
Abstract. Breast cancer is the most frequently diagnosed
female cancer all over the world. Although the molecular
genetics of this disease has been the focus of many projects
for over 20 years, the number of prognostic markers used in
clinics is still unsatisfactory. Mitochondrial DNA mutations
have been reported in many breast cancer studies. To
investigate the possible role of mitochondrial inherited
polymorphisms in breast cancer development we analyzed
the sequence of NADH-dehydrogenase genes in cancer
samples and their corresponding normal tissues. We detected
increased incidence of mtDNA polymorphisms, in particular
very rare polymorphisms such as A4727G, G9947A,
A10044G, A10283G, T11233C, and C11503T. Our report
supports the notion that mtDNA polymorphisms establish a
specific genetic background for breast cancer development
and that mtDNA analysis may help in selection of cohorts
that should undergo intensive screening and early detection
programs.

Introduction

An estimated 1,152,161 new breast cancer (BC) cases are
diagnosed worldwide per year (1). Although much effort has
been made, molecular studies of breast cancer pathology
and etiology have so far failed to identify successful primary
prevention strategies. The reduction of mortality from BC is
now only possible thanks to early detection that must become
the highest priority. The reduction of death rate from BC may
result from increased mammography/sonography screening

programs and subsequent detection of the disease at an early
stage. Biomarkers and tests that indicate additional risk could
help in the selection of populations at higher risk and should
be used in BC (2). Today it seems possible that a molecular
mtDNA-analysis-based approach may fulfill at least some of
the BC biomarker requirements.

This interest in mitochondrial function in carcinogenesis
was reported as early as in the 1920s, when Otto Warburg
discovered that cancer cells have a high glycolytic rate and
produce increased levels of lactate in the presence of oxygen.
This discovery has opened a new field of research currently
referred to as ‘mitochondrial medicine’ and ‘mitochondrial
oncology’. Multiple reports have found an association between
somatic mtDNA mutations and cancer development, pro-
gression or metastasis and inherited mtDNA polymorphisms
have been indicated as contributing factors in cancer
development (3-5).

For the last few years in parallel to nuclear genome
research, mtDNA has also been screened for mutations
specific for breast cancer. Breast nipple aspirate fluid with
mtDNA mutations at positions 204, 207 and 16293 has been
suggested as an indicative for breast cancer (6) and mtDNA
D-loop mutations have been proposed as independent prog-
nostic marker in breast cancer (7). We have shown that
individuals who inherited the A10298G polymorphism are
at higher risk for developing BC (8). As A10398G is
located in the ND3 (NADHd-dehydrogenase subunit 3) we
have been interested if any other polymorphisms are
abundant in ND genes in the BC cohort. Our interest was
further increased as human mammary carcinoma cells were
shown to have depressed expression levels of complex I (CI,
NADH-ubiquinone oxidoreductase) genes (9). Also in prostate
cancer ND6 transcript levels are significantly decreased in
tumor samples when compared to their paired normal tissue
(10). CI gene expression is also reduced in glioblastoma (11)
and in photodynamic therapy-resistant colon carcinoma cells
(12). At the same time benign renal oncocytomas were shown
to be deficient in electron transport chain complex I proteins
and to harbor point mutations in CI genes (13). Moreover,
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the HPLC study of ND4 mutations in transitional cell
carcinomas has proven that most mito-chondrial mutations
identified in tumors pre-exist in the heteroplasmic state in a
minority of mtDNA molecules in the cell. These are too low
in quantity to be detected by methods such as DNA
sequencing. The authors suggested that mtDNA mutations
occur before tumorigenesis and become apparent in cancer
cells (14). Gasparre et al hypothesised that the clonal
amplification of mtDNA with mutated CI genes in tumors
demonstrates that these alterations are selected and therefore
favor or trigger growth (13). In light of these data we believe
that specific inherited mtDNA variants may influence the
cancer development susceptibility of an individual in
addition to nuclear DNA and environmental factors. In our
opinion, such mitochondrial abnormalities as NADH-
ubiquinone oxidoreductase polymorphisms may play a role in
modifying an individual's risk to breast cancer (15) and
should be included in the diagnostic algorithm for
identification of individuals with hereditary predisposition to
breast cancer along with BRCA pathway mutations and
clinical parameters (16). In the present study, we examined
the genetic alterations in the NADH-dehydrogenase region of
mtDNA in primary human BCs and their paired control
samples.

Materials and methods

Patients. The population of patients originated from our
previous study (8). The project was approved by the local
Ethics Committee at the Medical University of Warsaw,
Warsaw, Poland (KB-0/6/2007 to AMC).

PCR amplification of D-loop segment of mtDNA. mtDNA
fragment NADH dehydrogenase in particular regions of
genes: ND1-NADH dehydrogenase subunit 1 (3307-4262),
ND2-NADH dehydrogenase subunit 2 (4470-5511), ND3-
NADH dehydrogenase subunit 3 (10059-10404), ND4L-
NADH dehydrogenase subunit 4L (10470-10766), ND4-
NADH dehydrogenase subunit 4 (10760-12137), ND5-NADH
dehydrogenase subunit 5 (12337-14148), ND6-NADH
dehydrogenase subunit 6 (14149-14673), were amplified.
The primer pairs used are shown in Table I.

Fifty-microlitre reactions contained 10 ng DNA and
0.5 μM primers, 0.2 mM each of deoxynucleotide triphos-
phate (dNTP), 1 U of AmpliTaq Gold® DNA Polymerase and
2.5 mM MgCl2. DNA was subjected to the following cycling
conditions: initial denaturing at 95˚C for 3 min followed
by 94˚C for 1 min, 55˚C for 30 sec, and 72˚C for 1 min for
40 cycles and final extension step at 72˚C for 7 min. Two
microlitres of PCR products was analysed on an ethidium
bromide-stained, 3% agarose gel (40 min at 70 V) to demon-
strate the presence of the amplification product and for its
quantification.

mtDNA sequence analysis. Sequence analysis was performed
by BioEdit version 7.0.5.3 (Copyright Tom Hall 1999-2007),
contig assembly was performed with Sequencher 4.1.4 (Gene
Codes Corp., Ann Arbor, MI, USA) and multiple sequence
alignment was performed with Clustal W (17). Normal and
cancer tissue mtDNA sequences were compared with the
revised Cambridge Reference Sequence (CRS) and sequence
variants were recorded.

Results

Breast cancer population of patients is characterized by 28
germ-line polymorphisms (Table II) that differentiate BC
patients from haplogroup H (18,19), the most common
haplogroup in Poland, and the haplogroup we have shown
to be at lower risk for BC development. In particular, 68%
(19) of discovered polymorphisms were very rare (20), while
polymorphism T5082C has not been reported before (21).
We have classified polymorphisms including A4727G,
A4745G, T5082C, G9947A, A10044G, A10283G, T11233C,
C11503T, A13722G as very rare. These have been reported
before in <20 cases (20). The majority of polymorphisms
described by us are synonymous and only four -G5046A,
G5460A, G8557A and G13759A- polymorphisms change
the amino acid sequence of the protein. Comparing cancer
tissue and normal breast (control) tissue, we did not detect
any somatic mtDNA mutations, point mutations, insertions
or deletions.

Discussion

A number of studies have proven that mitochondrial DNA
mutations are more powerful in detecting tumor cells in
bodily fluids and cytological specimens than mutations in
nuclear DNA (5) and we believe this can be applied to BC
screening. Thus, we suggest that analysis of mtDNA poly-
morphisms and possibly also mutations may be useful to
select a population at increased risk of cancer development.
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Table I. Primers used for sequencing mitochondrial NADH-
dehydrogenase genes.
–––––––––––––––––––––––––––––––––––––––––––––––––
CRS no. 5'-primer-3'
–––––––––––––––––––––––––––––––––––––––––––––––––

3160F AGCGCCTTCCCCCGTAAATGA

4630R TCTGTGGAACGAGGGTTTAT

4021F ACTACAATCTTCCTAGGAAC

5880R TGAGTGAAGCATTGGACTGT

9641F CTGAGCTCACCATAGTCTAA

10760R TTGGAGTAGGTTTAGGTTAT

10221F TTCTTCTTAGTAGCTATTAC

11190R TTCAGGCGTTCTGGCTGGTT

10511F CTCACTTCTAGGAATACTAG

12450R GGATTTTACATAATGGGGGT

12241F CATGTCTAACAACATGGCTT

14320R TAATAGTGTAGGAAGCTGAA

8201F TTCATGCCCATCGTCCTAGA

4980R GAATGAGTAGGCTGATGGTT

8381F ACTACCGTATGGCCCACCAT

9360R GTGTGTTGGTTAGTAGGCCT
–––––––––––––––––––––––––––––––––––––––––––––––––
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Table II. Germ-line polymorphisms in the NADH-dehydrogenase mtDNA of the breast cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
mtDNA A/G/C/T/del
position frequency Tissues where sequence
(CRS) Polymorphism Case no. No. (mtDB)a was found (MITOMAP)a Amino acid change Gene
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

3915 G>A 200 1 22/2682/0/0 Polymorphism Syn ND1

4727 A>G 200 1 2695/9/0/0 Polymorphism Syn ND2

4745 A>G 207 1 2689/15/0/0 Polymorphism Syn ND2

4769 A>G 200, 201, 12 30/2674/0/0 Polymorphism Syn ND2

202, 203,

204, 205,

206, 207,

208, 227,

230, 231

5004 T>C 206 1 0/0/29/2675 Pancreatic cancer Syn ND2

5046 G>A 231 1 79/2625/0/0 Polymorphism V-I ND2

5082 T>C 204 1 0/0/0/2704 Polymorphism Syn ND2

5426 T>C 230 1 0/0/27/2677 Polymorphism Syn ND2

5460 G>A 231 1 176/2528/0/0 Polymorphism A-T ND2

5656 A>G 207 1 2660/44/0/0 Polymorphism NC NC4

8269 G>A 206 1 37/2667/0/0 Polymorphism NC COII

8557 G>A 231 1 21/2681/2/0 Colonic crypts ATP6:A-T ATP8:syn ATP6/8

8860 A>G 200, 201, 11 6/2698/0/0 rCRS rare pm, abdominal T-A (consensus) ATP6/8

203, 204, aortic aneurysm

205, 206,

207, 208,

227, 228,

230, 231

9947 G>A 227 1 13/2691/0/0 Polymorphism Syn CO3

10034 T>C 205 1 0/0/37/2667 Polymorphism NC NC

10044 A>G 206 1 2688/16/0/0 Polymorphism NC NC

10238 T>C 205 1 0/0/83/2621 Polymorphism Syn ND3

10283 A>G 207 1 2699/5/0/0 Polymorphism Syn ND3

10589 G>A 200 1 44/2660/0/0 Polymorphism Syn ND4L

10876 A>G 229 1 2683/21/0/0 Polymorphism Syn ND4

11233 T>C 203 1 0/0/3/2701 Polymorphism Syn ND4

11467 A>G 201, 207, 2 2357/347/0/0 Oral tumor Syn ND4

11503 C>T 229, 230, 2 0/0/2703/1 Polymorphism Syn ND4

11719 G>A 201, 205, 4 2100/604/0/0 Polymorphism Syn ND4

207, 231

12308 A>G 201, 206, 3 2357/347/0/0 Haplogroup U marker NC TL2

229 renal and prostate cancer,

CPEO, CM, stroke

12372 G>A 201, 206 2 390/2314/0/0 Sporadic parathyroid Syn ND5

adenoma, prostate tumor

13722 A>G 231 1 2691/13/0/0 Polymorphism ND5

13759 G>A 229 1 39/2665/0/0 Polymorphism A-T ND5
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aUnless indicated otherwise, the data are from MITOMAP (32) and mtDB (20) databases and the references therein. Syn, synonymic
mutation; NC, non coding region.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Cancer control efforts in the postgenomic era should be
focused at both population and individual levels to develop
novel risk assessment strategies that will reduce the morbidity
and mortality associated with breast cancer. Mitochondrial
polymorphisms described by us as specific in BC population
have been shown before as good candidates for identification
purposes in criminal and forensic medicine. It has been proven
that T5004C may be used to resolve identity of people with
otherwise identical mitotype and A5656G may be used
even in the case of samples with highly degraded DNA (22).
Position 11719 in the MTND4 gene was described as a ‘hot
spot’ for base substitutions and as a position suitable for
identification purposes in Legal Medicine (23). At the same
time some of our BC-associated polymorphisms have been
described before as typical for particular haplogroups. This
further supports the hypothesis that some haplogroups are
preferential candidates for cancer development and that
haplogroup specific polymorphisms are sequence variation
hot-spots. The abundance of  polymorphisms such as
A5656G and G11719A in cancer population seem to favour
this hypothesis. In fact A5656G was associated exclusively
with mtDNA haplogroup U (24) and G11719A is a marker
of non-HV haplogroups (25).

Few of the polymorphisms discovered by us have been
analyzed before as disease-associated factors. In particular,
11719A is a marker of reduced sperm motility (25) and the
allele A at 12308 in tRNA(Leu) was reported to increase the
risk of oral cancer (26). The transition A10044G in the
tRNA(Gly) gene was associated with sudden unexpected
death in a family with severe encephalopathy (27). In
addition, the missense mutation G5460A affecting the ND2
was reported in pathologically proven Parkinson and
Alzheimer's diseases (28). Therefore, it cannot be excluded
that mtDNA polymorphisms may result in disturbed protein
synthesis, synthesis rate or finally in changed protein structure
and therefore influence mitochondrial and cell physiology
with the consequence of cancer development susceptibility
(3-5,8,29).

In conclusion, we suggest that mitochondrial research
will enable the establishment of biomarkers helping to
identify individuals at high risk for developing specific
cancer types and to develop screening approaches for early
diagnosis of cancer. Molecular assessment of mitochondrial
abnormalities of cancer cells could represent a promising
tool for early diagnosis of neoplasia (30,31).

Acknowledgements

This work was supported by grants from the National
Institutes of Health (USA) to J.P. (CA.96994 and CA98912)
and Ministry of Science and Higher Education of The
Republic of Poland Grant No. N N401 2327 33 to E.B. and
A.M.C. A.M.C. was supported by Fulbright Junior Research
Grant and The Kosciuszko Foundation Scholarship. The
project realisation by its authors would not have been
possible without the support of Professor Piotr Weglenski
(Institute of Genetics and Biotechnology, Faculty of Biology,
University of Warsaw) and Wojciech Kukwa (Department of
Otolaryngology, Czerniakowski Hospital, Medical University
of Warsaw, Warsaw, Poland).

References

1. Olopade OI, Grushko TA, Nanda R and Huo D: Advances in
breast cancer: pathways to personalized medicine. Clin Cancer
Res 14: 7988-7999, 2008.

2. Lawson HW, Henson R, Bobo JK and Kaeser MK: Implementing
recommendations for the early detection of breast and cervical
cancer among low-income women. Oncology 14: 1528-1530,
2000.

3. Czarnecka A, Golik P and Bartnik E: Mitochondrial DNA
mutations in human neoplasia. J Appl Genet 47: 67-78, 2006.

4. Czarnecka AM, Marino Gammazza A, Di Felice V, Zummo G
and Cappello F: Cancer as a ‘Mitochondriopathy’. J Cancer Mol
3: 71-79, 2007.

5. Czarnecka AM, Krawczyk T, Czarnecki JS, et al: Methodology
for mitochondrial DNA research in oncology: goals and pitfalls.
ARS Medica Tomitana XIV: 48-64, 2008.

6. Zhu W, Qin W, Bradley P, Wessel A, Puckett CL and Sauter ER:
Mitochondrial DNA mutations in breast cancer tissue and in
matched nipple aspirate fluid. Carcinogenesis 26: 145-152, 2005.

7. Tseng LM, Yin PH, Chi CW, et al: Mitochondrial DNA
mutations and mitochondrial DNA depletion in breast cancer.
Genes Chromosomes Cancer 45: 629-638, 2006.

8. Czarnecka AM, Krawczyk T, Zdrozny M, et al: Mitochondrial
NADH-dehydrogenase subunit 3 (ND3) polymorphism
(A10398G) and sporadic breast cancer in Poland. Breast
Cancer Res Treat (In press).

9. Putignani L, Raffa S, Pescosolido R, et al: Alteration of
expression levels of the oxidative phosphorylation system
(OXPHOS) in breast cancer cell mitochondria. Breast Cancer
Res Treat 110: 439-452, 2008.

10. Abril J, De Heredia ML, Gonzalez L, et al: Altered expression of
12S/MT-RNR1, MT-CO2/COX2, and MT-ATP6 mitochondrial
genes in prostate cancer. Prostate 68: 1086-1096, 2008.

11. Dmitrenko V, Shostak K, Boyko O, et al: Reduction of the
transcription level of the mitochondrial genome in human glio-
blastoma. Cancer Lett 218: 99-107, 2005.

12. Shen XY, Zacal N, Singh G and Rainbow AJ: Alterations in
mitochondrial and apoptosis-regulating gene expression in photo-
dynamic therapy-resistant variants of HT29 colon carcinoma
cells. Photochem Photobiol 81: 306-313, 2005.

13. Gasparre G, Hervouet E, De Laplanche E, et al: Clonal
expansion of mutated mitochondrial DNA is associated with
tumor formation and complex I deficiency in the benign renal
oncocytoma. Hum Mol Genet 17: 986-995, 2008.

14. Tzen CY, Mau BL and Wu TY: ND4 mutation in transitional
cell carcinoma: does mitochondrial mutation occur before
tumorigenesis? Mitochondrion 7: 273-278, 2007.

15. Bai RK, Leal SM, Covarrubias D, Liu A and Wong LJ: Mito-
chondrial genetic background modifies breast cancer risk.
Cancer Res 67: 4687-4694, 2007.

16. Hossein R and Houshmand M: Diagnostic algorithm for
identification of individuals with hereditary predisposition to
breast cancer. Lik Sprava 1: 103-108, 2008.

17. Thompson JD, Higgins DG and Gibson TJ: CLUSTAL W:
improving the sensitivity of progressive multiple sequence
aligment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res 22:
4673-4680, 1994.

18. Anderson S, Bankier AT, Barrell BG, et al: Sequence and
organization of the human mitochondrial genome. Nature 290:
457-465, 1981.

19. Andrews RM, Kubacka I, Chinnery PF, Lightowlers RN,
Turnbull DM and Howell N: Reanalysis and revision of the
Cambridge reference sequence for human mitochondrial DNA.
Nat Genet 23: 147, 1999.

20. Ingman M and Gyllensten U: mtDB: Human mitochondrial
genome database, a resource for population genetics and
medical sciences. Nucleic Acids Res 34: D749-D751, 2006.

21. Ruiz-Pesini E, Lott MT, Procaccio V, et al: An enhanced
MITOMAP with a global mtDNA mutational phylogeny.
Nucleic Acids Res 35: D823-D828, 2007.

22. Vallone PM, Just RS, Coble MD, Butler JM and Parsons TJ: A
multiplex allele-specific primer extension assay for forensically
informative SNPs distributed throughout the mitochondrial
genome. Int J Legal Med 118: 147-157, 2004.

23. Lutz-Bonengel S, Schmidt U, Schmitt T and Pollak S: Sequence
polymorphisms within the human mitochondrial genes
MTATP6, MTATP8 and MTND4. Int J Legal Med 117:
133-142, 2003.

CZARNECKA et al:  SPORADIC BREAST CANCER RISK FACTOR534

531-535.qxd  16/12/2009  10:29 Ì  Page 534



24. Finnila S, Hassinen IE and Majamaa K: Restriction fragment
analysis as a source of error in detection of heteroplasmic mtDNA
mutations. Mutat Res 406: 109-114, 1999.

25. Holyoake AJ, McHugh P, Wu M, et al: High incidence of single
nucleotide substitutions in the mitochondrial genome is associated
with poor semen parameters in men. Int J Androl 24: 175-182,
2001.

26. Datta S, Majumder M, Biswas NK, Sikdar N and Roy B:
Increased risk of oral cancer in relation to common Indian mito-
chondrial polymorphisms and Autosomal GSTP1 locus. Cancer
110: 1991-1999, 2007.

27. Santorelli FM, Schlessel JS, Slonim AE and DiMauro S: Novel
mutation in the mitochondrial DNA tRNA glycine gene associated
with sudden unexpected death. Pediatr Neurol 15: 145-149,
1996.

28. Kosel S, Grasbon-Frodl EM, Mautsch U, et al: Novel mutations
of mitochondrial complex I in pathologically proven Parkinson
disease. Neurogenetics 1: 197-204, 1998.

29. Czarnecka AM and Bartnik E: Mitochondrial DNA mutations in
tumors. In: Cellular Respiration and Carcinogenesis. Apte SP
and Sarangarajan R (eds). Humana Press, New York, pp1-12,
2009.

30. Jakupciak JP, Dakubo GD, Maragh S and Parr RL: Analysis of
potential cancer biomarkers in mitochondrial DNA. Curr Opin
Mol Ther 8: 500-506, 2006.

31. Raj GV, Moreno JG and Gomella LG: Utilization of polymerase
chain reaction technology in the detection of solid tumors. Cancer
82: 1419-1442, 1998.

32. Brandon MC, Lott MT, Nguyen KC, et al: MITOMAP: a
human mitochondrial genome database, 2004 update. Nucleic
Acids Res 33: D611-D613, 2005.

ONCOLOGY REPORTS  23:  531-535,  2010 535

531-535.qxd  16/12/2009  10:29 Ì  Page 535



<<
  /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


