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Abstract Bovine leukemia virus (BLV) infection in cat-
tle causes persistent lymphocytosis, and a few percent of
infected animals develop lymphoid tumors, namely enzo-
otic bovine leukosis (EBL). In this study, a 440-bp frag-
ment of the env gene was amplified from 204 tumor
samples collected from different regions of Japan and
analyzed by restriction fragment length polymorphism
(RFLP) to determine the association of BLV with EBL. Of
the seven RFLP types defined, types I, II, and III were
dominant and found in 12.7, 75.0, and 8.3% of tumor
samples, respectively. Cattle harboring type III virus were
significantly older than other animals at the time of diag-
nosis of EBL. Type III viruses were found in approxi-
mately 33% and 5.5% of Japanese Black and Holstein
cattle, respectively, with EBL. These findings indicate that
genetically distinct BLV was associated with EBL in Japan
and that the genetic profile may influence the leukemoge-
nicity of the virus.

Introduction

Bovine leukemia virus (BLV) is a member of the family
Retroviridae, genus Deltaretrovirus, together with human
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T-lymphotropic virus (HTLV) types 1 and 2, and a caus-
ative agent of enzootic bovine leukosis (EBL). BLV gen-
erally infects B-lymphocytes [9], causing asymptomatic
infection in cattle. About 33% of infected animals develop
persistent lymphocytosis (PL), and 0.1-10% develop
tumors when they are 3-5 years old or older [3, 8]. The
virus is present in blood lymphocytes and tumor cells, and
the provirus is integrated into the genome and found in the
cellular fraction of various body fluids. Prenatal and milk
transmission by colostrum or mature milk has been dem-
onstrated in BLV infection. Contact with the affected
animals may play a central role in transmission; however,
calves did not show clinical signs of EBL when they were
placed in contact with the virus at 6 weeks or older. Iat-
rogenic BLV infection by contaminated instruments is also
possible [18].

The envelope glycoproteins of viruses play a crucial role
in their life cycle. The BLV envelope contains two gly-
coproteins, gp30 and gp51, which are disulfide-linked and
derived by posttranslational proteolytic cleavage of a pre-
cursor (gpr72) encoded by the env gene [7, 12]. The gp51
protein is responsible for virus attachment and entry into
host cells, serving as a target for neutralizing antibodies [4,
5, 15]. The glycoprotein also induces a cell-mediated
immune response, which may play a role in protective
immunity against BLV infection, especially tumorigenesis
[6].

Recently, we demonstrated through phylogenetic studies
of the env gene that the majority of Japanese isolates were
genotype 1, which is the common genotype found world-
wide [13, 16]. Restriction fragment length polymorphism
(RFLP) analysis of the env gene successfully categorized
Japanese BLV isolated from cattle that developed PL into
six different types [11], suggesting that some strains
belonging to a particular RFLP type could not induce
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effective immune responses in virus-infected animals [1].
In the present study, to define the relationship between
tumorigenicity and genetic background of BLV, we
determined the RFLP types of the env genes obtained from
204 EBL tumor samples from different regions of Japan
and compared the age of the animals affected by EBL.

Materials and methods
Tumor samples

Lymphocytic sarcomas were collected from 214 cattle,
including 171 Holstein, 31 Japanese Black, 1 Jersey, and
11 crossbreeds, at various slaughterhouses around Japan in
2008-2010. The age of the host animals was traced from
the Information for Individual Identification of Cattle
provided by the National Livestock Breeding Center
(Japan). The tissue samples were placed into cryotubes, the
lids were sealed, and the samples were transported under
frozen conditions to the Health Sciences University of
Hokkaido and stored at —80°C until required.

DNA isolation and PCR

Provirus DNA was extracted from tumors using a
QuickGene DNA tissue kit S (FUJIFILM, Tokyo, Japan)
according to manufacturer’s instructions. PCR was car-
ried out as described in the diagnostic manual for OIE
(The World Organisation for Animal Health) [20].
Briefly, a 440-bp portion of the env gene corresponding
to nucleotide positions 5029-5468 of the BLV genome
[17] was amplified by using GoTaq Flexi DNA poly-
merase (Promega, Madison, WI) and a set of primers,
OBLVIA (5-CTTTGTGTGCCAAGTCTCCCAGATAC
A-3") and OBLV6A (5-CCAACATATAGCA CAGTCT
GGGAAGGC-3") [2]. The reaction mixtures contained
26.75 pl of distilled water, 10 pul of 5x GoTaq Flexi
buffer (Promega, Madison, WI), 2 ul of 10 uM each
primer, 5 pl of template DNA, 4 pul of a 25 mM MgCl,
solution and 0.25 pl of GoTaq Flexi DNA polymerase.
The amplification was carried out for 5 cycles consisting
of 94°C for 45s, 60°C for 60 s and 72°C for 90 s,
followed by 30 cycles of 94°C for 45 s, 55°C for 60 s
and 72°C for 90 s. The thermal cycling protocol was
concluded with a final step at 72°C for 7 min. The
amplification products were analyzed on 1.5% agarose
gels stained with ethidium bromide.

Nucleotide sequencing
The amplified products were purified from agarose gels

using the Wizard® SV Gel and PCR Clean-Up System
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(Promega, Madison, WI). Purified amplicons were
sequenced directly with the primers OBLV1A, OBLV6A,
OBLV3 (5-CTGTAAATGGCTATCCTAAGATCTACTG
GC-3') and OBLVS5 (5-GACAGAGGGAACCCAGTCAC
TGTTCAACTG-3') [2] using a BigDye® Terminator
verl.l Cycle Sequencing Kit (Applied Biosystems, Foster,
CA) according to the manufacturer’s instructions. The
sequences were analyzed with an ABI Prism 310 Genetic
Analyzer (Applied Biosystems, Foster, CA).

RFLP analysis

The 440-bp amplicons were digested with 10 U of BamHI
(Takara, Shiga, Japan), Haelll (Takara, Shiga, Japan), Msel
(New England Bio-Labs Inc., Ipswich, MA), Mwol (New
England Bio-Labs Inc., Ipswich, MA) and Tagl (Takara,
Shiga, Japan) restriction endonucleases according to the
manufacturers’ instructions for 1 h and subsequently
electrophoresed in 3% NuSieve 3:1 Agarose (Lonza,
Rockland, ME) gels. The sizes of the resulting bands were
compared with a 10-bp DNA ladder (Invtrogen, Carlsbad,
CA) and a 100-bp DNA ladder (TOYOBO, Osaka, Japan).

Results
Detection of the BLV genome in tumor samples

Of the 214 tumor samples, the 440-bp fragments of interest
were amplified from 204 samples (95.3%), and 62 were
sequenced. The nucleotide sequences found in the frag-
ments exhibited more than 96% identity with that of the
ABLV-1 env gene [17] (accession no. ABS598781-
AB598805). Each fragment was also digested with
restriction endonuclease BamHI and verified as the env
gene, as denoted by two bands with sizes of 240 and
200 bp. Our findings indicate that the majority of lym-
phocytic sarcomas in Japanese cattle were diagnosed as
EBL caused by BLYV infection. As shown in Table 1, the
mean age of cattle with EBL was approximately 75 months
old. The mean age of cattle with tumor lacking BLV pro-
virus was 45 months old.

Table 1 Mean age of cattle diagnosed with lymphocytic sarcoma

BLV genome Number of Mean age
cattle (%) (months)
+ 204 (95.3) 7472 £ 2.24 :Iyr
- 10 (4.7) 4470 + 15.88
*p <0.01
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Fig. 1 RFLP analysis of the 440-bp DNA fragments. The 440-bp
fragments amplified from the env gene were digested with the
restriction endonucleases shown at the top of the panel and
electrophoresed in an agarose gel. M, DNA ladders of 10 bp (left)
and 100 bp (right)

Classification of BLV by RFLP analysis
on the env gene

The 440-bp amplicons from the tumor samples were
digested with Haelll, Msel, Mwol, and Taql. As shown in
Fig. 1, Haelll cleaved the majority of the amplicons into
five bands, with sizes of 200, 90, 65, 35, and 25 bp; the
remainder of the amplicons were cleaved into 290-, 65-,
35-, and 25-bp fragments. Msel digestion resulted in three
different restriction patterns. A large number of the sam-
ples were cleaved into two bands, of 400 and 40 bp, with
three samples that were subjected to enzyme treatment
yielding 360- and 40-bp bands. Twenty-six of the ampli-
cons were cleaved into three bands, of 260, 130, and 40 bp.
Mwol digestion generated three bands, of 250, 160 and
30 bp, from the majority of samples. Only four samples
were cleaved to yield two bands, of 280 and 160 bp. Tagl
cleaved the 440-bp amplicon of one sample into three
bands, of 230, 160, and 50 bp, and another into 250, 160,
and 30 bp. The remaining samples yielded two bands, of
280 and 160 bp. Based on the restriction enzyme digestion
patterns of the 440-bp env gene fragments, BLV proviruses
collected in this study were classified into seven types
(Table 2).

Relationship between RFLP type and age of host cattle
for EBL diagnosis

As shown in Table 3, 75% of the BLV strains identified in
this study were classified as RFLP type II, and their host
animals were diagnosed with EBL at a mean age of
72 months. Twenty-six animals (12.7%) harbored a virus
of RFLP type I and were also diagnosed at the same age. In
contrast, for type III viruses, the host animals were sig-
nificantly older (>100 months) than those infected with

Table 2 Restriction enzyme cleavage products of the 440-bp DNA
fragments

RFLP Fragments (bp) generated by single digestion
type
P Hae 111 Mse 1 Mwo 1 Taq 1
I 200, 90, 65, 35, 270, 130, 250, 160, 280, 160
25 40 30
I 200, 90, 65, 35, 400, 40 250, 160, 280, 160
25 30
111 290, 65, 35,25 400, 40 250, 160, 280, 160
30
v 200, 90, 65, 35, 360, 40 250, 160, 280, 160
25 30
v 290, 65, 35,25 400, 40 280, 160 280, 160
VI 290, 65, 35,25 400, 40 280, 160 230, 160,
50
Vil 290, 65, 35,25 400, 40 250, 160, 240, 160,
30 40

Table 3 The relationship between RFLP type and age of host cattle
affected by EBL

RFLP type Number (%) Mean age (months)
I 26 (12.7) 7223 £6.10
11 153 (75.0) 7231 +£2.26 -/ [*
*
1T 17 (8.3) 101.59 £ 9.50 =
v 3(L.5) 72.33
v 3(1.5) 66.00
E3
VI 1(0.5) 69
VII 1(0.5) 125
Total 204 (100) 7472 £2.24 —
*p<0.01

type I and II viruses when diagnosed with EBL. There was
also a statistical difference between type III viruses and
whole EBL samples.

Relationship between breeds of host cattle and RFLP
type

Out of the 171 Holstein cattle tested, 163 (95.3%) were
found to be infected with BLV. The breakdown of the
RFLP type for BLV was as follows: type I, 14.1%; II,
76.7%; 111, 5.5%; 1V, 1.8%; V 1.2%, and VI, 0.6%. For
Japanese Black cattle, all of the samples tested were also
diagnosed with EBL, and the breakdown was as follows:
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type I, 6.5%; 11, 58.1%; 111, 29.0%; V, 3.2%, and VII, 3.2%.
Nine of the 11 crossbreeding cattle tested were found to be
infected with BLV of RFLP type II, one contained type I,
and one animal harbored no virus at all. The affected
crossbreeding cattle were significantly younger than the
Holstein and Japanese Black breeds. There was also a
statistical difference between Holstein and Japanese Black
cattle (Table 4).

Discussion

The bovine leukosis complex is broken down into EBL,
which is associated with BLV infection, and sporadic
bovine leukosis (SBL) [14]. In the present study, of the 214
lymphocytic sarcoma samples, 204 (95.3%) tumors were
found to possess the env gene of BLV. The mean age of
204 cattle affected by EBL was approximately 75 months;
the mean age of the 10 remaining animals was 45 months.
Because SBL, which includes calf lymphosarcoma, thymic
lymphosarcoma, and skin lymphosarcoma, occurs most
often in animals younger than 2 years, some of the 10
animals in which the env gene was not detected were
possibly affected by EBL. A previous study has shown that
about 25% of lymphoid tumors associated with EBL harbor
BLV proviruses containing deletions [10].

RFLP analysis using Haelll, Msel, Mwol, and Tagl
endonucleases demonstrated seven different types of BLV.
Three RFLP types (I, II, and III) were dominant and found
in 12.7, 75.0, and 8.3% of tumors associated with EBL in
Japan, respectively. A previous study using Bcll, Haelll,
and Pvull on another 444-bp env fragment that overlapped
the 440-bp fragment that was investigated in this study
classified the virus into six types and revealed that one
genotype accounted for 48.3% of nearly 400 samples col-
lected from cattle with PL in Japan [1]. Based on the

sequence data from the 62 tumor samples, the majority of
type II and III viruses were predicted to be of this major
genotype. Although some BLV strains (EF065659,
EF065650, EF065662) found in PL in Japan were not
classified into any of the RFLP types defined in this study,
they showed close genetic relationships to type III, V, and
VII viruses, which formed a mini-cluster exclusive of other
types [13]. The phylogenetic analysis also demonstrated
that all Japanese isolates, except for one type VI virus,
were classified into the common genotype found world-
wide. Type I viruses formed a unique cluster, while type 11
viruses were found to be disseminated within the genotype
[13].

It is worthy of noting that host cattle harboring type III
virus were significantly older than other animals. Although
contact transmission of BLV is considered to be most
common mode, none of the adult animals infected by
contact demonstrated tumor formation [18]. Hence, the
animals affected by EBL and associated with type III virus
did not seem to be infected at an older age. It is likely that
lymphocytes infected with certain BLV strains belonging
to RFLP type III might be liable to become the target of
cytotoxic T cells, as the envelope glycoprotein carries the
CD8™" T cell epitope [6]. Alternatively, the viruses may
possess reduced tumorigenic potency. The Tax protein,
rather than the envelope glycoprotein, is thought to play a
crucial role in leukemogenesis by BLV [19, 21].

Of the 31 viruses found in Japanese Black cattle, 11
(35.4%) were sorted into a type Ill-related group, whereas
only 6.3% (11/174) of those in other breeding cattle were
sorted into this group. Furthermore, 50% (11/22) of the
type Il-related viruses were found in Japanese Black cat-
tle. It is possible that RFLP type-IlI-related viruses might
be initially inherent in these breeding cattle. Crossbreeding
cattle with EBL were significantly younger than the other
cattle; these animals are usually slaughtered at less than

Table 4 The relationship

between breeds of host cattle Number of cattle (%) Mean age
Breed Total
and RFLP type I I m v v VI VII (months)
. 23 125 9 3 2 1 0 163 7721 £2.02 —
Holstein 141y (767 (5.5 (18 (12 (©6 (©) (100
*
Japanese 2 18 9 0 1 0 1 31 89.74 + 8.94 o
Black 65 (81 (2900 (© (32 (0 (32 (100)
o
Cross- 1 9 0 0 0 0 0 10
breeding (10.0) (90.0) ) 0) 0) 0) 0) (100) 25.30=0.97
Jerse 0 1 0 0 0 0 0 1 62
Y )  (100) 0) 0) 0) ) 0) (100)
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30 months of age; therefore, only young animals were
examined.

We propose that the genetic profile of BLV may influ-
ence its leukemogenicity. To gain insight into the molec-
ular mechanisms of leukemogenesis by deltaretroviruses,
further investigations regarding the relationship between
the age of onset of EBL and the genetics of BLV are
required.

Acknowledgments This work was supported in part by a grant from
the Ministry of Health, Labor and Welfare of Japan. The authors
would like to thank the Hokkaido Obihiro, Hayakita, and Yakumo,
Aomori Prefecture Towada, Tochigi Prefecture Kenkita, Ibaraki
Prefecture Kenkita and Kennishi, and Shizuoka Prefecture Eastern
District Meat Inspection Offices, Iwate, Gunma, Gifu, Okayama,
Kagawa, and Tokushima Prefectural Meat Inspection Offices,
Yokohama and Kumamoto City Meat Inspection Offices, as well as
the Nara Prefectural Food Inspection Office for their extensive help in
collecting samples.

References

1. Asfaw Y, Tsuduku S, Konishi M, Murakami K, Tsuboi T, Wu D,
Sentsui H (2005) Distribution and superinfection of bovine leu-
kemia virus genotypes in Japan. Arch Virol 150:493-505

2. Ballagi-Pordany A, Klintevall K, Merza M, Klingeborn B, Belak
S (1992) Direct detection of bovine leukaemia virus infection:
practical applicability of a double polymerase chain reaction.
J Vet Med [B] 39:69-77

3. Burny A, Cleuter Y, Kettman R, Mammerickx M, Marbaix G,
Portelle D, Vanden Broeke A, Willems L, Thomas R (1998)
Bovine leukaemia: facts and hypotheses derived from the study
of an infectious cancer. Vet Microbiol 17:197-218

4. Bruck C, Portetelle D, Burny A, Zavada J (1982) Topographical
analysis by monoclonal antibodies of BLV gp51 epitopes
involved in viral functions. Virology 122:353-362

5. Callebaut I, Voneche V, Mager A, Fumiere O, Krchnak V, Merza
M, Zavada J, Mammerickx M, Burny A, Portetelle D (1993)
Mapping of B-neutralizing and T-helper epitopes on the bovine
leukemia virus external glycoprotein gp51. J Virol 67:5321-5327

6. Gatei MH, Good MF, Daniel RC, Lavin MF (1993) T-cell
responses to highly conserved CD4 and CDS8 epitopes on the
outer membrane protein of bovine leukemia virus: relevance to
vaccine development. J Virol 67:1796-1802

7. Johnston ER, Radke K (2000) The SU and TM envelope protein
subunits of bovine leukemia virus are linked by disulfide bonds,
both in cells and in virions. J Virol 74:2930-2935

8. Kahrs RF (2001) Bovine leukemia virus and enzootic bovine
leucosis. In: Viral diseases of cattle, 2nd edn. Iowa State Uni-
versity Press, Iowa, pp 103-112

10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

. Kenyon SJ, Piper CE (1977) Cellular basis of persistent lym-

phocytosis in cattle infected with bovine leukemia virus. Infect
Immun 16:891-897

Kettmann R, Deschamps J, Cleuter Y, Couez D, Burny A, Mar-
baix G (1982) Leukemogenesis by bovine leukemia virus: pro-
viral DNA integration and lack of RNA expression of viral long
terminal repeat and 3’ proximate cellular sequences. Proc Natl
Acad Sci USA 73:1014-1018

Licursi M, Inoshima Y, Wu D, Yokoyama T, Gonzdlez ET,
Sentsui H (2003) Provirus variants of bovine leukemia virus in
naturally infected cattle from Argentina and Japan. Vet Microbiol
96:17-23

Mamoun RZ, Astier T, Guillemain B, Duplan JF (1983) Bovine
lymphosarcoma: processing of bovine leukemia virus-coded
proteins. J Gen Virol 64:2791-2795

Matsumura K, Inoue E, Osawa Y, Okazaki K (2011) Molecular
epidemiology of bovine leukemia virus associated with enzotic
bovine leukosis in Japan. Virus Res 155:343-348

Parodi AL (1989) Pathology of enzootic bovine leucosis. Com-
parison with the sporadic form. In: Burny A, Mammerickx M
(eds) Enzootic bovine leucosis and bovine leukemia virus. Mar-
tinus Nijhoff Publishing, Boston, pp 15-49

Portetelle D, Dandoy C, Burny A, Zavada J, Siakkou H, Gras-
Masse H, Drobecq H, Tartar A (1989) Synthetic peptides
approach to identification of epitopes on bovine leukemia virus
envelope glycoprotein gp51. Virology 169:34-41

. Rodriguez SM, Marcelo D, Golemba Campos RH, Trono K,

Jones LR (2009) Bovine leukemia virus can be classified into
seven genotypes: evidence for the existence of two novel clades.
J Gen Virol 90:2788-2797

Sagata N, Yasunaga T, Tsuzuku-Kawamura J, Ohishi K, Ogawa
Y, Ikawa Y (1985) Complete nucleotide sequence of the genome
of bovine leukemia virus: its evolutionary relationship to other
retroviruses. Proc Natl Acad Sci USA 82:677-681

Straub OC (1987) Natural and experimental transmission of
bovine leukemia virus. In: Burny A, Mammerickx M (eds)
Enzootic bovine leucosis and bovine leukemia virus. Martinus
Nijhoff Publishing, Boston, pp 229-249

. Szynal M, Cleuter Y, Beskorwayne T, Baganis C, Van Lint C,

Kerkhofs P, Burny A, Martiat P, Griebel P, Van den Broke A
(2003) Disruption of B-cell homeostatic mediated by the BLV-
Tax oncoprotein: association with upregulation of Bcl-2 and
signaling through NF-kB. Oncogene 22:4531-4542

The World Organisation for Animal Health (2004) Enzootic
bovine leukosis. In: Manual of diagnostic tests and vaccines for
terrestrial  animals.  http://www.oie.int/eng/normes/mmanual/
A_00055.htm

Willems L, Heremans H, Chen G, Portetelle D, Billiau A, Burny
A, Kettmann R (1990) Cooperation between bovine leukaemia
virus transactivator protein and Ha-ras oncogene product in
cellular transformation. EMBO J 9:1577-1581

@ Springer


http://www.oie.int/eng/normes/mmanual/A_00055.htm
http://www.oie.int/eng/normes/mmanual/A_00055.htm

	Genetic heterogeneity among bovine leukemia viruses in Japan and their relationship to leukemogenicity
	Abstract
	Introduction
	Materials and methods
	Tumor samples
	DNA isolation and PCR
	Nucleotide sequencing
	RFLP analysis

	Results
	Detection of the BLV genome in tumor samples
	Classification of BLV by RFLP analysis on the env gene
	Relationship between RFLP type and age of host cattle for EBL diagnosis
	Relationship between breeds of host cattle and RFLP type

	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


