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Abstract: Biologic agents targeting oncogenes have encourage researchs trying to correlate the role of tyrosine kinase
in the pathogenesis of tumours. Osteosarcoma is a high grade aggressive neoplasm with poor survival. Qur aim was
to investigate c-kit immunoexpression, its prognostic relevance for patients with osteosarcoma, and the effect of
imatinib mesylate (STI571) on proliferation and invasion of the human osteosarcoma cell line.A retrospective immu-
nohistochemical study was performed on archival formalin-fixed paraffin-embedded specimens from 52 patients with
high-grade primary osteosarcoma of extremities treated at the Pediatric Oncology Institute (IOP, GRAAC) and archived
in the Department of Pathology, Federal University of Sao Paulo. Only pre-chemotherapy specimens were analyzed.
Strongly stained cytoplasm and membrane cells were taken as positive. Human osteosarcoma cells from line MG-63
were incubated and the inhibitory effect of imatinib mesylate (STI571) on cell proliferation and invasion was studied.
In 24 cases (46.15%), c-kit was expressed by the cells and c-kit-positive tumors exhibited lower necrosis post-
chemotherapy. No correlation was found between c-kit expression and overall and disease-free survival. Imatinib
mesylate decreased the rates of cell growth of osteosarcoma cells in low doses and invasion in high doses C-kit-
positive tumors had worse response to chemotherapy and imatinib mesylate can play a role in blocking or decreasing
the rate of growth of osteosarcoma cells, but not the invasive capacity of these neoplastic cells. These data sug-
gested that imatinib mesylate could be a therapeutic target of strategies against osteosarcoma tumors. Further stud-
ies are necessary to confirm this indication.
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Introduction and therapeutic relevance doubtful [5-7].

Osteosarcoma (0S) is the most common, non-
hematopoietic, primary malignant tumor of
bone [1]. It is a high grade neoplasm with rapid
growth and early metastasis [2]. Even though
effective chemotherapy for patients with OS has
indeed led to a significant improvement of clini-
cal outcome, between 30 and 50% of patients
with non-metastatic disease of extremities still
die from this neoplasia, in spite of having had a
complete surgical removal of the tumor and
intensive chemotherapy [3, 4].Currently, many
immunohistochemical markers and genetic pro-
teins have been studied, but with prognostic

The proto-oncogene c-kit is located in the long
arm of chromosome 4 and encodes a trans-
membrane tyrosine kinase receptor that binds
the ligand stem cell factor. The c-kit signal
seems to play a central role in regulating normal
cell differentiation and proliferation. Mutation of
the c-kit gene results in a constitutive activation
of the c-kit protein, and it has been well docu-
mented in many tumors, such gastrointestinal
stromal tumors (GIST) and myelodysplastic syn-
drome [8]. C-kit expression has also been found
in osteosarcomas [9], with a high percentage of
positive staining [8], but with divergent results
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Table 1. Protocol for non-metastatic osteossarcoma* (Total time: 24 weeks)

Weeks Evaluations and Procedures

Initial evaluation: local and torax NMR or CT, cintigraphy, local and torax X-ray, complete hemogram,
TGO, TGP, alkaline phosphatase, DHL, creatinine clearance, audiometry, cardiac evaluation, pathology,
genetics, tumor bank; BTF, U, Cr, biochemical tests (Na, K, Mg, Ca)

CDDP DOXO
AD IFO

o 01w O

CDDP DOXO
Orthopedics (consultation)
9 AD IFO

Cycle | - preoperative audiometry / cardiac evaluation

11 PREOPERATIVE EVALUATION local and torax NMR or CT, cintigraphy, local and torax X-ray, complete he-
mogram, TGO, TGP, alkaline phosphatase, DHL, creatinine clearance, audiometry, cardiac evaluation.

12 SURGERY EVALUATION: Pathology and Genetics

15 CDDP DOXO
18 AD IFO

20 Cycle Il - postoperative audiometry / cardiac evaluation

21 CDDP DOXO
24 AD IFO

27-28 Final evaluation local and torax NMR or CT, cintigraphy, local and torax X-ray, complete hemogram, TGO,
TGP, alkaline phosphatase, DHL, creatinine clearance, audiometry, cardiac evaluation.

*Brazilian Cooperative Group for Treatment of Bone Tumors (GBCTTO), 1999.
AD: adriamycin; CDDP: cisplatin; DOXO: doxorubicin; IFO: ifosfamide.

Table 2. Drugs and doses used in the treatment of patients with high grade osteosarcoma

Drugs Daily dose Total dose/m?2
CDDP 60 mg/m2D1, D2 =120 mg/m2x 4 480 mg/m?2
DOXO 40 mg/m2 D1, D2 = 80 mg/m2x 4 320 mg/m?2
IFO 2.7g/m2D1-D5=13.5g/m2x4 54 g/m?2
MESNA 600 mg/m2 hour 0, 3,6 e 12 2.7 g/m2/day

Obs.: hour 12 Mesna tablets v.o. (optional)

AD: adriamycin; CDDP: cisplatin; D1: ; D2: ; DOXO: doxorubicin; IFO: ifosfamide; MESNA: sodium 2-mercaptoethane

sulfonate

about the prognostic value of this expression
[10-12]. Imatinib mesylate (IM), STI571, is a
selective inhibitor of the enzymatic activity of
several tyrosine kinases and is successfully
used in the treatment of GIST with mutations in
exons 9 and 11 of the c-kit gene [13, 14]. Until
now, few studies on the effect of IM on cellular
growth have been reported using cell culture
[15]. We tried to analyze in our homogeneous
cohort of patients, whether c-kit expression can
predict the evolution of patients with osteosar-
coma and the effect of IM on proliferation and
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invasion of human osteosarcoma cell line.
Materials and methods

Fifty-two patients with high grade osteosarco-
mas were selected from the files of Department
of Pathology at Federal University of Sao Paulo
and Pediatric Oncologic Institute (GRAAC), be-
tween 2000 and 2005. These patients were
treated according to the Study 2000 protocol
guidelines (Tables 1 and 2). Only prechemo-
therapy specimens were selected (Table 3).
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Table 3. Data of 52 patients treated for high
grade osteosarcoma

Age (years) Range 5a29
Median 15
Follow up Range 9.2a96.8
(months) Median 44.7
Sex n %
Male 29 56
Female 23 A4
Localization of primary tumor n %
Femur 30 58
Tibia 15 29
Humerus
Radius 3 13
llium 1 1.92
Polyostotic
Other 1 1.92
1 1.92
1 1.92
Metastasis at diagnosis n %
ves 16 31
No
36 69
Responders n %
No 33 63
Yes
Not available 17 32
4
Survival n %
Dead
Not available 26 50
1 2

Immunohistochemistry

All identifiable archival material was retrieved
from the Department of Pathology. In all cases,
paraffin blocks from the primary site were se-
lected. Bone specimens were decalcified with
nitric acid (7.5%) and after that, were rinsed in
water (30 min) and immersed in sodium bicar-
bonate (5%, 24 h). Sections (4 um) were cut,
deparaffinized, and rehydrated. Diluted (1:500)
polyclonal anti-CD117 antibody (pAb; DAKO,
A4502, Carpinteria, CA, USA) was used to stain
the sections to assess expression of c-kit pro-
tein. Antigen in the sections was retrieved with
high-pressure cooking treatment (5 min). En-
dogenous peroxidase was blocked with hydro-
gen peroxide (H202), into which the slides were
immersed (5 times, 5 min, one at a time). Incu-
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bation (4°C, overnight) of the sections with the
anti-CD117 pAb was followed by rinsing (30
min) with phosphate-buffered saline (PBS).
Thereafter, the slides were incubated (37°C, 15
min) with the streptavidin-biotin-peroxidase
complex (biotinylated peroxidase; Dako A/S)
(biotinylated antibody), rinsed again in PBS and
incubated (15 min) in strepatavidin-biotin-
peroxidase reagent. Color was developed by
incubating (37°C, 5 min) the slides with 3, 3-
diaminobenzidine tetrahydrochloride (Sigma) in
presence of H202 (0.05% in PBS). Slides were
then rinsed with tap water, counterstained (5
min) with Harris hematoxylin, rinsed in ammonia
water, dehydrated, and coverslipped. A case of
gastrointestinal stromal tumour (GIST) with
known overexpression of c-kit served as the
positive control. An appropriate negative control
was used throughout. All slides were examined
blindly by two independent pathologists.

The specimens were scored according to both
the percentage of positively stained tumor cells
and their immunostaining intensity. The immu-
nostaining intensity was codified as negative
(0), weak (+), moderate (++), and strong (+++)
expression. Only slides with moderate (++) and
strong (+++) expression were considered as
positive. Specimens with moderate expression
showed cytoplasm stained in a diffuse pattern.
Specimens with strong protein expression exhib-
ited both cytoplasm and membrane stained in a
diffuse pattern. A cut-off point of 10% was used.

In vitro assays

Cell culture. MG-63 cell line was incubated
(37°C) in a humidified CO2-enriched (5%) atmos-
phere. Cells were cultured in RPMI-1640 me-
dium (Invitrogen, Burlington, Ontario, Canada),
supplemented with heat-inactivated fetal bovine
serum (FBS; 5%), fungizone (1%), and penicillin-
streptomycin (1%) purchased from Invitrogen
(Burlington, Ontario, Canada). Cells were cul-
tured as a monolayer in 25 cm? flasks (Fisher,
Whitby, Ontario, Canada) and evaluated twice a
week, at every media change, for normal growth
by phase-contrast microscopy. The culture was
grown to confluence and underwent a treatment
(37°C) with trypsin (0.05%) in ethylene diamine
tretraacetic acid (EDTA; Fisher) and washed in
RPMI-1640 medium (7 ml) before being centri-
fuged (120 x g, 10 min) to form a pellet. Cells
were then suspended in RPMI-1640 medium (1
ml) and counted using the Trypan Blue-dye ex-
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clusion test.

Invasion assay. A modified Boyden chamber
consisting of a polyethylene terephthalate mem-
brane (PET) with 8-uym diameter pores, pre-
coated with Matrigel, an artificial basement
membrane (Beckton Dickenson Labware, Bed-
ford, MA, USA), was used as previously de-
scribed [13] to assay for cell invasive ability. A
PET membrane without Matrigel was used as a
control.

Cells (1.25x105) suspended in RPMI-1640 me-
dium with FBS (0.1%) were added to the upper
chamber. RPMI-1640 medium with FBS (10%)
was added to the lower chamber, which acted
as a chemoattractant, to obtain the baseline
invasive ability of the cell lines. Inhibition of cell
invasion was assayed by adding IM (50 uM) to
the RPMI-1640 medium supplemented with
FBS (10%) in the upper chamber. Ml concentra-
tion (50 uM) for 50% inhibition of cell invasion
(ICs0) was semi-quantitativelly estimated. All
cells were killed with a concentration of 1000
MM, which would make the invasion measure-
ment not feasible. Half of the cells were killed
(letal dose of 50%) with a concentration of 100
UM, which was still too strong to measure inva-
sion. A significant effect of cell invasion was not
observed with a concentration of 10 uyM. There-
fore, regarding the distinct effects caused by IM
doses of 100 e 10 uM on cell invasion, 50 uM
was considered a convenient concentration,
which neither killed nor destroyed the cells yet
displaying a cytostatic effect.

Non-invading cells were removed from the up-
per chamber by gently wiping the membrane
surface with a moist cotton swab. The mem-
branes were removed and stained with a Diff-
Quick staining kit, which stains cell nuclei pur-
ple and cytoplasm pink. Stained cells were ran-
domly counted under microscope in 20 high-
powered fields. Only cells whose nuclei had
completely invaded through the membrane
were counted. Each experimental condition,
including the control, was performed in triplicate
and the average number of invading cells was
then calculated for all experimental conditions.

Percent invasion was determined for each cell
line under each experimental condition using
the following formula: % invasion = 100 x (mean
number of cells invading through the Matrigel
membrane) / (mean number of cells migrating
through the control PET membrane). The cell
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lines were then ranked according to their inva-
sive ability.

Proliferation assay

The sulforhodamine-B (SRB)-based assay kit
(TOX-6, Sigma-Aldrich) was performed as per
the National Cancer Institute protocol [15].
Briefly, 2.5x103 cells of the MG-63 line were
seeded into each well, in @ minimum of six
wells. A row of 8 wells exposed only to the RPMI-
1640 medium was used as a control. Twenty-
four hours following cell seeding, IM was added
to the experimental wells where cells were al-
lowed to incubate (24 h). IM concentrations
were 1000, 100, 10, 1, 0.1, 0.01, and 0.001
UM [14]. After incubation, cells were fixed to the
bottom of the wells using a trichloroacetic acid
(TCA) solution (50%, 1 h, 4°C). Plates were then
rinsed with distilled water, to remove TCA and
medium, and air dried. The SRB dye was added
to each well and allowed to stain (25 min). The
dye was then removed by washing with acetic
acid solution (10%) and allowed to air dry. The
dye, which was incorporated into the fixed cells
at the bottom of the wells, was solubilized in a
tris-hydroxymethyl-amino-methane solution (10
mM) for quantification. The absorbance values
for the solute were read using a microplate
reader (A= 510 nm). This procedure allowed a
comparison between the proliferation rates of
cells exposed to IM at given doses and the con-
trol over 48 h.

Statistical analysis

Kaplan Meier and log rank tests were utilized to
compare the overall survival rates between pa-
tients with positive versus negative staining for
c-kit. All analyses were performed using the
Prism 4.0 program (GraphPad Software Inc.,
San Diego, CA, USA). Differences between inva-
sion rates for the MG-63 cell line under experi-
mental conditions were determined using the
ANOVA test. The growth rates with and without
IM were determined using the Student’s t-test. A
p value of less than 0.05 was considered to be
statistically significant in these tests. Calcula-
tions were computer-based (SPSS 11.5, SPSS
Inc., Chicago, IL, USA).

Results
Twenty-four of the 52 pediatric patients

(46.15%) showed immunoexpression of c-kit
(Figure 1). These expressions were statistically
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Figure 1. Immnoexpression of c-kit. - Membranous
and cytoplasmic staining.

correlated with bad response to chemotherapy
(p=0.0355). No correlation with c-kit positivity
and recurrence, death, and metastases at diag-
nosis was observed. No correlation between c-
kit immunoexpression and poor survival
(p=0.643) was observed when only non-
metastatic pediatric patients at diagnosis (15
cases) were analyzed isolatedly (Figure 2). Addi-
tion of IM inhibited growth of osteosarcoma cell
line in doses of 1000, 100, 0.1, 0.01, and
0.001 uM (Figure 3) and cell invasion in doses
of 50 uM.

100

80 A

Percent|survival

L

40

20 1 P=0,3292
—8—Escores de KIT= 0 e 1 (n=19)

—8—Escores de KIT= 2 e 3 (n=15)

T T T T d
0 20 40 60 80 100
Time (months)

Figure 2. Overall survival and c-kit expression (only
non-metastatic patients)
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Discussion

A strong immunoexpression of c-kit was found
in osteosarcomas (46.15%), comparable to
those reported by Entz-Werle et al [10] (57%),
Wei et al [12] (62,5%), and Smithey et al [9]
(39%) Our positive cases showed a statistically
high correlation with bad response to chemo-
therapy. However, such high expression was not
correlated with overall survival and disease-free
survival. In the literature, correlation between
expression of c-kit and necrosis post-
chemotherapy was reported only by Sulzbacher
et al [11], who found no correlation of these
variables, and overall and disease-free survival.
Although these authors studied a considerable
number of patients (100) with osteosarcoma,
15% of the tumors were axial. Also, the patients
were treated with four different protocols, and
only 20% of the cases expressed the protein c-
kit. The use of different methodologies to evalu-
ate c-kit expression and the nonhomogeneous
cohort may explain the different results. More-
over, in the present study, patients who overex-
pressed c-kit protein did not show a higher prob-
ability to develop metastases than c-kit-negative
patients.

Sulzabacher et al [11], Entz-Werle et al [10],
and Wei et al [12] searched for mutations in the
c-kit gene, but none could be found. Since the
essential of studies on the mutation status of c-
kit gene is evaluation of tumor response to IM,
we decided to study the ability of IM to inhibit
cell growth in the osteosarcoma cell line in vitro.
ST1571 inhibited cell growth in the osteosar-
coma cell line in doses of 1000, 100, 0.1, 0.01,
and 0.001 uM and cell invasion in doses of 50
UM. Yoshitani et al [15] demonstrated cell
growth inhibition in the rat osteosarcoma cell
line by IM in a concentration of 10 uM, the maxi-
mal tolerated concentration. Knowledge on the
capacity of invasion by tumor cells is important
both to evaluate the ability of these cells to
cross the basal membrane and to calculate the
ability of tumor cells to develop metastases. Our
study showed that IM inhibited invasion of os-
teosarcoma line cells only in high concentration
(50 uM).

Conclusions
C-kit protein is strongly immunoexpressed in

human osteosarcoma and the positive cases
indicate a group of patients who will have a poor
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Figure 3. Proliferation assay (24 h) with the MG-63 cell line ICso (50 uM)

was determined experimentally.

response to chemotherapy. The c-kit gene might
be involved in osteosarcoma carcinogenesis
since this tumor immunoexpress the protein
and ST1571 could inhibit the growth of human
osteosarcoma cell line in vitro, even at low
doses. Seeing that IM could inhibit the invasion
of cell lines in vitro, only in high doses, and that
c-kit expression do not influence the tumor ca-
pacity to metastasize, we can suggest that c-kit
gene is not involved in the progression of this
disease.

Acknowledgments

The authors acknowledge Dr. Paulo Boschcov,
former professor at UNIFESP, whose sugges-
tions contributed to improve the quality of the
final version of the manuscript.

Address correspondence to: Dr. Luciana NO Miiji, Rua
Marechal Candido Mariano Rondon, 2372 (Vila
Cidade), 79002-201 - Campo Grande - MS, Brazil Tel:
55-67-3029-7346, 55-11-5572-7501; Fax: 55-67-
3027-7008, 55-11-5571-9295; E-mail:
lucianaom@yahoo.com.br

References

[1] Fletcher CDM, Unni KK, Mertens F. World
Health Organization, International Academy of
Pathology: Pathology and genetics of tumours
of soft tissue and bone. Lyon: IARC Press
2002.

[2] Unni KK, Dahlin DC. Dahlin's bone tumors:
general aspects and data on 11,087 cases,
5th edn. Philadelphia: Lippincott-Raven 1996.

[3] Bacci G, Ferrari S, Longhi A, Forni C, Zavatta

780

0.1 uMm

0.01puM  0.001 uM

(8]

(10]

(11]

(12]

[13]

Results of the Brazilian Osteosar-
coma Treatment Group Studies Il
and IV: prognostic factors and impact
on survival. J Clin Oncol 2006; 24:
1161-1168.

[5] Meyers PA, Heller G, Healey
JH, Huvos A, Applewhite A, Sun M,
LaQuaglia M. Osteogenic sarcoma
with clinically detectable metastasis
at initial presentation. J Clin Oncol
1993; 11: 449-453.

Baldini N, Scotlandi K, Serra M, Picci P, Bacci
G, Sottili S, Campanacci M. P-glycoprotein
expression in osteosarcoma: a basis for risk-
adapted adjuvant chemotherapy. J Orthop Res
1999; 17: 629-632.

Benassi MS, Molendini L, Gamberi G, Sollazzo
MR, Ragazzini P, Merli M, Magagnoli G, San-
giorgi L, Bacchini P, Bertoni F, Picci P: Altered
G1 phase regulation in osteosarcoma. Int J
Cancer 1997; 74: 518-522.

Heinrich MC, Rubin BP, Longley BJ, Fletcher
JA. Biology and genetic aspects of gastrointes-
tinal stromal tumors: KIT activation and cyto-
genetic alterations. Hum Pathol 2002; 33:
484-495.

Smithey BE, Pappo AS, Hill DA. C-kit expres-
sion in pediatric solid tumors: a comparative
immunohistochemical study. Am J Surg Pathol
2002; 26: 486-492.

Entz-Werlé N, Marcellin L, Gaub MP, Guerin E,
Schneider A, Berard-Marec P, Kalifa C,
Brugiere L, Pacquement H, Schmitt C, Tabone
MD, Jeanne-Pasquier C, Terrier P, Dijoud F,
Oudet P, Lutz P, Babin-Boilletot A. Prognostic
significance of allelic imbalance at the c-kit
gene locus and c-kit overexpression by immu-
nohistochemistry in pediatric osteosarcomas.
J Clin Oncol 2005; 23: 2248-2255.
Sulzbacher I, Birner P, Toma C, Wick N, Mazal
PR. Expression of c-kit in human osteosar-
coma and its relevance as a prognostic
marker. J Clin Pathol 2007; 60: 804-807.

Wei H, Zhao MQ, Dong W, Yang Y, Li JS. Ex-
pression of c-kit protein and mutational status
of the c-kit gene in osteosarcoma and their
clinicopathological significance. J Int Med Res
2008; 36: 1008-1014.

Guilhot F. Indications for imatinib mesylate
therapy and clinical management. Oncologist

Int J Clin Exp Pathol 2011;4(8):775-781



[14]

[15]

781

C-kit expression in human osteosarcoma and in vitro assays

2004; 9: 271-281.

Pindolia VK, Zarowitz BJ. Imatinib mesylate,
the first molecularly targeted gene suppres-
sor. Pharmacotherapy 2002; 22: 1249-1265.
Yoshitani K, Honoki K, Morishita T, Kido A,
Miyauchi Y, Mii Y, Takakura Y. Growth inhibi-

tion of rat osteosarcoma and malignant fi-
brous histiocytoma cells by tyrosine kinase
inhibitor STI571 In Vivo 2003; 17: 255-258.

Int J Clin Exp Pathol 2011;4(8):775-781




<<
  /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


