
Abstract. Background: Moloney murine leukemia virus 
(Mo-MLV) has proven valuable for studies of the pathogenesis
of malignant lymphoma. Inoculation of newborn mice induces
T cell lymphoma with 100% incidence. The TLL (T cell
lymphoma/leukemia)-strain was previously established and
was shown to spontaneously develop T cell lymphoma at high
frequency. Materials and Methods: Differential screening of
cDNA libraries was performed to discover an involvement of
Mo-MLV and genomic sequencing was used to identify the
chromosomal position of Mo-MLV proviral integration sites.
Immunophenotypes of the tumors were established by flow
cytometry. Disease frequency curves were created according to
the Kaplan-Meier method. Results: Two independent Mo-MLV
germ line integrations were characterized on chromosomes 2
and 14, giving rise to two substrains of mice denoted TLL-2
and TLL-14. The chromosomal position of the integrated
provirus affected the frequency of disease, as well as the
immunophenotype of the tumors. Conclusion: The data
suggest that factors influencing the transcriptional activity of
the chromosomal regions, leading to differences in proviral
expression, could underlie the observed difference in tumor
frequency.

Mouse models for human disease are irreplaceable tools for
studying the pathogenesis of many complex disorders, since
the mouse shares anatomical, immunological and genomic
similarities with humans. In the case of hematological

malignancies, a large number of model systems are available
(1). Several of the commonly used inbred laboratory mouse
strains spontaneously develop lymphoma and/or leukemia
and the variation among strains is to some extent dependent
on the expression of endogenous leukemia viruses and virus
controlling genes. 

Moloney murine leukemia virus (Mo-MLV) is considered
the prototype of a simple retrovirus, and inoculation of
newborn mice induces T cell lymphoma with 100%
incidence and a mean latency of 3-4 months (2). Mo-MLV-
induced tumors generally have the phenotypes of immature
T cells and the U3 region of the long terminal repeat (LTR)
of the virus largely controls the pathogenicity and cell type
of the resulting tumor (3). 

Previous studies have also shown that Mo-MLV infection
of pre-implantation mouse embryos can lead to integration
of the virus into the germ line, with subsequent Mendelian
transmission of the proviral DNA to following generations
(4, 5). Upon infection of newborn mice with murine
leukemia viruses, or activation of endogenous viruses during
mouse development, a multistep process is started,
including generation of mink-cell focus-inducing
recombinants, early virus-induced changes in hematopoesis
and proviral insertional activation of cellular proto-
oncogenes (2). From studies of the different mouse strains
carrying Mo-MLV germ line integrations, it is known that
the chromosomal position of the inserted provirus is
important for its activation during development (5). The
proviral insertion site is essentially random with respect to
cellular DNA sequences, showing a mild preference for
actively transcribed regions (6). However, more recent
studies have suggested that integration specificity is mainly
determined by local structural features of the DNA, such as
methylated CpG dinucleotide repeats (7, 8). 

The establishment of a mouse strain (TLL) that
spontaneously develops T cell lymphoma/leukemia at a high
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frequency was previously reported by our group (9). In this
study, this mouse model is further characterized and two
independent germ line integrations of Mo-MLV are
described, providing a plausible explanation for the
observed phenotype. The detailed comparison of two
substrains containing independent germ line integrations
demonstrates that the chromosomal position of the
integrated viral genome affects the frequency of disease as
well as the immunophenotype of the tumors. Together,
these models provide additional tools for investigating the
oncogenesis of retrovirally-induced tumors and could also
be used in therapeutic studies.

Materials and Methods

Animals. All animals were housed under specific pathogen-free
(SPF) conditions at the animal facility at Umeå University, Sweden.
For determining disease frequencies, TLL and B6 mice were
crossed, the offspring were screened by Southern blot or PCR for
the presence of MMLV in the germ line, and were then followed
for up to 12 months. At the first sign of disease such as hunched
back, rugged fur and/or swollen abdomen, the mice were sacrificed
and further analyzed. 

Screening of mice. DNA was isolated from mouse spleen, thymus
and tail biopsies, according to standard methods to be used for
screening with Southern blot. The probe used was a MMLV
U3LTR probe (10), kindly provided by Prof. A. Berns, Netherlands
Cancer Institute, NL. For PCR screening, crude preparations of
tail biopsies were subjected to PCR with primers specific for the
two integrations (primer sequences available upon request). 

Differential screening of cDNA libraries. The initial RNA was
isolated from 103 CD4+ tumor cells and MACS-sorted (Miltenyi
Biotech, Bergisch Gladbach, Germany) CD4+ cells from thymus
tissue of a healthy B6 mouse. RNA was prepared using the
Ultraspec RNA isolation system (Biotecx, Houston, TX, USA).
The synthesis and amplification of cDNA was performed according
to Brady (11, 12) with the exemption of the cell numbers used. The
cDNA libraries were generated using the pre-digested Lambda Zap
II cloning kit, according to manufacturer’s instructions (Stratagene,
La Jolla, CA, USA) and screened using radiolabelled DNA probes
from tumor tissue (S) and control tissue (K). The clones
representing differentially-expressed cDNA, found by comparing
the S and the K probes, were selected and the identified clones
were divided into 48 groups based on RFLP. Representative clones
from these groups were sequenced using the BigDye Terminator
Cycle sequencing kit (Applied Biosystems, Foster City, CA, USA)
on an ABI automated sequencer.

Immunophenotyping. For immunophenotyping, the following
antibodies were used: anti-CD8-FITC, anti-CD4-PE, anti-TCR·‚-
CyC, anti I-Ab,d-biotin and anti-H-2kb-biotin (all obtained from
BD Biosciences Pharmingen, San Diego, CA, USA). In all events
in which biotinylated antibodies were used for primary stainings,
secondary stainings were performed using avidin-APC conjugate
(BD biosciences Pharmingen). The stained cells were analyzed
using the FACSCalibur (Becton Dickinson) and CellQuestPro
software (Becton Dickinson).

Isolation of the proviral insertion sites. The splinkerette-PCR method
was previously described (13, 14) and modified according to
Mikkers et al. (14). The obtained fragments were subcloned in the
TOPO-TA vector system (Invitrogen, Carlsbad, CA, USA) and
sequenced using the BigDye Terminator Cycle sequencing kit
(Applied Biosystems) on an ABI automated sequencer. 

Viremia. RNA from mouse serum was prepared using the QIAamp
MinElute Viral Spin Kit (Qiagen, Germany). The collected RNA
was used in an RT-PCR reaction using Random Hexamer (Applied
Biosystems) and the obtained cDNA was subjected to a PCR
reaction with primers specific for the Mo-MuLV envelope gene,
(primer sequences available upon request). 

Expression analysis. For Northern blot and RT-PCR analysis, RNA
was prepared with the guanidine isothiocyanate-cesiumchloride
method. For Northern blot, 5-10 Ìg of RNA was hybridized with
amplified fragments of 220-500 bp size, chosen randomly from
exons within the genes or putative genes flanking the proviral
integration site. For RT-PCR, the collected RNA was used in an
RT reaction using Random Hexamer (Applied Biosystems) and the
obtained cDNA was subjected to a subsequent PCR reaction with
primer pairs from the same genes as above, but located over exon-
intron borders to avoid amplification of contaminating DNA
(primer sequences available upon request). For TaqMan, RNA was
prepared from tumor tissue or cells from thymus and spleen from
Mo-MuLV-positive and wild-type animals using RNeasy® Mini kit
(Qiagen), and the RT reaction was performed as described above.
Expression analyses of Sef-pending and Hesx1 were carried out with
Assay-on-demand (Applied Biosystems), using an ABI PRISM
7900 HT Sequence Detection System (Applied Biosystems).

Statistics. Disease frequency curves were constructed using the
Kaplan-Meier method and differences in outcome between the
TLL substrains were tested with the log rank test. The Mann-
Whitney rank sum test for independent groups was used to
compare age of onset between the different substrains, and
Pearson’s Chi-square test was used for the comparison of
immunophenotypes. The level of statistical significance was defined
as p<0.05 (two-sided). All data was analyzed using SPSS 11.0.1
software for Windows (SPSS, Chicago, IL, USA).

Results

The previously described TLL mouse strain (9) arouse
during an attempt to target the IgVH locus. Unexpectedly,
all the generated chimeras and a majority of their offspring
developed a lymphoma/leukemia phenotype that was shown
to segregate from the targeted mutation. To identify the
genetic element causing the development of lymphoma, a
differential screen between a cDNA library from CD4+ T
cells from normal thymus tissue and a cDNA library
generated from CD4+ lymphoma cells was performed.
Clones representing cDNA overexpressed in the tumor were
isolated and the sequence analysis revealed that 42% of
these clones were derived from Mo-MLV. 

To investigate the basis for the observed involvement of
Mo-MLV in the TLL mice, a Southern blot analysis of DNA
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derived from the E14 ES cell line used in the initial IgVH
locus targeting experiment was performed using a Mo-MLV
U3LTR probe (Figure 1A). Multiple integrations of 
Mo-MLV were observed in this cell line, but related ES cell
clones derived from the same source clone were negative for
Mo-MLV integrations, indicating that the bands on the blot
represented newly aquired Moloney proviruses. Multiple
integrations were also seen in the early generations of
backcrossing the TLL mice to B6. Initially, backcrossed
offspring were selected for further breeding based on a
sustained high tumor frequency. At a later stage, as it became
clear that germ line integrated Mo-MLV underlied the tumor
formation, offspring were selected based on screening for
specific viral integrations. Over time, individual Mo-MLV
integrations segregated and were consecutively lost during
backcrossing. Two substrains, representing two separate
integrations, were kept for further characterization after
more than ten generations of backcrossing (Figure 1B,C). 

The chromosomal localization of the two germ line
retroviral insertions was determined using the Splinkerette
PCR method. The obtained genomic sequences (available
upon request) flanking the provirus were compared to
NCBI and Celera annotated databases using the BLAST
(basic local alignment search tool) program and the
integrations were positioned on chromosomes 2 and 14.
Consequently, the two substrains were denoted TLL-2 and

TLL-14. No deletions of chromosomal DNA were found at
the proviral insertion sites and sequencing the proviral
genome of the TLL-14 mice showed on average 97%
homology to the Mo-MLV sequence reported in GenBank
(accession no. AF462057), meaning that no major deletions
or mutations were found in the proviral genome.

To investigate the influence of the chromosomal position
of the integrated provirus on lymphoma/leukemia
development, the two TLL substrains were compared with
regard to the frequency of the lymphoma/leukemia and
immunophenotype of the lymphoma. Also included in these
analyses were mice containing both of the retroviral
integrations, here denoted TLL-2/14. 

As illustrated in Figure 2A, the TLL-14 substrain
developed tumors with a higher frequency than TLL-2
(p=0.001). Moreover, in the mice carrying both
integrations, the frequency was further increased. In
addition to the observed difference in tumor frequency, the
mean age of lymphoma onset was found to significantly
differ between TLL-2 and TLL-14 (p=0.002), between 
TLL-2 and TLL-2/14 (p<0.001) and between TLL-14 and
TLL-2/14 (p=0.046), (Figure 2B). 

The lymphomas were subsequently immunophenotyped
using antibodies for the T cell markers CD4 and CD8 and
flow cytometric analysis. As shown in Table I, the TLL-14
substrain and the combined strain (TLL-2/14) displayed a
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Figure 1. (A) Southern blot on Taq I digested ES cell DNA hybridized with a Mo-MLV U3LTR probe. Lane 1=Mo-MLV targeted ES cell DNA showing
multiple integrations of the virus; lane 2=ES cell clone from same original ES cell clone as ES cell in lane 1, but showing no retroviral integrations. (B)
Schematic map of Mo-MLV integrations on chromosomes 2 and 14. T=Taq I restriction sites. The total length of the Mo-MLV proviral genome is 
8.3 Kb. (C) Southern blot of Taq I-digested tail DNA hybridized with Mo-MLV U3LTR probe. Lane 1= TLL-2; lane 2= wild-type B6; lane 3= TLL-14;
lane 4=TLL-2/14. 



majority of lymphomas with a mature immunophenotype,
characterized by the cell surface expression of either CD4
or CD8. In contrast, more than half of the lymphomas
arising in the TLL-2 substrain displayed an immature
CD4/CD8 double-positive or CD4/CD8 double-negative
phenotype. A fraction of the lymphomas could not be
classified as being mature or immature based on FACS
analysis of the CD4/CD8 expression. When comparing the
TLL-2 and TLL-14 substrains, the difference in
immunophenotype was statistically significant (p=0.04). 

To determine the influence of genotype on lymphoma
development, TLL-14 mice were mated and offspring
homozygous for the Mo-MLV integration were generated.
Twenty-nine homozygous TLL-14 mice were followed until
death due to lymphoma or 12 months of age. The
lymphoma frequency in TLL-14 homozygous mice is
displayed in Figure 3. The age of onset of lymphoma in the

homozygous mice was 5.7 months, compared to 7 months
for the heterozygous mice. The disease frequency and age
of onset for TLL-14 homozygous mice resembled that for
TLL-2/14 mice, suggesting that the number of proviral
copies in the germ line is important for disease outcome,
irrespective of where in the genome the retroviral
integrations are located. 
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Table I. Immunophenotype of tumors from TLL mice.

Immunophenotype TLL-14 TLL-2 TLL-2/14

(CD4+/CD8+ or CD4–/CD8–)

immature 65.7% 33.3% 57.1%
mature (CD4+ or CD8+) 25.7% 51.9% 35.7%

not classified 8.6% 14.8% 7.1%

number of tumors 35 27 14

Figure 2. (A) Spontaneous lymphoma frequency in the different substrains of TLL mice. TLL-2 (28 out of 75 mice), TLL-14 (35 out of 58 mice) and
TLL-2/14 mice (14 out of 19 mice). (B) Box plot showing mean age of lymphoma onset in the TLL-2, TLL-14 and TLL-2/14 mice. o represents outlier.

Figure 3. Spontaneous lymphoma frequency in homozygous TLL-14 mice
carrying two Mo-MLV proviral copies in the germ line, compared to TLL-
14 mice carrying one proviral copy. TLL-14 homozygotes (27 out of 29
mice), TLL-14 (35 out of 58 mice).



The Mo-MLV infection process is characterized by the
generation of mink cell focus-inducing viruses and
secondary integrations of proviral DNA in the target cells,
subsequently leading to lymphoma development (2). In
order to investigate the presence of secondary proviral
integrations in the tumors of TLL mice, a Southern blot of
ten tumor-derived DNA samples from each substrain and
the combined strain was performed using the Mo-MLV
U3LTR probe. This revealed a number of secondary
retroviral integrations in the lymphomas compared with tail-
DNA (Figure 4). The average number of secondary
integrations was ten, ranging from five to 20. No difference
in the average number of secondary integrations between
the substrains was seen (data not shown). Viral RNA
sequences were detected by PCR in serum samples from
TLL mice at different stages of development, meaning that
these mice were viremic during a period preceding
lymphoma development (Figure 5).

Whether the increased lymphoma frequency in TLL-14
mice reflected the action of the Moloney provirus itself on
genes in the vicinity of the proviral insertion site on
chromosome 14 was examined. Northern blot and RT-PCR
analyses were carried out in order to look for enhanced

expression of seven genes located close to the proviral
integration site, comparing mice carrying the Mo-MuLV
integration on chromosome 14 to unaffected C57/BL6 mice.
No enhanced expression was detected with the
probes/primer pairs used (data not shown). Two of the
genes, Hesx1 and Sef-pending (Il17rd), were selected based
on their relative proximity to the provirus and on the
previous known characteristics of the genes. The expression
of these genes was investigated with TaqMan real-time
PCR, comparing the expression in the thymus of mice
carrying the proviral integration with unaffected C57/BL6
mice. Neither of the two genes showed any expression
difference in the tissues analyzed (data not shown). 

Discussion

In the present study, the existence of Mo-MLV in the germ-
line of the TLL mice was demonstrated as the explanation
of the lymphoma/leukaemia phenotype. The two substrains
derived from the TLL mice differed significantly with
respect to frequency of the disease and displayed differences
in immunophenotypes of the tumors. No allelic variation
was present in the TLL strain since all the crosses were on
a pure C57BL/6 background. Hence, it is likely that host
factors dependent on the chromosomal position of the
integrated Mo-MLV provirus influenced the outcome of the
TLL phenotype in the two substrains. 

The difference between the TLL substrains could reflect
the action of a gene – or several genes – activated or repressed
by the Mo-MLV provirus itself. In both substrains, the
provirus was integrated in chromosomal regions containing a
number of actively transcribed genes as well as putative genes.
In studies utilizing Northern blot and quantitative PCR
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Figure 4. Southern blot showing two examples of secondary integrations in
lymphoma-derived DNA compared to tail-DNA. Prior to agarose gel
separation, DNA was digested with TaqI and hybridization was carried
out with the MoMLV U3LTR probe. Lane 1=tail-DNA from TLL-2
mouse; lane 2=lymphoma-derived DNA from same mouse as lane 1; lane
3=tail-DNA from TLL-2 mouse; lane 4=lymphoma-derived DNA from
same mouse as lane 3.

Figure 5. RT-PCR performed on serum samples from TLL mice at
different ages. The primers used were specific for Mo-MuLV-derived
sequences (env-gene). Lane 1=C57/BL6 control mouse. Lanes 2-
10=TLL mice aged from 2.5 to 8 months.



methods, we found no difference in gene expression of the
genes located in the vicinity of the provirus, neither between
the substrains nor between the TLL mice and wild-type B6
mice. Instead, factors influencing the transcriptional activity
of the chromosomal regions may lead to differences in
proviral expression and, subsequently, to the observed
differences in tumor incidence. It could also reflect the time of
expression of the Mo-MLV and its ability to infect target T
cells at different stages of development. This was not
investigated in the present study but is considered for future
studies. The TLL-2 and TLL-14 mice produce infectious
Moloney virus, as shown by the presence of virus-derived
sequences in the bloodstream of mice at different ages and by
the pattern of integration of newly acquired viral sequences in
the developed tumors. The precise chromosomal position of
the secondary integrations was not determined, as it was
considered to be outside the scope of this study. 

Retroviral etiology to hematological malignancies is
common in mice, but, according to current knowledge, is
very rare in humans (15). The human T cell
leukemia/lymphoma viruses (HTLV type I and II) have
been linked in the etiology of T-cell malignancies occurring
in the Caribbean and southern Japan. HTLV-induced
malignancies are difficult to treat with conventional
chemotherapy (16) and, therefore, mouse models for this
disease are valuable in the search for novel, more effective,
therapies. The TLL model provides such a tool, as well as a
valuable model for the studies of lymphomagenesis in
general. During the last few decades, the focus of cancer
therapy research has moved from conventional cytotoxic
drugs towards the development of targeted therapies,
inhibitors of angiogenesis and cancer vaccines (17-22).
Good animal models are required to enhance knowledge in
this field of research. Using the TLL model, an angiogenesis
inhibitor was tested and was found to have an effect on
tumor progression (23). Additional therapeutic studies are
planned to elucidate the effects of combinations of novel
therapies with conventional chemotherapy.

Acknowledgements

We thank Dr. Kristina Lejon for helpful technical assistance, Prof.
Göran Roos and Dr. Fredrik Elgh for fruitful discussions and Dr.
Kurt Lakovic for language corrections. This investigation was
supported by grants from Lion’s Cancer Research Foundation,
Umeå University and the Cancer Foundation, Sweden.

References

1 Bernardi R, Grisendi S and Pandolfi PP: Modelling
haematopoietic malignancies in the mouse and therapeutical
implications. Oncogene 21: 3445-3458, 2002.

2 Fan H: Leukemogenesis by Moloney murine leukemia virus: a
multistep process. Trends Microbiol 5: 74-82, 1997.

3 Thiesen HJ, Bosze Z, Henry L and Charnay P: A DNA element
responsible for the different tissue specificities of Friend and
Moloney retroviral enhancers. J Virol 62: 614-618, 1988.

4 Jaenisch R: Germ line integration and Mendelian transmission
of the exogenous Moloney leukemia virus. Proc Natl Acad Sci
USA 73: 1260-1264, 1976.

5 Jaenisch R et al: Chromosomal position and activation of
retroviral genomes inserted into the germ line of mice. Cell 24:
519-529, 1981.

6 Mooslehner K, Karls U and Harbers K: Retroviral integration
sites in transgenic Mov mice frequently map in the vicinity of
transcribed DNA regions. J Virol 64: 3056-3058, 1990.

7 Kitamura Y, Lee YM and Coffin JM: Nonrandom integration
of retroviral DNA in vitro: effect of CpG methylation. Proc Natl
Acad Sci USA 89: 5532-5536, 1992.

8 Jonkers J and Berns A: Retroviral insertional mutagenesis as a
strategy to identify cancer genes. Biochim Biophys Acta 1287:
29-57, 1996.

9 Eriksson B, Johansson AS, Roos G, Levan G and Holmberg D:
Establishment and characterization of a mouse strain (TLL)
that spontaneously develops T-cell lymphomas/leukemia. Exp
Hematol 27: 682-688, 1999.

10 Scheijen B, Jonkers J, Acton D and Berns A: Characterization
of pal-1, a common proviral insertion site in murine leukemia
virus-induced lymphomas of c-myc and Pim-1 transgenic mice.
J Virol 71: 9-16, 1997.

11 Dulac C and Axel R: A novel family of genes encoding putative
pheromone receptors in mammals. Cell 83: 195-206, 1995.

12 Brady G and Iscove NN: Construction of cDNA libraries from
single cells. Methods Enzymol 225: 611-623, 1993.

13 Devon RS, Porteous DJ and Brookes AJ: Splinkerettes-
improved vectorettes for greater efficiency in PCR walking.
Nucleic Acids Res 23: 1644-1645, 1995.

14 Mikkers H et al: High-throughput retroviral tagging to identify
components of specific signaling pathways in cancer. Nat Genet
32: 153-159, 2002.

15 Poiesz BJ, Poiesz MJ and Choi D: The human T-cell
lymphoma/leukemia viruses. Cancer Invest 21: 253-277, 2003.

16 Bazarbachi A and Hermine O: Treatment of adult T-cell
leukaemia/lymphoma: current strategy and future perspectives.
Virus Res 78: 79-92, 2001.

17 Kerbel R and Folkman J: Clinical translation of angiogenesis
inhibitors. Nat Rev Cancer 2: 727-739, 2002.

18 Dean NM and Bennett CF: Antisense oligonucleotide-based
therapeutics for cancer. Oncogene 22: 9087-9096, 2003.

19 Bitton RJ: Cancer vaccines: a critical review on clinical impact.
Curr Opin Mol Ther 6: 17-26, 2004.

20 Cerundolo V, Hermans IF and Salio M: Dendritic cells: a
journey from laboratory to clinic. Nat Immunol 5: 7-10, 2004.

21 Mellstedt H: Monoclonal antibodies in human cancer. Drugs
Today (Barc) 39 Suppl C: 1-16, 2003.

22 Koster A and Raemaekers JM: Angiogenesis in malignant
lymphoma. Curr Opin Oncol 17(6): 611-616, 2005.

23 Noren-Nystrom U et al: Antitumor activity of the angiogenesis
inhibitor TNP-470 on murine lymphoma/leukemia cells in vivo
and in vitro. Exp Hematol 31: 143-199, 2003.

Received March 3, 2006
Accepted April 10, 2006

ANTICANCER RESEARCH 26: 2873-2878 (2006)

2878



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


