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Preoperative serum placenta growth factor level
as a new marker for stage II or III colorectal
cancer patients
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Background/aims: We first reported in this study that serum placenta growth factor and carcinoembryonic antigen in combinati-
on were useful markers for selecting early-stage colorectal cancer patients. The aim of the present study was to determine whether se-
rum placenta growth factor could provide carcinoembryonic antigen-independent prognostic information on patients undergoing cu-
rative surgery. Methods: Serum and tissue samples were collected from 158 patients with colorectal cancer and from 50 controls. Se-
rum and tissue levels of placenta growth factor were measured by enzyme-linked immunosorbent assay. The serum placenta growth
factor levels in colorectal cancer patients were compared with those in healthy controls, and we retrospectively assessed the associati-
on between serum placenta growth factor levels and clinicopathological findings and survival. Results: Expression of placenta
growth factor was significantly higher in colorectal cancer tissues compared with non-tumor tissues. The mean serum placenta
growth factor level in patients was significantly higher than that in controls and significantly higher in patients with large tumor,
lymph-node involvement and distant metastasis. Conclusions: Elevated serum placenta growth factor levels are significantly asso-
ciated with colorectal cancer development, lymph or distant invasive phenotypes and survival, especially in stage II or III patients.
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Evre II ve III kolorektal kanserli hastalar icin yeni bir prognostik belirtec
olarak preoperative serum plasenta biiyiime faktor seviyesi

Amag: Serum plasenta biiyiime faktorii ve karsino embriyonik antijen diizeylerinin kombinasyonunun erken evre kolorektal kan-
serli hastalarin saptanmasinda yararl belirte¢ler oldugunu gésteren bir ¢calismayt sunuyoruz. Calismamizin amact serum plasen-
ta biiyiime faktorii diizeyinin kiiratif amacly cerrahiye gidecek hastalarda karsino embriyonik antijen’den bagimsiz prognostik bir
bilgi verip vermedigini saptamaktir. Yontem: Kolorektal kanserli 158 hastanin ve 50 kontroliin serum ve doku érnekleri toplandi.
Serum ve doku plasenta biiyiime faktorii diizeyleri enzim bagli immunosorbent élgiim yontemi ile élgiildii. Plasenta biiyiime fakto-
rii diizeyleri retrospektif olarak saglikli bireylerle, klinikopatolojik bulgular ve yasam siireleri ile karsilastirildi. Bulgular: Plasen-
ta biiyiime faktorii expresyonu tiimor olmayan dokulara gore kolerektal kanserli dokularda belirgin olarak yiiksekti. Ortalama se-
rum plasenta biiyiime faktori diizeyleri; kolerekral kanserli hastalarda kontrollere gore belirgin olarak yiiksekti. Ayrica biiyiik tii-
morlii, lenf nodu tutulumlu ve uzak metastazli olgularda da plasenta biiyiime faktori diizeyleri yiiksek bulundu. Sonug: Artmis
serum plasenta biiyiime faktorii ve doku diizeyleri, kolorektal kanserin gelisiminde lenf, uzak metastaz ve yasam stireleri ile iligki-
li bir belirtecdir. Ozellikle evre II ya da evre III hastalarda da énemli oldugunu diisiinmekteyiz.
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INTRODUCTION

Colorectal cancer is the third most common cancer
and the fourth most frequent cause of cancer de-
aths worldwide (1). After potential curative sur-
gery, ~30% of the patients will eventually develop
metastases, often in spite of adjuvant therapies,
such as chemotherapy and radio-chemotherapy (2).

The main factors that determine the prognosis in
colorectal cancer include lymph node involvement,
size of tumor and local diffusion of disease (3). Ho-
wever, these factors do not fully predict individual
clinical outcomes especially among patients with
stage Il and stage III disease (1). Although adju-
vant chemotherapy provides significant survival
benefit in stage III patients, it is controversial
whether this treatment has any effect on patients
with stage II colon cancer, 20-30% of whom even-
tually experience tumor relapses (4). Adjuvant
chemotherapy was shown to increase the survival
of certain populations of stage II patients (5); mo-
reover, almost 60% of stage III patients were not
relapsing, even if adjuvant chemotherapy was not
received (6). Therefore, identification of high-risk
patients among stage II and III colorectal cancer
patients would be of great benefit in selecting ap-
propriate candidates for standard or intense adju-
vant therapy.

Carcinoembryonic antigen (CEA) is a complex
glycoprotein that is up-regulated in ~90% of ad-
vanced colorectal cancers and contributes to the
malignant characteristics of tumors (7). However,
it is not useful in detecting asymptomatic cancer,
because the sensitivity of CEA determination for
early colorectal cancer is as low as 30-40% (8). Mo-
reover, CEA is not significantly associated with
survival among patients with stage I and II lesi-
ons, and CEA testing is relatively insensitive to
tumors with local or peritoneal involvement (9).

Placenta growth factor (P1IGF), a dimeric glycopro-
tein with 53% homology to vascular endothelial
growth factor (VEGF) (10,11), which binds to
VEGF receptor-1 (FlIt-1), but not to VEGF recep-
tor-2 (Flk-1), may function by modulating VEGF
activity (12).

Recently, several reports showed that in gastric
cancer, breast cancer, renal cell cancer, and non-
small cell lung cancer in humans, PIGF was over-
expressed and displayed prognostic value (13-16).

In one study, they showed that the PIGF mRNA
expression was regulated in colorectal cancer tis-
sue (17). The extent of up-regulation correlated
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with disease progression and patient survival.
Therefore, the results suggest that expression le-
vels of PIGF in colorectal cancer may be used as a
prognostic marker for patients with colorectal can-
cer (18).

In this study, we further assessed a possible role
for pre-operative serum PIGF as a potent predictor
of prognosis in colorectal cancer patients undergo-
ing surgery with curative intent. The aim of the
present study was to determine whether serum
PIGF could provide CEA-independent prognostic
information in patients undergoing surgery with
curative intent and whether a new biomarker wo-
uld be of more benefit to specific subgroups of pa-
tients, namely stage II and stage III patients, than
the existing systems and serum tumor markers
such as CEA.

MATERIALS AND METHODS

One hundred fifty-eight patients who underwent
resection of colorectal carcinoma at our institution
between September 2000 and September 2009 we-
re enrolled in this retrospective study. The pati-
ents included 99 men and 59 women with a mean
age of 60 (range: 30-78) years. The locations of the
tumors and distant metastases were determined
by barium enemas, colonoscopies, computerized
tomography (CT), and magnetic resonance ima-
ging (MRI). The primary lesion was located in the
rectum in 55 patients, sigmoid colon in 61, ascen-
ding colon in 22, transverse colon in 11, and des-
cending colon in 9. Thirty-two patients were diag-
nosed as having synchronous liver metastasis and
eight patients were diagnosed with both liver me-
tastasis and peritoneal dissemination. Tumor re-
section was performed in all patients and simulta-
neous partial hepatectomy for liver metastases
was performed in 20 patients. No pre-operative
mortalities were observed among these patients.
Eighteen patients had a poorly differentiated ade-
nocarcinoma, whereas in 140 patients, the adeno-
carcinoma was well or moderately differentiated.
All patients were classified according to the Union
for International Cancer Control (UICC) stage
classifications using resected specimens. There
were 24 patients with stage I disease (15.1%), 59
with stage II disease (37.3%), and 57 with stage II-
I disease (36%). Eighteen patients with distant
metastases were classified as having stage IV di-
sease (11.3%). Stage III and IV patients received
fluorouracil-based chemotherapy, whereas in sta-
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ge I and II patients, no adjuvant therapy was app-
lied postoperatively. Patients were observed at
three-month intervals for 24 months after the
completion of surgery, then every six months for
three years, and then yearly. A history was taken
and physical examination was performed at each
visit, and chest X-ray, colonoscopy and CT were
performed once per year. The median follow-up ti-
me was 65 months (mean: 50.2 = 19.7). Of 158 pa-
tients studied, 70 patients died due to primary or
recurrent disease. The clinicopathological parame-
ters studied for prognostic value were tumor size,
T classification, vessel involvement, lymphatic in-
vasion, lymph node metastases, distant metasta-
ses, and serum concentration of CEA.

Peripheral venous blood samples were obtained
from all 158 patients before surgery. Serum samp-
les obtained from 50 normal healthy age-matched
volunteers were used as controls. The absence of
disease was assessed by clinical history, physical
examination and routine laboratory tests, inclu-
ding liver and renal function tests. Serum samples
were allowed to clot and serum was stored at -80°C
until use. The levels of PIGF in cancer tissue and
adjacent normal tissue were analyzed in 89 of the
158 enrolled patients. These specimens were ho-
mogenized and tissue extracts were obtained. Be-
fore collection of serum and tissue extracts from
patients and healthy controls, their informed con-
sent was obtained for the use of the samples in fu-
ture experiments. The concentrations of PIGF we-
re quantified with use of a Quantikine® human
PIGF immunoassay (R&D Systems, Inc., Minne-
apolis, MN). Sera were incubated overnight at 4°C
on microtiter plates coated with a murine monoc-
lonal antibody against human PIGF. Unbound
proteins were washed off, and an enzyme-linked
polyclonal antibody specific for PIGF was added to
‘sandwich’ the PIGF immobilized during the first
incubation. A substrate solution for horseradish
peroxidase was added, and color was developed in
proportion to the amount of antibody-bound PIGF.
The absorbance of the color was read at 450 nm.
Concentrations of PIGF were expressed as picog-
rams per milligram. Protein concentration was
measured by the BCA protein assay (Pierce, Rock-
ford, IL). The lower limit of detection for serum
PIGF concentration was 0.01 pg/ml. The tissue
concentrations were expressed as pg/ml/protein.

CEA concentrations were determined by enzyme
immunoassay (ELISA).
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Data are presented as means + standard deviati-
on (SD). Comparisons were performed using the
nonparametric Mann-Whitney U test for continuo-
us variables and the chi-square test for categorical
data. Correlations were analyzed by Spearman’s
coefficient analysis. Analyses of receiver operating
characteristics (ROC) were performed to calculate
the cut-off values. The survival probabilities were
calculated using the product limit method of Kap-
lan-Meier methods, considering treatment-related
deaths and deaths caused by colorectal cancer.
Differences between two groups were determined
using the log-rank test. The influence of each sig-
nificant predictor identified by the log rank test
was assessed by multivariate analysis using Cox’s
proportional hazards model. Two-sided p-values of
<0.05 were considered statistically significant.

RESULTS

Serum PIGF levels were analyzed in 158 colorectal
cancer patients and 50 normal controls. There we-
re no age or gender differences between colorectal
cancer patient and control groups. The serum con-
centration of PIGF in patients ranged from 20.2-
105.5 pg/ml. The mean serum PIGF concentration
in patients was significantly higher than that in
normal volunteers (p<0.0001).

Table 1 shows the relationship between serum
PIGF levels and clinicopathological variables in all
patients. Table 2 shows the relationship between
serum CEA levels and clinicopathological variables
in all patients. Serum PIGF was associated with
factors reflecting disease progression, such as tu-
mor size >41 mm (p=0.0001), lymph node involve-
ment (p=0.001) and the presence of distant metas-
tases (p<0.0001). In addition, serum PIGF levels in-
creased significantly in accordance with the prog-
ression of UICC stage classification (p<0.0001). To
examine the predictive value of serum PIGF for dif-
ferent clinicopathological characteristics, we con-
ducted chi-square and Mann-Whitney U tests. We
defined elevated serum PIGF levels according to
the best predictive values calculated on ROC analy-
ses for tumor size >41 mm (25 pg/ml), lymph node
metastasis (47.4 pg/ml), and distant metastasis
(47.9 pg/ml), and used the criteria of 47.9 pg/ml for
analyses of other parameters. Elevated serum



Table 1. Relationships between PIGF level and clini-
copathological factors in 158 patients with colorectal
cancer

Variable n PIGF (pg/ml) P
Gender

Male 95 75.9 = 29.2 )

Female 63 78.3 + 20.6 0.49'
Age (y)

<65 80 91.4 +30.1 .

>65 78 89.5 + 25.7 0.21"
Tumor size (mm)

<41 79 33.8 +10.2 )

>41 79 95.7 + 23.1 0.0001"
Lymph node metastasis

NO 88 67.0 +24.5 A

N1-3 70 98.3 +21.6 0.0001'
Distant metastasis

MO 122 56.4 + 21.8 i

M1 36 89.7 +19.3 0.0001'
UICC classification

I 21 31.0 +12.7

I 61 57.8 +20.5

111 48 83.1 +23.9 )

v 28 99.5 + 15.2 0.0001"

"Mann-Whitney U test. Kruskal-Wallis analysis.

Table 2. Relationships between CEA level and clini-
copathological factors in 158 patients with colorectal
cancer

Variable n CEA (ng/ml) P
Gender

Male 95 3.7+21

Female 63 29+1.0 >0.05
Age (y)

<65 80 29=x1.1

>65 78 2.8+ 1.0 >0.05
Tumor size (mm)

<41 79 3.0+1.0

>41 79 29+1.0 >0.05
Lymph node metastasis

NO 88 2.4+1.3

N1-3 70 3.0x15 <0.05
Distant metastasis

MO 122 23+1.2

M1 36 3.1x14 0.001
UICC classification

I 21 21+14

1I 61 2.3+1.6

111 48 3.0x16

v 28 3.2=+17 0.001
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ding to the best predictive values calculated in
ROC analyses, which found the best pair of values
for highest sensitivity and highest specificity using
a peak of each cut-off point. Patients with elevated
serum PIGF and CEA levels had significantly poo-
rer prognosis than patients whose levels were be-
low the cut-off value (log-rank test, PIGF:
p<0.0001, CEA: p<0.0001, respectively). On the ba-
sis of Cox univariate proportional hazards analy-
sis, advanced UICC stage (III, IV; p<0.0001), tu-
mor size (>41 mm; p=0.0008), lymph node metasta-
sis (p<0.00019), distant metastasis (p<0.0001), ele-
vated serum CEA levels (p<0.0001), and elevated
serum PIGF levels (p<0.0001) were significant
prognostic factors for poor overall survival. By mul-
tivariate analysis, distant metastasis (p<0.0001)
and elevated serum PIGF level (p<0.0001) were
only the independent risk factors for predicting po-
or prognosis (Table 3).

Table 3. Univariate and multivariate analysis for
predictor of survival in colorectal cancer

Variables Univariate (all patients)
HR 95%C1 p-value

UICC classification 8 3.12-12.8 0.0001

(11, IV vs. I, II)

Tumor size (>41 vs. <41) 3.8 2.5-5.12 0.001

Lymph node metastasis 4.12 3.0-6.15 0.0001

(yes vs. no)

Distant metastasis 15.2 9.81-19.7 0.0001

(yes vs. no)

PIGF (>47.9 vs. <47.9) 30 2.1-5.5 0.0001

CEA (23.5 vs. <3.5) 4.5 2.51-6.9 0.0001

Variables Multivariate (all patients)

HR 95%CI

UICC classification 0.77
(III, IV vs. I, IT)

Tumor size (=41 vs. <41) 1.44

p value
0.23-2.13 0.75

0.81-2.80 0.49

Lymph node metastasis 2.09 1.01-4.96 0.17
(yes vs. no)

Distant metastasis 16.73  11.15-27.5 0.0001
(yes vs. no)

PIGF (>47.9 vs. <47.9) 3.0 1.53-6.21 0.0001
CEA (>3.5 vs. <3.5) 2.24 1.39-4.38 0.41

PIGF level was associated with advanced stage
(stage III, IV; p=0.0001), tumor size >41 mm
(p<0.0001) and metastasis (p<0.0001).

In our colorectal cancer patient population, we de-
fined elevated serum PIGF and CEA levels accor-

Figure 1 is a scattergram showing PIGF protein
expression in cancer tissues and normal mucosa.

In the stage II and III, stage II or stage III colorec-
tal cancer population, we defined elevated serum
PIGF and CEA levels according to the best pair of
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Figure 1. Scattergram of PIGF protein expression in cancer tis-
sues and normal mucosa.

values for highest sensitivity and highest specifi-
city using a peak of each cut-off point.

The survival curves in stage II and stage III pati-
ents were subdivided on the basis of serum PIGF
(>39.5 pg/ml) and CEA (>3.5 ng/ml) levels. Eleva-
ted serum PIGF and CEA levels were associated
with poor prognosis in patients with stage II and
IIT classification (p<0.0001, p=0.03, respectively).
On the basis of Cox univariate proportional ha-
zards analysis, tumor size (>41 mm) (p<0.01),
lymph node metastasis (p=0.04), elevated serum
CEA levels (p=0.03), and elevated serum PIGF le-
vels (p<0.0001) were significant prognostic factors
for poor overall survival. By multivariate analysis,
elevated serum PIGF level (p=0.01) was the only
independent risk factor predicting poor prognosis
instead of lymph node metastasis.

Furthermore, elevated serum PI1GF level was asso-
ciated with poor survival (stage II, stage III:
p=0.003, p=0.005, respectively), and was the only
independent prognostic factor in stage II or stage
IIT patients (stage II, stage III: p=0.001, p=0.03,
respectively).

DISCUSSION

In this study, we reported that preoperative serum
PIGF levels and expression levels in tissue in colo-
rectal cancer patients is an independent, powerful
predictor of their prognosis. Moreover, especially
in stage III colorectal cancer patients, serum PIGF
was found to be an indicator for survival. Howe-
ver, further studies with large series could help us
to confirm the results.
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These results suggest that PIGF, which functions
in angiogenesis and carcinogenesis in colorectal
cancer, might be used as a serum marker for can-
cer screen.

In the present study, we showed that an increase in
the preoperative circulating PIGF levels was signi-
ficantly correlated with factors associated with tu-
mor size and nodal and distant metastasis, which
are well-known conventional prognostic factors.
Furthermore, elevated serum PIGF levels were fo-
und to be of prognostic value, whereas the prognos-
tic values of CEA levels and UICC classification we-
re highly impacted by other clinical factors. A pre-
vious study showed that the serum CEA levels we-
re associated with prognosis in the stage III or IV
patients, but not in the stage I or II patients (19).

In first our study, these findings showed that the-
re is no correlation between serum PIGF levels
and CEA levels in colorectal cancer patients. The-
se findings support our hypothesis that PIGF and
CEA are independently regulated.

The UICC staging system provides the most reli-
able information on prognosis, and is certainly
useful for discriminating patients with early-stage
disease from those with every advanced disease.
However, its prediction of prognosis in patients
with intermediate levels of tumor invasion is less
accurate. Therefore, identification of sensitive
prognostic markers in this subgroup would allow
the use of postoperative adjuvant therapy in a
subset of patients with a worse prognosis, with a
resultant improvement in survival. Our study sho-
wed that the preoperative serum concentration of
PIGF was the only pre-therapeutic prognosis fac-
tor in stage II and III colorectal cancer patients.
This ability to identify stage II patients with poor
prognosis who need clinical chemoprevention of
recurrence could lead to an improvement in cancer
survival. By contrast, from a clinical point of view,
classification of patients with stage III tumors is
also important, because intensive adjuvant che-
motherapy and/or treatment with oxaliplatin co-
uld improve their survival rates (20). Interes-
tingly, serum PIGF was the strongest prognostic
factor in stage II and III patients, instead of lymph
node metastasis, for which patients are routinely
offered postoperative adjuvant chemotherapy.

In conclusion, preoperative serum PIGF may be a
novel prognostic marker in colorectal cancer pati-
ents, especially in stage II and/or III patients, out-
weighing the negative prognostic values of UICC
stage and CEA levels in these patients.



REFERENCES

1.

2.

10.

11.

Weitz J, Koch M, Debus J, et al. Colorectal cancer. Lancet
2005; 365: 153-65.

Haller DG. An overview of adjuvant therapy for colorectal
cancer. Eur J Cancer 1995; 31A: 1255-63.

Skibber JM, Minsky BD, Hoff PM. Cancers of the gastro-
intestinal tract. In: Devita VT, Hellman S, Rosenberg SA,
eds. Cancer: principles and practice of oncology. 6™ ed. Phi-
ladelphia: Lipincott Williams & Wilkins, 2001; 1230-8.

Wein A, Hahn EG, Merkel S, Hohenberger W. Adjuvant
chemotherapy for stage II colon cancer. Eur J Surg Oncol
2000; 26: 730-2.

Figueredo A, Charette ML, Maroun J, et al. Adjuvant the-
rapy for stage II colon cancer: a review from the Cancer Ca-
re Ontario Program in evidence-based care’s gastrointesti-
nal cancer disease site group. J Clin Oncol 2004; 22: 3395-
407.

Gill S, Loprinzi CL, Sergeant DJ, et al. Pooled analysis of
fluorouracil-based adjuvant therapy for stage II and III co-
lon cancer: who benefits and by how much? J Clin Oncol
2004; 22: 1797-806.

Wiggers T, Arends JW, Schutte B, et al. A multivariate
analysis of pathologic prognostic mediators in large bowel
cancer. Cancer 1988; 61: 386-95.

Fletcher RH. Carcinoembryonic antigen. Ann Int Med
1986; 104: 66-73.

Moertel CG, Fleming TP, Macdonald JS, et al. An evaluati-
on of the carcinoembryonic antigen (CEA) test for monito-
ring patients with resected colon cancer. JAMA 1993; 270:
943-7.

Maglione D, Guerriero V, Viglietto G, et al. Isolation of a
human placenta ¢cDNA coding for a protein related to the
vascular permeability factor. Proc Natl Acad Sci USA 1991;
88: 9267-71.

Hauser S, Weich HA. A heparin-binding form of placenta
growth factor (P1IGF-2) is expressed in human umbilical ve-
in endothelial cells and in placenta. Growth Factors 1993;
9: 259-68.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Serum placenta growth factor, colorectal cancer

Cao Y, Linden P, Shima D, et al. In vivo angiogenic activity
and hypoxia induction of heterodimers of placenta growth
factor/vascular endothelial growth factor. J Clin Invest
1996; 98: 2507-11.

Chen CN, Hsieh FJ, Cheng YM, et al. The significance of
placenta growth factor in angiogenesis and clinical outco-
me of human gastric cancer. Cancer Lett 2004; 213: 73-82.

Parr C, Watkins G, Boulton M, et al. Placenta growth fac-
tor is over-expressed and has prognostic value in human
breast cancer. Eur J Cancer 2005; 41: 2819-27.

Zhang L, Chen J, Ke Y, et al. Expression of placenta growth
factor in non-small cell lung cancer and the clinical and
prognostic significance. World J Surg Oncol 2005; 3: 68.

Matsumoto K, Suzuki K, Koike H, et al. Prognostic signifi-
cance of plasma placenta growth factor levels in renal cell
cancer: an association with clinical characteristics and vas-
cular endothelial growth factor levels. Anticancer Res
2003; 23: 4953-8.

Chen W, Liang JT, Tsao PN, et al. Preoperative serum pla-
centa growth factor level is a prognostic biomarker in colo-
rectal cancer. Dis Colon Rectum 2009; 52: 1630-6.

Wei SC, Tsao PN, Yu SC, et al. Placenta growth factor ex-
pression is correlated with survival of patients with colo-
rectal cancer. Gut 2005; 54: 666-72.

Toiyama Y, Miki C, Inoue Y, et al. Serum HGF as a prog-
nostic marker for colorectal cancer patients. Int J Cancer
2009; 125: 1657-62.

André T, Boni C, Mounedji-Boudiaf L, et al. Multicenter in-
ternational study of oxaliplatin/5-fluorouracil/leucovorin in

the adjuvant treatment of colon cancer investigators. N
Engl J Med 2004; 350: 2343-51.

109




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


