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The driving force behind oncoproteomics is to identify biomarker signatures associated

with a particular malignancy. Here, we have for the first time used large-scale recombinant

scFv antibody microarrays in an attempt to classify metastatic breast cancer versus healthy

controls, based on differential protein expression profiling of whole serum samples. Using

this multiplexed and miniaturised assay set-up providing pM range sensitivities, breast

cancer could be classified with a specificity and sensitivity of 85% based on 129 serum ana-

lytes. However, by adopting a condensed 11 analyte biomarker signature, composed of nine

non-redundant serum proteins, we were able to distinguish cancer versus healthy serum

proteomes with a 95% sensitivity and specificity, respectively. When a subgroup of patients,

not receiving anti-inflammatory drugs, was analysed, a novel eight analyte biomarker sig-

nature with a further improved predictive power was indicated. In a longer perspective,

antibody microarray analysis could provide a tool for the development of improved diag-

nostics and intensified biomarker discovery for breast cancer patients.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Early and improved detection and diagnosis of breast cancer,

which is the worldwide most common form (about 30%) of

cancer in females, is essential.1,2 The recent progress of pro-

teomics has opened up novel avenues for cancer-related bio-

marker discovery.3,4 However, adopting high-throughput

proteomic approaches to multiplexed set-ups, providing a

minimally invasive screening procedure, targeting non-frac-

tionated biological fluids, such as blood, has proven to be chal-

lenging.1,2,4 Antibody-based microarrays is a rapidly emerging

affinity-proteomic technology that is likely to play an increas-

ing role within oncoproteomics.5 In recent years, the technol-

ogy has made significant progress6,7 (for review see Refs. 8–11)
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now allowing us to design miniaturised array platforms, capa-

ble of simultaneously profiling numerous low-abundant pro-

tein analytes in complex proteomes, such as plasma and

serum, while consuming only minute amounts of sam-

ple.6,12,13 Adopting antibody microarrays, translational proteo-

mics is one immediate application where comparative protein

expression profiling analysis of cancer versus normal proteo-

mes could yield tentative predictive biomarker signatures.
12–18 From a clinical point of view, we also need increased pos-

sibilities to individually monitor disease progression and

response to treatment, since no therapy has the same effect

on a large number of patients with the same diagnosis.

To increase the diagnostic and predictive power in cancer,

the critical value of using more than one biomarker has
.
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Table 1 – Patient demographics and clinical parameters

Class

BC N

Number of samples 20 20

Age

Mean 60 57

Range 48–75 47–60

ER status

ER+ 15 –

ER– 3 –

n.d. 2 –

PgR status

PgR+ 7 –

PgR– 10 –

n.d. 3

Clinical stagea

I 2 –

II 8 –

III 5 –

IV 3 –

n.d. 2 –

Histological grade

I 1 –

II 8 –

II–III 3 –

III 8 –

Histological type

Ductal 12 –

Lobular 4 –

Mixed 2 –

n.d. 2 –

Drugsb

Yes 14 14

No 6 6

ER = oestrogen receptor; PgR = progesterone receptor; n.d. = not

determined.

a Refers to the stage at primary diagnosis.

b All BC patients were treated with a range of various agents (data

not shown). Here, only those BC patients (and healthy controls)

that had taken any anti-inflammatory drugs and/or hormones at

the time when the serum samples were collected are defined.
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already been suggested,2,19–21 which now drives the search

for specific disease-associated biomarker signatures.3,4 This

is true, to an even higher degree, for heterogeneous disease,

such as breast cancer, where a single biomarker is unlikely

to give conclusive diagnostic information to successfully

stratify all the different disease states known. This is illus-

trated by the fact that altered serum levels of a variety of

(single) analytes, such as truncated forms of complement

protein C3a,22 cancer antigen (CA) 15-3,3 carcinoembryonic

antigen (CEA),2 glycoproteins of the MUC family,2 autoanti-

bodies,2 sialyl Lewisx 21,23 and cytokines (e.g. IL-6, IL-8, IL-

10)24 have been observed in breast cancer patients, using

traditional proteomic approaches. Still, these data are incon-

clusive and the specificity and sensitivity of these tentative

single biomarkers are too low.

Recently, the first monoclonal antibody-based microarrays

have been applied to analyse breast cancer cell lines, resulting

in the identification of IL-8 as tentative key factor suggested

in breast cancer invasion and progression,25–27 IL-8/GRO as a

HER2 (erB-2-)-induced cytokine signature,28 as well as a five

protein signature that may be associated with doxorubicin

resistance.29 Similarly, Hudelist and co-workers have used

monoclonal antibody microarrays to detect a set of differen-

tially expressed proteins in normal versus malignant breast

tissue from one patient.30

In the present study, we have for the first time investigated

the potential of large-scale recombinant scFv antibody micro-

arrays to classify female, post-menopausal, age-matched

metastatic breast cancer patients (n = 20) versus healthy con-

trols (n = 20) based on differential serum protein profiling. The

miniaturised set-up provided unique means to profile even

pM range analytes, including mainly immunoregulatory pro-

teins, in non-fractionated sera, while consuming only lL

amounts of the clinical samples.6,7,31 This proof-of-concept

study showed that several differentially expressed serum pro-

teins could be detected, and that this breast cancer-associ-

ated biomarker signature could be used to classify

metastatic breast cancer patients.

2. Materials and methods

2.1. Samples

In total, 40 serum samples, supplied by the Department of

Oncology, Lund University Hospital, Lund, Sweden, were in-

cluded in this study. The serum samples were collected from

female, post-menopausal patients, 20 of which suffered

from metastatic breast cancer (denoted BC1 to BC20) and

20 healthy matched control subjects (denoted N1–N20). Pa-

tient demographics and information about additional clini-

cal parameters, including oestrogen receptor (ER) status,

progesterone receptor (PgR) status, clinical stage, histological

type and histological grade, as well as information about

intake of anti-inflammatory drugs/hormones, are shown in

Table 1.

2.2. Labelling

The serum samples were labelled, using previously optimised

labeling protocols for serum proteomes.6,7,31 All serum sam-
ples were biotinylated, using EZ-Link Sulfo-NHS-LC-Biotin

(Pierce, Rockford, IL, USA). Fifty microliter serum aliquots

were centrifuged at 16,000 · g for 20 min at 4 �C and diluted

1:45 in phosphate buffer saline (PBS), resulting in a final pro-

tein concentration of about 2 mg/ml. Sulfo-NHS-biotin was

then added to a final concentration of 10 mM and the samples

were incubated on ice for 2 h, with careful vortexing every

20 min. Unreacted biotin was removed by dialysis against

PBS for 72 h at 4 �C. Finally, the samples were aliquoted and

stored at –20 �C prior to use.

2.3. Production and purification of scFv

129 human recombinant scFv antibody fragments against 60

different proteins mainly involved in immunoregulation (Ta-

ble 2), were stringently selected from the n-CoDeR library,32

and kindly provided by BioInvent International AB, Lund,



Table 2 – The different scFv specificities used for the
antibody microarrays

Antigen (number of clones) Antigen (number of clones)

IL-1a (3) GLP-1 (1)

IL-1b (3) GLP-1-R (1)

IL-1-ra (3) C1q (1)

IL-2 (3) C1s (1)

IL-3 (3) C3 (2)

IL-4 (4) C4 (1)

IL-5 (3) C5 (2)

IL-6 (4) Factor B (1)

IL-7 (2) B (1)

IL-8 (3) Properdin (1)

IL-9 (3) C1 esterase inhibitor (1)

IL-10 (3) CD40 ligand (1)

IL-11 (3) PSA (1)

IL-12 (4) Leptin (1)

IL-13 (3) LDL (2)

IL-16 (3) Integrin a-10 (1)

IL-18 (3) Integrin a-11 (1)

TGF-b1 (3) Procathepsin (1)

TNF-a (3) Tyrosine-protein kinase BTK (1)

TNF-b (4) Tyrosine-protein kinase JAK3 (1)

INF-a (3) B-lactamase (1)

VEGF (4) Lewisx (2)

Angiomotin (2) Lewisy (1)

MCP-1 (3) B cell lymphoma AG (1)

MCP-3 (3) Sialyl Lewisx (1)

MCP-4 (3) MUC-1 (1)

Eotaxin (3) Streptavidin (1) (control)

RANTES (3) Digoxin (1) (control)

GM-CSF (3) FITC (1) (control)

CD40 (4) TAT (2) (control)
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Sweden. Hence, some antigens were recognised by up to four

different scFv clones. All scFv probes were produced in 100 ml

Escherichia coli cultures and purified, from either expression

supernatants or periplasmic preparations, using affinity chro-

matography on Ni-NTA agarose (Qiagen, Hilden, Germany).

Bound molecules were eluted with 250 mM imidazole, exten-

sively dialysed against PBS, and stored at 4 �C until further

use. The protein concentration was determined by measuring

the absorbance at 280 nm (average concentration 210 lg/ml,

range 60–1090 lg/ml). The degree of purity and integrity of

the scFv antibodies was evaluated by 10% SDS–PAGE (Invitro-

gen, Carlsbad, CA, USA).

2.4. Production and processing of antibody microarrays

The production and handling of the antibody microarrays

were performed according to a previously optimised set-

up.6,7,18,31 Briefly, the scFv microarrays were fabricated, using

a non-contact printer (Biochip Arrayer1, Perkin Elmer Life &

Analytical Sciences, Wellesley, MA, USA), which deposits

approximately 330 pL/drop, using piezo technology. The scFv

antibodies were arrayed by spotting 2 drops at each position

and the first drop was allowed to dry out before the second

drop was dispensed. The antibodies were spotted on to black

polymer MaxiSorp microarray slides (NUNC A/S, Roskilde,

Denmark), resulting on average 5 fmol scFv per spot (range

1.5–25 fmol). Eight replicates of each scFv-clone were arrayed

to ensure adequate statistics. To assist the alignment of the
grid during the subsequent quantification, a row containing

Cy5 conjugated streptavidin (2 lg/ml) was spotted for every

10th row. In total, 160 antibodies and controls were printed

per slide orientated in two columns with 8 · 80 spots per col-

umn. A hydrophobic pen (DakoCytomation Pen, DakoCyto-

mation, Glostrup, Denmark) was used to draw a

hydrophobic barrier around the arrays. The arrays were

blocked with 500 ll 5% (w/v) fat-free milk powder (Semper

AB, Sundbyberg, Sweden) in PBS overnight. All incubations

were conducted in a humidity chamber at room temperature

(RT). The arrays were then washed four times with 400 ll

0.05% Tween-20 in PBS (PBS-T), and incubated with 350 ll bio-

tinylated serum diluted 1:10 (resulting in a total serum dilu-

tion of 1:450) in 1% (w/v) fat-free milk powder and 1%

Tween in PBS (PBS-MT) for 1 h. Next, the arrays were washed

four times with 400 ll PBS-T and incubated with 350 ll of 1 lg/

ml Alexa-647 conjugated streptavidin diluted in PBS-MT for

1 h. Finally, the arrays were washed four times with 400 ll

PBS-T, dried immediately under a stream of nitrogen gas

and scanned with a confocal microarray scanner (ScanArray

Express, Perkin Elmer Life & Analytical Sciences) at 5 lm res-

olution using six different scanner settings. The ScanArray

Express software V3.0 (Perkin–Elmer Life & Analytical Sci-

ences) was used to quantitate the intensity of each spot using

the fixed circle method. The local background was subtracted

and to compensate for possible local defects, the two highest

and two lowest replicates were automatically excluded, and

each data point represents the mean value of the remaining

four replicates. For protein analytes displaying saturated sig-

nals, values from lower scanner settings were scaled and

used instead.

2.5. Microarray data normalisation

Chip-to-chip normalisation of the dataset was performed,

using a semi-global normalisation approach, conceptually

similar to the normalisation method used for DNA micro-

arrays. The coefficient of variation (CV) was first calculated

for each analyte over all samples and ranked. The 15% of

the analytes displaying the lowest CV-values over all samples

were identified, corresponding to 21 analytes, and used to cal-

culate a chip-to-chip normalisation factor. The normalisation

factor Ni was calculated by the formula Ni = Si/l, where Si is

the sum of the signal intensities of the 21 analytes for each

sample, and l is the average of Si from all samples. Each data-

set generated from one sample was divided with the normal-

isation factor Ni. Log2 values were calculated for the signal

intensities for all analytes and ranked using a Wilcoxon test.

2.6. Microarray data analysis

The support vector machine (SVM) is a supervised learning

method that we used to classify the samples as either healthy

or breast cancer. The supervised classification was performed

using a linear kernel, and the cost of constraints was set to 1,

which is the default value in the R function SVM, and no at-

tempt was performed to tune it. This absence of parameter

tuning was chosen to avoid overfitting. The SVM was trained

using a leave-one-out cross-validation procedure. Briefly, the

training sets (n = 40) were generated in an iterative process
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in which the samples were excluded one by one. The SVM

was then asked to blindly classify the left out samples as

either healthy or breast cancer, and to assign a SVM decision

value, which is the signed distance to the hyperplane. No fil-

tration on the data was done before training the SVM. Further,

a receiver operating characteristics (ROC) curve, as con-

structed using the SVM decision values and the area under

the curve, was found.

In those cases, where smaller cohorts of samples were

compared, significantly up- or down-regulated analytes

(p < 0.05) were identified using Wilcoxon test, log transformed

and mean centered. The samples were then hierarchically

clustered and visualised as a heat map, using Cluster and

TreeView.33

3. Results

3.1. Evaluation of scFv microarrays

We analysed directly labelled, non-fractionated serum sam-

ples from metastatic breast cancer patients (n = 20) and

healthy controls (n = 20), using a large-scale recombinant

antibody microarray. The array was composed of 129 human
Fig. 1 – Evaluation of recombinant scFv antibody microarrays. (A

breast cancer sample containing 1280 data points. (B) Intra-assa

coefficient was found to be 0.99. (C) Inter-assay reproducibility,

coefficient was found to be 0.96.
recombinant scFv antibodies directed against 60 serum pro-

teins, mainly of immunoregulatory nature (Table 2). A repre-

sentative microarray image of a breast cancer serum is

shown in Fig. 1A, demonstrating that dynamic signal intensi-

ties, homogenous and distinct spot morphologies, as well as

high signal-to-noise ratios were obtained. The reproducibility

of the set-up was validated by determining, the (i) intra-assay

reproducibility, i.e. the spot-to-spot variation (Fig. 1B), and (ii)

the inter-assay correlation, i.e. the reproducibility of duplicate

experiments (same sample, but analysed on different arrays)

(Fig. 1C). In agreement with previous results,6 the reproduc-

ibility was found to be high, with an intra-assay reproducibil-

ity of 0.99 and an inter-assay reproducibility of 0.96. The

specificity and sensitivity (pM range) of the microarray set-

up for targeting complex proteomes has previously been

validated.6,7,18,31,32

3.2. Classification of metastatic breast cancer

To evaluate the ability of the microarray set-up to classify

metastatic breast cancer patients based on a simple blood

test, we examined the serum protein expression profile gen-

erated by all 129 antibodies included on the chip (Fig. 2 and
) A scanned representative microarray image of a metastatic

y reproducibility, i.e. spot-to-spot-variations. The correlation

i.e. reproducibility of duplicate experiments. The correlation
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Table 2). Consequently, we ran a leave-one-out cross valida-

tion, with a Support Vector Machine (SVM), and collected

the decision values for each sample. In Fig. 2A, a receiver

operating characteristics (ROC) curve was constructed, using

the decision values produced by SVM. The results showed

that the metastatic breast cancer patients versus healthy con-

trols could be discriminated, displaying an area under the

curve of 0.92.

The decision value is the output of the predictor, and sam-

ples with a prediction value below a threshold are predicted to

be breast cancer. The threshold parameterises the trade-off

between sensitivity and specificity and is often set to zero.

The 20 metastatic breast cancer samples obtained decision

values in the interval of –3.64 to 0.26, and the healthy controls

in the interval from –0.51 to 2.11 (Fig. 2B). Thus, with a thresh-

old value of zero, the sensitivity and specificity was 85% in our

dataset. Notably, in the training and testing of the SVM, no fil-
tration of data was performed, i.e. data from all analytes mea-

sured were included in the analysis.

Furthermore, the 11 highest ranked, i.e. significantly dif-

ferentially expressed, analytes corresponding to nine non-

redundant serum analytes, are shown in Fig. 2B, suggesting

a breast cancer-associated serum biomarker signature. When

including only these highest ranking analytes in the analysis,

the ROC area under the curve was increased to 0.97. This pre-

dictor signature allowed us to classify the metastatic breast

cancer patients versus healthy controls displaying a sensitiv-

ity and specificity of 95%, respectively (data not shown).

The tentative signature of the 11 top differentially ex-

pressed serum analytes contained both analytes previously

associated with breast cancer, e.g. sialyl Lewisx,21,23 C3,22

C434 and IL-8,24–27 as well as markers previously not observed

in the disease, e.g. IL-5 and IL-7. The signal intensities ob-

served for the top three differentially expressed analytes,
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including C4, IL-8 and C5, are shown in Fig. 2C. The results

showed that the signal intensities in serum from breast can-

cer patients had increased 1.6 times (IL-8 and C5) and 3.6

times (C4). Of note, the observed differences in signal intensi-

ties can be interpreted in terms of relative changes of the

amount of each individual analyte present. However, they

do not necessarily reflect the magnitude of absolute changes

for one analyte compared to another, due to the inherent lim-

itations associated with direct labeling of different analytes in

complex proteomes.35

3.3. Effect of anti-inflammatory drugs and/or hormones

Screening serum samples of metastatic breast cancer pa-

tients, as well as other forms of cancers,12 will reflect not only

directly cancer-related affects, but also indirect systemic re-

sponses due to, e.g. inflammatory-associated events. In addi-

tion, intake of various drugs may also affect the protein

expression signatures observed. In an attempt to address this

issue, we examined the expression profiles of only those met-

astatic breast cancer patients (n = 6) and healthy controls

(n = 6) that had not taken any anti-inflammatory drugs and/

or hormones at the time when the serum samples were col-

lected. The differentially expressed serum analytes (p < 0.05)

in these two restricted cohorts of samples were identified,

using a Wilcoxon test, and visualised as a heat map (Fig. 3A)

based on unsupervised hierarchical clustering. The results

showed that eight serum proteins were identified that com-

pletely distinguished between metastatic breast cancer pa-

tients and healthy controls. Notably, only two of the

analytes, C4 and IL-7, overlapped with the first signature,

composed of nine non-redundant analytes, which was gener-

ated by analysing all samples.

3.4. Sub-classification of metastatic breast cancer patients

In an attempt to further stratify the metastatic breast cancer

patients, we compared the known clinical parameters (Table

1), including ER status, PgR status, clinical stage, tumour vol-

ume, and histological features, with the observed serum pro-

tein expression profiles. No correlation could, however, be

observed with respect to PgR status or clinical stages. Simi-

larly, no correlation could be observed with respect to ER sta-

tus, tumour volume, and histological features, although these

analyses were hampered by the small sets of sample groups

available. Of note, five serum proteins distinguishing between

the most advanced clinical stages of the metastatic breast

cancer patients, stages III and IV (n = 8) versus healthy con-

trols (n = 6), excluding those controls that had taken any

inflammatory drugs and/or hormones, could be observed

(Fig. 3B). Except for procathepsin, 4 of these 5 analytes over-

lapped with the observed signature distinguishing between

non-treated (anti-inflammatory drugs and/or hormones)

breast cancer patients and healthy controls.

4. Discussion

Novel cancer biomarker signatures for early and improved

detection and diagnostics, that in the long run also could be

used to predict tumour relapses, monitor treatment, and
stratify patients based on non-invasive set-ups are critical,

since more than 11 million people are diagnosed with cancer

every year.1–5 In this study, we have shown that large-scale re-

combinant scFv antibody microarrays could provide an un-

ique, miniaturised mean to perform classification of

metastatic breast cancer, by multiplexed serum protein profil-

ing of a blood sample. The results showed that the cancer pa-

tients could be classified with high sensitivity and specificity.

In comparison, antibody-based microarrays have previ-

ously been used to profile, e.g. bladder cancer,13 colon can-

cer,17 lung cancer,36 liver cancer,37 ovarian cancer,38

pancreatic cancer,12, prostate cancer15,16 and squamous cell

carcinoma14 (for review see Refs. 5,10,39). Albeit successful,

outlining the potential of the technology within oncoproteo-

mics,5,10,39 the ability of the biomarker signatures to distin-
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guish between different carcinomas or between cancer and

inflammation has been difficult to achieve, except in a few

cases.13,16,18,40 To a great extent, this reflects the performance

of the array set-ups, e.g. functionality, sensitivity and range of

antibody specificities5,10,39, as well as the fact that the serum

signature most likely will mirror both directly cancer-associ-

ated affects as well as indirect systemic affects. In the present

study, the former issue has been minimised by adopting a

proven recombinant scFv antibody microarray technology

platform6,7, enabling us to target high- as well as low-abun-

dant immunoregulatory proteins in non-fractionated serum

proteomes, thus providing several key advantages.31 We

found that the metastatic breast cancer patients could be

classified with a specificity and sensitivity of 85% and a

ROC = 0.92, using all 129 analytes, corresponding to 60 non-

redundant serum analytes. To make this tentative signature

more manageable, we also chose to present a condensed sig-

nature, composed of the 11 most significantly differentially

expressed analytes, which corresponded to nine non-redun-

dant biomarkers. Although additional screening will be re-

quired to validate this signature, our data showed that it

was capable of classifying breast cancer with 95% specificity

and sensitivity and an ROC = 0.97. Of note, this 11 marker sig-

nature had only 1 of 14 (IL-5) analytes in common with one

signature identifying Helicobacter pylori infected stomach tis-

sue,18 and 4 of 35 (C3, C5, IL5- and IL-7) in common with sys-

temic lupus erythematosus, an autoimmune disorder with a

significant inflammatory component (Wingren et al., manu-

script in press.). This indicated that the breast cancer signa-

ture was not related to general inflammation. In addition,

the breast cancer signature was also different from that ob-

served for, e.g. bladder cancer,13 lung cancer,40 pancreatic

cancer12 (Ingvarsson et al., submitted) and prostate cancer.16

In the case of gastric adenoma carcinoma,18 7 of 28 (not C4

and Il-5) biomarkers overlapped, indicating a similarity to this

much larger signature, although it should be noted that the

tissue extracts and not serum samples were analysed in that

particular study.

The strength of the 11 analytes’ breast cancer signature

was further highlighted by the fact that the breast cancer pa-

tients could be adequately classified, although they were indi-

vidually treated with a wide range of therapeutic agents that

might influence their serum signatures differently. In this

context, it was of interest to note that an additional bio-

marker signature with a higher predictive power was indi-

cated, when only those patients who had not taken anti-

inflammatory drugs and/or hormones were profiled.

Although larger sample cohorts need to be analysed to vali-

date these results, this second signature overlapped less with

the gastric adenoma carcinoma signature.18

Amongst the nine non-redundant analyte signatures, five

were up-regulated (sialyl Lewisx, C3, C4, C5 and IL-8) and 4

down-regulated (TM peptide, IL-5, IL-7 and MCP-3). In agree-

ment, increased levels of sialyl Lewisx, a molecule of impor-

tance for the interaction between tumour cells and

endothelium, have previously been observed for breast cancer

patients.21,23 Similarly, increased levels of truncated forms of

C3a, originating from C3, have also been confirmed.22 C3 is a

versatile complement protein, supporting the activation of all

three pathways of complement activation, and that has been
suggested to function in immune surveillance against tu-

mours, although the mechanisms for the latter remains un-

known.22,41 The role of the complement system was further

highlighted by the increased serum levels of both C4 and

C5, supported by early work of Lamoureux and co-workers.34

In addition, the up-regulation of IL-8, suggested to be involved

in breast cancer invasion and progression, has also been ob-

served in several studies.24–28,42 Furthermore, IL8 is expressed

by both breast carcinoma and stroma cells and has been

implicated in tumour angiogenesis.43 The novel findings that

serum levels of IL-5, IL-7 and MCP-3 were down-regulated

could, for example, reflect a lowered tumour immune surveil-

lance by eosinophiles (IL-5),44 impaired maintenance of T cell

memory (IL-7)45 and a reduced attraction of leucocyte subsets,

which potentially recognise and destroy tumour cells (MCP-

3).46 In contrast, IL-7 was shown to mediate tumour growth

in vitro47 and levels of IL7 expression in tumour tissue also

correlated with tumour aggressiveness in breast cancer

patients.48

The panels of eight biomarkers observed when profiling a

focused cohort of breast cancer, where patients taking any

anti-inflammatory drugs and/hormones had been excluded,

showed an up-regulation of typical TH1 cytokines, e.g. TNF-

b and IL-12, accompanied by a down-regulation of TH2 cyto-

kines, e.g. IL-4, indicating a TH1 skewing of the immune sys-

tem. Increased levels of IL-12 and an induced TH1 response

have previously also been observed in breast cancer

tissue.24,42,49

In the previous work, a relationship between a single clin-

ical parameter, such as ER status, and the expression levels of,

e.g. IL-8, has been observed.24–27 With the possible exception

for the combined cohort of the most advanced forms of breast

cancer, stages III and IV, we did not detect any such relation-

ship, although these particular analyses were impaired by too

small cohorts.

Taken together, in this first proof-of-principle study, we

have been able to classify metastatic breast cancer with a

high specificity and sensitivity, based on a blood-test, using

the novel approach of recombinant antibody microarray anal-

ysis. The signature, consisting of nine non-redundant serum

proteins, now needs to be validated in a larger cohort of

breast cancer patients. The work has, however, clearly out-

lined the potential of affinity proteomics for biomarker dis-

covery for breast cancer that in the long run could provide

us with the required tools to perform, e.g. improved early

diagnosis, prediction of relapses and monitoring of therapy.
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