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ABSTRACT

Background: Theductal carcinomainsitu (DCIS) of the mammary gland representsan early, pre-invasive stagein
the development of invasive breast carcinoma. Since DCIS is a curable disease, it would be highly desirable to
identify molecular markersthat allow early detection. Mice transgenic for the WAP-SV 40 early genome region were
used as a model for DCIS development. Gene expression profiling was carried out on DCIS-bearing mice and
control animals. Additionally, a set of human DCIS and invasive mammary tumors were analyzed in a similar
fashion. Enhanced expression of these marker genes in human and murine samples was validated by quantitative
RT-PCR. Besides, marker gene expression was also validated by immunohistochemistry of human samples.
Furthermorein silico analyses using an online microarray database were performed. Results: In DCIS-mice seven
geneswereidentified that were significantly up-regulated in DCIS; DEPDC1, NUSAPL, EXOL, RRM2, FOXM 1,
MUC1 and SPP1. A similar up-regulation of homologues of the murine genes was observed in human DCIS
samples. Enhanced expression of these genes in DCIS and IDC (invasive ductal carcinoma) was validated by
quantitative RT-PCR and immunohi stochemistry. Conclusions. By comparing murine markersfor theductal carcinoma
insitu (DCIS) of the mammary gland with genes up-regul ated in human DCI S-sampleswe were able to identify aset
of geneswhich might allow early detection of DCIS and invasive carcinomasin thefuture. The similarities between
gene expression in DCIS andinvasive carcinomas in our data suggest that the early detection and treatment of

DCISis of utmost relevance for the survival of patients who are at high risk of developing breast carcinomas.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Early diagnosisand administration of effectivetresat-
ment isthebest strategy to combat cancer!™. Startingin
theearly 1980 s, theincreasing use of mammography
screens hasresulted in an increasein diagnosis of the
ductal carcinomain situ (DCIS), especially anong
women morethan 50 years of age?. DCISrepresents
20-45% of all new cases of mammaographically
detectedbreast cancer, and about 10% of all breast
carcinomas?. Upto 50% of DCISlesions progressto
invasive breast cancer, but thereistremendous vari-
ability inthetimeof progressiontoinvasive diseasd®.
Today most DCIS cases are identified as suspicious
microcd cificationsthrough mammography. However,

the accuracy of mammography indiagnosing DCISis
suboptima™. Themaindrawback with respectto DCIS
isthat mammaography often underestimates both the
pathol ogic extent of DCIS and the number of tumour
foci in patientswith multifoca disease?. Early detec-
tion of DCISisvery important becauseit isahighly
curable disease, with a 10-year cancer-specific sur-
vival rate of over 97%%. Therefore, biomarkersfor
DCIS are needed. In many types of carcinomas,
biomarkers have enhanced our abilityfor diagnosis,
prognosis, and for therapy prediction. Ingeneral, an
appropriate biomarker should beuseful indefiningrisks
andidentifyingtheearly stagesof carcinogeness. Fur-
thermore, biomarkerscan beandyzedinanoninvasive
and economicway and thereforeit isworthinvestingin
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the search for more biomarkerg®.

The use of microarray technologiesfor gene ex-
pressonprofiling providesingghtintothemolecular basis
of DCIS. Only afew geneexpression profiling studies
of DCIS have been published to date and most focus
on theidentification of progression-associated genes
by comparison of insitu andinvasive diseasg®d. Gene
expression profiling of DCISishindered by thelimited
numbersof samplesavailable. To overcomethelatter
problem, our study used atransgenic mouse mode for
DCIS9. Miceweretransgenic for theWAP-SV40 exly
genome region, so that expression of the SV40
oncogene is activated by lactation. The use of these
tranggenicanimas

offersthe possibility of determining tumour-initiat-
ing factorsand investigating geneexpression a differ-
ent stagesof tumour devel opment. Inthe present work,
weidentified molecular markersfor the ductal carci-
nomaingtu. Marker genesidentifiedinthe WAP-TNP8
mouse model werefurther investigated inasmall hu-
man DCIScohort. Identification of markersfor DCIS
and early invasivetumoursisimportant for early detec-
tion and the devel opment of improved therapeutic strat-

egies.

MATERIALSAND METHODS

Human tissue

Nineteen freshly frozen human breast tumour
samples were obtained from the Robert-Rossle-
Biobank at the ECRC (Experimental and Clinical Re-
search Center). Tissue sampleswere cryopreserved
immediately after surgeryinliquid nitrogen and stored
a -80°C. Allparticipants have given written, informed
consent. Thestudy was approved by thelocal ethics
committee (CharitéUniversititsmedizin Berlin). The
patient cohort consisted of nine DCIS, fiveinvasive
ductd carcinoma(IDC) and fivehedthy control samples
obtained frompatientswith breast reduction surgery. A
second panel cons sting of human formalin-fixed paraf-
fin-embedded (FFPE) tissue samples was used for
immunohistochemica stainings. Thepane cons sted of
5 healthy, 10 DCISand 5 IDC. DCIS samples were
distinguished accordingto their grade (5 low grade
DCIS/5highgrade DCIS). All sampleswerereviewed
for histologicd classificationaccording to nuclear grade
and classified aslow, intermediate,and high nuclear
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grade; additionaly, the TNM Stageand hormonerecep-
tor statuswere determined.

RNA isolation, amplification and microarray analy-
Sis

RNA extraction from murine samples was per-
formed using QiagenRNeasy mini kit (Qiagen, Hilden,
Germany) with on column DNAse| digestionin accor-
dancewiththemanufacturer’s guide. Human RNA was
isolated with RNeasy Lipid TissueMini Kit (Qiagen).
RNA qudlity waschecked onAgilent 2100 Bioanalyzer
(Agilent Technologies, Boblingen, Germany). For
furtheranalysisonly sampleswithaRIN (RNA integrity
number) of morethan seven weretaken. Two-round
linear amplification, using 50 ng total RNA, was car-
ried out for the murine samples according to the
GeneChip® Two-Cycle Target Labelling protocol
(Affymetrix, SantaClara, CA, USA). Inhuman samples
cRNA wasamplified from 1 pug of total RNA using the
GeneChip® One-Cycle Target Labelling Kit
(Affymetrix). Quantitiesof invitrotranscriptionandfrag-
mentation products were assessed using theAgilent
2100 Bioanayzer. Labedlled and fragmented cRNA was
hybridized for 16 h a 45°C on Affymetrix oligonucle-
otide Murine Genome 430 2.0 or Human Genome
U133 plus2.0Arrays. Hybridized arrayswere scanned
using the Gene-Chip Scanner 3000.

Satistical analysis

Aninitid andys swasperformed us ngtheAffymetrix
Microarray Suite 5.0 (MASE) software. The percent-
ageof present calls, background noise, thescaling fac-
tor, and theratio of 3’ to 5’ hybridization for GAPDH
andb-actin were used to assess quality of hybridiza-
tion. Raw image datawere converted to CEL filesus-
ing the AffymetrixGeneChip Operating Software
(GCOS).

RESULTS

Identification of murine DCIS markers Gene ex-
pression patternsof control samples, of samplestaken
at different time pointsafter lactation, and ofinvasive
breast tumours (IDC) from 40 mice (five samples per
group) were analysed. Animals examined onemonth
after activation of the oncogene were excluded from
further analysisbecause of artifacts dueto lactation.
Histologicd investigationsof dl groupswere performed.
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Themagjority of DCIS arises by month threeor later.
First at-test was conducted comparing the control
groups (wild type mice + mice before lactation) with
micetaken two and three months after lactation. This
comparison revealed 230 probe setswhich arediffer-
entially expressed between control samplesand mice
inwhich the development of DCIS had already been
induced. A second t-test was conducted in order to
comparecontrolsandinvasivemammary tumours. This
procedureresulted inalist of 2398 probe setswhich
weredifferentialy expressed between controlsand in-
vasive mammary tumours. To obtain tumour-specific
genesthat aredready up-regulatedin DCIS, only genes
present in both listswereused for further analysis. A
total of 173 probe setsmet these criteriaand were con-
sidered as potential candidate genes forearly DCIS
detection. These 173 probe sets cover 140 genes. In
order to identify aminimal set of genesasfinal candi-
dates, thedistribution of the expression vauesof the
140 significantly changed candi date geneswasinvesti-
gated. Only genes showing aenhanced expressionin
themalignant sampleswere considered. Geneswhich
showed constant up-regul ation during DCIS-devel op-
ment and low variancewithin the groupswere chosen
asfind marker genes. Theseare MUCL, SPP1, RRM 2,
FOXM1, EXO1, NUSAPl and DEPDCL. Usingthese
seven genesfor supervised hierarchica clustering al-
lowed usto separate healthy control samplesfrom all
other samples. Again, thetumour samplesclusteredin
thesamebranch asmost of the samplesof thelatetime
points (3, 4 and 5 months). To confirm the microarray
results, theexpression of the seven marker geneswas
validated by quantitative RT-PCR (Figure 1A). Each
group cons sted of seven murine samples. Resultscon-
firmed very well thefindingsof themicroarray analysis.
A comparison of microarray and gRT-PCR box plots
showed nearly identical pictures, hence only the RT-
PCR resultsare shown here. With theexception of two
cases, theexpression of themarker geneswas aready
significantly up-regulated two months after lactation,
dthoughinhistologicd investigationsalmost noDCIS
wasfound. In the case of FOXM1 and DEPDC1 up-
regulation in month two wasnot significant, but that had
changed by month three. In most of the genesthere
wasacontinuousincrease of expressionwhich reached
thehighest pointinthelDC. Analysisof human DCIS
samplesAsanext step weinvestigated the gene ex-

pression ofhuman DCIS samples. To thisend we used
aset of 19 samples cons sting of five healthy controls,
fiveinvasivetumorsand nine DCIS samples. Expres-
sion profileswererecorded by Affymetrix U133 plus
2.0 GeneChips. Anunsupervised hierarchical cluster-
ing of the human samples showsthe healthy samples
separated fromthe DCISand IDC samples. TheDCIS
samplesshowed acomparativeexpression profilesmi-
lar to that of theinvasive breast carcinomas (Datanot
shown). The human datawere analyzed in the same
fashion asthe murine samples. However, wefocused
on themarkersfound aready inthe murineanalysis.
Statistical analysisreveaed astrong up regulation of
the seven previoudly identified marker genesin human
DCISaswadll. Thisled usto concludethat the marker
genes can be used asearly detection markersalso for
human DCIS. Hierarchica clustering using these seven
genesshowedthat DCISandinvasivecarcinomaswere
clearly separated from hedthy samples. Withinthema:
lignant branch DCIS and invasive carcinomas could not
be distinguished. Microarray resultsfor the seven can-
didate genesdescribed above werevadidated by quan-
titative PCR. Expression differenceswerehighly sig-
nificant between healthy controlsand DCIS samples
(Figure 1B). Themost important reported functions of
each of the seven marker genesare depicted. In order
tofurther investigatethe expression of these candidate
genesat thecdlular leve invivo, weperformed immu-
nohistochemica analysesin apanel of heathy human
mammary gland tissue samples, DCISand invasive
breast tumours. To do so we used another set of for-
malin-fixed paraffin-embedded human tissue samples.
For each protein multipleimmunohistochemica stanings
were performed (five samples per group). For EXO1
no specific antibody wasfound. Immunoreaction of the
marker genesin healthy tissueswas negative orvery
weak. However, immunoreaction in DCIS and
IDCsamplesinthemajority of caseswasvery intense.
Theexpression of the protein was indicated by pink
gaining (exemplarily seearrowhead). Positivestaining
was predominantlyvisblewithintheluminaof theducts,
predominantlyepithelia cellsshowed apositivesigna
(See arrows for examples). A positive staining was
dreadyvisbleinthelow gradeDClSsamples. Thestain-
ing patternwas cytoplasmatic for SPP1, RRM2,
FOXM1, DEPDC1 and NUSAP1. Membranous as
well ascytoplasmaticstainingwasvisiblefor MUCL.



RRBS, 7(6) 2013

Wisam Abd El-MoatyKolab

Expression
7 f Radiadl
B
5
4 L
: e
2 " O
1 é : 1
& -
H 2m 3m 4m 5m IDC
Expression
e
40
30
20
*
—_ .
10
o $ a
H 2m 3m 4m sm DG
Exprassion
e 2
600
500
400
300
200 e
pa o B
of = E
H 2m  3m 4m  Sm IDC
Expression
e
20. U 1
18
10 i
s | B F
&« B
o
H 2m  3m  4m 5m  IDC
Expression
0 e
T 1
30
20 I *
i .
10 *
h
& =
H 2m 3m 4m Sm IDC
Expression
2504 ¢ ek
200
1504
1004
o mww
50 N é - i
of at - - 1
'H 2m 3m 4m 5m IDC
500
dedede
400 i !
300
200 .
100 e = T
' = =
=
o = - I
H 2m  3m  4m  5m  IDC

10]

Expression

IDC

40

20

b —_—

DG

H

Expression

DCIS IDC

&0 [

£0

40,

an

DCIS IDC

°

H

DCIs IDC

= RegU/Or

MUCH

SPP1

EXO1

FOXM1

RRM2

DEPDC1

NUSAP1

229

Peaper

Figurel: Validation of themarker geneexpression by RT-PCR. Relativeexpression isshown in Box-Whisker - Plots. Gray
columnsshow a 50% rangeof thedata surrounding the median; black lineswithin each column mark themedian; circles
mark outliers. Significance was calculated with the Mann-Whitney-U test (P <=0.05*, P<=0.01**, P <=0.001three
stars). A: Pane of themurine samples. Controlsaretransgenic micebeforelactation (H). M onthsarecalculated from the
start of lactation (2m =2months, 3m=3months, 4m =4 months, 5m=5months; | DC =invasiveductal carcinoma). Each
group contains7 samples. B: Panel of human samples. Controlsarehealthy tissuesfrom reduction plastics (H).
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Theidentification of gene expresson signaturesor
molecular markersin DCISishindered by difficultiesin
obtaining sufficient numbersof frozen DCIS-samples
from the hospital. Thus, wefirst gpproached the prob-
lem usingamouse mode . We choosethe WAP-TNP8
mouse model of Schulze-Garg et d.[® becauseitisa
well described model for DCIS and exhibits long
latencyindeve opinginvadvetumours. Thisanima modd
has been used for detection of different tumour growth
kineticshy flat-pand volume computed tomography!*?,
for theanaysisof cdl type-specificexpressonof Casan
kinase 1 epsilon (CK 1€)1*4 and for amol ecul ar imag-
ing study of extradomain-b fibronectin (EDB-FN) tar-
geting neoangiogenesi shby near-infrared fluorescence™.
Inour study, weused thismodd for determiningtumour-
initiating factorsand investigating gene expression pro-
filesat different stages of tumour devel opment. Gene
profiling was confirmed within two panelsof human
DCISsamples. A panel of fresh frozen human samples
wasused for another geneexpression profilingandysis
inorder to verify whether the expression of the marker
genesidentifiedinthe murine samplesagreeswith that
found in thehuman samples. A second panel of human
FFPE samples, including highbut d solow grade DCIS,
was used for avalidation of the expression of the can-
didategenesontheproteinlevd. Inthisstudy, weiden-
tified seven marker geneswhich areoverexpressedin
DClSandinvasive carcinomasand allowed usto dis-
tingui sh between hedlthy and DCIS samples. Our marker
genesincludeMUC1, SPP1, RRM2, FOXM1, EXQOL1,
NUSAPL and DEPDCL1. Some of these markersare
already knownto berdated to DCIS; othersare com-
pletely novel for DCIS and even for breast cancer. In
thefuture, such molecular markersmay alow an early
detection of DCIS. Epithelial mucin 1 (MUCL1) isan
accepted serum tumour marker and cellular tumour
antigen*®l, According to immunohistological studies
MUC1 proteinexpressionisparticular highintumours,
whereit undergoeschangesin glycosylation and distri-
bution™. However alow leve of expressonof MUCL1
isasofoundin hedthy, undifferentiated (non-lactating)
breast tissue*®. The correlation between MUC1 ex-
pression and theclinical outcome of thepatientsis<till
under debate. While somein-vitro studiesshowed that
MUC1 overexpression promotescellular invasi on192

investigations of MUC1 expression of breast carcino-
mas have shown a better outcome for patients
overexpressing MUC124, MUC1 was found to be
commonly upregulated in both DCISand IDC™, Our
results also confirmed earlier findings showing that
MUCL1 is also up-regulated on the protein level in
DCIS?2, Similarly, overexpression of Osteopontin
(SPP1) hasbeenfound in avariety of cancers, includ-
ing breast, lung, colorectal, somach, ovarian cancers
and melanomal®?3, SPP1 is a phosphorylated
glycoproteinsecreted by several cell types, including
thoseinvolved in boneturnover and cdlsof theimmune
system>24, SPP1 has been associated with breast can-
cer progression, invasion and metastasig® and is
present inelevated levelsin the blood and plasma of
some patientswith metastatic cancers®. Wehavefound
SPP1 to besignificantly up-regulatedin DCIS. Previ-
oudy, Renholzet d. investigated theexpresson of SPP1
innormd ,non-invasive, invasveand metastatic human
breast cancer specimensby RT-PCR®. They showed
that themRNA level of SPP1increasedin non-inva-
SVe, invasiveand metastatic breast tumour ti ssue com-
pared to normal breast tissue. Wefound anincreasein
gtainingintensity for SPP1in DCIS samplescompared
to hedthy controls, which confirmsastudy by Oyama
et al., who detected positive staining of SPP1 using
immunohistochemistryon paraffin-embedded tissuesin
most cases of low-grade cribiform and high-grade
comedo-type ductal carcinomain situ®l, RRM2, a
ribonucleotidreductase (RR), was shown to be
overexpressed in human breast carcinoma tissue
(DCIS)B2, RR is responsible for the de novo
conversionof ribonucleosidediphosphates to
deoxyribonucleos dediphosphatesthat are essentia for
DNA synthesisand repairt®*34, RR consists of two sub-
units, M1 (RRM1) and M2 (RRM?2). Itisknown that
dterationsin RR levelscan havesignificant effectson
thebiologica propertiesof cdls, including tumour pro-
motion and tumour progression. In our findings, RRM2
was significantly up-regulated onthe RNA aswell as
ontheproteinlevel. Likewisethetranscription factor
forkhead box M1 (FOXM 1) wasfoundto bedifferen-
tially expressed in most solid tumours®!. FOXM1
stimul ates proliferationand cell cycle progression by
promoting entry into both S-phase and mitosis. In ad-
dition, it playsaroleinthe proper execution of mitosis.
FOXM lisimplicated in thetumourigenesisof more



RRBS, 7(6) 2013

Wisam Abd EI-MoatyKolab

231

than 20 types of human tumoursand contributesto both
tumour initiation and progress ont™!. FOXM lisbroadly
expressed in breast epithdia cel linesand seemsto be
sgnificantlyincreasad intransformed breest epithelid cdll
lines. Cong stently, FOXM1 expressionisspecificaly
elevated in breast carcinomas®’. Usingimmunohis-
tochemistry, Bektaset al. analysed FOXM 1 expres-
sionin humaninvasive breast carcinomasand normal
breast tissues on atissue microarray™. In contrast to
what could be expected from GO-anaysisthey found
astrong cytoplasmatic expression of thetranscription
factor FOXM 1, resulting most likely from itsstrong
overexpression. Additionaly, using RT-PCR, FOXM 1
was found to be overexpressed in breast cancer in
comparisonto normal breast tissue both onthe RNA
and proteinlevel. Furthermore, FOXM 1 wasfound to
be overexpressed during progression from DCIS to
invasive breast cancer!™. Our findings confirm these
results. FOXM 1 wassignificantly overexpressed al-
ready onthe DCISlevel and waseven higher expressed
in IDC. In contrast, overexpression of EXOL,
NUSAP1 andDEPDCL1in IDC and DCIShad not yet
been described. Wefound these genessignificantly up-
regulated in DCISaswell asinIDC. EXOL (exonu-
clease 1) hasbeenimplicated in amultitude of eukary-
otic DNA metabolic pathwaysthat include DNA re-
pair, recombination, replication, and tel omereintegyrity.
ThismakesEXO1 alogical target for mutation during
oncogenes §*9. However, Rassmussen et d. haveshown
high expressionlevelsof human EXOL transcriptsin
liver cancer cdll linesand in colon and pancreas adeno-
carcinomas, but not in the corresponding non-neopl as-
tictissud®, Thisisafirst hint that EXO1 isup-regu-
lated intumours. Nucleolar spindle-associated protein
(NUSAP1) wasidentified in 2003 asanovel 55-kD
vertebrate proteinwith selectiveexpressonin prolifer-
ating cdlg*y. mRNA and proteinlevelsof NUSP1 peak
at thetransition of G2 to mitosisand abruptly decline
after cdl divison. Interestingly, NUSAP1 wasfound to
be upregulated in melanomace lsby geneexpression
profiling of aseriesof melanomacell lines*3. Proteins
suchasNUSAPthat show littleor noexpressonin G1
and GO may bereliable histochemica markersfor pro-
liferation and might thereforebe useful for cancer prog-
nosis*Y. NUSAPL expression was significantly in-
creased in DCISand IDC inour study andistherefore
apromising new tumour marker. DEPDC1 (DEPdo-
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main containing 1) is also a newly detected gene.
Kanehiraet d. identifiedDEPDC1 asanove genethat
ishighly overexpressed in bladder cancer samples, but
not expressed in any human organs (heart, liver, kid-
ney, lung) except thetestis*. Our findings show that
DEPDC1 issgnificantly up-regulatedin DCISand IDC.
Preliminary resultsfrom astudy of thefunctional rel-
evance of DEPDC1 show that it seemsto beanimpor-
tant genefor proliferation aswell asfor migration and
invasion (C.S. manuscriptin progress). Wefound that
the seven putative marker genesare strongly up-regu-
latedinmiceandinhuman DCISsamples. Thisreveds
that the mouse model we used reflects human breast
cancer development. Previoudly, Klein et al.* com-
pared theexpresson profileof 24 human breast tumours
and six WAP-SV T/t micebreast tumours. They found
597 geneswhich areoverexpressed in breast cancer in
miced*l, Their list dso contains DEPDC1, NUSAPL,
MUCL, EXQO1, and RRM2. Someof our marker genes
have been described previoudy in human breast can-
cer. Ina22-gene signatureinvestigated by Martin et
a.[* FOXM1and RRM2 wereincluded. Thissigna-
ture accurately predicts breast cancer outcome“®, Ad-
ditionally, Maet a. devel oped agene expressionindex
for tumour gradein breast cancer patientswhichin-
cluded RRM 2, Thisisfurther evidencethat the can-
didate genesweidentified areimportant in tumour de-
velopment. Candidate genes were further validated
using Oncominehttp://www.oncomine.org, adatabase
for online cancer geneexpression analysis. Inthedata
st of Richardson et d. which compared normal breast
tissuewith IDC, six of our seven marker genesaresig-
nificantly up-regulated in IDC[46]. Additionally, al'so
using Oncomineto search for thetumour gradeand the
prognosticimpact, wefound that all the marker genes
except MUC1 weresgnificant for prognosisintheca-
culation of thisdatabase. Using ap-vaueof 0.001 these
genesare upregulated in multiple expression analyses
in patientswithapoor prognosis. Thisisanindication
that our panel of marker genescould aso beuseful asa
prognostic tool. Looking at thetumour grade, all the
genes except MUC1and SPP1 weresignificantly up-
regulated in samples with a high tumour grade in
Oncomine. Thus, themarker genesmight indicateahigh
grade of malignancy. Oneexplanation for thiscould be
that intheanalysis of thehuman samples, weused pre
dominantly sampleswith ahigh tumour grade. Onthe
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other hand, inthe case of themurinesamples, the speci-
mensweinvestigated werefrom avery early timepoint,
whereno DCIS (or few)were pathol ogically found. In
accordance with recent gene expression studies, our
datasupport thehypothesisthat critica molecular events
which haveaprofound influence on devel opment, pro-
gression and outcome of human breast cancer occur at
an early stage. Despite significant morphologic differ-
encesbetween thedifferent stages, expression profiles
of early lesonsarehighly smilar tothemore advanced,
invasivelesiong*. Thishasbeen demongtrated dsoon
theproteinlevel®®. Sorlieet d. claimed that extensive
sudiesof DCISand other preinvasivestagesof tumours
will enhancethishypothesisand substantiatethevaue
of gene express on-based classificationin the progno-
sisof breast cancer at an early stage®. Furthermore
Maet d . showed that the tumour microenvironment
of invasive breast tumours also participates in
tumourigenesis even beforetumour cellsinvadeinto
stroma. Thisisafurther hint that changesduring breast
cancer development occur at avery early time point
and that al so the tumour microenvironment playsan
important roleinthetrangtionfromprenvasvetoinva
sivegrowth. Wetook astep in thisdirection by show-
ingontheRNA leve aswell asontheproteinleve that
themarker geneswefound aredready significantly up-
regulated ontheleve of DCISand likewiselater onthe
IDClevd.
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