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Abstract The relationship between synovial fluid (SF)
cAMP level and IL-18 and PGE2 SF levels in rheumatoid
arthritis (RA) and osteoarthritis (OA) patients, and between
SF cAMP level and disease as well as inflammatory activity
in RA were investigated in 17 RA and 19 OA patients.
Erythrocyte sedimentation rate (ESR), serum (S) C-reactive
protein (CRP) level and SF IL-18 level were higher in RA
than in OA patients. SF PGE2 level was similar in both
groups. SF cAMP level was higher in OA than in RA
patients. In RA patients, SF cAMP level showed negative
correlation with Disease Activity Score including a 28-joint
count and S CRP, ESR and SF IL-18 level. The results sug-
gest that cAMP promotes anti-inflammatory response in
RA and OA patients, which is higher in the latter. Promo-
tion of anti-inflammatory response by cAMP elevating
agents might be useful in the treatment of RA.
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Introduction

A complex cytokine network produced by cells from infl-
amed synovia is involved in the pathogenesis of rheumatoid
arthritis (RA). The network is composed of positive and
negative feedback pathways regulating cytokine expression
and action [1, 2].

Interleukin (IL)-18 is a proinflammatory cytokine with a
prominent role in the pathogenesis of RA synovitis and tis-
sue destruction in RA [3]. A number of proinflammatory
cytokines [4, 5] including IL-18 [6, 7] can be detected in
higher levels in synovial fluid (SF) of RA patients as com-
pared with osteoarthritis (OA) patients.

Prostaglandin E2 (PGE2) contributes to a number of
reactions involved in RA synovitis [8]. However, it has not
been extensively studied in SF of RA patients. A higher
level of SF PGE2 was found in RA than in OA patients,
with no correlation with the levels of various cytokines [9].
The improvement of synovitis in RA patients by various
drug treatments was accompanied by a decrease in the SF
level of PGE2 [10-12].

Cyclic adenosine 5’-monophosphate (cAMP) mediates a
number of various anti-inflammatory pathways resulting in
inhibition of tumor necrosis factor alpha (TNF«) and IL-1,
and stimulation of IL-10 production [13]. In vitro and in
vivo studies demonstrated an inhibitory effect of cAMP on
numerous and various reactions involved in immune and
inflammatory responses, suggesting a central role of cAMP
in anti-inflammatory mechanisms [14].

There are only a few studies exploring cAMP in SF of
RA patients. There was no correlation between SF cAMP
level and disease activity [15, 16], however, the treatment
increasing the SF cAMP level ameliorated the symptoms of
joint inflammation [16].
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Considering the complex relationship of various partici-
pants involved in the pathogenesis of RA synovitis, we
studied the relationship of SF cAMP primarily with two
proinflammatory mediators, IL-18 and PGE2 in SF, and
with the disease and systemic inflammatory activity in RA
and OA patients.

Methods

The study included 17 RA and 19 OA consecutive patients
with knee joint effusion and indication for arthrocentesis.
RA patients (male/female 3/14, median age 53, range 39—
66) met the American College of Rheumatology 1987 clas-
sification criteria [17]. All patients were treated continu-
ously with some of the disease modifying anti-rheumatic
drugs alone or in combination with other anti-rheumatic
drugs: nonsteroidal anti-inflammatory drugs (NSAIDs)
(n=35), cyclo-oxygenase (COX)-2 inhibitors (n = 10) and
methylprednisolone (n = 4).

In OA patients (male/female 10/9, median age 54, range
21-69), knee OA was diagnosed based on radiography and
clinical findings. They were treated at the time of arthrocen-
tesis with NSAIDs (n = 13) or COX-2 inhibitors (n =4).
The written informed consent was obtained from the
patients involved in the study. The study was approved by
Ethical Committee of the Dubrava University Hospital,
Zagreb.

Disease activity in RA patients was evaluated by Disease
Activity Score including a 28-joint count and S CRP level
(DAS28-CRP) [18] using DAS28-CRP Calculator [19].

In both RA and OA patients SF was obtained by a thera-
peutic knee arthrocentesis in volume between 30 and
80 mL, depending on the volume of knee effusion. To
reduce the viscosity of SF prior to analysis, SF samples
were treated with hyluronidase (20 units/mL, at 37°C for
30 min) using Hylorunidase Sigma, type 1-2, H-3506 [20].

Erythrocyte sedimentation rate (ESR) was measured by
a standard technique [21] and serum (S) C-reactive protein
(CRP) was measured by an immunoturbidimetric assay
[22] using Olympus autoanalyzer. SF IL-18, PGE2 and
cAMP levels were measured by enzyme-linked immuno-
sorbent assay (ELISA) using IL-18 kit from R&D (Cat. No.
7620), PGE2 Correlate-EIA (Cat. No. 900-001) and cAMP
Correlate-EIA (Cat. No. 900-067) from Assay Designs,
respectively. The manufacturer’s instructions were strictly
followed [23-25] and plates were read on a Dynatech
MS5000 reader. Statistics was done using NCSS 2000 pro-
gram attached to the book [26]. As higher values for proin-
flammatory variables and lower values for anti-
inflammatory variables in RA then in OA group could be
expected, the differences between mean in RA versus OA
group were analyzed by one-tailed ¢ test. The correlations
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between various parameters within groups were analyzed
by Pearson correlation. P values less then 0.05 were consid-
ered significant.

Results

ESR, S CRP level and SF IL-18 level were higher in RA
than in OA patients. SF PGE2 SF level was similar in both
groups. SF cAMP level was higher in OA than in RA
patients (Table 1).

In RA patients, SF cAMP level showed negative correla-
tion with DAS28-CRP, ESR and SF IL-18 level (Fig. la—
¢). The correlation coefficients are shown on Table 2. There
were no statistically significant correlation coefficients
between SF cAMP level and S CRP level in RA patients
and between SF cAMP and S CRP, ERS, SF IL-18 and SF
PgE2 in OA patients.

Discussion

Differences between the RA and OA groups of patients
(higher ESR, S CRP level, SF IL-18 level and lower SF
cAMP level in RA than in OA patients) reflected a higher
inflammatory activity in RA than in OA. These results are
in concordance with the higher SF levels of various proin-
flammatory cytokines found in RA as compared with OA
patients [3-6].

Similar SF PGE2 levels in RA and OA patients could be
explained by medication with drugs lowering PGE2 synthe-
sis, administered to patients of both groups, and by the anti-
inflammatory effects of PGE2. Generally, PGE2 is consid-
ered as a proinflammatory mediator [8] but in fact, it exerts
dual pro- and anti-inflammatory effects depending on target
cells, receptor subtype and context of activation [27-30].
PGE2 contributes to switching on the resolution of inflam-

Table 1 Difference between rheumatoid arthritis and osteoarthritis
patients

Parameter RA, n=17 OA,n=19 P

S CRP (mg/L) 37.94 (33.85) 10.89 (9.72) 0.001315

ESR (mm/h) 48.1 (14.10) 29.2 (11.57) 0.000048

SF IL-18 (pg/mL) 2624.10 903.28 0.000003
(1248.21) (603.08)

SF PGE2 (pg/mL) 2001.70 1619.48 0.192152
(1304.08) (1214.55)

SF cAMP (pmol/mL)  0.53 (0.414) 2.65 (4.53) 0.031484

Values are mean (SD), one-tailed ¢ test. RA rheumatoid arthritis, OA
osteoarthritis, S CRP Serum C-reactive protein, ESR erythrocyte sedi-
mentation rate, SF synovial fluid, /L-18 Interleukin-18, PGE2 prosta-
glandin E2, cAMP cyclic adenosine 5'-monophosphate
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Fig. 1 Relationship between synovial fluid cyclic adenosine 5'-mono-
phosphate (cAMP) level and (a) Disease Activity Score including a 28-
joint count and serum C-reactive protein level (DAS28-CRP). b Eryth-
rocyte sedimentation rate (ESR), and (c¢) synovial fluid interleukin-18
(IL-18) level in rheumatoid arthritis patients (n = 17). For correlation
coeflicients, see Table 2

Table 2 Correlation between SF cAMP level and various variables in
rheumatoid arthritis and osteoarthritis patients

Variables n r P

RA patients

SF cAMP verus DAS28-CRP 17 —0.5566 0.0203
SF cAMP versus CRP 17 —0.2051 0.4210
SF cAMP versus ESR 17 —0.5214 0.0319
SF cAMP versus SF IL-18 17 —0.5657 0.0176
SF cAMP versus SF PGE2 17 0.0997 0.7238
OA patients

SF cAMP versus CRP 19 0.34489 0.1610
SF cAMP versus ESR 19 0.31810 0.1832
SF cAMP versus SF IL-18 19 —0.2674 0.2684
SF cAMP versus SF PGE2 19 0.3508 0.1409

r Pearson correlation coefficient, SF synovial fluid, cAMP cyclic aden-
osine 5’'-monophosphate, RA rheumatoid arthritis, OA osteoarthritis,
DAS28-CRP Disease Activity Score including a 28-joint count and se-
rum C-reactive protein (CRP) level, ESR erythrocyte sedimentation
rate, /L-18 Interleukin-18, PGE2 prostaglandin E2

mation [31], so PGE2 need not correlate with chronic
inflammatory response.

In contrast to previous studies [15, 16], we found nega-
tive correlation between SF cAMP level and disease activ-
ity as assessed by DAS28-CRP and ESR.

The lack of correlation between SF cAMP and S CRP
levels could be explained by dual opposite effects of cAMP
in the regulation of IL-6 expression, which is a major stim-
ulator of CRP synthesis [32]. The expression of IL-6 is
enhanced by TNFo, IL-18 and PGE2. The latter acts
through cAMP signaling [33, 34]. On the other hand, an
increase in cAMP suppresses the expression of TNFa [35-
37] and could be assumed that the net effect of cAMP on
IL-6 synthesis and consequently CRP synthesis depends on
balance of these two processes.

Relationship between cAMP and PGE2 and IL-18 SF
levels was not investigated. The majority of PGE2 effects
are mediated by cAMP signaling [27] and positive correla-
tion between cAMP and PGE2 may be expected. The lack
of correlation between cAMP and PGE2 SF levels might be
due to the PGE2 lowering medication administered to all
patients, variability in PGE2 signaling depending on target
cells, receptor subtype and co-stimulation [27], and effects
of a number of G-protein coupled receptor ligands other
than PGE2 that also act through cAMP signaling and con-
tribute to the RA pathogenesis [38].

IL-18 is a proinflammatory cytokine with a powerful
Thl promoting activity [39]. The negative correlation
between cAMP and IL-18 SDF levels might be explained
by the immunomodulatory function of cAMP. Suppressing

@ Springer



170

Rheumatol Int (2008) 29:167-171

T-cell activation, cAMP prevents inappropriate immune
response and autoimmunity [40]. Elevation of cAMP differ-
ently affects cytokine production in effector T cells, sup-
pressing it in Th1 cells and increasing it in Th2 cells [41].
cAMP elevating agents including PGE2 drive Th1/Th2 bal-
ance toward Th2 response [38, 42]. PGE2 participates in
negative feedback loops regulating cytokine expression.
TNFa and IL-1f increase COX-2 expression and PGE2
synthesis [8]. PGE2, in turn, down-regulates TNFo and IL-
1 expression [42, 43]. In contrast to IL-1p, IL-18 does not
increase COX-2 expression and PGE2 synthesis [44]. Con-
sequently, a negative correlation between cAMP and IL-18
might be expected.

In conclusion, assuming that essential molecular mecha-
nisms regulating immune and inflammatory responses are
common to all relevant cell types, the data derived from
experimental settings (cell culture, experimental animals)
can be translated to clinical setting (our study). Taking
together, cAMP appears as a pivot mediator of anti-inflam-
matory response. Elevation of SF cAMP level accompanied
by lower DAS28-CRP score, lower ESR and lower SF IL-
18 level in RA, and a higher SF cAMP level in OA than in
RA suggest that cAMP promotes anti-inflammatory
response in both RA and OA patients, which is higher in the
latter. Promotion of anti-inflammatory response by agents
elevating cAMP might be useful in the treatment of RA.

Acknowledgments The authors thank Mirko Skoro, MD, PhD, for
participation in patient examination. The study was supported by a
grant to JMV from the Croatian Ministry of Science, Education and
Sports (No. 198-1081874-0183).

References

1. Weyand CM, Goronzy JJ (2006) Pathomechanisms in rheumatoid
arthritis—time for a string theory? J Clin Invest 116:869-871.
doi:10.1172/JC128300

2. Choy EH, Panayi GS (2001) Cytokine pathways and joint inflam-
mation in rheumatoid arthritis. N Engl J Med 344:907-916.
doi:10.1056/NEIM200103223441207

3. Dayer JM (1999) Interleukin-18, rheumatoid arthritis, and tissue
destruction. J Clin Invest 104:1337-1339. doi:10.1172/JCI8731

4. Steiner G, Tohidast-Akrad M, Witzmann G et al (1999) Cytokine
production by synovial T cells in rheumatoid arthritis. Rheumatol-
ogy (Oxford) 38:202-213. doi:10.1093/rheumatology/38.3.202

5. Manicourt DH, Poilvache P, Van Egeren A et al (2000) Synovial
fluid levels of tumor necrosis factor alpha and oncostatin M corre-
late with levels of markers of the degradation of crosslinked colla-
gen and cartilage aggrecan in rheumatoid arthritis but not in
osteoarthritis. Arthritis Rheum 43:281-288. doi:10.1002/1529-
0131(200002)43:2<281::AID-ANR7>3.0.CO;2-7

6. Yamamura M, Kawashima M, Taniai M et al (2001) Interferon-
gamma-inducing activity of interleukin-18 in the joint with rheu-
matoid arthritis. Arthritis Rheum 44:275-285. doi:0.1002/1529-
0131(200102)44:2<275::AID-ANR44>3.0.CO;2-B

7. Petrovic-Rackov L, Pejnovic N (2006) Clinical significance of IL-
18, IL-15, IL-12 and TNF-alpha measurement in rheumatoid

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

217.

28.

arthritis. Clin Rheumatol 25:448-452. doi:10.1007/s10067-005-
0106-0

. Martel-Pelletier J, Pelletier JP, Fahmi H (2003) Cyclooxygenase-

2 and prostaglandins in articular tissues. Semin Arthritis Rheum
33:155-167. doi:10.1016/S0049-0172(03)00134-3

. Hishinuma T, Nakamura H, Sawai T et al (1999) Microdetermin-

ation of prostaglandin E2 in joint fluid in rheumatoid arthritis pa-
tients using gas chromatography/selected ion monitoring.
Prostaglandins Other Lipid Mediat 58:179-186. doi:10.1016/
S0090-6980(99)00028-3

Goto M, Hanyu T, Yoshio T et al (2001) Intra-articular injection
of hyaluronate (SI-6601D) improves joint pain and synovial fluid
prostaglandin E2 levels in rheumatoid arthritis: a multicenter clin-
ical trial. Clin Exp Rheumatol 19:377-383

Bertin P, Lapicque F, Payan E et al (1994) Sodium naproxen: con-
centration and effect on inflammatory response mediators in hu-
man rheumatoid synovial fluid. Eur J Clin Pharmacol 46:3-7.
doi:10.1007/BF00195907

Seppild E, Nissila M, Isoméki H et al (1985) Comparison of the
effects of different anti-inflammatory drugs on synovial fluid pro-
stanoid concentrations in patients with rheumatoid arthritis. Clin
Rheumatol 4:315-320. doi:10.1007/BF02031615

Elenkov 1J, Wilder RL, Chrousos GP et al (2000) The sympathetic
nerve—an integrative interface between two supersystems: the
brain and the immune system. Pharmacol Rev 52:595-638
Moore AR, Willoughby DA (1995) The role of cAMP regulation
in controlling inflammation. Clin Exp Immunol 101:387-389
Wadskov S, Donde R, Sylvest J (1979) Plasma and synovial fluid
cAMP in patients with rheumatoid arthritis. Scand J Rheumatol
8:136-138. doi:10.3109/03009747909114444

Trang LE, Lovgren O, Roch-Norlund AE etal (1979) Cyclic
nucleotides in joint fluid in rheumatoid arthritis and in Reiter’s
syndrome. Scand J Rheumatol 8:91-96. doi:10.3109/
03009747909105343

Arnett FC, Edworthy SM, Bloch DA et al (1988) The American
Rheumatism Association 1987 revised criteria for the classifica-
tion of rheumatoid arthritis. Arthritis Rheum 31:315-324.
doi:10.1002/art.1780310302
http://www.das-score.nl/www.das-score.nl/index.html. Accessed
8 Sept 2007
http://www.das-score.nl/www.das-score.nl/dasculators.html. Ac-
cessed 8 Sept 2007

Ziolkowska M, Kurowska M, Radzikowska A et al (2002) High
levels of osteoprotegerin and soluble receptor activator of nuclear
factor kappa B ligand in serum of rheumatoid arthritis patients and
their normalization after anti-tumor necrosis factor alpha treat-
ment. Arthritis Rheum 46:1744-1753. doi:10.1002/art.10388
Fischbach F (1988) Laboratory diagnostic tests, 3rd edn. Lippin-
cott, Philadelphia, pp 57-59
http://www.olympus-diagnostica.com/diagnostica/3112_marketing
information.cfm. Accessed 8 Sept 2007
http://www.rndsystems.com/pdf/7620.pdf. Accessed 8 Sept 2007
http://www.assaydesigns.com/objects/catalog//product/extras/
900-001.pdf. Accessed 8 Sept 2007
http://www.assaydesigns.com/objects/catalog//product/extras/
900-067.pdf. Accessed 8 Sept 2007

Dawson B, Trapp RG (2001) Basic and clinical biostatistics, 3rd
edn. Lange, New York

Hata AN, Breyer RM (2004) Pharmacology and signaling of pros-
taglandin receptors: multiple roles in inflammation and immune
modulation. Pharmacol Ther 103:147-166. doi:10.1016/j.pharm-
thera.2004.06.003

Akaogi J, Nozaki T, Satoh M et al (2006) Role of PGE2 and EP
receptors in the pathogenesis of rheumatoid arthritis and as a novel
therapeutic strategy. Endocr Metab Immune Disord Drug Targets
6:383-394


http://dx.doi.org/10.1172/JCI28300
http://dx.doi.org/10.1056/NEJM200103223441207
http://dx.doi.org/10.1172/JCI8731
http://dx.doi.org/10.1093/rheumatology/38.3.202
http://dx.doi.org/10.1007/s10067-005-0106-0
http://dx.doi.org/10.1007/s10067-005-0106-0
http://dx.doi.org/10.1016/S0049-0172(03)00134-3
http://dx.doi.org/10.1016/S0090-6980(99)00028-3
http://dx.doi.org/10.1016/S0090-6980(99)00028-3
http://dx.doi.org/10.1007/BF00195907
http://dx.doi.org/10.1007/BF02031615
http://dx.doi.org/10.3109/03009747909114444
http://dx.doi.org/10.3109/03009747909105343
http://dx.doi.org/10.3109/03009747909105343
http://dx.doi.org/10.1002/art.1780310302
http://www.das-score.nl/www.das-score.nl/index.html
http://www.das-score.nl/www.das-score.nl/dasculators.html
http://dx.doi.org/10.1002/art.10388
http://www.olympus-diagnostica.com/diagnostica/3112_marketinginformation.cfm
http://www.olympus-diagnostica.com/diagnostica/3112_marketinginformation.cfm
http://www.rndsystems.com/pdf/7620.pdf
http://www.assaydesigns.com/objects/catalog//product/extras/900-001.pdf
http://www.assaydesigns.com/objects/catalog//product/extras/900-001.pdf
http://www.assaydesigns.com/objects/catalog//product/extras/900-067.pdf
http://www.assaydesigns.com/objects/catalog//product/extras/900-067.pdf
http://dx.doi.org/10.1016/j.pharmthera.2004.06.003
http://dx.doi.org/10.1016/j.pharmthera.2004.06.003

Rheumatol Int (2008) 29:167-171

171

29.

30.

31.

32.

33.

34.

35.

36.

Min SY, Kim WU, Cho ML et al (2002) Prostaglandin E2 sup-
presses nuclear factor-kappaB mediated interleukin 15 production
in rheumatoid synoviocytes. J Rheumatol 29:1366-1376

Gomez PF, Pillinger MH, Attur M et al (2005) Resolution of
inflammation: prostaglandin E2 dissociates nuclear trafficking
ofindividual NF-kappaB subunits (p65, p50) in stimulated rheu-
matoid synovial fibroblasts. J Immunol 175:6924-6930
Yacoubian S, Serhan CN (2007) New endogenous anti-inflamma-
tory and proresolving lipid mediators: implications for rheumatic
diseases. Nat Clin Pract Rheumatol 3:570-579. doi:10.1038/
ncprheum0616

Gabay C (2006) Interleukin-6 and chronic inflammation. Arthritis
Res Ther 8 (Suppl 2):S3. doi:10.1186/ar1917

Baumann H, Kushner I (1998) Production of interleukin-6 by
synovial fibroblasts in rheumatoid arthritis. Am J Pathol 152:641—
644

Dendorfer U, Oettgen P, Libermann TA (1994) Multiple regula-
tory elements in the interleukin-6 gene mediate induction by pros-
taglandins, cyclic AMP, and lipopolysaccharide. Mol Cell Biol
14:4443-4454

Eigler A, Siegmund B, Emmerich U et al (1998) Anti-inflamma-
tory activities of cAMP-elevating agents: enhancement of IL-10
synthesis and concurrent suppression of TNF production. J Leukoc
Biol 63:101-107

Kasyapa CS, Stentz CL, Davey MP et al (1999) Regulation of IL-
15-stimulated TNF-alpha production by rolipram. J Immunol
163:2836-2843

37.

38.

39.

40.

41.

42.

43.

44.

Souness JE, Griffin M, Maslen C et al (1996) Evidence that cyclic
AMP phosphodiesterase inhibitors suppress TNF alpha generation
from human monocytes by interacting with a ‘low-affinity” phos-
phodiesterase 4 conformer. Br J Pharmacol 118:649-658
Schillace RV, Carr DW (2006) The role of protein kinase A and A-
kinase anchoring proteins in modulating T-cell activation: pro-
gress and future directions. Crit Rev Immunol 26:113-131

Gracie JA, Forsey RJ, Chan WL et al (1999) A proinflammatory
role for IL-18 in rheumatoid arthritis. J Clin Invest 104:1393—
1401. doi:10.1172/JC17317

Taskén K, Aandahl EM (2004) Localized effects of cAMP medi-
ated by distinct routes of protein kinase A. Physiol Rev 84:137—
167. doi:10.1152/physrev.00021.2003

Harris SG, Padilla J, Koumas L et al (2002) Prostaglandins as
modulators of immunity. Trends Immunol 23:144-150.
doi:10.1016/S1471-4906(01)02154-8

Chen CH, Zhang DH, LaPorte JM et al (2000) Cyclic AMP acti-
vates p38 mitogen-activated protein kinase in Th2 cells: phosphor-
ylation of GATA-3 and stimulation of Th2 cytokine gene
expression. J Immunol 165:5597-5605

Harizi H, Gualde N (2006) Pivotal role of PGE2 and IL-10 in the
cross-regulation of dendritic cell-derived inflammatory mediators.
Cell Mol Immunol 3:271-277

Lee JK, Kim SH et al (2004) Differences in signaling pathways by
IL-1beta and IL-18. Proc Natl Acad Sci USA 101:8815-8820.
doi:10.1073/pnas.0402800101

@ Springer


http://dx.doi.org/10.1038/ncprheum0616
http://dx.doi.org/10.1038/ncprheum0616
http://dx.doi.org/10.1186/ar1917
http://dx.doi.org/10.1172/JCI7317
http://dx.doi.org/10.1152/physrev.00021.2003
http://dx.doi.org/10.1016/S1471-4906(01)02154-8
http://dx.doi.org/10.1073/pnas.0402800101

	Cyclic adenosine 59-monophosphate in synovial Xuid of rheumatoid arthritis and osteoarthritis patients
	Abstract
	Introduction
	Methods
	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 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


