 50°C, proteinase K was inactivated by
incubation at 94°C for 10 min.

Analysis of MSI

In accordance with the recommendations by the National
Cancer Institute (NCI) and the ICG-HNPCC [28–30], five
microsatellite loci were used in all tumor lesions both for
manual and laser-based dissection to detect MSI: two loci
with mononucleotide runs (BAT25, BAT26) and three loci
with CA dinucleotide repeats (D2S123, D5S346, D17S250).
In addition, samples obtained by laser microdissection were
also tested for instability at BAT40. The primer sequences of
these microsatellite loci have been reported elsewhere [17].
PCR amplifications were performed in an Eppendorf Master-
cycler Gradient (Eppendorf, Hamburg, Germany). Primers
were 5'-labeled with HEX, FAM, or TET (PE Applied Bio-
systems, Foster City, CA). DNAwas amplified in a standard
reaction mix with cycling conditions using AmpliTaq Gold
(PE Applied Biosystems). PCR products were run on an ABI
PRISM 310 Genetic Analyzer (PE Applied Biosystems) ac-
cording to the manufacturer’s instructions, and the micro-
satellite status was analyzed using the GeneScan fragment
analysis software (GeneScan, PE Applied Biosystems). Only
cases showing distinct additional peaks or shifted peaks in

tumor tissue DNA compared with normal tissue DNA were
interpreted as MSI.

The microsatellite status of each sample was determined
based on the percentage of instable loci, with MSI-H being
defined as 30% or more instable markers and MSI-low
(MSI-L) as less than 30% of markers exhibiting instability.
A sample was classified as microsatellite stable (MSS) when
no MSI was found.

Immunohistochemistry

As described previously [31], sections were stained with
primary antibody for 4 h at room temperature. Antibodies
were diluted with Antibody Diluent (DAKO, Hamburg,
Germany) and applied overnight using the Tecan Immu-
nostainer Genesis RSP 200 as follows: MLH1 (clone G
168-15, Pharmingen, San Diego, CA) 1:100, MSH2 (clone
AB-2, Calbiochem, La Jolla, CA) 1:50, MSH6 (clone 44,
Becton-Dickinson, San Jose, CA) 1:50, and PMS2 (clone
A16-4, Pharmingen) 1:25. After incubation with 120 μl
anti-mouse EnVision HRP (DAKO) for 30 min, detection
was done with 120 μl/slide DAB solution (DAKO; 1:50
dilution in substrate buffer) for 10 min. The reaction was
stopped with 100 μl PBS/Tween for 20 min, followed by
washing with 1,400 μl PBS/Tween for 7 min. Slides were
counterstained briefly with hematoxylin.

Only slides with distinct positive nuclear staining in the
basal crypt cells of normal mucosa, stromal, as well as in-
flammatory cells were evaluated. Loss of MMR-protein
expression within the neoplastic lesions was defined as
complete if less than 10% of tumor cells were stained. Incom-
plete loss (10–50% stained cells) or only focal staining
(cohesive nests of stained tumor cells) was recorded as
positive (+) [31].

Results

Number and type of adenomas

Seventy-one adenomas were found in 36 patients. During
the follow-up period, 22 patients developed only one ade-
noma, 9 patients had two adenomas, and 5 patients were
found to have three or more adenomas. Of these 71, 59 were
synchronous with the cancer and 12 developed meta-
chronously. The histological types were tubular (56/71),
tubulo-villous (14/71), and serrated adenoma (1/71).

Twelve adenomas were contiguous with the carcinoma
(carcinoma ex adenoma; group 1); 28 of the synchronous
adenomas were less than 5 cm away but were clearly
separate from the carcinoma (group 2). Of 31 adenomas
at a distance of more than 5 cm from the carcinoma, 19 were
synchronous (group 3a) and 12weremetachronous (group3b).
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MSI in adenomas and corresponding carcinomas

All (12/12) group 1 adenomas (100%) were MSI-H, as were
the corresponding carcinomas that arose from the adenomas.
Of the 28 group 2 adenomas, 25 (89.3%) were MSI-H, as
were the carcinomas of these patients. The remaining 3
adenomas were MSS, which was confirmed by laser
microdissection.

Sixteen out of 19 group 3a adenomas (84.2%) and 8 out of
12 group 3b adenomas (66.7%) were MSI-H. The remaining
3 and 4 adenomas from these groups, respectively, wereMSS.
These results were also confirmed by laser microdissection.

MMR-protein expression in adenomas
and corresponding carcinomas

All (12/12) group 1 adenomas showed loss of the same
MMR protein as the corresponding carcinomas. In addi-
tion, all (28/28) group 2 adenomas displayed loss of the
same MMR proteins as the corresponding carcinomas.

Ten out of 19 group 3a adenomas and 8 out of 12 group
3b adenomas showed loss of the same MMR protein as the

corresponding carcinomas. The remaining 9 group 3a and 4
group 3b adenomas stained positive for all examined MMR
proteins, indicating the presence of wild-type protein.

Combined MSI and MMR-protein expression status
in adenomas and corresponding carcinomas

Overall, the microsatellite status and immunohistochemical
profile of group 1 and 2 adenomas were identical to their
corresponding cancers. However, there were three cases in
group 2 that showed loss of the same MMR protein as the
corresponding tumor in spite of an MSS status. This find-
ing would still be viewed as in indication of MMR defi-
ciency in these adenomas (Fig. 1).

However, 3/19 group 3a adenomas and 4/12 group 3b
adenomas showed no evidence ofMMRdeficiency (Fig. 1).
All of these lesions expressed the MMR proteins. The 3
group 3a adenomas and 4 group 3b adenomas were MSS,
and 1 group 3b adenoma there was MSI-L. Of note, 2 of
these MMR-proficient adenomas were found in patients
who had other MMR-deficient adenomas (patients 8 and

Group 1 Group 2  Group3a/b

CA ex adenoma            Adenoma                CA Adenoma                     CA

< 5 cm              > 5 cm

Group 1

N= 12

Group  2

N=28

Group 3a

N= 19

Group 3b

N=12

Occurrence Syn. Syn. Syn. Met.

MSI-H 12 25 16 8

Loss of MMR 

Protein Expression

12 28 10 8

MSS and normal 

MMR Protein 

Expression

0 0 3 4

Fig. 1 Results of MSI analysis and immunohistochemical staining of the adenomas. The last line colored in white shows the number of
adenomas, which differ in both MSI and IHC from the corresponding carcinoma
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Table 1 Clinicopathological and molecular data for the 36 patients in this cohort

Patient data Data of the carcinoma Data of adenomas in follow-up

Patient Family
history

Mutation Location of
carcinoma

MSI
analysis

Loss of MMR-
protein expression

No. of
additional
adenomas

Grade of
dysplasia

Synchronous/
metachronous

Adenoma group
(according to Fig. 1)

1 A Not
found

Asc 5/5 MLH1 1 D1 Meta 3b

2 B Not
found

Asc 5/5 MSH2 1 D2 Syn 1
1 D2 Meta 3b

3 A Not
found

Sig 5/5 MSH2 1 D2 Syn 2

4 A Not
found

Asc 5/5 MSH2/MSH6 1 D2 Syn 1

5 A Found Asc/Trans 5/5 MSH2/MSH6 1 D2 Syn 1
6 A Not

found
Asc 5/5 MLH1 1 D2 Syn 2

7 A Found Trans 5/5 MLH1 1 D2 Syn 1
8 A Not

found
Trans/Desc 5/5 MLH1 1 D2 Syn 3

2 D1 Syn 3a
9 B Found Asc 5/5 MSH2 1 D3 Syn 1

2 D2 Syn 3a
3 D1/2 Syn 3a
4 D2 Syn 3a
5 D1/2 Syn 3a
6 D2 Syn 3a
7 D3 Syn 1
8 D2 Syn 1
9 D2 Meta 3b
10 D1/2 Meta 3b
11 D2 Meta 3b
12 D2/3 Meta 3b
13 D2 Meta 3b

10 B Not
found

Asc 5/5 MLH1 1 D2 Syn 1

11 A Found Asc 5/5 MLH1a 1 D2 Syn 1
12 A Found Trans 5/5 MLH1 1 D2 Meta 3b
13 A Found Trans 3/3 MLH1 1 D2 Syn 2
14 A Not

found
Trans 3/5 MSH6 1 D2 Syn 2

15 A Found Asc 5/5 MSH2/MSH6 1 D2 Syn 3a
2 D1/2 Syn 3a

16 B Not
found

Sig 4/5 MLH1 1 D1 Syn 1

17 B Not
found

Asc 5/5 MLH1 1 D1 Meta 1

18 A Not
found

Sig 4/5 MLH1 1 D1 Meta 3b
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Patient data Data of the carcinoma Data of adenomas in follow-up

Patient Family
history

Mutation Location of
carcinoma

MSI
analysis

Loss of MMR-
protein expression

No. of
additional
adenomas

Grade of
dysplasia

Synchronous/
metachronous

Adenoma group
(according to Fig. 1)

19 B Not
found

Sig 5/5 MSH2/MSH6 1 D2 Syn 2
2 D1 Syn 3a
3 D1 Syn 3a
4 D2 Syn 3a
5 D2 Syn 3a
6 D2 Syn 3a
7 D3 Syn 3a
8 D2 Syn 3a

20 A Not
found

Sig 3/5 MSH2/MSH6 1 D2 Syn 1
2 D3 Syn 1

21 A Not
found

Asc 4/5 MLH1 1 D3 Syn 2

22 A Found Asc 3/5 MSH2/MSH6 1 D1 Syn 1
2 D1 Syn 1
3 D1 Syn 1
4 D1 Syn 1
5 D1 Meta 3b
6 D2/3 Meta 3b

23 A Found Sig 4/5 MLH1 1 D2 Syn 2
2 D3 Syn 2

24 B Not
found

Asc 4/5 MSH6 1 D1 Syn 1
2 D2 Syn 1

25 B Not
found

Asc 5/5 MSH2/MSH6 1 D2 Syn 1

26 B Found Sig 5/5 MLH1 1 D3 Syn 2
27 B Not

found
Asc 3/5 MSH2 1 D2 Syn 3a

2 D2 Syn 3a
28 B Not

found
Sig 4/5 MSH2 1 D2 Syn 2

2 D3 Syn 1
29 B Not

found
Asc 5/5 MSH2 1 D1 Syn 1

2 D1 Meta 1
3 D1 Meta 3b

30 A Found Trans 5/5 MLH1 1 D2 Syn 1
31 B Not

found
Asc 5/5 MLH1 1 D2 Syn 2

2 D1 Syn 1
32 A Not

found
Trans 3/5 MSH2 1 D2 Syn 1

33 A Found Asc 5/5 MLH1 1 D3 Syn 1
34 A Found Trans/Asc 5/5 MSH2/MSH6 1 D3 Syn 1
35 B Not

found
Sig 3/5 MSH2 1 D3 Syn 1

36 A Found Asc 5/5 MLH1 1 D2 Syn 2

Adenomas in boldface are MMR proficient
Abbreviations: Asc ascending colon, Sig sigmoid, Trans transverse colon, Desc descending colon, A Amsterdam criteria, B Bethesda criteria

Table 1 (continued)
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22, Table 1), and two patients had proven MMR gene
mutations (patients 15 and 22, Table 1; Fig. 2).

Discussion

Adenomas are well established as precursor lesions of
colorectal cancer. In HNPCC, an earlier onset of adenomas
and a faster progression to cancer have been described [32,
33]. The present study attempts to assess the diagnostic value
of MSI testing and immunohistochemical analysis of MMR-
protein expression for the detection of HNPCC in precancer-
ous lesions in awell-characterized cohort ofHNPCCpatients.

As expected, in patients with an MMR deficiency, the
vast majority of HNPCC patients display MSI-H and loss
of one of the MMR proteins by IHC even in the precan-
cerous adenoma stage. This finding indicates that the MMR
deficiency is an early event in the molecular carcinogenesis
of tumors that follow the mutator pathway.

Three adenomas in group 2 had loss of expression of one
of the MMR proteins, even though microsatellite analysis
revealed no instability. This finding points to an MMR-
protein deficiency not yet fully manifested as MSI-H. We
reported previously that early or low-grade adenomas may
only show MSS or MSI-L, especially when they are not
laser-microdissected [31, 34]. However, we were able to
confirm the MSS status after laser microdissection in these
cases. All three of these adenomas were low grade (classified
with dysplasia grade 1 or 2; patients 11, 16, and 36). It can be

assumed that these adenomas, had they not been removed,
would have ultimately developed MSI-H.

Surprisingly, we observed that a significant percentage of
adenomas (7/31 in groups 3a and 3b, 22%) differ from the
carcinoma in their microsatellite status and MMR-protein
expression profile. We found that they were microsatellite
stable and revealed no evidence of a loss or reduction in
MMR gene expression. Again, we used laser capture micro-
dissection instead of manual microdissection [31, 34] to rule
out the possibility of false-negative MSI results due to intra-
lesional heterogeneity [31].

Interestingly, two of these apparently MMR-proficient
adenomas (patients 8 and 22, Table 1) were found in patients
who had other MMR-deficient adenomas that had the same
MSI and IHC results as the carcinoma. Two patients with
apparently MMR-proficient adenomas had germline muta-
tions of an MMR gene (patients 15 and 22, Table 1). Even
though it is possible that these lesions would manifest the
hallmarks of MMR deficiency later as they progress, es-
pecially as most of themwere classified with dysplasia grade
1 or 2, it seems reasonable to assume that HNPCC patients
can also develop adenomas that do not follow the mutator
pathway [35].

Concluding from our studies, we emphasize that immuno-
histochemical analysis is a powerful tool in the assessment of
MMR, especially in early lesions [36–38], as exemplified in
three of our group 2 cases that wereMSS but revealed a loss of
MMR-protein expression. This phenomenon is most likely
due to evolving instability in only a few cell clones par-
ticularly in early adenomas [31].

Fig. 2 Results of the immuno-
histochemical staining of two
adenomas of one HNPCC pa-
tient. The synchronous cancer is
negative for MSH2 and shows
MSI-H (data not shown); the
synchronous adenoma shows
the same expression pattern,
whereas the metachronous ade-
noma stains positive for all
MMR proteins and shows
no MSI
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At the same time, we further conclude that exclusive use
of immunohistochemical staining to identify patients at risk
for HNPCC seems to be insufficient. Six adenomas in
group 3 showed normal MMR-protein expression, even
though they were MSI-H. One possible explanation in
these cases would be a mutation that results in expression
of a nonfunctional or of a truncated MMR protein that can
still be detected by IHC.

In summary, the identification of HNPCC-associated
adenomas is still difficult and, hence, needs analyses and
interpretation from specialized centers that interpret the re-
sults of the histological and molecular analyses in the con-
text of the patient’s medical history and family history.

For patient management, it is essential to include all HNP
CC-associated carcinomas as well as the adenomas for the
correct interpretation of the family history. False-positive
results may lead to overtreatment and unnecessary psycho-
logical stress not only for the individual but also for the
family, not to mention the fact that they are time-consuming
and costly. More importantly, false-negative results may
lead to the exclusion of an HNPCC patient from the more
rigorous surveillance program and, consequently, may result
in failure to detect cancer development at an early stage.

Our study clearly demonstrates that for detection of HNP
CC patients, MSI and IHC results obtained from adenomas
must be interpreted very cautiously. A negativeMSI test result
or presence of all MMR proteins in an adenoma should not
be used to exclude a patient from intensified clinical cancer
screening programs if there is any clinical suspicion for
HNPCC, based on age at presentation, medical history, or
family history. In conclusion, we support the recommenda-
tion in the revised Bethesda guidelines to exclude predictive

MSI testing of adenomas as a reliable tool to screen for
HNPCC patients [30].
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Appendix

The German HNPCC Consortium consists of the following
centers (in alphabetical order): clinical centers in Bochum
(in addition to the following authors: Jörg T. Epplen, Stefan
Hahn, Erdmute Kunstmann, Christian Pox, and Jörg
Willert), Bonn (in addition to the following authors:
Elisabeth Mangold, Constanze Pagenstecher, Waltraut Friedl,
Holger Lauschke, Andreas Hirner, Christof Lamberti, Peter
Propping, and Tilman Sauerbruch), Düsseldorf (in addition to
author PD G. Möslein, M.D.), Dresden (in addition to the
following authors: Daniela E. Aust, Friedrich Balck, Ruth
Höhl, Friedmar R. Kreuz, Stefan Krüger, Steffen R. Pistorius,
and Jens Plaschke), Heidelberg (in addition to author Prof.
Magnus von Knebel-Döberitz), München-Regensburg (in
addition to the following authors: Wolfgang Dietmaier,
Reinhard Kopp, Peter Lohse, Michael Muders, Yvonne
Müller-Koch, and Holger Vogelsang), center for reference
pathology Kassel (in addition to author Thomas Brodegger),
and center for documentation and biometry in Leipzig (in
addition to the following authors: Christoph Engel, Jochen
Forberg, Marlies Herold, and Markus Löffler).

References

1. Aaltonen LA, Salovaara R, Kristo P,
Canzian F, Hemminki A, Peltomäki P,
Chadwick RB, Kääriäinen H, Eskelinen
M, Järvinen H, Mecklin JP, Chapelle de
la A et al (1998) Incidence of hereditary
nonpolyposis colorectal cancer and the
feasibility of molecular screening for
the disease. N Engl J Med 338:
1481–1487

2. Evans DG, Walsh S, Jeacock J (1997)
Incidence of hereditary non-polyposis
colorectal cancer in a population-based
study of 1137 consecutive cases of
colorectal cancer. Br J Surg 84:
1281–1285

3. Lynch HT, Chapelle de la A (2003)
Hereditary colorectal cancer. N Engl
J Med 348:919–932

4. Salovaara R, Loukola A, Kristo P,
Kääriäinen H, Ahtola H, Eskelinen M,
Härkönen N, Julkunen R, Kangas E,
Ojala S, Tulikoura J, Valkamo E,
Järvinen H, Mecklin JP, Aaltonen LA,
de la Chapelle A (2000) Population-
based molecular detection of hereditary
nonpolyposis colorectal cancer.
J Clin Oncol 11:2193–2200

5. Aarnio M, Sankila R, Pukkala E,
Salovaara R, Aaltonen LA, de la
Chapelle A, Peltomäki P, Mecklin JP,
Jarvin HJ (1999) Cancer risk in muta-
tion carriers of DNA-mismatch-repair
genes. Int J Cancer 8:214–218

6. Holmberg M, Kristo P, Chadwicks RB,
Mecklin JP, Jarvinen H, de la Chapelle
A, Nystrom-Lahti M, Peltomaki P
(1998) Mutation sharing, predominant
involvement of the MLH1 gene and
description of four novel mutations in
hereditary nonpolyposis colorectal
cancer. Mutations in brief no. 144.
Hum Mutat 1:482–486 (online)

7. Mangold E, Pagenstecher C, Friedl W,
Mathiak M, Buettner R, Engel C, Loeffler
M, Holinski-Feder E, Muller-Koch Y,
Keller G, Schackert HK, Kruger S,
GoeckeT,MoesleinG,KloorM,Gebert J,
Kunstmann E, Schulmann K, Ruschoff
J, Propping P (2004) Spectrum and
frequencies of mutations in MSH2 and
MLH1 identified in 1721German families
suspected of hereditary nonpolyposis
colorectal cancer. Int J Cancer 116(5):
692–702

8. Plaschke J, Krüger ST, Pistorius ST,
Theissig F, Saeger HD, Schackert HK
(2002) Involvement of hMSH6 in the
development of hereditary and sporadic
colorectal cancer revealed by immuno-
staining is based on germline
mutations, but rarely on somatic inac-
tivation. Int J Cancer 97:643–648

639



9. Peltomäki P (2001) Deficient DNA
mismatch repair: a common etiologic
factor for colon cancer. Hum Mol
Genet 10:735–740

10. Loeb LA (1991) Mutator phenotype
may be required for multistage
carcinogenesis. Cancer Res
51:3075–3079

11. Thibodeau SN, Bren G, Schaid D
(1993) Microsatellite instability in
cancer of the proximal colon.
Science 260:816–819

12. Peltomäki P (2001) Deficient DNA
mismatch repair: a common etiologic
factor for colon cancer. Hum Mol
Genet 10:735–740

13. Ionov Y, Peinado MA, Malkhosyan S,
Shibata D, Perucho M (1993) Ubiq-
uitous somatic mutations in simple
repeated sequences reveal a new
mechanism for colonic carcinogenesis.
Nature 363:558–561

14. Cunningham JM, Christensen ER,
Tester DJ, Kim CY, Roche PC, Burgart
LJ, Thibodeau SN (1998) Hyper-
methylation of the hMLH1 promoter in
colon cancer with microsatellite in-
stability. Cancer Res 58:3455–3460

15. Lamberti C, Kruse R, Ruelfs C, Caspari
R, Wang Y, Jungck M, Mathiak M,
Malayeri HR, Friedl W, Sauerbruch T,
Propping P (1999) Microsatellite in-
stability—a useful diagnostic tool to
select patients at high risk for heredi-
tary non-polyposis colorectal cancer: a
study in different groups of patients
with colorectal cancer. Gut 44:839–843

16. Loukola A, Eklin K, Laiho P, Salovaara
R, Kristo P, Järvinen H, Mecklin JP,
Launonen V, Aaltonen LA (2001)
Microsatellite marker analysis in
screening for hereditary nonpolyposis
colorectal cancer (HNPCC). Cancer
Res 61:4545–4549

17. Rüschoff J, Bocker T, Schlegel J,
Stamm G, Hofstaedter F (1995) Mi-
crosatellite instability: new aspects in
the carcinogenesis of colorectal carci-
noma. Virchows Arch 426:215–222

18. Lanza G, Gafà R, Maestri I, Santini A,
Matteuzzi M, Cavazzini L (2002) Im-
munohistochemical pattern of MLH1/
MSH2 expression is related to clinical
and pathological features in colorectal
adenocarcinomas with microsatellite
instability. Mod Pathol 15:741–749

19. Jass JR (2000) hMLH1 and hMSH2
immunostaining in colorectal cancer.
Gut 47:315–316

20. Müller W, Burgart LJ, Krause-Paulus
R, Thibodeau SN, Almeida M, Bocker
Edmonston T, Boland CR, Sutter C,
Jass JR, Lindblom A, Lubinski J,
MacDermot K, Sanders DSA, Morreau
H, Müller A, Oliani C, Orntoft T,
Ponz De Leon M, Rosty C, Rodriguez-
Bigas M, Rüschoff J, Ruszkiewicz A,
Sabourin J, Salovaara R, Möslein G;
ICG-HNPCC (2001) The reliability of
immunohistochemistry as a prescreen-
ing method for the diagnosis of hered-
itary nonpolyposis colorectal cancer
(HNPCC)—results of an international
collaborative study. Fam Cancer
1:87–92

21. Thibodeau SN, French AJ, Roche PC,
Roche PC, Cunningham JM, Tester DJ,
Lindor NM, Moslein G, Baker SM,
Liskay RM, Burgart LJ, Honchel R,
Halling KC (1996) Altered expression
of hMSH2 and hMLH1 in tumors with
microsatellite instability and genetic
alterations in mismatch repair genes.
Cancer Res 56:4836–4840

22. Gryfe R, Gallinger S (2001) Micro-
satellite instability, mismatch repair
deficiency, and colorectal cancer.
Surgery 130:17–20

23. Aaltonen LA, Peltomäki P, Mecklin JP,
Jarvinen H, Jass JR, Green JS, Lynch
HT, Watson P, Tallqvist G, Juhola M
(1994) Replication errors in benign and
malignant tumors from hereditary non-
polyposis colorectal patients. Cancer
Res 54:1645–1648

24. Loukola A, Salovaara R, Kristo P,
Moisio A-L, Kääriäinen H, Ahtola H,
Eskelinen M, Härkönen N, Julkunen R,
Kangas E, Ojala S, Tulikoura J,
Valkamo E, Järvinen H, Mecklin J-P, de
la Chapelle A, Aaltonen LA (1999)
Microsatellite instability in adenomas
as a marker for hereditary nonpolyposis
colorectal cancer. Am J Pathol
155:1849–1853

25. Young J, Leggett B, Gustafson C, Ward
M, Searle J, Thomas L, Buttenshaw R,
Chenevix-Trench G (1993) Genomic
instability occurs in colorectal car-
cinomas but not in adenomas.
Hum Mutat 2:351–354

26. Jacoby RF, Marshall DJ, Kailas S,
Schlack S, Harms B, Love R (1995)
Genetic instability associated with ad-
enoma to carcinoma progression in
hereditary nonpolyposis colon cancer.
Gastroenterology 109:73–82

27. Hamilton SR, Aaltonen LA (eds)
(2000) Pathology and genetics of
tumours of the digestive system. World
health organization classification of
tumours. IARC Press, Lyon

28. Vasen HFA, Watson P, Mecklin J-P,
Lynch HT, the ICG-HNPCC (1999)
New clinical criteria for hereditary
nonpolyposis colorectal cancer
(HNPCC, Lynch syndrome) proposed
by the international collaborative group
on HNPCC. Gastroenterology
116:1453–1456

29. Boland CR, Thibodeau SN, Hamilton
SR, Sidransky D, Eshleman JR, Burt
RW, Meltzer SJ, Rodriguez-Bigas MA,
Fodde R, Ranzani GN, Srivastava S
(1998) A National Cancer Institute
workshop on microsatellite instability
for cancer detection and familial pre-
disposition: development of interna-
tional criteria for the determination of
microsatellite instability in colorectal
cancer. Cancer Res 58:5248–5257

30. Umar A, Boland CR, Terdiman JP,
Syngal S, Chapelle de la A, Rüschoff J,
Fishel R, Lindor NM, Burgart LJ,
Hamelin R, Hamilton SR, Hiatt RA,
Jass J, Lindblom A, Lynch HT,
Peltomaki P, Ramsey SD, Rodriguez-
Bigas MA, Vasen HFA, Hawk ET,
Barett JC, Freedman AN, Srivastava S
(1999) New clinical criteria for Hered-
itary nonpolyposis colorectal cancer
(HNPCC, Lynch syndrome) proposed
by the international collaborative group
on HNPCC. Gastroenterology
116:1453–1456

31. Müller A, Giuffre G, Bocker
Edmonston T, Mathiak M, Roggendorf
B, Heinmöller E, Brodegger T, Tuccari
G, Mangold E, Buettner R, Rüschoff J;
German HNPCC Consortium, German
Cancer Aid (Deutsche Krebshilfe)
(2004) Challenges and pitfalls in
HNPCC screening by microsatellite
analysis and immunohistochemistry.
J Mol Diagn 6:308–315

32. Jass JR, Stewart SM, Stewart J, Lane
MR (1994) Hereditary non-polyposis
colorectal cancer: morphologies, genes
and mutations. Mutat Res 290:125–133

33. Rijcken FE, Hollema H, Kleibeuker JH
(2002) Proximal adenomas in heredi-
tary non-polyposis colorectal cancer
prone to rapid malignant transfor-
mation. Gut 50:382–386

34. Heinmöller E, Renke B, Beyser K,
Dietmaier W, Langner C, Rüschoff J
(2001) Pitfalls in diagnostic molecular
pathology—significance of sampling
error. Virchows Arch 439:504–511

640



35. Giuffre G, Müller A, Brodegger T,
Bocker Edmonston T, Gebert J, Kloor
M, Dietmaier W, Kullmann F, Büttner
R, Tuccari G, Rüschoff J; German
HNPCC Consortium (2005) Micro-
satellite analysis of hereditary nonpol-
yposis colorectal cancer-associated
colorectal adenomas by laser-assisted
microdissection: correlation with mis-
match repair protein expression pro-
vides new insights in early steps of
tumorigenesis. J Mol Diagn 7:160–170

36. Wahlberg SS, Schmeits J, Thomas G,
Loda M, Garber J, Syngal S (2002)
Evaluation of microsatellite instability
and immunohistochemistry for the
prediction of germ-line MSH2
and MLH1 mutations in hereditary
nonpolyposis colon cancer families.
Cancer Res 62:3485–3492

37. Lanza G, Gafà R, Maestri I, Santini A,
Matteuzzi M, Cavazzini L (2002) Im-
munohistochemical pattern of MLH1/
MSH2 expression is related to clinical
and pathological features in colorectal
adenocarcinomas with microsatellite
instability. Mod Pathol 15:741–749

38. Pedroni M, Sal E, Scarselli A, Borghi F,
Menigatti M, Benatti P, Percesepe A,
Rossi G, Foroni M, Losi L, DiGregorio
C, De Pol A, Nascimbeni R, Di Betta E,
Salerni B, Ponz de Leon M, Roncucci L
(2001) Microsatellite instability and
mismatch-repair protein expression in
hereditary and sporadic colorectal car-
cinogenesis. Cancer Res 61:896–899

641


	Prevalence of the mismatch-repair-deficient phenotype in colonic adenomas arising in HNPCC patients: results of a 5-year follow-up study
	Abstract
	Introduction
	Materials and methods
	Patients and tumors
	Microdissection and DNA extraction
	Analysis of MSI
	Immunohistochemistry

	Results
	Number and type of adenomas
	MSI in adenomas and corresponding carcinomas
	MMR-protein expression in adenomas and corresponding carcinomas
	Combined MSI and MMR-protein expression status in adenomas and corresponding carcinomas

	Discussion
	Appendix
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


