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Zusammenfassung
Hintergrund: Proteomanalysen haben sich zu einem ef-
fektiven Werkzeug in der Krebsforschung entwickelt. In 
dieser Arbeit setzen wir eine neue, gelfreie Methode, die 
sogenannte Tandem-Mass-Tag (TMT)-Referenzmethode, 
zur Charakterisierung von Mammakarzinomsubklassen 
ein. Material und Methoden: Proteomanalysen wurden 
für einen Vergleich von 10 Mammakarzinomproben mit 
positivem und 10 Proben mit negativem Östrogenrezep-
torstatus verwendet. Die erhaltenen Ergebnisse wurden 
anschließend mittels Western-Blot, Immunhistochemie 
und Genexpressionsanalysen validiert. Ergebnisse: 17 
Proteine mit signifikanten Unterschieden in ihrer Expres-
sionshöhe wurden identifiziert. 13 der Proteine zeigten 
eine stärkere Expression bei Östrogenrezeptor-negativen 
Tumoren und 4 eine bei Östrogenrezeptor-positiven Pro-
ben. Bei allen identifizierten Markern handelte es sich 
um Proteine mit relativ hoher Expressionsstärke in der 
Zelle. Schlussfolgerungen: Unsere Ergebnisse zeigen, 
dass der gelfreie TMT-Ansatz eine Quantifizierung von 
Unterschieden in der Expressionshöhe von Proteinen 
beim Mammakarzinom erlaubt. Eine weitere Verbesse-
rung der Empfindlichkeit durch Subfraktionierung des 
Gewebes sollte auch die Identifikation von in geringer 
Menge vorkommenden Proteinen erlauben und könnte 
zum Einsatz dieser Methode in der Brustkrebsforschung 
führen.

Key Words
Proteomics · Tandem mass tags · Breast cancer ·  
Estrogen receptor

Summary
Background: Proteomic analysis has become an effective 
tool in breast cancer research. In this study, we applied 
the new gel-free tandem mass tag (TMT) reference 
method for the first time in breast cancer. Materials and 
Methods: Proteomic analysis was used to compare 10 
estrogen receptor (ER)-positive and 10 ER-negative sam-
ples. The results of the proteomic approach were vali-
dated by Western blot, immunohistochemistry and gene 
expression analysis. Results: 17 proteins with significant 
differences in expression were identified. 13 proteins 
were overexpressed in ER-negative tumors and 4 were 
overexpressed in ER-positive samples. All these proteins 
were characterized by relatively high cellular abundance. 
Conclusions: Our results demonstrate that the gel-free 
TMT approach allows the quantification of differences in 
protein expression levels. Further improvement of the 
sensitivity by subfractionation of the tissue should allow 
also the identification of low-abundance proteins and 
might lead to the use of this method in breast cancer 
research.

http://dx.doi.org/10.1159%2F000272241


8 Breast Care 2010;5:7–10 Ruckhäberle/Karn/Hanker/Schwarz/ 
Schulz-Knappe/Kuhn/Böhm/Selzer/Neukum/ 
Engels/Holtrich/Kaufmann/Rody

order to screen for differentially expressed proteins. We 
demonstrate the feasibility of this TMT reference workflow. 
Furthermore, we validate our results by Western blot, immu-
nohistochemistry, and microarray analyses of breast cancer 
samples.

Materials and Methods

Tissue samples of invasive breast cancer cases were obtained with institu-
tional review board approval and informed consent from consecutive pa-
tients undergoing surgical resection between December 1996 and July 
2007 at the Department of Gynecology and Obstetrics at the Goethe Uni-
versity in Frankfurt. Protein preparation from tumor tissues, liquid chro-
matography (LC)-MS and peptide identification was done as described 
previously [9]. Validation of the LC-MS results was done by immunohis-
tochemistry and Western blot analyses using an anti-glutathione S-trans-
ferase P1 (GSTP1) antibody (HPA019869, Sigma). Isolation of RNA and 
expression profiling using Affymetrix Human Genome U133A microar-
rays was performed as described previously [12–14]. All reported p values 
are two sided, and p values of less than 0.05 were considered to indicate a 
significant result. All statistical analyses were performed using SPSS 15.0 
(SPSS Inc., Chicago, IL, USA). A detailed description of all experimental 
procedures is given in the supplementary material.

Results

We used the two isobaric TMTduplex reagents TMT2–126 and 
TMT2–127 (supplementary figure 1A, B), since their perform-
ance was demonstrated quite recently [9]. Our goal was to 
screen estrogen receptor (ER)-positive versus -negative 
breast cancer specimens for differentially expressed proteins. 
The rationale of isobaric label reagents is the simultaneous 
generation of both identification and quantification data 
whilst maintaining optimal quantitative control by comparing 
all samples to the same spiked reference. We used a reference 
sample from equal aliquots of all study samples.

Proteomic analysis could be performed with all (10) sam-
ples of the ER-negative sample group. The clinical character-
istics of the analyzed breast cancers are presented in supple-
mentary table 3. From the ER-positive sample collective, one 
sample was excluded because of low quality. For an internal 
standardization, each individual sample was spiked with the 
same amount of the reference sample. This reference was 
generated as an equal mixture of all individual samples. Sup-
plementary figure 2 exemplifies the results of LC-MS/MS of 2 
ER-positive and 2 ER-negative samples.

Overall, 375 proteins could be identified over the 19 inves-
tigated samples, with a range from 150 to 206 proteins identi-
fied per individual sample (table 1). From the 375 proteins, 
149 were identified and quantified in at least 5 individual sam-
ples per group, which made them accessible for statistical 
analysis. Based on the protein expression levels, 3 groups 
could be identified. For 18 proteins, significant (p ≤ 0.05) dif-
ferences in expression levels were found between the ER-pos-

Introduction

Breast cancer is the most frequent cancer in women world-
wide. Proteomics could open up new ways of screening [1–4], 
prediction of therapeutic success and screening for metastases 
in breast cancer. Proteomic analysis offers several advantages 
compared to genomics [5]. For example, the expression of 
mRNA does not necessarily lead to translation of the corre-
sponding proteins, or proteins can undergo a vast number of 
posttranslational modifications which affect their stability, lo-
calization, interaction and function.

The common protein expression profiling (expression pro-
teomics) approach relies on the separation of the proteome 
using two-dimensional gel electrophoresis (2-DE), staining of 
the separated proteins with silver or an appropriate dye, com-
paring the gel images using specific software packages, and 
identification of the proteins of interest by matrix-assisted 
laser desorption/ionization (MALDI) peptide mass finger-
printing [6]. A major drawback of 2-DE-based proteomics 
may be that proteins with extreme biochemical properties like 
membrane proteins are more difficult to detect [5]. Also, the 
technical variations of the workflows used for 2-DE-polyacryl-
amid gel electrophoresis (PAGE) make the search for smaller 
changes in expression very challenging [7]. Over the last years, 
gel-free proteomic workflows have been developed, which are 
mainly based on chromatographic separation after tryptic pro-
tein digestion and the use of mass spectrometry (MS) for the 
identification and quantification of hundreds of proteins from 
minute amounts of sample [6, 8]. A distinct advantage of these 
workflows is in the virtually complete proteome capture since 
almost all proteins of every cellular compartment are made ac-
cessible. In a special refinement, such gel-free proteomic ap-
proaches today make use of specific protein labeling of indi-
vidual patient samples, with subsequent mixing of the samples. 
Thus, technical variations in workflows should be minimized 
and therefore small changes in protein expression can be ana-
lyzed. Recently, isobaric label reagents, such as tandem mass 
tags (TMT®; Proteome Sciences) and isobaric tags for relative 
and absolute quantification (iTRAQTM; Applied Biosystems), 
have been developed for MS-based protein detection and 
quantification in complex mixtures [9–11]. Two different sets 
of tags of the TMT label reagents are available, which share 
the chemical structure but differ in the number of incorpo-
rated heavy isotopes; i.e., the TMTduplex allows for the rou-
tine investigation of 2 different samples in parallel and the 
TMTsixplex allows for the simultaneous analysis of 6 samples. 
This multiplexing feature is particularly useful when more 
than 2 sample sets are compared or when biological systems 
are investigated over multiple time points. The TMT label at-
taches to amino groups of peptides (both N-terminal a-amino 
groups and e-amino groups of lysine residues) that are gener-
ated by tryptic digestion of a protein mixture.

In this study, we applied for the first time a TMT refer-
ence material-based workflow to breast cancer specimens in 
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reducing analytical deviations from run to run. The use of iso-
baric label reagents in particular allows for a larger number of 
samples to be analyzed. By including all study samples in the 
reference, it is made sure that every single protein present in 
any sample is represented as reference point in all individual 
analysis runs.

Gene expression analysis has become an established clinical 
predictive tools to identify tumor subtypes, to identify patients 
showing poor/good prognosis and to identify patients likely to 
have disease recurrence [15]. We validated the data from our 

itive and the ER-negative group (supplementary table 4). The 
remaining proteins exhibited similar expression levels in both 
groups.

Within the group with significantly differentially expressed 
proteins, 13 proteins were higher expressed in the ER-nega-
tive subgroup (supplementary table 4). These proteins are two 
isoforms of a-enolase, GSTP, calreticulin, nucleolin, thymi-
dine phosphorylase, thymosin-like 3, phosphoglycerat ki-
nase-1, protein disulfide-isomerase, ras-related protein rap-1b, 
thymosin beta-10, transaldolase 1, 14–3–3 protein sigma, and 
actin cytoplasmic. The remaining four proteins, decorin, 
mimecan, biglycan, and asporin (ASPN) protein, show higher 
expression levels in the ER-positive subgroup. We next veri-
fied the results of LC-MS by immunohistochemistry and West-
ern blot using a monoclonal antibody raised against GSTP1. 
Both immunohistochemistry and Western blot analysis con-
firmed the LC-MS results (supplementary figures 3 and 4). In 
addition, we validated our LC-MS data on the mRNA level 
using microarray analysis. We used microarray data from a co-
hort of 119 primary breast cancer patients we have described 
previously [12, 13]. Clinical characteristics of the investigated 
breast cancers are described in supplementary table 2. The 
gene expression data from all 17 proteins identified above as 
differentially expressed between ER-positive and ER-negative 
samples were compared. As shown in figure 1, 2 out of 4 pro-
teins (mimecan, ASPN) that were found at higher levels in the 
ER-positive subgroup also displayed higher mRNA expres-
sion in the analyzed dataset (fig. 1A). Decorin und biglycan 
failed to show differences between ER-positive and -negative 
samples on the mRNA level. Furthermore, we confirmed the 
higher expression of 12 out of 13 proteins in ER-negative sam-
ples on the mRNA level (fig. 1B). Only thymosine beta 4 
(TMSB4X) and RAP1B did not show a significant result.

Discussion

In the present work, isobaric label reagents, namely the TMT-
duplex reagents, were applied in order to search for differ-
ences in protein expression between ER-positive and ER-
negative breast cancer by LC-MS/MS. Isobaric label reagents 
show several features that make them very appropriate for 
discovery purposes in biomarker search studies: The labeling 
of proteins with chemical tags in general allows for mixing, 

Table 1. Numbers of identified 

Proteins, n

Overall identified in 19 samples 375
Range 150–260
Identified in at least 5 samples per group 149
Differentially expressed  32
Statistically significant (p < 0.05)  17

 

 
Fig. 1. Validation of proteomic data by microarray analysis. The 
mRNA expression of the 17 proteins that were found by proteome anal-
ysis to be differentially expressed between ER-positive and ER-negative 
tumors was studied using a microarray dataset from 119 breast cancer 
samples. Box plots comparing the normalized expression values of ER-
positive and ER-negative samples are shown for those 4 markers that 
were found to be higher expressed in ER-positive samples (A) and those 
13 markers found to be higher expressed in ER-negative samples (B); p 
values according to Mann-Whitney U-test are given for each gene.
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pilot study on a very small sample cohort was not planned to 
identify predictors of the ER status of the tumor. Thus, no 
analyses on specificity and sensitivity were performed. More-
over, validation studies on larger cohorts are needed to analyze 
the biological value of the detected differences.

Conclusions

Our results demonstrate that the gel-free TMTduplex ap-
proach allows the quantification of differences in protein ex-
pression levels. Further improvement of the sensitivity by 
subfractionation of the tissue should allow also the identifica-
tion of low-abundance proteins and might lead to the use of 
this method in breast cancer research.

Supplemental Material and Methods

Please refer to www.karger.com/doi=10.1159/000272241.
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proteomic analyses on the mRNA level using microarray analy- 
sis. We compared the gene expression of proteins identified as 
differentially expressed between ER-positive and ER-negative 
subgroups. In our dataset of 119 clinical breast cancers, we 
confirmed higher expression of mimecan and ASPN protein in 
the ER-positive subgroup and 12 out of 13 identified proteins 
in the ER-negative subgroup (fig. 1). Several microarray stud-
ies investigated differences between ER-positive and -negative 
tumors on the level of gene expression [15, 16]. Even though 
differences exist between those reports, they all agree on some 
top markers that are highly overexpressed in ER-positive sam-
ples, e.g. estrogen receptor one (ESR1), GATA 3 and 
SLC39A6 (LIV1), FOXA1, IGFBP2, and cyclin D1. In con-
trast, EGFR, keratin 7, cathepsin C, cadherin 3, and lactate 
dehydrogenase B featured higher expression in microarray 
analysis of ER-negative samples. However, a large number of 
markers that were consistently found in microarray studies by 
various authors were missing in our proteomic approach.

Our results demonstrate the principal feasibility of the 
TMTduplex label reagents in breast cancer research. We found 
significant differences between ER-positive and -negative sam-
ples. However, our quantitative profiling of the approximately 
top 200 proteins delivered mainly mid- to high-abundant pro-
teins from the entire tissue sample, including tumor cells, non-
tumor cells and interstitial fluids. Subfractionation strategies, 
e.g. by laser capture microdissection or by biochemical separa-
tion, would also be possible using the TMT reference concept. 
Based on the obvious lack of analytical sensitivity, we were not 
able to demonstrate differences in expression of lower-abun-
dant proteins, including the ER itself. By subfractionating sam-
ples, we expect to quantify many more proteins, thereby im-
proving the method. Furthermore, it should be noted that our 
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Supplementary�Material�and�Methods:�


�


Sample�collection�


Tissue� samples� of� invasive� breast� cancer� cases� were� obtained� with� institutional� review� board�


approval� and� informed� consent� from� consecutive� patients� undergoing� surgical� resection� between�


December� 1996� and� July� 2007� at� the� Department� of� Gynecology� and� Obstetrics� at� the� GoetheͲ


University�in�Frankfurt.�All�tissue�samples�were�stored�in�liquid�nitrogen.�Samples�were�characterized�


according�to�standard�pathology� including� the�estrogen�receptor�status�by� ligand�binding�assays�or�


immunohistochemistry�(IHC).��


�


Preparation�of�total�tissue�lysate�


The�tissue�samples�were�ground�up�with�a�dismembrator�(MikroͲDismembrator�S,�B.�Braun�Biotech�


International)�under�regular�cooling�with�liquid�nitrogen.�Thereby,�the�deepͲfrozen�tissue�sample�was�


given�into�a�Teflon�vessel�(5�ml�volume)�equipped�with�a�steel�ball�and�the�vessel�was�shaken�with�a�


frequency�of�1000�Hz.�The�resulting�tissue�powder�was�taken�up� in�500�µl�SDS�solution�0.2%� [w/v]�


and�treated�with�a�WͲ450D�sonifier�tip�(Branson).�The�debris�was�pelleted�by�centrifugation�at�10,000�


g� for�4�min�and� the� supernatant�was� retained�each.�Remaining� lipids�were� removed�by�additional�


centrifugation�of� the�supernatant�at�10,000�g� for�4�min�which�concentrates� the� lipids� in� the�upper�


layer.� The� aqueous� phase�was� obtained� by� thorough� pipetting.� If� necessary,� this� procedure�was�


repeated.�The�recovered�samples�were�diluted�1:1�by�the�addition�of�borate�buffer�pH�7.5�200�mM�


(Na2B4O7�*�10H2O,�pH�adjusted�with�HCl).�The�protein�content�of�the�solution�was�determined�by�BCA�


protein�assay�(Pierce)�and�adjusted�to�1�µg/µl�by�further�dilution�with�100mM�borate�buffer�pH�7.5�


containing�0.1%�SDS.�The�samples�were�stored�at�–80°�C�until�further�processing.�


�


Reduction,�alkylation,�digestion�and�labelling�with�TMTduplex�reagents�of�the�cell�lysate�samples�


250�µl�of�each�diluted� tissue� lysate� sample�were� reduced� for�30�min�at� room� temperature�by� the�


addition�of�13.2�µl� tris[2Ͳcarboxyethyl]phosphine*HCl� � (20�mM� in�ddH2O)�and�alkylated� for�1�h�at�


room�temperature�by�the�addition�of�13.9�µl� iodoacetamide�(150�mM� in�acetonitrile).�To�digest�the�


proteins,�25�µl�of�a�freshly�prepared�trypsin�solution�(sequencing�grade�modified�trypsin,�Promega)�


with�0.4�µg/µl�in�100�mM�borate�pH�7.5�were�added�(the�same�stock�solution�of�trypsin�was�used�for�


all�digestions�performed).�The�solutions�were�incubated�at�37°C�for�18�h�(Figure�1A).�







After�the�tryptic�digestion,�121�µl�were�taken�from�each�individual�digest�(to�contain�100�µg�protein�


material)�and�transferred�into�a�new�vial.�Additional�151�µl�of�each�tryptic�digest�(to�contain�125�µg�


protein�material)�were�taken�and�combined� into�a�15�ml�vial�to�generate�the�reference�sample.�All�


individual�samples�were�labelled�with�the�TMTduplex�reagent�TMT2Ͳ126�(Fig.�1B)�by�addition�of�40.3�


µl�of�a�60�mM�solution�of�this�reagent�in�acetonitrile�(Figure�1A).�The�reference�sample�was�labelled�


with� the�TMTduplex� reagent�TMT2Ͳ127� (Fig.�1B)�by�addition�of�957�µl�of�a�60�mM�solution�of� that�


reagent� in�acetonitrile� (Figure�1A).�The� samples�were� shaken� for�60�min�at� room� temperature.�To�


reverse�occasional� labelling�of�Tyr,�Ser�and�Thr�residues,�aqueous�hydroxylamine�solution�5%� [w/v]�


was� added� (8.5µl� to� each� individual� sample� and� 201� µl� to� the� reference� sample).� After� 15�min�


incubation�at�room�temperature,�each�individual�sample�was�spiked�with�161�µl�of�the�reference�mix�


(to�contain�100�µg�protein�material)�and�incubated�for�additional�15�min.�The�samples�were�diluted�


with� 3�ml�water/acetonitrile� 95:5� +� 0.1%� TFA� each� and� desalted� using�HLB�Oasis� cartridges� (1cc,�


30mg,�Waters).�The�eluate�fractions�were�further�purified�by�strong�cation�exchange�(SCX)�using�selfͲ


made� cartridges� (CHROMABOND� empty� columns� 15ml,� MachereyͲNagel,� filled� with� 650µl� SP�


Sepharose�Fast�Flow,�Sigma).�After� loading� the�peptides�and�washing�with�4�ml�water/acetonitrile�


75:25�+�0.1%�TFA,�peptides�were�eluted�with�2�ml�H2O:ACN�75:25�+�400mM�ammonium�acetate.�The�


samples� were� dried� in� a� vacuum� concentrator.� The� remaining� residue� was� dissolved� in� 200� µl�


water/acetonitrile�95:5�+�0.1%�TFA�and�stored�at�–20°C�until�further�processing.����


�


LCͲMS/MS�


Each�sample�was�measured�on�a�Micromass�QͲTof2�coupled�to�a�CapLC�System�(Waters).�A�3�µm�120�


Å�PerfectSil�C18�(MZ�Analysentechnik)�0.075�×�150�mm�column�was�selfͲpacked.�5µl�of�the�samples�


were�injected.�After�loading�and�washing�of�the�sample�during�10�min�with�H2O/FA�(99.9%/0.1%)�on�


a�C18�Pepmap100�0.3� ×� 5�mm�µ�precolumn� (Dionex),� the� separation�was� run� for�85�min�using� a�


gradient�of�H2O/FA�99.9%/0.1%�(solvent�A)�and�CH3CN/FA�99.9%/0.1%�(solvent�B).�The�gradient�was�


developed�as�follows:�0�min�at�5%�B,�then�in�10�min�to�10%�B,�30%�B�at�90�min,�95%�B�at�95�min�to�


105�min,�at�a�flow�rate�of�~�300�nLͼminо1.�All�mass�spectra�were�acquired�in�positive�ionization�mode�


with�an�m/z�scan� range�of�400–1500�Th.�After�selection�of�up� to�2�most� intense�precursor�masses�


(charge� states�2+,�3+,�and�4+�allowed)� in�MS�mode�with�1� s� scan�duration,�MS/MS� scan� functions�


were�carried�out�with�scan�duration�of�1.4�s.�Tandem�mass�spectra�were�recorded�with�an�m/z�scan�


range�of�50–2000�Th.��


�







Peptide�and�protein�identification�


Peak�lists�were�generated�as�SEQUEST�compatible�*.dta�files�after�smoothing�(window:�4�channels,�2�


smoothing�steps,�SavitzkyͲGolay)�and�centroiding�(min.�peak�width�at�half�height:�5,�centroid�top�at�


80%�height)�the�MS/MS�spectra�(MassLynx�Version�4.0�SP1).�The�resulting�*.dta�files�were�searched�


against�the�human�subset�of�the�IPI�database�by�SEQUEST�(TurboSEQUEST,�Version�27)�[1]�using�the�


following� parameters:� Cys� +57.0215� (static),� Lys� +225.1558� (static),� Nter� peptide� +� 225.1558�


(differential).� Trypsin�was� used� as� enzyme� restriction�with� 3� allowed�miscleavages,� and� as�mass�


tolerance�+/Ͳ150�ppm�was�allowed�for�the�precursor�masses.�


The�obtained�*.out� files� from�doubly�and�triply�charged�precursors� from�the�SEQUEST�search�were�


analysed�automatically�by�the�programs�PeptideProphet�and�ProteinProphet�(Version�2.0)�[2,3].�Only�


proteins�with�a�probability�value�t�0.5�from�the�ProteinProphet�search�were�further�investigated�by�a�


detailed�manual�analysis.�The�corresponding�peptides� that� represent� those�proteins�usually�had� to�


reach�'Cn�t� 0.1� from� the� SEQUEST� search� and�probability� values�t� 0.5� from� the� PeptideProphet�


search�in�order�to�be�accepted.�All�*.out�files�from�4+�charged�precursors�from�the�SEQUEST�search�


were�manually� investigated.�A�minimal� cross� correlation� score� (Xcorr)� of� 2.5� and� a�'Cn� t� 0.2�was�


required.�If�a�protein�was�represented�by�one�peptide�only,�the�corresponding�MS/MS�spectrum�was�


visually� inspected� and� only� accepted� if� the� major� product� ions� matched� with� the� theoretically�


predicted�product�ions�from�the�database�


Peptide�and�protein�quantitation��


The�peptide�and�protein�quantitations�were�computed� in�“R”�as�general�programming�environment�


for� statistical� exploration� of� data� sets� (http://www.rͲproject.org,� version� 2.4.1.� used� for� all�


calculations� with� packages� “Hmisc� 3.3Ͳ2”� for� general� data� analysis,� “outliers� 0.13”� for� outlier�


identification�and�“r.com�1.5Ͳ2”�for�interfacing�with�MS�Excel).�Intensities�of�the�reporter�ions�at�m/z�


126.13�and�127.13�were�extracted�from�*.dta�files�with�a�window�of�+/Ͳ�0.025�Th.�The�reporter�ions�


of� a� given�*.dta� file�had� to� show�minimal� intensities� to�be� included� in� analysis.�Either�one�of� the�


reporter� ions�had�to�have�at� least�80�counts�or�both�reporter� ions�to�have�at� least�10�counts,�after�


peak�processing� as�described� above,� and� the� respective�MS/MS� spectrum�had� to�be� identified� as�


completely� labelled� peptide� to� be� selected� for� further� statistical� analysis.� The� individual� reporter�


intensities�were�normalised�based�on�the�ratio�of�the�summed�reporter� intensities.�The�ratio�of�the�


reporter�ions�of�each�individual�*.dta�file�was�calculated�as�int�(m/z�127)�/�int�(m/z�126).�The�resulting�


ratios�were� log10�scaled� in�order�to�achieve�a�normal�distribution[4].�To�obtain�quantitation�values�


for� the� proteins,� the�meanL,� standard� deviation� (SDL),� the� coefficient� of� variation� (CVL)� and� the�


medianL�were�calculated�from�the�individual�logarithmised�ratios�based�on�the�grouping�procedure�of�







the� ProteinProphet� analysis.� For� the� identification� of� proteins,� which� are� significantly� regulated�


between� the� ER+� and� ERͲ� group� the� data� was� subjected� to� nonͲparametric� MannͲWhitney� UͲ


testing[5]�using�the�median�values.�


�


Validation�of�the�proteomic�results�by�immunohistochemistry�and�Western�Blot�


Immunohistochemistry:�


1�ʅm�sections�were�mounted�on�Superfrost�Plus�slides,�dewaxed� in�xylene�and�rehydrated�through�


graduated�ethanol�to�water.�Antigens�were�retrieved�in�a�pressure�cooker�(10�mM�citrate�buffer�(pH�


6.0)� for�35� sec).�Sections�were� incubated�with�an�GSTP1Ͳ�antibody� (HPA019869,�Sigma)� for�1�h�at�


room� temperature.� For� negative� controls,� the� primary� antibodies� were� replaced� with� PBS.� For�


detection� the� Dako� REAL� EnVision� Detection� System� Peroxidase/DAB+� Rabbit/Mouse� (Dako,�


Danmark)�was�used� following� the�protocol�of� the� supplier� and� sections�were� counterstained�with�


Hematoxylin�solution,�Gill�No.�3�(Sigma).�Negative�control�slides�without�antibody�were�included�for�


each�staining.��


�


Western�Blot:�


4Ͳ20�%�TrisͲTricine�Gel�(Proteome�Sciences),�protein�load�per�lane:�30�µg,�Run�at�10°C�


Blotted� onto� PVDF� (Millipore),� Primary� antibody:� AntiͲGSTP1� (HPA019869,� Sigma);� Secondary�


antibody:�GoatͲantiͲrabbitͲperoxidase�(111Ͳ035Ͳ045,�Jackson�Immuno�Research)�


Substrate:�Femto�(Thermo�Scientific)�


Instrument:�Versadoc5000�(BioͲRad)�


Quantification�software:�QuantityOne�Version�4.65�(BioͲRad)�


Identical�tissue�lysates�applied�to�Western�blot�analysis�as�used�for�the�TMTduplex�study�(in�WB:�six�


samples�per�group)�


Experiment�carried�out�twice�with�randomised�sample�order�


�


2.8�Microarray�analysis�of�the�validation�collective:�


Isolation�of�RNA�and�expression�profiling�using�Affymetrix�Human�Genome�U133A�microarrays�was�


performed� as�described� previously� [6,7].�Hybridization� intensity�data�were� automatically� acquired�


and� processed� by� Affymetrix� Microarray� Suite� 5.0� software.� Gene� chip� expression� values� were�


adjusted�by�log2�transformation,�median�centering�and�magnitude�normalization�[8].�Supplementary�


Table�3�gives�details�on�the�Affymetrix�Probesets�used�in�the�analyses.�All�reported�P�values�are�two�







sided�and�P�values�of� less� than�0.05�were� considered� to� indicate�a� significant� result.�All� statistical�


analyses�were�performed�using�SPSS�15.0�(SPSS�Inc.,�Chicago,�IL).�


�
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Suppl�� �������Tab�e�1:�Affymetrix�Probesets���corresponding���to�the��protein��identified��by�proteomic��
analysis.�


IPI� GeneSymbol� Affymetrix�sample�setͲID*


IPI00025465� OGN� 218730_s_at
IPI00012119� DCN� 209335_at
� 201893_x_at
� 211813_x_at
� 211896_s_at
IPI00010790� BGN� 201261_x_at
� 201262_s_at
� 213905_x_at
IPI00418431� ASPN� 219087_at
IPI00465248� ENO1� 217294_s_at
� 203832_at
� 216554_s_at
� 201231_s_at
IPI00219757� GSTP1� 200824_at
IPI00020599� CALR� 212953_x_at
� 212952_at
� 200935_at
� 214315_x_at
� 214316_x_at
IPI00444262� NCL� 200610_s_at
IPI00292858� ECGF1� 204858_s_at
� 217497_at
IPI00180240� TMSB4X� 216438_s_at
IPI00169383� PGK1� 217356_s_at
� 200738_s_at
� 200737_at
� 221616_s_at
� 221617_at
IPI00010796� P4HB� 200656_s_at
� 200654_at
IPI00015148� RAP1B� 200833_s_at
IPI00220827� TMSB10� 222246_at
� 217733_s_at
� 208849_at
IPI00550488� TALDO1� 201463_s_at
IPI00013890� SFN� 33322_i_at
� 209260_at
� 33323_r_at
IPI00021439� ACTB� 200801_x_at
� 213867_x_at


*If�several�sample�sets�were�available,�the�bold�marked�was�used�for�validation�







 
Supplementary Table 2:  
 
Clinical characteristics of breast cancers used for microarray validation 
 
 


   


   


  (n=119) 


   
   
Age < 50 59 
 � 50 60 
   
T 1 60 
 2 49 
 3 4 
 4 6 
   
Nodal status negative 66 
 positive 51 
 unknown 2 
   
Histology ductal 87 
 lobular 25 
 mixed 3 
 other 4 
   
Molecular Grading high proliferation 60 
 low Proliferation 59 
   
ER  status positive 79 
 negative 40 
   
HER2 status positive 23 
 negative 96 
   


 


 


 


 


 


 







Supplementary�Table�3:�Clinical�characteristics�of�breast�cancers�used�in�LCͲMS�analysis�


Clinical�parameter� �
ER�positive�


Tumors�


ER�negative�


Tumors�


Chi2–Test��


PͲvalue�


Age� ч�50� 20.0�%� 44.4�%� �


� >�50� 80.0�%� 55.6�%� n.s.�


Tumor�size�� ч�2�cm� 80.0�%� 60.0�%� �


� >�2cm� 20.0�%� 40.0�%� n.s.�


Nodal�status� negative� 90.0�%� 50.0�%� �


� positive� 10.0�%� 50.0�%� n.s.�


Tumor��Grade� G1� 10.0�%� 11.1�%� �


� G2� 90.0�%� 33.3�%� �


� G3� 0�%� 55.6�%� 0.02�


PgRͲStatus� positive� 80.0�%� 0�%� �


� negative� 20.0�%� 100�%� 0.001�


HER2ͲStatus� positive�(3+)� 0�%� 25.0�%� �


� negative� 100�%� 75.0�%� n.s.�
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Supplementary Table �: Characteristics of proteins differentially expressed between ER positive and ER negative samples 


 Protein IPI Gene 
symbol P-value* Mean value 


ER-neg. 
Mean value 


ER-pos. 
Microarray 
validation  
P-Value* 


Higher expression in ER positive sample group:  


 MIMECAN IPI00025465 OGN 0.008 0.7 1.4 0.004 
 DECORIN IPI00012119 DCN 0.008 0.6 1.3 n.s. 
 BIGLYCAN IPI00010790 BGN 0.010 0.7 1.2 n.s. 
 ASPN PROTEIN IPI00418431 ASPN 0.022 0.8 1.3 0.001 


Higher expression in ER negative sample group:  


 ALPHA-ENOLASE IPI00465248 ENO1 0.006 1.2 0.7 <0.001 
 GLUTATHIONE S-TRANSFERASE P. IPI00219757 GSTP 0.008 1.5 0.5 <0.001 
 CALRETICULIN IPI00020599 CALR 0.013 1.2 0.8 0.004 
 NUCLEOLIN IPI00444262 NCL 0.016 1.3 0.9 0.005 
 THYMIDINE PHOSPHORYLASE IPI00292858 ECGF1 0.016 1.5 0.7 0.005 
 ALPHA-ENOLASE. LUNG SPECIFIC. IPI00013769 ENO1 0.017 1.2 0.7 <0.001 
 THYMOSIN4 Beta-LIKE 3. IPI00180240 TMSB4X 0.018 1.5 0.8 n.s. 
 PHOSPHOGLYCERATE KINASE 1. IPI00169383 PGK1 0.021 1.3 0.8 <0.001 
 PROTEIN DISULFIDE-ISOMERASE IPI00010796 P4HB 0.027 1.4 0.9 0.023 
 RAS-RELATED PROTEIN RAP-1B IPI00015148 RAP1B 0.035 1.5 1.0 n.s. 
 THYMOSIN BETA-10. IPI00220827 TMSB10 0.040 1.2 0.7 0.005 
 TRANSALDOLASE 1. IPI00550488 TALDO1 0.041 1.3 0.8 <0.001 
 14-3-3 PROTEIN SIGMA. IPI00013890 SFN 0.043 1.2 0.8 0.002 
 ACTIN. CYTOPLASMIC 1. IPI00021439 ACTB 0.044 1.1 0.8 n.s. 


*Mann-Whitney- U Test 
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Supplementary Figure 1:  Overview of the TMTduplex method 


A) The general workflow for TMTduplex applications. Two protein samples from a patient 


sample or a reference sample are prepared for mass spectrometric analysis. This includes 


reduction of disulfide bridges and alkylation of Cystein residues, followed by tryptic 


digestion. After labeling with the TMTduplex reagents the samples are combined and applied 


to LC-MS/MS analysis. The obtained data is analyzed to retrieve identification by using 


sequence-specific fragment ions and quantification of peptides by using sample-specific 


reporter ions.  


B) The two TMTduplex reagents. A succinimide ester group will react with amines and 


covalently couple TMT to amine functions of peptides (N-terminal, Lysine). The red asterisk 


indicates the position of the heavy isotope 13C. The blue dotted line indicates the 


fragmentation site to release the reporter group (left part of the cleavage site) upon MS/MS. 


Masses of the reporter groups: 126.13 and 127.13 Da, resp. 


 


 







 


Supplementary Figure 2: Example of LC-MS/MS analysis 


Basepeak chromatograms are shown of two samples with ER positive status (upper traces) and two 


ER negative (lower traces). 
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Suppl.�Figure��: � Validation�of�GST1P�expression�in�invasive�breast�cancer�samples�by�
Western�blot�analysis�


Western�Blot�analyses�were�performed�using�a�4Ͳ20�%� trisͲtricine�gel� loading�30�µg�of�protein�per�
lane.� Proteins�were� blotted� onto� PVDF�membranes� and� stained� subsequently�with� an� antiͲGSTP1�
antibody.�Detection�was�performed�using�a�secondary�goatͲantiͲrabbitͲperoxidase�antibody.�Western�
blot�analysis�was� carried�out� twice�with� randomized� sample�order.�The�western�blots� confirm� the�
proteomic�results�and�demonstrate�higher�GSTP�1�expression�in�ER�negative�samples.��
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Suppl.�Figure��: � Validation�of�GST1P�expression�in�invasive�breast�cancer�samples�by�
IHC�


Ductal�breast�cancer�samples�which�displayed�either�high�(A)�or�low�(B)�GSTP1�expression�according�
to�the�proteomic�analysis�were�subsequently�analyzed�by�immunohistochemistry�using�a�monoclonal�
antibody�directed�against�GSTP1.� Immunohistochemistry�of�an�ER�negative�sample�with�high�GSTP1�
expression�in�(A)�revealed�a�strong�nuclear�and�cytoplasmic�staining�of�tumor�cells,�while�stromal�and�
plasma�cells�demonstrate�only�week�staining� intensity.� In�contrast,� in�the� low�GSTP1�expressing�ER�
positive� tumor� sample� shown� in� (B),� only� some� tumor� cells� displayed� GSTP1� expression� while�
lymphocytes�and�stromal�cells�showed�some�staining.��
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