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Abstract Telomerase—a complex ribonucleopro-

tein enzyme—synthesizes telomeric repeats to avoid

telomere loss that accompanies cell division and

chromosomal replication. Expression of telomerase is

detectable in embryonic cells and cancer cells, but

not in normal human cells. On the other hand, in

mice, substantial expression of telomerase is detected

in normal cells and tissues as well as in immortalized

cells. These results suggest that the regulatory

mechanisms of telomerase activity in humans and

mice differ. Considering these results along with the

fact that the expression of the telomerase reverse

transcriptase (TERT) gene is a rate-limiting step for

telomerase activity, we compared transcriptional

regulatory mechanisms of both the species. A series

of luciferase assays and RT-PCR analyses demon-

strated that c-Myc, a dominant transactivator for

human TERT (hTERT), is not involved in the

regulation of mouse TERT (mTERT). These results

suggest that distinct molecules and pathways are

involved in the process of immortalization and

tumorigenesis in human and mouse cells.

Keywords Telomerase � hTERT �
mTERT � c-Myc � Transcription

Introduction

Telomeres are repetitive DNA sequences at the ends of

eukaryotic chromosomes with a specialized structure

that stabilizes the chromosomes and prevents their

fusion during mitosis. Telomerase, a ribonucleopro-

tein complex, is capable of de novo synthesis of

telomeric DNA. The most important component that is

responsible for the catalytic activity of telomerase is

telomerase reverse transcriptase (TERT) (Martin-

Rivera et al. 1998; Nakamura et al. 1997). Numerous

studies have shown that human TERT (hTERT) is

expressed in most malignant tumors, but not in normal

human tissues, and that expression of hTERT is closely

correlated with telomerase activity (Kilian et al. 1997;

Meyerson et al. 1997; Takakura et al. 1998). These

findings indicate that hTERT is a rate-limiting determi-

nant of the catalytic activity of telomerase. Recently, the

promoter region of the hTERT gene was cloned, and

initial analyses indicated that c-Myc is involved

in the transcriptional activation of the hTERT gene in

tumor cells (Wang et al. 1998; Xu et al. 2001). In

addition, several researchers have demonstrated that

Mad1 acts in an antagonistic manner in response to

c-Myc-induced transactivation, thereby resulting in a

potent repression of the hTERT gene via binding to
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the E-box elements located in the proximal core

promoter (Gunes et al. 2000; Oh et al. 2000; Xu et al.

2001). As compared to the accumulated evidences

regarding the regulatory mechanisms of hTERT

transcription, knowledge on the regulatory mecha-

nisms of mouse TERT (mTERT) transcription is

limited. In the present study, we attempted to

investigate the regulatory mechanisms of the mTERT

promoter and clarify the differences in the regulatory

mechanisms and competence of c-Myc between the

hTERT and mTERT core promoters.

Materials and methods

Cell lines and culture conditions

A human lung adenocarcinoma cell line (A549) was

cultured in eRDF medium (Invitrogen, Carlsbad, CA)

supplemented with 5% fetal bovine serum (FBS;

Invitrogen). TIG-1 cells (Institute of Development,

Aging and Cancer (IDAC), Tohoku University, Miy-

agi, Japan) and mouse embryonic fibroblasts (MEFs)

derived from embryonic day 13.5 mice were cultured

in MEM medium (Nissui, Tokyo, Japan) supple-

mented with 10% FBS at 37 �C in 5% CO2. A mouse

fibroblast cell line (NIH3T3) was obtained from IDAC

and cultured in Dulbecco’s modified Eagle’s medium

(DMEM, Nissui) supplemented with 10% FBS.

Quantitative real-time PCR

RNA was prepared using the FastPure RNA kit

(TaKaRa, Shiga, Japan). cDNA was prepared using

M-MLV RT RNase H- (Promega, Madison, WI)

according to the manufacturer’s protocol. Quantitative

PCR was performed using SYBR Premix Ex Taq

(TaKaRa) and Thermal Cycler Dice Real Time System

TP-800 instrument (TaKaRa). PCR amplification

began with a 10-s denaturation step at 95 �C and then

40 cycles of denaturation at 95 �C for 5 s, annealing at

55 �C for 20 s, and extension at 72 �C for 20 s. The

samples were analysed in triplicate, and the hTERT and

mTERT levels were normalized to the corresponding

b-actin levels. The PCR primer sequences used were as

follows: hTERT top primer CGTACAGGTTTCACGC

ATGTG and bottom primer ATGACGCGCAGGAA

AA ATG; human b-actin top primer TGGCACCCAG-

CACAATGAA and bottom primer CTAAGTCATAG

TCCGCCTAGAAGCA; mTERT top primer CAG-

CCATACATGGGCCAGTTC and bottom primer

ACAGGCTGCTGCTGCTCTCA; mouse b-actin top

primer GGCCAGGTCATCACTATTG and bottom

primer GAGGTCTTTACGGATGTCAAC.

hTERT and mTERT promoter-reporter constructs

We amplified the 50-flanking region of the hTERT and

mTERT genes by using genomic DNA prepared from

A549 cells and NIH3T3 cells, respectively. Templates

and primers were designed based on the deposited

sequences (hTERT, AB016767; mTERT, AF121949).

DNA fragments of various lengths that were located

upstream of the initiation ATG codon were amplified

using PCR and were inserted into the firefly luciferase

reporter plasmid pGL3-Basic (Promega). E-box ele-

ments in the isolated hTERT and mTERT promoter

regions (hTERT, -242 to -237 and -34 to -29;

mTERT, -230 to -225 and -32 to -27) were

changed from CACG/CTG to TTTGTG using the

GeneEditor in vitro Site-Directed Mutagenesis System

(Promega).

Transfection and luciferase assay

All transfections were carried out in triplicate in

24-well plates (Becton–Dickinson Labware, Franklin

Lakes, NJ). The cells were seeded at subconfluence

and were cultured overnight. In order to standardize

transcription efficiency, the luciferase reporter plas-

mid and effector plasmids were cotransfected along

with the Renilla luciferase plasmid pRL-TK (Pro-

mega) into the cells by using the LipofectAMINE

PLUS reagent (Invitrogen) in accordance with the

manufacturer’s instructions. The cells were exposed

to the transfection mix for 3 h and harvested for

analysis after 48–72 h. Luciferase assays were per-

formed using the Dual-Luciferase Reporter Assay

System (Promega). Relative luciferase activity was

calculated by dividing the firefly luciferase activity

by the Renilla luciferase activity. The experiments

were repeated at least three times; standard deviations

are shown in the figures.

Plasmids

Full length human c-myc cDNA was prepared from

pSPT-myc (JCRB GeneBank, Japan) and was inserted
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into pcDNA3 (pcDNA3-c-Myc). The mad expression

plasmid (pcDNA3-Mad) was a generous gift from R.

Robert (Fred Hutchinson Cancer Research Center),

and MadMyc and MadMycDC expression plasmids

were generous gifts from R. Bernards (The Nether-

lands Cancer Institute).

Results and discussion

Identification of cis-elements in hTERT

and mTERT promoter region

Previous studies have shown that the hTERT gene is

expressed in most tumors cells, but not in normal cells,

where the c-Myc oncogene plays a critical role in

regulating the expression of this gene (Ramakrishnan

et al. 1998). In this study, we attempted to clarify

differences in the transcriptional regulatory mecha-

nisms of the TERT gene between human and mice. We

analyzed the expression of TERT gene between normal

and tumor/immortalized cells by quantitative real time

PCR (Fig. 1). As shown in Fig. 1, TERT gene expres-

sion was not detected in human normal cells, but in

mouse normal cells. To analyze the transcriptional

regulatory mechanisms of the hTERT and mTERT

gene, we isolated their promoter regions. The pro-

moter fragment for hTERT (from -286 to -25),

mTERT (from -281 to -25), and their 5(-truncations

were amplified by PCR and cloned into pGL3-

basic (Fig. 2a, b). The region from -286 to

-25 of the hTERT gene was reported to be the core

promoter region (Horikawa et al. 1999; Takakura et al.

1999). TERT core promoter activity is known to be

related to TERT mRNA expression in human cells

(Takakura et al. 2005) and in mouse cells (Nozawa

et al. 2001). As expected, we detected a strong

promoter activity in the fragment region from -286

to -25 of the hTERT promoter. Next, we tested for the

promoter activity of the fragment derived from the

mTERT promoter. As shown in Fig. 2b, a fragment of

the mTERT promoter (-281 to -25) with almost the

same length as that of the hTERT core promoter

demonstrated a similar strong promoter activity. These

results indicate that an almost similar length of

fragments located upstream of the ATG codon consti-

tutes the core promoter in both the species. Sequence

alignment of the core promoter regions of the hTERT

and mTERT promoters indicates several conserved cis

elements, including an E-box and GC box (Fig. 2c).

E-boxes of the c-Myc/Max-binding type (CACGTG)

in particular, are highly conserved between the hTERT

and mTERT promoters and are located at -34 in the

hTERT promoter and at -32 in the mTERT promoter.

The second E-box identified at -242 of the hTERT

promoter is also of the c-Myc/Max-binding type, while

that identified at -230 of the mTERT promoter is of the

canonical and not the c-Myc/Max-binding type. These

single nucleotide differences in the second E-box

might induce differential dependency of hTERT and

mTERT promoters on c-Myc. Further, GC boxes are

also conserved in both the core promoter regions; five

GC boxes in the hTERT promoter and three GC boxes

in the mTERT promoter. Sp1 was reported to play an

important role in the activation of hTERT transcription

through its binding to the GC box (Kyo et al. 2000),

thereby suggesting that although Sp1 is also involved

in the transcriptional regulation of the mTERT pro-

moter, the difference in the number of GC boxes might

elicit a distinct regulatory mechanism between hTERT

and mTERT. Thus, sequence alignment demonstrated

that the core promoter regions for the hTERT and

mTERT promoters have approximately the same length

and similar number and kinds of cis elements at almost

the same position. This suggests common regulatory

mechanisms between the hTERT and mTERT promot-

ers. However, some differences in the cis elements and

in the surrounding regions of both the promoters might

elicit differential transcriptional regulation of these

promoters.

Fig. 1 Expression of the hTERT and mTERT genes in

immortal and mortal cells. A549 cells and NIH3T3 cells

(immortal cells) and TIG-1 cells and MEF (mortal cells) were

investigated, and the expression of hTERT and mTERT was

assessed by quantitative real-time PCR. The samples were

analysed in triplicate, and the hTERT and mTERT levels were

normalized to the corresponding beta-actin levels
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E-box dependency of regulation of the hTERT

and mTERT core promoters

c-Myc is reported to be a dominant transcriptional

activator for hTERT expression (Greenberg et al.

1999; Horikawa et al. 1999; Kyo et al. 1999, 2000;

Wang et al. 1998; Wick et al. 1999). Further,

previous reports have demonstrated that Mad acts in

an antagonistic manner in response to c-Myc-induced

hTERT transactivation via binding to the E-box

elements located in the core promoter (Xu et al.

2001). On the other hand, the functionality of c-Myc

is complicated in mouse cells, and this is evident in

the report by Ramakrishnan et al. (1998), which states

that c-Myc activates mTERT expression in primary

mouse cells, but not in some immortal mouse cell

lines. The ability of c-Myc to regulate mTERT

expression was suggested to be superceded by other

events associated with immortalization, adaptation to

ex vivo culture, and/or cell context.

In the present study, we attempted to clarify the

differences in c-Myc dependency between the hTERT

and mTERT core promoters and then performed

luciferase assays. As expected, the activity of the

hTERT core promoter was activated by c-Myc and

attenuated by Mad (Fig. 3a). Further, a mutant

hTERT core promoter with mutated E-box elements

did not respond to both c-Myc and Mad. These results

indicate that the regulation of the hTERT core

promoter is dependent on the E-box and the E-box

binding factors. On the other hand, the mTERT core

promoter activity did not respond to both c-Myc and

Mad (Fig. 3b). Unexpectedly, the introduction of

mutations in E-box elements augmented the mTERT

core promoter activity. These results indicate that the

mTERT core promoter is regulated independent of the

Fig. 2 Core promoter

regions for the hTERT and

mTERT genes. a and b,

A549 cells and NIH3T3

cells were transfected with

luciferase reporter

constructs containing the

50-flanking region of the

hTERT and mTERT genes.

Experiments were

performed in triplicate, and

the representatives are

indicated. c Sequence

alignment of the hTERT and

mTERT core promoters and

the putative cis elements.

The translation start site is

indicated as ?1. Consensus

motifs for the E-box and

GC box are underlined
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E-box and c-Myc. Because we could not find any

transcription factors that bind to the mutated E-box

site, unidentified factors other than c-Myc would bind

to the E-box and repress its promoter activity.

To further clarify the E-box-dependency of hTERT

and mTERT core promoters, a luciferase assay was

performed using a dominant negative c-Myc, named

MadMyc, which represses the c-Myc target genes.

MadMycDC with a mutation in the DNA binding and

heterodimerization domain was used as the control. As

shown in Fig. 3c, MadMyc, but not MadMycDC,

suppressed the hTERT core promoter activity. Further,

both MadMyc and MadMycDC slightly repressed the

mutant hTERT promoter. These results also indicate that

the regulation of the hTERT core promoter is dependent

on the E-box and c-Myc; they also suggest that MadMyc

might attenuate the hTERT core promoter activity in an

E-box independent manner, possibly by capturing

transcriptional activators. On the other hand, both

MadMyc and MadMycDC did not affect the mTERT

Fig. 3 Regulation of hTERT, but not mTERT, core promoter is

dependent on the E-box and c-Myc a the hTERT core promoter

is regulated in a c-Myc-dependent manner. A549 cells were

transfected with a vector expressing c-Myc or Mad along with

pGL3b-h286 or its E-box mutant, and these transfected cells

were than used for the luciferase assay. The relative luciferase

activity is shown. b the mTERT core promoter is not regulated

in a c-Myc-dependent manner. Transfection into NIH3T3 cells

and luciferase assay using pGL3b-m281 containing the mTERT
core promoter were performed as described in a. c MadMyc

represses hTERT core promoter activity. A549 cells were

transfected with a plasmid expressing MadMyc or MadMycDC

along with pGL3b-h286 or its E-box mutant, and the

transfected cells were then used for the luciferase assay.

d MadMyc does not affect the mTERT core promoter activity.

Transfection into the NIH3T3 cells and the luciferase assay

using pGL3b-m281 were performed as described in b. All

results were expressed as the bars indicating mean ± SD of

three independent experiments
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core promoter activity (Fig. 3d) and also demonstrated

that the mTERT core promoter activity is regulated

independent of the E-box and c-Myc.

Next, we investigated the c-Myc dependency of

hTERT and mTERT gene transcription. After trans-

fecting A549 cells and NIH3T3 cells with a vector

expressing MadMyc or MadMycDC, TERT expres-

sion was assessed. As shown in Fig. 4, MadMyc, but

not MadMycDC, repressed the transcription of the

hTERT gene. On the other hand, neither MadMyc nor

MadMycDC affected the transcription of the mTERT

gene. These results also indicate that the regulation of

the hTERT, but not the mTERT, core promoter is

dependent on E-box and c-Myc. All these results

demonstrate that the dominant transcriptional activa-

tor of c-Myc for the hTERT core promoter is not

involved in the regulation of mTERT gene transcrip-

tion. These results also suggest that immortalization

and tumorigenesis are regulated by distinct regulatory

mechanisms and molecules in human and mice.

References

Greenberg RA, O’Hagan RC, Deng H, Xiao Q, Hann SR, Adams

RR, Lichtsteiner S, Chin L, Morin GB, DePinho RA (1999)

Telomerase reverse transcriptase gene is a direct target of

c-Myc but is not functionally equivalent in cellular trans-

formation. Oncogene 18:1219–1226

Gunes C, Lichtsteiner S, Vasserot AP, Englert C (2000)

Expression of the hTERT gene is regulated at the level of

transcriptional initiation and repressed by Mad1. Cancer

Res 60:2116–2121

Horikawa I, Cable PL, Afshari C, Barrett JC (1999) Cloning

and characterization of the promoter region of human

telomerase reverse transcriptase gene. Cancer Res

59:826–830

Kilian A, Bowtell DD, Abud HE, Hime GR, Venter DJ, Keese PK,

Duncan EL, Reddel RR, Jefferson RA (1997) Isolation of a

candidate human telomerase catalytic subunit gene, which

reveals complex splicing patterns in different cell types. Hum

Mol Genet 6:2011–2019

Kyo S, Takakura M, Kanaya T, Zhuo W, Fujimoto K, Nishio Y,

Orimo A, Inoue M (1999) Estrogen activates telomerase.

Cancer Res 59:5917–5921

Kyo S, Takakura M, Taira T, Kanaya T, Itoh H, Yutsudo M,

Ariga H, Inoue M (2000) Sp1 cooperates with c-Myc to

activate transcription of the human telomerase reverse

transcriptase gene (hTERT). Nucleic Acids Res 28:669–677

Martin-Rivera L, Herrera E, Albar JP, Blasco MA (1998)

Expression of mouse telomerase catalytic subunit in

embryos and adult tissues. Proc Natl Acad Sci USA

95:10471–10476

Meyerson M, Counter CM, Eaton EN, Ellisen LW, Steiner P,

Caddle SD, Ziaugra L, Beijersbergen RL, Davidoff MJ,

Liu Q, Bacchetti S, Haber DA, Weinberg RA (1997)

hEST2, the putative human telomerase catalytic subunit

gene, is up-regulated in tumor cells and during immor-

talization. Cell 90:785–795

Nakamura TM, Morin GB, Chapman KB, Weinrich SL,

Andrews WH, Lingner J, Harley CB, Cech TR (1997)

Telomerase catalytic subunit homologs from fission yeast

and human. Science 277:955–959

Nozawa K, Maehara K, Isobe K (2001) Mechanism for the

reduction of telomerase expression during muscle cell

differentiation. J Biol Chem 276:22016–22023

Oh S, Song YH, Yim J, Kim TK (2000) Identification of Mad

as a repressor of the human telomerase (hTERT) gene.

Oncogene 19:1485–1490

Ramakrishnan S, Eppenberger U, Mueller H, Shinkai Y,

Narayanan R (1998) Expression profile of the putative

catalytic subunit of the telomerase gene. Cancer Res

58:622–625

Takakura M, Kyo S, Kanaya T, Tanaka M, Inoue M (1998)

Expression of human telomerase subunits and correlation

with telomerase activity in cervical cancer. Cancer Res

58:1558–1561

Takakura M, Kyo S, Kanaya T, Hirano H, Takeda J, Yutsudo M,

Inoue M (1999) Cloning of human telomerase catalytic

subunit (hTERT) gene promoter and identification of

proximal core promoter sequences essential for transcrip-

tional activation in immortalized and cancer cells. Cancer

Res 59:551–557

Takakura M, Kyo S, Inoue M, Wright WE, Shay JW (2005)

Function of AP-1 in transcription of the telomerase

reverse transcriptase gene (TERT) in human and mouse

cells. Mol Cell Biol 25:8037–8043

Fig. 4 Effect of MadMyc on the transcription of the hTERT
and mTERT genes. A549 cells and NIH3T3 cells were

transfected with a plasmid expressing MadMyc or Mad-

MycDC. After culturing for 72 h, the transfected cells were

applied to RT-PCR analysis in order to detect the transcription

of the hTERT and mTERT genes

338 Cytotechnology (2010) 62:333–339

123



Wang J, Xie LY, Allan S, Beach D, Hannon GJ (1998) Myc

activates telomerase. Genes Dev 12:1769–1774

Wick M, Zubov D, Hagen G (1999) Genomic organization and

promoter characterization of the gene encoding the human

telomerase reverse transcriptase (hTERT). Gene 232:

97–106

Xu D, Popov N, Hou M, Wang Q, Bjorkholm M, Gruber A,

Menkel AR, Henriksson M (2001) Switch from Myc/Max

to Mad1/Max binding and decrease in histone acetylation

at the telomerase reverse transcriptase promoter during

differentiation of HL60 cells. Proc Natl Acad Sci USA

98:3826–3831

Cytotechnology (2010) 62:333–339 339

123


	Regulatory mechanisms of human and mouse telomerase reverse transcriptase gene transcription: distinct dependency on c-Myc
	Abstract
	Introduction
	Materials and methods
	Cell lines and culture conditions
	Quantitative real-time PCR
	hTERT and mTERT promoter-reporter constructs
	Transfection and luciferase assay
	Plasmids

	Results and discussion
	Identification of cis-elements in hTERT and mTERT promoter region
	E-box dependency of regulation of the hTERT 	and mTERT core promoters

	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


