
Introduction

Mortality from breast cancer has steadily been declining 

over the past decade, primarily due to earlier detection, 

adjuvant therapies and the advent of targeted therapies 

for estrogen receptor-positive and HER2-positive cancers 

[1,2]. Despite these advances, a large number of patients 

relapse after an initial response to standard-of-care 

therapy. Novel therapies that prevent breast cancer relapse 

and metastasis are needed.

An emerging hypothesis is that tumors contain a 

subpopulation of cells, called cancer stem cells (CSCs), 

which have the ability to self-renew and regenerate the 

tumor. Increasingly, clinical evidence points to an 

intrinsic resistance to endocrine therapy and chemo-

therapy of this subpopulation of CSCs [3]. Th e residual 

tumors after chemotherapy are enriched for CSCs and 

have a gene signature with hallmarks of epithelial–

mesenchymal transition (EMT)-like properties [3,4]. Th e 

present review is a step in developing an understanding 

of the nature of treatment resistance and the role that 

EMT and CSCs play in this process.

Epithelial–mesenchymal transition pathway

EMT is a process by which the epithelial cells change to a 

mesenchymal phenotype. Th is process involves an 

increase in fi broid morphology, invasiveness, resistance 

to apoptosis and an increase in extracellular matrix 

components [5,6]. Th e acquisition of EMT in the 

epithelium of an organ may be one of the initial steps on 

the path to tumorigenesis [7]. EMT has more recently 

been linked to the progression of cancer and increased 

stemness of tumors [8]. Th is correlation between EMT 

and CSCs may provide a direct link between the CSCs 

and the metastatic potential of cancer. An increase in 

EMT markers has thus been linked with aggressiveness 

of metastatic disease, which may be explained by increas-

ing stemness of tumor-initiating CSCs and intrinsic 

resistance to standard therapies.

EMT can be induced by signals from the stroma 

associated with tumors – such as hepatocyte growth 

factor, platelet-derived growth factor, and transforming 

growth factor beta – together with a series of EMT-

inducing transcription factors such as Snail, Slug, zinc 

fi nger E-box binding homeobox 1 (ZEB1), ZEB2, Twist, 

Goosecoid, and FOXC2 [7,9,10]. A negative feedback 

pathway involving ZEB1, ZEB2 and transforming growth 

factor beta may be responsible for regulating EMT. Th e 

transforming growth factor beta/SMAD1/LEF/platelet-

derived growth factor axis is also described as being 

important for EMT signal ing [7]. Along with these 

transcription factors, the miRNAs play a role in EMT; 

specifi cally, downregulation of the miR-200 family causes 

an induction of EMT. Th e details of the interaction of all 

these factors with each other are currently under 

investigation (Figure 1).

Breast cancer stem cells

Breast cancer can be classifi ed as a series of diseases 

based on its diff erent subtypes. Traditionally, immuno-

histochemistry has been used to describe the diff erent 

subtypes of cancer. Recent use of microarray analysis, 
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however, has provided a more coherent tool to separate 

these subtypes into luminal A, luminal B, HER2-positive, 

basal, normal-like and a new subtype called claudin-low-

like, which displays spindeloid features and EMT-like 

properties [11].

Th e breast CSCs were initially identifi ed based on a 

seminal paper from Dr Michael Clarke and Dr Max 

Wicha’s group that identifi ed them as being enriched for 

CD44+/CD24–/low cells and having the ability to form 

tumors at a much higher frequency than the bulk tumor 

[12]. More recently, ALDH1 levels as identifi ed by the 

ALDefl uor assay were also demonstrated to enrich the 

CSCs [13,14]. Apart from fl ow cytometry analysis of stem 

cell markers, the ability of tumor cells to form 

mammospheres (spheres of cells formed under ultra-low 

attachment conditions, in serum-free media 

supplemented with growth factors) as a surrogate assay 

of the stemness of the cells has been described [13,14]. 

Th is ability is calculated as a percentage and called the 

mammosphere-forming effi  ciency (MFSE). Th e MFSE as 

a refl ection of stemness is generally confi rmed with 

limiting dilution transplantation assays where the tumors 

enriched for CSC markers form xenograft outgrowths 

with 10 to 200 cells – compared with 100,000 or more of 

the other tumor cells, which fail to form tumors. Th ese 

supporting data point to a population of cells that is 

responsible for tumor initiation and self-renewal. 

However, there is a caveat to this hypothesis. Th ere is 

currently no evidence that any cell within the tumor 

cannot become stem-like on exposure to various 

Figure 1. Interaction between epithelial–mesenchymal transition and self-renewal pathways of cancer stem cells. ECM, extracellular matrix; 

EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; FGF, fi broblast growth factor; HGF, hepatocyte growth factor; MMP, matrix 

metalloproteinase; PDGF, platelet-derived growth factor; PDK1, phosphoinositide-dependent kinase-1; PI3K, phosphatidylinositol-3-kinase; SMAD, 

Sma and Mad-related family; TCF, T-cell factor; TGF, transforming growth factor; VEGFR, vascular endothelial growth factor receptor; ZEB, zinc fi nger 

E-box binding homeobox.
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treatments, thus alluding to the possibility of plasticity of 

cells, allowing for transition from one cell type to another.

Treatment resistance

CSCs may have an intrinsic resistance to therapy [4]. 

Current treatment strategies may therefore aff ect the 

bulk of the tumor cells but leave CSCs behind, serving as 

a starting point for disease recurrence. Similar to the 

ability of the dandelion roots to regenerate weeds, tumor 

regrowth from an intrinsically therapy-resistant 

subpopulation has been termed the dandelion hypothesis 

[15]. If this hypothesis is true, then understanding the 

mechanisms responsible for this intrinsic resistance will 

lead to development of new therapies that will target the 

CSCs in conjunction with current standard-of-care 

therapies that could critically impact the overall patient 

survival.

Clinically, the evidence for breast CSCs is supported by 

a study in which paired tumor core biopsies taken from 

patients with breast cancer prior to and during the 

12-week treatment with chemotherapy demonstrated an 

increase in CSC markers (CD44+/CD24–/low and MFSE) 

with treatment [3]. Conversely, patients with HER2-

positive disease who received neoadjuvant lapatinib 

(epidermal growth factor receptor/HER2 inhibitor) for 

6  weeks demonstrated a reduction in the percentage of 

CSCs as evidenced by a decrease in the MFSE and 

CD44+/CD24-/low levels in residual tumors [4]. Th is 

suggests that the CSCs may be resistant to chemotherapy 

but may be targeted by therapy directed against the HER2 

proto-oncogene.

Further investigation into these tumor biopsies to 

identify the processes involved in CSCs led to the identi-

fi cation of a gene signature for breast CSCs [8]. Briefl y, 

RNA was isolated from these CD44+/CD24–/low-positive 

cells as well as mammospheres formed from these patient 

samples, and microarray analysis was performed. Th is 

involved com paring the gene expression of CD44+/CD24–

/low versus bulk tumor and of mammosphere-forming cells 

versus bulk tumor [4]. Genes that increased or decreased 

in both datasets of CSC markers were combined to give 

us a gene signature for CSCs, which matched the claudin-

low-like pheno type. Claudin-low-like tumors were 

recently identifi ed and represent only about 5% of all 

breast tumors. One of the most important properties of 

these tumors is that they display EMT-like characteristics, 

and have high expression of vimentin and Twist.

In addition to claudin-low-like tumors, another rare 

subtype of breast cancer (metaplastic tumors) was 

recently found to share molecular similarities with CSCs. 

Th ese meta plastic tumors are highly chemoresistant and 

aggressive tumors, characterized by squamous metaplasia 

of malig nant breast epithelium [16]. Hennessey and 

colleagues demon strated recently that a set of 28 

metaplastic tumors had CSC-like characteristics based 

on transcriptional profi ling using our published CSC 

signature [17]. Th ese tumors also showed EMT-like 

charac teristics, along with increased mutations and 

amplifi cation/activation of the phosphatidylinositol-3-

kinase/AKT pathway. More recently, it has been shown 

that both metaplastic and the claudin-low-like tumor 

interactome have EMT-like properties [18]. Th ese results 

from claudin-low-like and metaplastic tumors suggest a 

hierarchical nature of breast cancer where tumors arise 

from changes occurring early in a hierarchy, rather than 

late, which are observed in the more diff erentiated 

tumors.

Epithelial–mesenchymal transition in cancer stem 

cells

EMT proceeds in a series of steps, where cells eventually 

acquire a more spindle-shaped morphology. Th is involves 

gradual loss of cell–cell adhesions, tight junctions that 

facilitate cell–cell interactions, which eventually leads to 

the reorganization of the cytoskeleton, with loss of apical 

polarity, and fi nally the epithelium conversion to 

spindeloid morphology [16,19-23]. In EMT, the cancer 

cells acquire the ability to invade into the surrounding 

microenvironment and thus may lead to relapse and 

metastases.

Using an in vitro method, Mani and colleagues 

reported the induction of EMT in immortalized human 

mammary epithelial cells (HMLERs), by ectopic expres-

sion of either the Twist or Snail transcription factors. Th e 

overexpression of Twist or Snail made the HMLERs more 

mesenchymal in nature, with an increased ability to form 

mammospheres and an increased expression of CD44+/

CD24–/low CSC markers [24]. Th ese data support a direct 

link between EMT and loss of epithelial properties and 

gain of CSC-like properties. Further work by the same 

group has shown that FOXC2 may play a key role in the 

induction of EMT in vitro and this is corroborated by the 

tumorigenic signature from our group, thus suggesting 

that FOXC2 may play a role in development of EMT and 

in CSCs self-renewal [25].

EMT was rarely found in bulk primary tumors as 

shown by loss of heterozygosity studies, which compare 

the epithelial and stromal compartments of breast 

cancers [23]. EMT has been described to play a role in 

the invasion-metastases cascade in some invasive 

cancers, however, suggesting that EMT may be working 

in the CSC milieu. In both normal cells and breast CSCs 

a low expression of the miR-200 family of miRNAs has 

been shown to increase EMT [26], probably via their 

known negative regulation of Zeb1 and Zeb2. Both 

normal cells and breast CSCs have also been shown to 

express low levels of the miR-200 family of miRNAs, 

which are known to negatively regulate transcription 
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factors Zeb1 and Zeb2 and to promote EMT. METs is an 

important component of tumor meta stasis since once the 

tumor moves from its primary site to a secondary site it 

has to undergo mesenchymal–epithelial transformation 

(MET) in order to generate a tumor similar to the one at 

the primary site of breast cancer.

Mesenchymal–epithelial transition in 

tumorigenesis

EMT endows metastatic properties upon cancer cells to 

promote invasion, migration, and subsequent dissemi-

nation [27]. Following dissemination, establishment of 

metastatic lesions depends on the organ-colonizing 

proper ties of disseminated tumor cells as well as on 

permissive conditions also referred to as the metastatic 

niche that may be present in the restrictive micro environ-

ment of target organs [28,29]. For instance, recruited 

bone-marrow-derived vascular endothelial growth factor 

receptor-1-positive cells were able to generate a pre-

metastatic niche in the lungs to support initiation of 

metastases in one study [30], while another study 

demonstrated the role of bone-marrow-derived c-kit-

positive VE-cadherin-positive endothelial progenitor 

cells in angiogenesis-mediated progression of micro-

meta stases to macrometastases [31].

Th e observation that the cancer cells in metastatic 

lesions exhibit an epithelial phenotype that resembles the 

primary tumor from which they were derived has led to 

speculation that the disseminated tumor cells recruited 

into the target organs may undergo MET that would 

favor metastasis formation [32,33]. Th e MET cascade has 

not been recapitulated in tumor progression, however, 

and the cellular and molecular regulators that promote 

MET of metastatic tumor cells remain unknown. Notably, 

MET is an essential developmental process and has been 

extensively studied in kidney organogenesis and somito-

genesis [34]. Importantly, during kidney development, 

the conversion of metanephric mesenchyme to epithe-

lium [35] involves MET that is regulated by versican. 

Indeed, ectopic expression of versican in NIH3T3 

fi broblasts in culture resulted in an epithelial phenotype 

[36]. Given that versican expression is confi ned to the 

stroma [37-42], there is a possibility that the disseminated 

cancer cells may undergo MET under the infl uence of 

local microenvironments that they encounter in the 

parenchyma of the distant organ. Another possibility is 

that this microenvironment may also lack the heterotypic 

signals that promote EMT [7].

Conclusions

CSCs display EMT characteristics, which are a critical 

component of treatment resistance in breast tumors. Our 

studies on the tumorigenic signature have identifi ed 

increases in VIM and MMP-2 along with FOXC2 in 

letrozole/chemo therapy-treated specimens, and immuno-

histochemistry studies have indicated an increase in 

epithelial cells undergoing EMT in post-treatment 

biopsies. Th ese observations have been discussed in 

greater detail elsewhere [43]. Other studies have shown 

that the onset of EMT leads to an increase in the 

subpopulation of CSCs as described by an increase in 

various markers involved in the pathway. Overall, the 

literature supports EMT playing a major role in 

sustaining the CSCs, which leads to an increase in the 

metastatic potential of breast cancer. A better 

understanding of the role of EMT and CSCs in breast 

cancer will lead to more eff ective therapies that will 

target not only the bulk tumor but also the residual 

population of cells that are responsible for the relapse 

and resurgence of the tumor. It is imperative to study 

EMT and CSCs together in order to have a better 

understanding of treatment resistance in breast cancer. 

Further examination of the epigenetic changes such as 

miRNA will also be an important area of research.

Abbreviations

CSC, cancer stem cell; EMT, epithelial–mesenchymal transition; HMLER, human 

mammary epithelial cell overexpressing hTERT, SV40 T/t and H-RasV12; MET, 

mesenchymal–epithelial transition; MFSE, mammosphere-forming effi  ciency; 

miRNA, microRNA; ZEB, zinc fi nger E-box binding homeobox.

Competing interests

The authors declare that they have no competing interests.

Acknowledgements

The authors would like to thank Dr Stephen T Wong for his illustrations and 

his input.

Author details
1Methodist Hospital Cancer Center, 6550 Fannin Street SM383, Houston, TX 

77030, USA. 2Weil Cornell Medical School.

Published: 19 January 2012

References

 1. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, Zelen M, Mandelblatt 

JS, Yakovlev AY, Habbema JD, Feuer EJ: Eff ect of screening and adjuvant 
therapy on mortality from breast cancer. N Engl J Med 2005, 353:1784-1792.

 2. Fong P: Mouse models for human epithelial disease: novel insights and 
new horizons. Exp Physiol 2009, 94:169-170.

 3. Chang JC, Wooten EC, Tsimelzon A, Hilsenbeck SG, Gutierrez MC, Tham YL, 

Kalidas M, Elledge R, Mohsin S, Osborne CK, Chamness GC, Allred DC, Lewis 

MT, Wong H, O’Connell P: Patterns of resistance and incomplete response 
to docetaxel by gene expression profi ling in breast cancer patients. J Clin 

Oncol 2005, 23:1169-1177.

 4. Li X, Lewis MT, Huang J, Gutierrez C, Osborne CK, Wu MF, Hilsenbeck SG, 

Pavlick A, Zhang X, Chamness GC, Wong H, Rosen J, Chang JC: Intrinsic 
resistance of tumorigenic breast cancer cells to chemotherapy. J Natl 

Cancer Inst 2008, 100:672-679.

 5. Kalluri R, Neilson EG: Epithelial–mesenchymal transition and its 
implications for fi brosis. J Clin Invest 2003, 112:1776-1784.

 6. Hay ED: An overview of epithelio-mesenchymal transformation. Acta Anat 

(Basel) 1995, 154:8-20.

 7. Thiery JP: Epithelial–mesenchymal transitions in tumour progression. Nat 

This article is part of a review series on EMT and the connection 

with stem cells, edited by Dr Jenny Chang.

Dave et al. Breast Cancer Research 2012, 14:202 
http://breast-cancer-research.com/content/14/1/202

Page 4 of 5



Rev Cancer 2002, 2:442-454.

 8. Creighton CJ, Li X, Landis M, Dixon JM, Neumeister VM, Sjolund A, Rimm DL, 

Wong H, Rodriguez A, Herschkowitz JI Fan C, Zhang X, He X, Pavlick A, 

Gutierrez MC, Renshaw L, Larionov AA, Faratian D, Hilsenbeck SG, Perou CM, 

Lewis MT, Rosen JM, Chang JC: Residual breast cancers after conventional 
therapy display mesenchymal as well as tumor-initiating features. Proc 

Natl Acad Sci U S A 2009, 106:13820-13825.

 9. Jechlinger M, Grunert S, Tamir IH, Janda E, Ludemann S, Waerner T, Seither P, 

Weith A, Beug H, Kraut N: Expression profi ling of epithelial plasticity in 
tumor progression. Oncogene 2003, 22:7155-7169.

 10. Shi Y, Massague J: Mechanisms of TGF-β signaling from cell membrane to 
the nucleus. Cell 2003, 113:685-700.

 11. Herschkowitz JI, Simin K, Weigman VJ, Mikaelian I, Usary J, Hu Z, Rasmussen 

KE, Jones LP, Assefnia S, Chandrasekharan S Backlund MG, Yin Y, Khramtsov AI, 

Bastein R, Quackenbush J, Glazer RI, Brown PH, Green JE, Kopelovich L, Furth 

PA, Palazzo JP, Olopade OI, Bernard PS, Churchill GA, Van Dyke T, Perou CM: 

Identifi cation of conserved gene expression features between murine 
mammary carcinoma models and human breast tumors. Genome Biol 2007, 

8:R76.

 12. Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke MF: 

Prospective identifi cation of tumorigenic breast cancer cells. Proc Natl 

Acad Sci U S A 2003, 100:3983-3988.

 13. Dontu G, Wicha MS: Survival of mammary stem cells in suspension culture: 
implications for stem cell biology and neoplasia. J Mammary Gland Biol 

Neoplasia 2005, 10:75-86.

 14. Ginestier C, Hur MH, Charafe-Jauff ret E, Monville F, Dutcher J, Brown M, 

Jacquemier J, Viens P, Kleer CG, Liu S Schott A, Hayes D, Birnbaum D, Wicha 

MS, Dontu G: ALDH1 is a marker of normal and malignant human 
mammary stem cells and a predictor of poor clinical outcome. Cell Stem 

Cell 2007, 1:555-567.

 15. Jones RJ, Matsui WH, Smith BD: Cancer stem cells: are we missing the 
target? J Natl Cancer Inst 2004, 96:583-585.

 16. Lee JM, Dedhar S, Kalluri R, Thompson EW: The epithelial–mesenchymal 
transition: new insights in signaling, development, and disease. J Cell Biol 

2006, 172:973-981.

 17. Hennessy BT, Gonzalez-Angulo AM, Stemke-Hale K, Gilcrease MZ, 

Krishnamurthy S, Lee JS, Fridlyand J, Sahin A, Agarwal R, Joy C Liu W, Stivers D, 

Baggerly K, Carey M, Lluch A, Monteagudo C, He X, Weigman V, Fan C, Palazzo 

J, Hortobagyi GN, Nolden LK, Wang NJ, Valero V, Gray JW, Perou CM, Mills GB: 

Characterization of a naturally occurring breast cancer subset enriched in 
epithelial-to-mesenchymal transition and stem cell characteristics. Cancer 

Res 2009, 69:4116-4124.

 18. Taube JH, Herschkowitz JI, Komurov K, Zhou AY, Gupta S, Yang J, Hartwell K, 

Onder TT, Gupta PB, Evans KW, Hollier BG, Ram PT, Lander ES, Rosen JM, 

Weinberg RA, Mani SA: Core epithelial-to-mesenchymal transition 
interactome gene-expression signature is associated with claudin-low 
and metaplastic breast cancer subtypes. Proc Natl Acad Sci U S A 2010, 

107:15449-15454.

 19. Guarino M, Rubino B, Ballabio G: The role of epithelial–mesenchymal 
transition in cancer pathology. Pathology 2007, 39:305-318.

20. Damonte P, Gregg  JP, Borowsky AD, Keister BA, Cardiff  RD: EMT 
tumorigenesis in the mouse mammary gland. Lab Invest 2007, 

87:1218-1226.

21. Kokkinos MI, Waf ai R, Wong MK, Newgreen DF, Thompson EW, Waltham M: 

Vimentin and epithelial–mesenchymal transition in human breast cancer 
– observations in vitro and in vivo. Cells Tissues Organs 2007, 185:191-203.

22. Sarrio D, Rodrig uez-Pinilla SM, Hardisson D, Cano A, Moreno-Bueno G, 

Palacios J: Epithelial–mesenchymal transition in breast cancer relates to 
the basal-like phenotype. Cancer Res 2008, 68:989-997.

23. Trimboli AJ, Fukino K, de Bruin A, Wei G, Shen L, Tanner SM, Creasap N, Rosol 

TJ, Robinson ML, Eng C, Ostrowski MC, Leone G: Direct evidence for 
epithelial–mesenchymal transitions in breast cancer. Cancer Res 2008, 

68:937-945.

24. Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks M, Reinhard 

F, Zhang CC, Shipitsin M Campbell LL, Polyak K, Brisken C, Yang J, Weinberg 

RA: The epithelial–mesenchymal transition generates cells with properties 
of stem cells. Cell 2008, 133:704-715.

25. Mani SA, Yang J,  Brooks M, Schwaninger G, Zhou A, Miura N, Kutok JL, 

Hartwell K, Richardson AL, Weinberg RA: Mesenchyme Forkhead 1 (FOXC2) 

plays a key role in metastasis and is associated with aggressive basal-like 
breast cancers. Proc Natl Acad Sci U S A 2007, 104:10069-10074.

26. Shimono Y, Zabala M, Cho RW, Lobo N, Dalerba P, Qian D, Diehn M, Liu H, 

Panula SP, Chiao E, Dirbas FM, Somlo G, Pera RA, Lao K, Clarke MF: 

Downregulation of miRNA-200c links breast cancer stem cells with normal 
stem cells. Cell 2009, 138:592-603.

27. Polyak K, Weinbe rg RA: Transitions between epithelial and mesenchymal 
states: acquisition of malignant and stem cell traits. Nat Rev Cancer 2009, 

9:265-273.

28. Gupta GP, Massag ue J: Cancer metastasis: building a framework. Cell 2006, 

127:679-695.

29. Fidler IJ: The p athogenesis of cancer metastasis: the ‘seed and soil’ 
hypothesis revisited. Nat Rev Cancer 2003, 3:453-458.

30. Kaplan RN, Riba RD, Zacharoulis S, Bramley AH, Vincent L, Costa C, MacDonald 

DD, Jin DK, Shido K, Kerns SA Zhu Z, Hicklin D, Wu Y, Port JL, Altorki N, Port ER, 

Ruggero D, Shmelkov SV, Jensen KK, Rafi i S, Lyden D: VEGFR1-positive 
haematopoietic bone marrow progenitors initiate the pre-metastatic 
niche. Nature 2005, 438:820-827.

31. Gao D, Nolan DJ,  Mellick AS, Bambino K, McDonnell K, Mittal V: Endothelial 
progenitor cells control the angiogenic switch in mouse lung metastasis. 
Science 2008, 319:195-198.

32. Hugo H, Ackland  ML, Blick T, Lawrence MG, Clements JA, Williams ED, 

Thompson EW: Epithelial–mesenchymal and mesenchymal–epithelial 
transitions in carcinoma progression. J Cell Physiol 2007, 213:374-383.

33. Chaff er CL, Thom pson EW, Williams ED: Mesenchymal to epithelial 
transition in development and disease. Cells Tissues Organs 2007, 185:7-19.

34. Zeisberg M, Shah  AA, Kalluri R: Bone morphogenic protein-7 induces 
mesenchymal to epithelial transition in adult renal fi broblasts and 
facilitates regeneration of injured kidney. J Biol Chem 2005, 280:8094-8100.

35. Vainio S, Lin Y:  Coordinating early kidney development: lessons from gene 
targeting. Nat Rev Genet 2002, 3:533-543.

36. Sheng W, Wang G,  La Pierre DP, Wen J, Deng Z, Wong CK, Lee DY, Yang BB: 

Versican mediates mesenchymal–epithelial transition. Mol Biol Cell 2006, 

17:2009-2020.

37. Suwiwat S, Ricci ardelli C, Tammi R, Tammi M, Auvinen P, Kosma VM, LeBaron 

RG, Raymond WA, Tilley WD, Horsfall DJ: Expression of extracellular matrix 
components versican, chondroitin sulfate, tenascin, and hyaluronan, and 
their association with disease outcome in node-negative breast cancer. 
Clin Cancer Res 2004, 10:2491-2498.

38. Ricciardelli C,  Brooks JH, Suwiwat S, Sakko AJ, Mayne K, Raymond WA, 

Seshadri R, LeBaron RG, Horsfall DJ: Regulation of stromal versican 
expression by breast cancer cells and importance to relapse-free survival 
in patients with node-negative primary breast cancer. Clin Cancer Res 2002, 

8:1054-1060.

39. Pukkila M, Kosun en A, Ropponen K, Virtaniemi J, Kellokoski J, Kumpulainen E, 

Pirinen R, Nuutinen J, Johansson R, Kosma VM: High stromal versican 
expression predicts unfavourable outcome in oral squamous cell 
carcinoma. J Clin Pathol 2007, 60:267-272.

40. Kodama J, Haseng aowa, Kusumoto T, Seki N, Matsuo T, Ojima Y, Nakamura K, 

Hongo A, Hiramatsu Y: Prognostic signifi cance of stromal versican 
expression in human endometrial cancer. Ann Oncol 2007, 18:269-274.

41. Pirinen R, Leino nen T, Bohm J, Johansson R, Ropponen K, Kumpulainen E, 

Kosma VM: Versican in nonsmall cell lung cancer: relation to hyaluronan, 
clinicopathologic factors, and prognosis. Hum Pathol 2005, 36:44-50.

42. Pukkila MJ, Kosu nen AS, Virtaniemi JA, Kumpulainen EJ, Johansson RT, 

Kellokoski JK, Nuutinen J, Kosma VM: Versican expression in pharyngeal 
squamous cell carcinoma: an immunohistochemical study. J Clin Pathol 

2004, 57:735-739.

43. Creighton CJ, Ch ang JC, Rosen JM: Epithelial–mesenchymal transition 
(EMT) in tumor-initiating cells and its clinical implications in breast cancer. 
J Mammary Gland Biol Neoplasia 2010, 15:253-260.

doi:10.1186/bcr2938
Cite this article as: Dave B, et al.: Epithelial–mesenchymal transition, cancer 
stem cells and treatment resistance. Breast Cancer Research 2012, 14:202.

Dave et al. Breast Cancer Research 2012, 14:202 
http://breast-cancer-research.com/content/14/1/202

Page 5 of 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


