ONCOLOGY REPORTS 23: 307-312, 2010

Aurora-A gene is frequently amplified in basal-like breast cancer
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Abstract. Aurora-A is a serine-threonine kinase having vital
cellular functions in mitosis and is a promising target for
therapy in treating patients with cancer. This study assesses
the clinicopathological associations of AURKA gene amplifi-
cation in clinical breast tumors and association of gene copy
number with its mRNA and protein expression in breast
cancer cell lines. In this pilot study, we examined Aurora-A
gene (AURKA) amplification in 126 clinical breast tumors
by chromogenic in situ hybridisation (CISH). AURKA
amplification (found in 21%) showed an association with
basal-like tumor phenotype (p=0.046). A separate series of
basal-like breast tumors (n=26) provided further evidence of
the importance of AURKA in these tumors. AURKA ampli-
fication status was associated with immunohistochemically
detectable Aurora-A protein expression (p<0.0001). In breast
cancer cell lines, gene amplification was strongly associated
with high mRNA expression (p<0.0001). JIMT-1 cell line
was found as a possible in vitro model system for testing
Aurora-A inhibitors, since it has been classified as basal-like
breast cancer and here it showed both AURKA gene
amplification and elevated mRNA expression. AURKA gene
amplification is a common genetic aberration in breast
cancer, especially in tumors displaying basal-like phenotype.
Thus, these patients might be suitable candidates for future
targeted therapies with Aurora-A inhibitors.
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Introduction

Amplification of chromosomal region 20q has been reported
to occur frequently in breast cancer as well as in many other
cancer types (1,2). One of the identified candidate onco-
genes in this region is AURKA (also named as BTAK or
STK15 or AIKI) (3), which encodes the serine-threonine
kinase Aurora-A involved in controlling centrosome function,
mitotic spindle formation and proper chromosome segregation
during mitosis (4). AURKA may function as an oncogene,
since its overexpression has been shown to lead to centrosome
amplification, aneuploidy and transformation of mammalian
cells (5). The essential function of Aurora-A in cell division
suggests it to be a potential drug target in cancer therapy
(6,7). In fact, Aurora-A inhibitors have been shown to inhibit
tumor growth in xenograft models (8,9) and some molecules
have already entered phase I and II clinical studies (10).
However, at present there are no clinical biomarkers for
Aurora-A inhibitors in breast cancer or any other cancer
types.

This pilot study assesses the clinicopathological associ-
ations of AURKA gene amplification in clinical breast tumors.
In addition, Aurora-A mRNA expression, gene amplification
and DNA sequence variation are further characterized in a set
of breast cancer cell lines.

Materials and methods

Clinical tumor specimens and breast cancer cell lines. After
receiving ethical permission, the study material consisted of a
cohort of 126 consecutive primary invasive ductal breast
carcinomas with tumor samples available and was obtained
from Seindjoki District Hospital, Seindjoki, Finland. Histo-
logical typing, grading, staging and evaluation of estrogen
receptor (ER) and progesterone receptor (PgR) status were
done as part of routine diagnostic protocol according to
standard histopathologic techniques and WHO classification.
Formalin-fixed, paraffin-embedded tumor samples were then
used for preparation of tissue microarrays (TMA). Detailed
information on preparation of TMA blocks is available on
request.

Breast cancer cell lines BT-474, MCF-7, MDA-MB-453,
MDA-MB-134-VI, MDA-MB-361, SK-BR-3, UACC-812,
UACC-893, ZR-75-1, ZR-75-30, CAMA-1 and DU4475
were obtained from The American Type Culture Collection.
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Figure 1. A tissue tumor array image showing amplification (A) and normal copy number (B) of AURKA gene by CISH. A tissue tumor array image showing
positive (C) and negative (D) immunohistochemical staining of Aurora-A antibody (NCL-L-AK?2).

Breast cancer cell line L56Br-C1 deficient in BRCA1 gene
product was kindly provided by Professor Ake Borg,
University of Lund, Sweden (11). Breast cancer cell line
clinically resistant to trastuzumab (Herceptin) JIMT-1 was
established and characterized in our laboratory (12) and is
available via DSMZ (www.dsmz.de). All the breast cancer
cell lines used in this study were cultured in recommended
conditions and DNA, RNA and protein extraction were done
using standard procedures (11).

In situ hybridization analyses. A PAC (P1 artificial chromo-
some) probe specific for the AURKA gene on chromosome
20q13 (PAC clone 189F4) and a reference probe to AURKA,
a BAC (bacterial artificial chromosome) clone RP11-96L.6
(a unique sequence probe located at 20p11.1-11.22) were
used in the hybridization analyses. Locus 20p11.1-11.22
specific probe RP11-96L6 was used as a reference since
specific chromosome 20 centromere probes are not
available.

Chromogenic in situ hybridization (CISH) was carried out
as previously described (13). Briefly, TMA slides were
deparaffinized and incubated in citric acid buffer (pH 6.0) at
80°C for 1 h, followed by cooling at room temperature.
Enzymatic digestion was carried out by applying 100 ul of
pepsin to the slides (Digest-All III solution; Zymed, Inc., San
Francisco, CA). After dehydration, a digoxigenin-labelled
PAC probe specific for AURKA gene (PAC clone 189F4) or
the reference probe (clone RP11-96L.6) was applied to the
slides. The sections were denatured on a thermal plate and
hybridization was carried out overnight at 37°C. The probes
were detected by consecutive incubations with mouse anti-
digoxigenin (Roche Biochemicals, Mannheim, Germany), anti-

mouse-peroxidase polymer (Powervision*; Immunovision,
Inc.) and DAB chromogen. The sections were then counter-
stained with hematoxylin and embedded.

The fluorescence in situ hybridization (FISH) was carried
out as previously described (14). The probe specific for the
AURKA gene (PAC 189F4) and the reference probe (clone
RP11-96L6) were labelled by nick-translation. Slides were
hybridized with AURKA or RP11-96L6 probe as previously
described (14). In CISH and FISH analyses gene amplifi-
cation of AURKA was defined as the ratio of AURKA/RP11-
96L6 signals =2.

Immunohistochemistry (IHC). The specificity of the primary
antibody for Aurora-A (NCL-L-AK2, Novocastra Labora-
tories, Newcastle, UK) was verified using cell line protein
lysates by standard Western blotting. The NCL-L-AK2 anti-
body detects specifically one band migrating at 45 kDa (data
not shown). Before tumor specimen analyses the Aurora-A
antibody NCL-L-AK?2 was tested on tissue sections of normal
breast and colon. Immunohistochemical assays on TMA
block sections were then carried out with primary Aurora-A
antibody as previously described (15). Using an arbitrary cut-
off, a strong, clearly positive staining pattern was classified
as positive. No or faint staining pattern undetected by THC
digital image software was classified as negative. The software
was written using ImagelJ (http://rsb.info.nih.gov/ij/) and is
based on the colour deconvolution principle as previously
described (16).

The cohort of tumors of this study has been previously
analyzed for cytokeratin 5/14 (CK5/14) immunostaining
pattern reflecting the basal tumor phenotype. A CK5/CK14
antibody cocktail was used in immunostaining analyses.
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Tumor specimens were classified as positive (basal pheno-
type) if >20% of the neoplastic cells showed cytoplasmic
staining by this CK5/CK14 antibody cocktail (17).

DNA sequencing and quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR). In order to study
whether genomic mutations of AURKA are present in breast
cancer cell lines, all exons (exons 1-9) were amplified using
a standard PCR protocol. The oligonucleotide primers and
specific PCR reaction conditions for each primer pair are
available on request. Direct sequencing of PCR products
was done using BigDye3 termination chemistry (Applied
Biosystems, Foster City, CA) and an ABI 310 or 3100 genetic
analyzer (Applied Biosystems) according to the manufacturer's
instructions.

AURKA gene expression was studied using total RNA
from breast cancer cell lines, which was reverse transcribed
using Superscript II reverse transcriptase and random hexamer
primer (Invitrogen, Life Technologies, USA). Primer and
probe sequences were designed for Aurora-A and Cyclin B1,
which was used as a control. Since the expression of Aurora-A
is known to be cell cycle-dependent (18), we used Cyclin B1
as a reference gene due to its cell cycle dependence to adjust
for the variation in the tumor proliferation rate (19). The
primer and probe sequences are available on request. The
quantitative real-time RT-PCR reactions were performed
with the Light Cycler (LC) (20) and the Light Cycler soft-
ware was used in the analyses as previously described (14).
The quantitative real-time RT-PCR assays were repeated
twice, and variation between runs was <15%. Detailed reaction
conditions are available on request.

Results

Gene amplification by CISH and protein expression by IHC
in clinical breast tumors. Of the 126 primary sporadic breast
tumors, 26 (21%) showed AURKA gene amplification by
CISH (Fig. 1A). AURKA gene amplification showed an
association with basal-like tumor phenotype (Pearson 2,
p=0.046) and a tendency towards PgR negativity (Pearson y2,
p=0.086). In order to study correlation between AURKA gene
amplification and basal tumor phenotype in more detail, we
analyzed an additional series of 26 primary invasive ductal
breast carcinomas of basal-like tumor pheno-type (i.e.
showing positive cytokeratin 5/14 immunostaining). In this
series 8/26 (31%) tumors showed AURKA gene amplification.
Cross-tabulation of AURKA gene copy number status with
clinicopathological characteristics is shown in Table I.

Aurora-A protein expression was analyzed by immuno-
histochemistry (n=97). Of these, 23 (24%) were positive and
74 (76%) were negative for Aurora-A antibody staining
(Fig. 1C and D). Aurora-A immunostaining pattern associated
statistically significantly with AURKA gene amplification
status (Pearson 2, p<0.0001; Table II).

Aurora-A genomic sequence, gene copy number and mRNA
expression in breast cancer cell lines. All exons of AURKA
gene were sequenced from 12 breast cancer cell lines. No
exonic mutations were found. Coding region polymorphism
T91A (or 449t/a), resulting in amino acid substitution (F311)
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Table I. Clinicopathological association of AURKA gene
amplification by CISH in breast tumors.

Gene
Variable amplification® (%) P-value®
All tumors 26/126 (21) -
Histological grade
Torll 13/75 (13) 0.267
I 13/51 (25)
Estrogen receptor
Negative 6/23 (26) 0475
Positive 20/103 (19)
Progesterone
receptor
Negative 10/32 (31) 0.086
Positive 16/94 (17)
No. of lymph node
metastasis
0 15/71 (21) 0.877
>1 11/55 (20)
Age at diagnosis
<50 6/28 (21) 0.906
=50 20/98 (20)
HER?2 amplification®
No 19/100 (19) 0.576
Yes 6/25 (24)
Basal tumor phenotype
(positive cytokeratin 5/
14 immunostaining)®
Negative 19/109 (17) 0.046
Positive 5/12 (42)

4Gene amplification of AURKA was recorded when the ratio of
AURKA signals compared to RP11-96L6 signals at 20p11.1-11.22
was >2. "Pearson y? test. “One hundred and twenty-five cases were
available for association analysis of HER2 and AURKA gene
amplification and 121 cases for association analysis of cytokeratin
5/14 (CK5/14) immunostaining pattern and AURKA gene
amplification.

was found in five cell lines either as a homozygous AA
(UACC-812, BT-474, ZR-75-30) or heterozygous TA allelic
variant (L56Br-C1 and CAMA-1).

AURKA gene copy number in the cell lines was analyzed
by FISH (n=13). Gene amplification was detected in 6/13
(46%) of the cell lines, of which high level AURKA amplifi-
cation (defined as AURKA/reference probe copy number ratio
>2) was found in BT-474 and SK-BR-3 (2/13; 15%) and low
level AURKA amplification (defined as AURKA/reference
probe copy number ratio ~2) was found in four cell lines
JIMT-1, MCF-7, UACC-812 and UACC-893 (4/13; 31%;
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Table II. The cross-tabulation of AURKA gene copy number status with Aurora-A (NCL-L-AK2)* immunohistochemistry.

amplification® (%)

Gene No relative gene copy

number change (%)

Positive staining for
AURORA-A antibody (NCL-L-AK2)

Negative staining for AURORA-A
antibody (NCL-L-AK?2)

12/20 (60) 11/77 (14)

8/20 (40) 66/77 (86)

2Aurora-A immunostaining pattern associated statistically significantly with AURKA gene amplification status (p<0.0001, % test). *Gene
amplification of AURKA was recorded when the ratio of AURKA signals compared to RP11-96L6 signals at 20p11.1-11.22 was =2.

Figure 2. Dual-colour FISH image of JIMT-1 cell line showing an ampli-
fication of AURKA (green signals), compared to reference probe (RP11-96L6
at 20p11.1-11.22; red signals).

Fig. 2). Aurora-A mRNA expression correlated significantly
with gene copy number, but not with T91A polymorphism
genotype (p<0.0001 and p=0.473, respectively; Fig. 3).

Discussion

In previous studies of breast cancer Aurora-A protein over-
expression has been shown to correlate with aggressive
clinicopathological parameters such as hormone receptor
negativity and high histological grade (21,22). In our study a
trend between AURKA gene amplification and progesterone
receptor negativity was also seen. Interestingly, we showed
that AURKA gene amplification was found in a significant
proportion of tumors displaying basal-like tumor phenotype.
Basal-like breast tumors account for approximately 10-15%
of all breast cancers, characteristically express high-molecular
weight basal cytokeratins and are considered as clinically
aggressive tumors (23). Amplification at 20q is a common
chromosomal change in hereditary BRCAI and BRCA2 breast
and ovarian cancers (24,25) and AURKA gene amplification
has been associated with breast tumors harbouring a BRCA2
mutation (26). These hereditary tumors, especially those in

BRCAI mutation carriers, are generally considered to belong
to a basal-like subtype of breast cancer (17). AURKA gene
amplification, however, has not been correlated with basal-
like phenotype in sporadic breast tumors before. This novel
finding may be of clinical importance, since basal-like breast
tumors are aggressive and usually lack conventional
therapeutic targets, such as hormone receptors or HER-2
(17,27). Based on the present study, patients with basal-like
breast cancer might be candidates for future studies with
Aurora-A inhibitors.

Among the cell lines analyzed in this study, in theory,
JIMT-1 is a promising model system for testing the Aurora-A
inhibitor molecules in basal-like tumors. Despite its para-
doxical HER-2 positivity, JIMT-1 has constantly been classi-
fied as basal-like, mainly based on its strong overexpression
of basal cytokeratins CK 5 and 14 (12). In our study, JIMT-1
had additional resemblance to clinical basal-like tumors by
showing both AURKA amplification and overexpression of
Aurora-A mRNA. Since AURKA gene amplification is a
more common phenomenon in breast cancer than basal-like
pheno-type per se, it was expected to find AURKA gene
amplification also in cell lines not filling criteria for basal-
like phenotype. This was true regarding breast cancer cell
lines such as BT-474, SK-BR-3, MCF-7 and UACC-812
(28). However, our results are in line with previously
described studies showing AURKA gene amplification in the
cell lines BT-474, SK-BR-3 and MCF-7 (3).

AURKA has been identified as one of the genes under-
going amplification in breast cancer already many years ago
(3). The association between gene amplification and over-
expression in breast cancer, however, has remained contra-
dictory (3,5). Our data obtained from breast cancer cell lines
showed that AURKA gene amplification correlates strongly
with Aurora-A mRNA level. We aimed at adjusting Aurora-A
expression for differences in cell proliferation, which is a
major determinant of Aurora-A mRNA levels (18). In the
present study, we showed that AURKA gene amplification
associated with increased mRNA expression in breast cancer
cell lines. In clinical tumors, gene amplification status was
also associated with Aurora-A expression pattern. Gene ampli-
fication seemed to be the most significant factor explaining
overexpression since positive staining was seen only in 14%
of tumors in the absence of gene amplification. AURKA gene
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Figure 3. (A) Relative expression levels of Aurora-A mRNA analyzed by real-time RT-PCR in breast cancer cell lines according to T91A genotype.
Heterozygote (TA, shown by open circles) and homozygote (AA) variants are grouped together. (B) Relative expression levels of Aurora-A mRNA analyzed
by real-time RT-PCR in breast cancer cell lines according to AURKA gene amplification status. In statistical analyses cell lines with low level (AURKA/
reference probe copy number = 2) and high level (AURKA/reference probe copy number >2) gene amplification were grouped together and were compared to

cell lines with no relative gene copy number change.

amplification was not always (40%) associated with positive
immunostaining, and this finding can be partly explained by
the complexity of 20q amplicon, the possible confounding
effect of cell proliferation and the qualitative nature of
immunohistochemistry.

Thus, strength of the present study is the use of a
chromosome-arm specific reference probe, which made it
possible to distinguish between true AURKA amplification
and general polyploidy at 20q. To date it is well established
that breast cancer tumors carry complex chromosomal
rearrangements at 20q, often involving genes other than
AURKA (29). Limitations of the study include a relatively
small clinical tumor sample size and the descriptive nature
of the results concerning Aurora-A expression in clinical
tumors.

We conclude that AURKA gene is frequently amplified in
basal-like breast tumors, and gene amplification frequently
leads to its overexpression. Basal-like breast tumors might be
good candidates for future cancer therapy with Aurora-A
inhibitors and the JIMT-1 cell line may be useful in experi-
mental research with these potential anticancer molecules.

Acknowledgements

Piivi Myrskyranta, Eeva Riikonen and Sari Toivola are
thanked for excellent technical assistance. This study was
supported by the Finnish Medical Foundation, The Academy
of Finland and Medical Research Fund of Tampere University
Hospital.

References

1. Kallioniemi A, Kallioniemi OP, Piper J, et al: Detection and
mapping of amplified DNA sequences in breast cancer by
comparative genomic hybridization. Proc Natl Acad Sci USA
91: 2156-2160, 1994.

2. Tanner MM, Tirkkonen M, Kallioniemi A, et al: Independent
amplification and frequent co-amplification of three non-syntenic
regions on the long arm of chromosome 20 in human breast
cancer. Cancer Res 56: 3441-3445, 1996.

3.Sen S, Zhou H and White RA: A putative serine/threonine
kinase encoding gene BTAK on chromosome 20q13 is amplified
and overexpressed in human breast cancer cell lines. Oncogene
14: 2195-2200, 1997.

4. Meraldi P, Honda R and Nigg EA: Aurora kinases link chromo-
some segregation and cell division to cancer susceptibility. Curr
Opin Genet Dev 14: 29-36, 2004.

5. Zhou H, Kuang J, Zhong L, et al: Tumour amplified kinase
STK15/BTAK induces centrosome amplification, aneuploidy
and transformation. Nat Genet 20: 189-193, 1998.

6. Andrews PD: Aurora kinases: shining lights on the therapeutic
horizon? Oncogene 24: 5005-5015, 2005.

7. FuJ, Bian M, Jiang Q and Zhang C: Roles of Aurora kinases in
mitosis and tumorigenesis. Mol Cancer Res 5: 1-10, 2007.

8. Harrington EA, Bebbington D, Moore J, et al: VX-680, a potent
and selective small-molecule inhibitor of the Aurora kinases,
suppresses tumor growth in vivo. Nat Med 10: 262-267, 2004.

9. Soncini C, Carpinelli P, Gianellini L, et al: PHA-680632, a
novel Aurora kinase inhibitor with potent antitumoral activity.
Clin Cancer Res 12: 4080-4089, 2006.

10. Gautschi O, Heighway J, Mack PC, Purnell PR, Lara PN Jr and
Gandara DR: Aurora kinases as anticancer drug targets. Clin
Cancer Res 14: 1639-1648, 2008.

11. Johannsson OT, Staff S, Vallon-Christersson J, et al: Characteri-
zation of a novel breast carcinoma xenograft and cell line derived
from a BRCA1 germ-line mutation carrier. Lab Invest 83:
387-396, 2003.



312

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tanner M, Kapanen Al, Junttila T, et al: Characterization of a
novel cell line established from a patient with Herceptin-resistant
breast cancer. Mol Cancer Ther 3: 1585-1592, 2004.

Isola J, Tanner M, Forsyth A, Cooke TG, Watters AD and
Bartlett JM: Interlaboratory comparison of HER-2 oncogene
amplification as detected by chromogenic and fluorescence in
situ hybridization. Clin Cancer Res 10: 4793-4798, 2004.

Staff S, Isola J and Tanner M: Haplo-insufficiency of BRCALI in
sporadic breast cancer. Cancer Res 63: 4978-4983,2003.
Laakso M, Tanner M, Nilsson J, et al: Basoluminal carcinoma:
a new biologically and prognostically distinct entity between basal
and luminal breast cancer. Clin Cancer Res 12: 4185-4191, 2006.
Ruifrok AC and Johnston DA: Quantification of histochemical
staining by color deconvolution. Anal Quant Cytol Histol 23:
291-299,2001.

Laakso M, Loman N, Borg A and Isola J: Cytokeratin 5/14-
positive breast cancer: true basal phenotype confined to BRCA1
tumors. Mod Pathol 18: 1321-1328, 2005.

Marumoto T, Hirota T, Morisaki T, et al: Roles of aurora-A
kinase in mitotic entry and G2 checkpoint in mammalian cells.
Genes Cells 7: 1173-1182,2002.

Hwang A, Maity A, McKenna WG and Muschel RJ: Cell cycle-
dependent regulation of the cyclin B1 promoter. J Biol Chem
270: 28419-28424, 1995.

Wittwer CT, Ririe KM, Andrew RV, David DA, Gundry RA
and Balis UJ: The LightCycler: a microvolume multisample
fluorimeter with rapid temperature control. Biotechniques 22:
176-181, 1997.

Miyoshi Y, Iwao K, Egawa C and Noguchi S: Association of
centrosomal kinase STK15/BTAK mRNA expression with
chromosomal instability in human breast cancers. Int J Cancer
92:370-373,2001.

22.

23.
24.

25.

26.

217.

28.

29.

STAFF et al: AURORA-A IN BASAL-LIKE BREAST CANCER

Royce ME, Xia W, Sahin AA, et al: STK15/Aurora-A expression
in primary breast tumors is correlated with nuclear grade but not
with prognosis. Cancer 100: 12-19, 2004.

Reis-Filho JS and Tutt AN: Triple negative tumours: a critical
review. Histopathology 52: 108-118, 2008.

Tirkkonen M, Johannsson O, Agnarsson BA, et al: Distinct
somatic genetic changes associated with tumor progression in
carriers of BRCA1 and BRCA2 germ-line mutations. Cancer
Res 57: 1222-1227,1997.

Tanner MM, Grenman S, Koul A, et al: Frequent amplification
of chromosomal region 20q12-q13 in ovarian cancer. Clin Cancer
Res 6: 1833-1839, 2000.

Bodvarsdottir SK, Hilmarsdottir H, Birgisdottir V,
Steinarsdottir M, Jonasson JG and Eyfjord JE: Aurora-A
amplification associated with BRCA2 mutation in breast tumours.
Cancer Lett 248: 96-102,2007.

Rakha EA, Putti TC, Abd El-Rehim DM, et al: Morphological
and immunophenotypic analysis of breast carcinomas with
basal and myoepithelial differentiation. J Pathol 208: 495-506,
2006.

Neve RM, Chin K, Fridlyand J, et al: A collection of breast
cancer cell lines for the study of functionally distinct cancer
subtypes. Cancer Cell 10: 515-527, 2006.

Tanner MM, Tirkkonen M, Kallioniemi A, et al: Amplification
of chromosomal region 20q13 in invasive breast cancer:
prognostic implications. Clin Cancer Res 1: 1455-1461, 1995.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Standard 1'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


