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Abstract

Purpose 40-Thio-b-D-arabinofuranosylcytosine (40-thio-

ara-C), which has shown a broad spectrum of antitumor

activity against human tumor systems in mice and is

undergoing clinical trials, was evaluated for cross-resis-

tance to seven clinical agents in order to identify poten-

tially useful guides for patient selection for further clinical

trials of 40-thio-ara-C and possible noncross-resistant drug

combinations with 40-thio-ara-C.

Methods A drug resistance profile for 40-thio-ara-C,

which was administered intraperitoneally daily for nine

consecutive days, was obtained using seven drug-resistant

P388 and L1210 leukemias that were implanted intraperi-

toneally in mice.

Results Multidrug-resistant P388 leukemias (leukemias

resistant to doxorubicin, etoposide, or paclitaxel) exhibited

no cross-resistance to 40-thio-ara-C. Leukemias resistant to

camptothecin, cisplatin, and 5-fluorouracil were also not

cross-resistant to 40-thio-ara-C. Only the leukemia resistant

to 1-b-D-arabinofuranosylcytosine was cross-resistant to

40-thio-ara-C.

Conclusions The data suggest that (1) it may be impor-

tant to exclude or to monitor with extra care patients who

have previously been treated with 1-b-D-arabinofur-

anosylcytosine and (2) the lack of cross-resistance seen

with 40-thio-ara-C may contribute to therapeutic synergism

when 40-thio-ara-C is combined with other agents.
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Abbreviations

ILS Increase in life span

L1210/5-FU 5-Fluorouracil-resistant L1210 leukemia

L1210/0 Parental L1210 leukemia

P388/ADR Doxorubicin-resistant P388 leukemia

P388/ARA-C 1-b-D-arabinofuranosylcytosine-resistant

P388 leukemia

P388/CPT Camptothecin-resistant P388 leukemia

P388/DDPt Cisplatin-resistant P388 leukemia

P388/TAX Paclitaxel-resistant P388 leukemia

P388/VP-16 Etoposide-resistant P388 leukemia

P388/0 Parental P388 leukemia

Introduction

40-Thio-b-D-arabinofuranosylcytosine (40-thio-ara-C) is a

novel pyrimidine nucleoside antimetabolite, which differs

from 1-b-D-arabinofuranosylcytosine (ara-C) by only one

atom (O in the ribose ring replaced by S). The synthesis of

the compound was reported by Whistler and co-workers

over 30 years ago; however, because of the lengthy syn-

thetic route used, only a small amount of the nucleoside

was obtained [1, 2]. Cytotoxicity data were generated

against only one tumor cell line (KB epidermoid) and no

further biological results were reported. Tiwari et al. at our

institute developed a facile synthetic procedure that can be

used to generate gram quantities of the compound [3].

Therefore, the compound was evaluated initially in vitro

against a panel of human tumor cell lines, yielding IC50
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values typically in the range of 1 to 10 lM [3], and then

evaluated in vivo against a spectrum of human tumor

systems in mice [4]. Of the 15 tumors tested, eight were

either cured or regressed following treatment with the

compound. Of the remaining seven tumors, all but one

exhibited sensitivity to the compound. The spectrum of

activity was superior to that for ara-C, gemcitabine, flu-

darabine monophosphate, or clofarabine (approved in 2004

for treatment of pediatric acute lymphocytic leukemia)

(unpublished data). Two phase I clinical trials have been

conducted. As a result of these trials, additional clinical

trials have been initiated for various leukemias/lympho-

mas. Drug resistance that may be either inherent or

acquired seems likely to be encountered in these trials.

Development of a drug resistance profile for 40-thio-ara-C

may identify potentially useful guides for patient selection

for further clinical trials of 40-thio-ara-C and possible

noncross-resistant drug combinations with 40-thio-ara-C.

This information should aid in the design of strategies for

the optimal use of the drug. In vivo models may be pref-

erable for developing drug resistance profiles because of

evidence that drug resistance may not be comparable

between in vitro and in vivo models of the same cell line

[5]. We report here the lack of in vivo cross-resistance seen

for 40-thio-ara-C against various drug-resistant murine

leukemias.

Materials and methods

40-Thio-ara-C was supplied by Gilead (Foster City, CA).

The compound was dissolved in sterile saline containing

0.05% tween 80 (3.6 mg/ml), and appropriate dilutions

were made with the vehicle. Dosing solutions of 40-thio-

ara-C were prepared fresh every 4–5 days and were stored

at 4–8�C when not in use.

The in vivo sensitivity of P388/0 or L1210/0 and seven

drug-resistant P388 or L1210 leukemias (all maintained as

in vivo lines) to 40-thio-ara-C was determined as previously

described for other antitumor agents [6]. CD2F1 mice were

implanted i.p. with 106 cells of either P388/0 or P388/drug-

resistant leukemia on day 0 (or with 105 cells of either

L1210/0 or L1210/5-FU leukemia). 40-Thio-ara-C was

evaluated at three i.p. dose levels. There were six mice in

each dose group; tumor-bearing control mice (12/experi-

ment) were untreated. Mice were observed for life span and

were euthanized when they were unable to get to food or

water or were moribund. In each experiment, additional

groups were treated with two doses of an appropriate

drug to confirm the resistance of a P388/drug-resistant

(or L1210/5-FU) leukemia. In each experiment, two

P388/drug-resistant leukemias were compared directly with

the parent or wild-type P388/0 leukemia, and the three

parallel groups of mice were treated identically with a

single-drug preparation. All studies were repeated for

confirmation. Procedures were approved by Southern

Research Institute’s Institutional Animal Care and Use

Committee, which conformed to the current Public Health

Service Policy on Humane Care and Use of Laboratory

Animals and the Guide for the Care and Use of Laboratory

Animals.

Antitumor activity was assessed on the basis of the

percentage of median ILS and the net log10 cell kill. Cal-

culations of the net log10 cell kill were made from the

tumor-doubling time that was determined from an internal

tumor titration consisting of implants from serial 10-fold

dilutions of P388 (or L1210) cells [7]. Long-term (60-day)

survivors were excluded from calculations of ILS and

tumor cell kill. For the assessment of tumor cell kill at the

end of treatment, the survival difference between treated

and control groups was adjusted to account for regrowth of

tumor cell populations that may occur between individual

treatments [8]. The net log10 cell kill was calculated as

follows:

Net log10 cell kill

¼ ðT � CÞ � ðduration of treatment in daysÞ
3:32� Td

where (T - C) is the difference in the median day of death

between the treated (T) and the control (C) groups, 3.32 is

the number of doublings required for a population to

increase 1 log10 unit, and Td is the mean tumor-doubling

time (days) calculated from a log-linear least-squares fit of

the implant sizes and the median days of death of the

titration groups.

Cross-resistance was defined as a decrease in the sen-

sitivity ([2 log10 units of cell kill) of a drug-resistant

leukemia to 40-thio-ara-C when compared with that con-

currently observed for the parental leukemia.

Results and discussion

The in vivo cross-resistance profile for 40-thio-ara-C is

shown in Table 1. Multidrug-resistant P388 leukemias

(P388/ADR, P388/VP-16, and P388/TAX) exhibited no

cross-resistance to the drug. The P388/ADR and P388/TAX

sublines were more sensitive to the drug than the parental

P388 line based on % ILS values, whereas the P388/VP-16

subline and the parental P388 line exhibited comparable %

ILS values. P388/CPT, P388/DDPt, and L1210/5-FU sub-

lines were also not cross-resistant to the drug with the P388/

CPT and P388/DDPt sublines exhibiting comparable % ILS

values in comparison with the parental P388 line. Unex-

pectedly, a 5-FU dosage of 90 mg/kg/dose was toxic to mice

bearing the L1210/5-FU subline but was not toxic to mice
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bearing the parental L1210 line. The L1210/5-FU subline

was more sensitive to the drug than the parental L1210 line at

a lower dosage of 45 mg/kg/dose (6/6 vs. 1/6 cures); how-

ever, the higher dosage of 90 mg/kg/dose was also curative

against the parental line. Only the P388/ARA-C subline

exhibited cross-resistance to the drug as evidenced by lower

% ILS values in comparison with the parental P388 line and

differences in net cell kill of approximately 7 log10 units.

Resistance to doxorubicin in P388/ADR leukemia

(selected for resistance in vivo) is multifactorial (i.e.,

decreased drug accumulation, decreased formation of DNA

single- and double-strand breaks, increased GSH transferase

activity, earlier onset of DNA repair, reduced DNA topoi-

somerase II activity and protein levels, and elevated P-gly-

coprotein) [9, 10]. Concerning the mechanisms of resistance

of P388/VP-16 leukemia, pyrimidine triphosphate pools [11]

as well as the specific phorbol diester receptor and protein

kinase C [12] were decreased in comparison with the

parental P388/0 line. Studies in our laboratories have shown

that P388/VP-16 leukemia (selected for resistance in vivo)

does not overexpress the mdr-1 gene, which is probably a

reflection of the fact that the line was selected for resistance

in vivo. The line does exhibit decreased DNA topoisomerase

II activity in comparison with the parental line [13]. Even

though the mechanisms of paclitaxel resistance operative in

P388/PTX leukemia have not been investigated, studies

conducted with other tumor cell lines have revealed the

resistance to be multifactorial—overexpression of the mdr-1

gene, molecular changes in the target molecule (b-tubulin),

changes in apoptotic regulatory and mitosis checkpoint

proteins, and changes in lipid composition and potentially

the overexpression of interleukin 6 [14].

Resistance to camptothecin in P388/CPT leukemia

(selected for resistance in vivo) has been attributed to a

decrease in DNA topoisomerase I activity due to a rear-

rangement of the topoisomerase I gene [15]. Concomitant

with this change has been an increase in DNA topoiso-

merase II activity.

Resistance to cisplatin in P388/DDPt leukemia (selected

for resistance in vivo prior to chronic in vitro exposure to

cisplatin) is multifactorial [16, 17]. P388/DDPt cells

exhibit decreased drug accumulation, elevated GSH, and

increased DNA polymerase b activity. We have found that

our in vivo P388/DDPt subline contains elevated DNA

Table 1 Activity of 40-thio-ara-C against drug-resistant P388 and L1210 leukemias in vivo (ADR doxorubicin, VP-16 etoposide, CPT

camptothecin, TAX paclitaxel, DDPt cisplatin, ARA-C 1-b-D-arabinofuranosylcytosine, 5-FU 5-fluorouracil)

Expt.

No.

Resistant

leukemia

Optimal i.p. dosagea

(\LD10, mg/kg/dose)

Therapeutic response

Sensitive Leukemia Resistant Leukemiac

Median

% ILS

Net log10

cell killb
60-Day

survivors/

total

Median

% ILS

Net log10

cell killb
60-Day

survivors/

total

Cross-

resistance?

3

7

P388/ADR 90 ?133 ?5.7 3/6 ?227 ?6.6 1/6 No

90 ?167 ?6.8 0/6 ?235 ?6.9 0/6

2

5

P388/VP-16 90 ?150 ?6.5 1/6 ?150 ?6.8 2/6 No

90 ?143 ?6.8 0/6 ?107 ?5.2 0/6

3

7

P388/CPT 90 ?133 ?5.7 3/6 ?164 ?6.7 1/6 No

90 ?167 ?6.8 0/6 ?150 ?7.0 0/6

1

4

P388/TAX 90 ?195 [?6.6 0/6 ?250 [?6.7 1/6 No

90 ?142 ?6.7 0/6 ?188 ?6.7 2/6

2

5

P388/DDPt 90 ?150 ?6.5 1/6 ?155 [?6.8 0/6 No

90 ?143 ?6.8 0/6 ?142 ?7.2 0/6

1

4

P388/ARA-C 90 ?195 [?6.6 0/6 ?125 ?0.9 0/6 Yes

90 ?142 ?6.7 0/6 ?55 -1.0 0/6

6 L1210/5-FU 90 ?200 ?4.6 5/6 ?25 Toxic 0/6 No

45 ?186 ?3.8 1/6 – [?5.8 6/6

8 L1210/5-FU 90 – [?5.8 6/6 ?11 Toxic 0/6

45 ?250 ?5.8 1/6 – ?6.2 6/6

a 40-Thio-ara-C was administered on days 1–9 using an injection volume of 0.5 ml/20 g animal body weight
b Net log10 reduction in the tumor cell population between the beginning and the end of therapy, based on the median day of death of mice that

died
c In these studies, the average degree of resistance of a drug-resistant subline in comparison with the parental line was as follows: ADR, 8 log10

units; VP-16, 8 log10 units; CPT, 8 log10 units; TAX, 4 log10 units; DDPt, 8 log10 units; ARA-C, 7 log10 units; and 5-FU, 5 log10 units
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topoisomerase II activity in comparison with P388/0

(unpublished results).

Resistance to 5-fluorouracil in L1210/5-FU leukemia

has been attributed to increased N5,N10-methylenetetrahy-

drofolate and thymidylate synthetase [18]. Resistance to

5-fluorouracil in P388/5-FU leukemia has been attributed

to reduced initial uptake of drug, decreased levels of uridine

kinase and uracil phosphoribosyltransferase, and reduced

levels of 5-fluorouracil nucleotides [19, 20].

For P388/ARA-C leukemia, there appears to have been

no published data concerning the mechanisms(s) of resis-

tance. Studies conducted with human and other murine

(L1210, L5178Y, and P815) leukemia cells resistant to ara-

C have revealed several mechanisms of resistance:

decreased membrane nucleoside-binding sites, decreased

deoxycytidine kinase activity, increased cytidine deami-

nase activity, and increased intracellular CTP and dCTP

pools [21, 22]. Clinical studies with AML indicate that

resistance correlates best with increases in DNA poly-

merase a and 50-nucleotidase activities and decreases in

hENT transporter. Other studies show that resistance cor-

relates with decreased deoxycytidine kinase and increased

deoxycytidine deaminase activities [23].

As new agents enter phase II and III clinical trials, the

selection of patients, most of whom have been treated

previously with one or more drugs, may be critical to the

success of the trials [24]. Information on the patterns of

cross-resistance among various antitumor agents may be

helpful in the selection of patients for treatment with

40-thio-ara-C. For these trials, it may be important to

exclude or to monitor with extra care patients who have

previously been treated with ara-C.

The observation of a lack of cross-resistance of P388/

ADR, P388/VP-16, P388/TAX, P388/CPT, P388/DDPt,

and L1210/5-FU leukemias to 40-thio-ara-C suggests that a

combination of doxorubicin, etoposide, paclitaxel, cam-

ptothecin [or other topoisomerase I inhibitors (e.g., irino-

tecan)], cisplatin, or 5-FU with 40-thio-ara-C might exhibit

therapeutic synergism. As always, none of the above

approaches may be applied clinically without caution and

concern for the recognized gap between preclinical pre-

diction and clinical validation.

Acknowledgments This work was supported by NCI grant

PO1-CA34200. The authors gratefully acknowledge the technical

assistance of the staff of the Cancer Therapeutics and Immunology

Department. J. Tubbs and G. Jones assisted with data management,

and K. Cornelius prepared the manuscript.

Conflict of interest 40-Thio-ara-C was discovered at Southern

Research Institute, which receives licensing fees and royalty pay-

ments from the commercial development and use of this agent.

Southern Research Institute does distribute some of this money to

Drs. Secrist and Waud.

References

1. Ototani N, Whistler RL (1974) Preparation and antitumor activity

of 4-thio-analogues of 2, 20-anhydro-1-b-D-arabinofur-

anosylcytosine. J Med Chem 17:535–537

2. Whistler RL, Doner LW, Nayak UG (1971) 4-Thio-D-arabino-

furanosylpyrimidine nucleosides. J Org Chem 36:108–110

3. Tiwari KN, Shortnacy-Fowler AT, Cappellacci L, Parker WB,

Waud WR, Montgomery JA, Secrist JA III (2000) Synthesis of

40-thio-b-D-arabinofuranosylcytosine (40-thio-ara-C) and com-

parison of its anticancer activity with that of ara-C. Nucleosides

Nucleotides Nucleic Acids 19:329–340

4. Waud WR, Gilbert KS, Shepherd RV, Montgomery JA, Secrist

JA III (2003) Preclinical antitumor activity of 4’-thio-b-D-

arabinofuranosylcytosine (4’-thio-ara-C). Cancer Chemother

Pharmacol 51:422–426

5. Teicher BA, Herman TS, Holden SA, Wang Y, Pfeffer MR,

Crawford JW, Frei E III (1990) Tumor resistance to alkylating

agents conferred by mechanisms operative only in vivo. Science

247:1457–1461

6. Waud WR (2004) Murine L1210 and P388 leukemias. In: Teicher

BA (ed) Anticancer Drug Development Guide-Second Edition.

Humana Press, Totowa, NJ, pp 79–97

7. Schabel FM Jr, Griswold DP Jr, Laster WR Jr, Corbett TH,

Lloyd HH (1977) Quantitative evaluation of anticancer agent

activity in experimental animals. Pharmacol Ther [A] 1:411-

435

8. Lloyd HH (1977) Application of tumor models toward the design

of treatment schedules for cancer chemotherapy. In: Drewinko B,

Humphrey RM (eds) Growth kinetics and biochemical regulation

of normal and malignant cells. Williams & Wilkins, Baltimore,

pp 455–469

9. Deffie AM, Alam T, Seneviratne C, Beenken SW, Batra JK, Shea

TC, Henner WD, Goldenberg GJ (1988) Multifactorial resistance

to adriamycin: relationship of DNA repair, glutathione transfer-

ase activity, drug efflux, and p-glycoprotein in cloned cell lines of

adriamycin-sensitive and -resistant P388 leukemia. Cancer Res

48:3595–3602

10. Deffie AM, Batra JK, Goldenberg GJ (1989) Direct correlation

between DNA topoisomerase II activity and cytotoxicity in

adriamycin-sensitive and -resistant P388 leukemia cell lines.

Cancer Res 49:58–62

11. Higashigawa M, Ido M, Ohkubo T, Kawasaki H, Kamiya H,

Sakurai M, Taniguchi K, Hamazaki M (1989) Increased sensi-

tivity to 1-beta-D-arabinofuranosylcytosine in P388 murine leu-

kemic cells resistant to etoposide. Leuk Res 13:39–42

12. Ido M, Sato K, Sakurai M, Inagaki M, Saitoh M, Watanabe M,

Hidaka H (1987) Decreased phorbol ester receptor and protein

kinase C in P388 murine leukemic cells resistant to etoposide.

Cancer Res 47:3460–3463

13. Waud WR, Vasanthakumar G, Schmid SM, Knick VC, Bair KW,

Laster WR Jr, Harrison SD Jr (1992) Characterization of an in

vivo murine P388 leukemia resistant to etoposide. Proc Am

Assoc Cancer Res 33:453

14. Yusuf RZ, Duan Z, Lamendola DE, Penson RT, Seiden MV

(2003) Paclitaxel resistance: molecular mechanisms and phar-

macologic manipulation. Curr Cancer Drug Targets 3:1–19

15. Tan KB, Mattern MR, Eng WK, McCabe FL, Johnson RK (1989)

Nonproductive rearrangement of DNA topoisomerase I and II

genes: correlation with resistance to topoisomerase inhibitors.

J Natl Cancer Inst 81:1732–1735

16. Kraker AJ, Moore CW (1988) Accumulation of cis-diamminedi-

chloroplatinum(II) and platinum analogues by platinum-resistant

murine leukemia cells in vitro. Cancer Res 48:9–13

402 Cancer Chemother Pharmacol (2011) 68:399–403

123



17. Kraker AJ, Moore CW (1988) Elevated DNA polymerase beta

activity in a cis-diamminedichloroplatinum(II) resistant P388

murine leukemia cell line. Cancer Lett 38:307–314

18. Konishi Y, Kanamaru R, Ishioka C, Ishikawa A, Shibata H,

Wakui A, Dei T (1990) The changes in the levels of dihydrofolate

reductase mRNA and its gene dosage in 5-fluorouracil-resistant

L1210 cells. Tohoku J Exp Med 161:33–42

19. Tezuka M, Sugiyama H, Tamemasa O, Inaba M (1982) Bio-

chemical characteristics of a 5-flourouracil-resistant subline of

P388 leukemia. Gann 73:70–76

20. Mulkins MA, Heidelberger C (1982) Biochemical characteriza-

tion of fluoropyrimidine-resistant murine leukemic cell lines.

Cancer Res 42:965–973

21. Brockman RW (1974) Mechanisms of resistance. In: Sartorelli

AC, Johns DG (eds) Handbook of experimental pharmacology.

New series. Vol 38/1. Springer-Verlag, New York, pp 352–410

22. Curt GA, Clendeninn NJ, Chabner BA (1984) Drug resistance in

cancer. Cancer Treat Rep 68:87–99

23. Cros E, Jordheim L, Dumontet C, Galmarini CM (2004) Prob-

lems related to resistance to cytarabine in acute myeloid leuke-

mia. Leuk Lymphoma 45:1123–1132

24. Estey E, Hoth D, Simon R, Marsoni S, Leyland-Jones B, Wittes R

(1986) Therapeutic response in phase I trials of antineoplastic

agents. Cancer Treat Rep 70:1105–1115

Cancer Chemother Pharmacol (2011) 68:399–403 403

123


	Lack of in vivo cross-resistance with 4vprime-thio-ara-C against drug-resistant murine P388 and L1210 leukemias
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


