
Abstract

Breast cancer is one of the most common cancers 
observed in women in industrialized Western 
countries. The development of novel diagnostic 
methods and the application of modern systemic 
therapies have significantly optimized early de-
tection and therapy of breast cancer. However, 
many patients are currently overtreated. Tra-
ditionally, tumours have been categorized on
the basis of histopathological criteria. However, 
staining pattern and intensity of cancer cells 
are not sufficient to reflect the molecular events 
driving tumour development and progression. 
Therefore, new genomic, transcriptomic and
proteomic techniques are applied to clinical sam-
ples aiming to identify new targets for a therapy 
tailored for an individual patient. After an intro-
duction to common genomic and transcriptomic 
profiling technologies and their relevance for
clinical use, we will focus on analytical and pre-
analytical applications for the identification of
new therapeutic targets by protein profiling, with
a special emphasis on two-dimensional gel-tech-
nologies (2D-PAGE), particularly as they apply
to the study of breast cancer.

9.1 Introduction

In the United States approximately 213,000 new 
cases of invasive breast cancer have been diag-
nosed in 2006, constituting approximately 31%
of all new cancer cases among women; 41,000 
disease-related deaths were expected (Jemal et 
al. 2006). In the past 10 years, improvements in

diagnostic procedures for early detection and
their broad application, together with the in-
troduction of modern systemic therapies, have 
resulted in significant progress in early diagno-
sis and breast cancer therapy. In a new develop-
ment, it has become feasible in clinical oncology
to consider tailoring cancer therapy to an indi-
vidual level of complexity by the use of suitable 
biomarkers. The current St. Gallen guidelines
for the selection of adjuvant systemic therapy for
early breast cancer patients include tumour size, 
grading, lymph node (LN) status, menopausal 
status, peritumoural vessel invasion, hormone 
receptor status and epidermal growth factor re-
ceptor 2 (HER2/neu) status. These markers can 
be classified into two major classes (Biomarkers 
Definitions Working Group 2001):
1. Prognostic markers. These provide informa-

tion about the malignant potential of tumours, 
thereby predicting the outcome of a disease

2. Predictive markers. These are used to choose 
between different alternative treatment mo-
dalities. For instance, breast cancer patients
with oestrogen receptor-positive tumours 
are usually treated with anti-oestrogen drugs 
such as tamoxifen and aromatase inhibitors, 
whereas oestrogen receptor-negative tumour 
patients are treated with chemotherapy. The
overexpression of Her2/neu is predictive for
the use of trastuzumab (Herceptin) at the
same time as being a “drug target”.

The use of these mainly histology-based prog-
nostic parameters performs reasonably well us-
ing group-based statistical analyses. However, 
regarding outcome predictions for the individual 
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patient, these parameters should be supple-
mented with molecular parameters to reduce the
uncomfortably high degree of uncertainty. Ad-
ditionally, for prediction of therapy outcomes,
the classical biomarkers provide only limited 
resolution of the manifested phenotype and have
a limited capacity for individualizing a therapy.
A more precise stratification of patients into re-
sponders versus non-responders to therapeutic 
agents is urgently needed by utilizing additional 
parameters. Therefore, new biological mark-
ers must be sought at all levels which are used
to store the holistic biological information in a
cell or tissue. These have been artificially classi-
fied into categories of convenience, such as the
genome, the transcriptome, and the proteome
and are dynamic, overlapping, and continuous in
living systems (Fig. 9.1).

The introduction of microarray technology
for nucleic acids opened the way to simultane-

ously analyse many genes—in contrast to classi-
cal histopathology—providing their specific pro-
file of expression in a panoramic view. Therefore,
a whole molecular profile is able to depict the
polygenic origin of cancer, the multi-step process
of tumourigenesis and the progression of cancer, 
which are reflected by genetic alterations that 
drive the transformation of normal human cells 
into highly malignant derivatives (Hanahan and
Weinberg 2000). This concept of “molecular por-
traits” for each patient’s tumour, first discussed 
by Perou et al., transcends histologic boundaries
and indicates how array analysis can—compared
to individual tumour markers—also provide new 
insights into breast cancer classification enabling
a more refined stratification of the patients 
(Perou et al. 2000). Each of these molecular sub-
types may be associated with a distinct clinical 
behaviour and treatment response as was shown
for breast cancers of basal-like, HER2/neu over-

Fig. 9.1  Different levels of biomarker research. Schematically depicted are the levels in a cell or tissue which are used
to store biological information, possible modifications of genomic DNA, messenger RNA (mRNA) and proteins, and
methods developed to identify them. DNA and mRNA can be amplified by polymerase chain reaction (PCR) and linear 
amplification methods, respectively
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expressing, luminal A, and luminal B subtypes 
(Sorlie et al. 2001).

Besides the huge progress achieved in tran-
scriptomics high-throughput analysis methods, 
recent technological progress has provided the
tools to begin systematic development of com-
prehensive molecular pictures on the proteome 
level, investigating the component directly re-
lated to the phenotype and function of a cell 
(Hoheisel 2006).

9.2 Molecular Levels of Analytical
Profiling

Since the publication of the draft sequence of the
human genome (Lander et al. 2001; Venter et 
al. 2001), the aim of using information derived 
from genome analysis to tailor care to individual 
patients has gained prominence (Ginsburg and
McCarthy 2001; Meyer and Ginsburg 2002; Sny-
derman and Williams 2003). Having access to
the entire human genome sequence is a neces-
sary prerequisite for molecular-based medicine. 
However, it is equally important to have the tech-
nology at hand to reliably visualize individual ge-
nomes, transcriptomes and proteomes providing 
information that, in combination with clinical 
data, can contribute to assessment of individual 
risks and guide clinical management and drug 
development.

9.2.1 Genomic Approaches

Genetic changes supporting oncogenesis can be 
point mutations, gene deletions (“loss of hetero-
zygosity”, LOH), translocations or amplifications.
The exact number of genes in the entire human 
genome is currently estimated at about 35,000. 
Although humans, from a genetic point of view, 
are very similar to one another, there are single 
base exchanges in the DNA called single nucleo-
tide polymorphisms (SNP) between individuals. 
It has recently been proposed that such SNPs 
arise by oxidation of genomic DNA, particularly 
involving 8-oxo-guanine, and that this is one of
the largest sources of genomic diversity in hu-
man beings (Ohno et al. 2006). On average, one 

SNP is found every 1,500 base pairs, allowing
the potential use of broad-based screens to pin-
point disease susceptibility genes to within a few 
10,000ths of base pairs. Followed by sequencing
of such short stretches, a specific genetic defect 
can be identified. Large-scale genotyping of SNPs 
is one new technology, assaying genotypes at 
thousands of loci (Hoheisel 2006). Other changes
of the genome include cancer-specific variations
in gene copy number, either through gene am-
plification or deletion. They initially highlighted
the direct connection between such changes and
disease, and are useful in diagnosis (Lichter et al. 
1990; Feuk et al. 2006). One example in breast 
cancer is the amplification of the oncogene 
HER2/neu—methodologically determined on
the genomic level by molecular methods such as 
polymerase chain reaction (PCR) and/or fluo-
rescent in situ hybridization (FISH) (Benohr et 
al. 2005; Slamon et al. 1987; Sjogren et al. 1998). 
Another technology applied to analyse variations
in gene copy number is comparative genomic 
hybridization (CGH), which has evolved from
the standard hybridization of genomic DNA on
metaphase spreads (Kallioniemi et al. 1992) to
microarray-based CGH (array-CGH) (Pinkel et 
al. 1998). This technique facilitates the localiza-
tion of copy-number changes very precisely by 
arraying probes derived from genomic sequences 
[e.g. BAC (bacterial artificial chromosomes) con-
tiguous sequences (contigs)] that are tiled across
a locus of interest. Such continuous coverage has 
been achieved for the entire human genome (Ish-
kanian et al. 2004; Hoheisel 2006). Beyond these 
genomic alterations, epigenomic modifications 
imposed onto the DNA, by e.g. environmental 
effects, can change gene expression and modify 
gene products in ways that initiate, accelerate or
retard progression of pathologic processes with-
out changing the coding nucleotide sequence of
the genomic DNA (reviewed in: Laird 2005; Tl-
sty et al. 2004). The important implication is that
in addition to the genetic analysis based upon 
nucleotide sequences, alternative approaches will 
be necessary to account for such environmental 
influences. A big practical advantage of genomic 
analysis is that the cellular component in ques-
tion—the chromosomal DNA—is a fairly stable 
macromolecule enabling its convenient amplifi-
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cation and analysis from formalin-fixed paraffin-
embedded (FFPE) tissue archived in comprehen-
sive tissue banks.

9.2.2 Transcriptomic Approaches

Analysing messenger RNA (mRNA) has always 
been an important and technology-enabled ap-
proach to examine the expression of genes. As an 
alternative to classical low-throughput Northern 
technologies, different high-throughput pro-
cesses such as serial analysis of gene expression 
(SAGE) and microarray analysis have been de-
veloped to analyse global gene expression at
the transcriptomic level (Velculescu et al. 2000; 
Schena et al. 1998). Both screening techniques 
provide the possibility to simultaneously evalu-
ate the relative expression levels of large numbers
of different mRNA transcripts in a panoramic 
view. Thereby, entire expression profiles them-
selves become a tumour marker that mirrors the
polygenic nature of carcinogenesis. The increas-
ing list of microarray experiments published 
each month reflects the straightforwardness of
this technology, which is based on relatively in-
expensive and easy-to-synthesize but sensitive
and specific nucleic acid sequences. These can 
be arrayed into miniaturized standardized plat-
forms and function as docking sites for comple-
mentary nucleotide sequences in the analyte (see 
several reviews: Butte 2002; Brentani et al. 2005; 
Hoheisel 2006). During the past decade, the mi-
croarray molecular profiling of breast tumours 
has produced a much more detailed classifica-
tion scheme and has identified gene signature 
sets. One of the first attempts to characterize the
variation in gene expression between sporadic 
breast tumour samples was published by Perou
and co-workers (2000). In their groundbreak-
ing study the authors showed that by differences
in the expression profiles, breast cancer can be 
classified into so-called basal-like, HER2/neu 
overexpressing, luminal A, B, and C-, and nor-
mal-like tumours (Sorlie et al. 2001; Sorlie et 
al. 2003). These subtypes were correlated with
overall survival and did not strongly reflect other 
clinical features such as LN status, tumour size or
menopausal status, underscoring the importance
of the molecular characterization of tumours. 

Another seminal DNA microarray analysis by 
van ‘t Veer and colleagues identified a 70-gene 
“profiler set” strongly predictive of a short inter-
val to distant metastasis in LN-negative patients 
over 55 years of age with primary breast cancer
and that can be used to classify primary breast 
carcinomas as having a gene-expression sig-
nature associated with either a poor or a good 
prognosis (van ‘t Veer et al. 2002; van de Vijver 
et al. 2002). Strikingly, this prognostic profiler set 
is independent of LN involvement, but is rather 
based upon its improved predictive power with
respect to metastasis to non-lymphatic tissues.
To prospectively evaluate this gene set which to
date has only been retrospectively validated, a
randomized clinical trial was launched in Europe 
(“MINDACT”). Prior to its launch the TRANS-
BIG Network embarked on an external, inde-
pendent validation of the signature using frozen 
archival material of node-negative patients who 
are less than 60 years old. Preliminary analysis
of approximately 300 samples from 6 different 
institutes shows that the overall performance of
the 70-gene profiler set has a slightly reduced 
prognostic power in this external validation se-
ries compared to the original series published 
by van ‘t Veer et al. but it still outperformed the
clinicopathologic risk assessment (Piccart et al. 
2004; Buyse at al. 2006). Nevertheless, the “70-
Gen-profiler set” from van ‘t Veer provides the
platform for an already commercially available 
test. In addition to these studies further publica-
tions assigning the risk of patients with LN-neg-
ative breast cancer have been published recently 
(Wang et al. 2005; Pawitan et al. 2005). In one of
these experiments, Wang et al. used oligonucle-
otide microarrays from Affymetrix to analyse a
patient cohort with almost the same parameters 
as the cohort van ‘t Veer has used. They identified
a 76-gene signature for untreated node-negative 
patients; it performed better in the multi-variate 
analysis compared with classical breast cancer 
prognostic factors. In summary, the results from 
van ‘t Veer et al. and Wang et al. indicate that 
gene-expression profiles are more powerful pre-
dictors of the outcome of disease in patients with
breast cancer than the 2001 St. Gallen or the NIH
consensus criteria and provide means for iden-
tification of patients needing adjuvant therapy 
(Eifel et al. 2001).
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Other microarray studies have focussed on
determining gene signatures of potential re-
sponse of patients to specific chemotherapy and
hormonal therapy regimens (Chang et al. 2003; 
Iwao-Koizumi et al. 2005; Ayers et al. 2004; Jan-
sen et al. 2005). In the work by Chang et al. a dis-
criminatory set of 92 genes was published which 
can be used to identify breast tumours respond-
ing to docetaxel. If the UICC (International 
Union Against Cancer) criteria had been applied
to the same patients, some of the tumours in the
gene expression-predicted resistant group would 
have belonged to the UICC-responding group, 
despite the fact that they had a completely dif-
ferent expression profile for the selected gene 
signature.

These exemplarily selected studies impres-
sively show the power of microarrays in im-
proving prognostic and predictive conclusions 
about breast cancer subtypes, but alternative test 
systems, which might be more suitable for rou-
tine use in the clinic, have been developed. For
instance, to profile a small set of genes the appli-
cation of quantitative RT-PCR (qRT-PCR) would 
be the most cost-effective and easy-to-handle 
method. This approach has been realized with
the Oncotype DX test developed by Paik et al.
and provided by the company Genomic Health 
(Paik et al. 2004). This test is based on real-time 
RT-PCR quantification of 16 cancer-related and
5 reference genes and is designed to identify pa-
tients benefiting most from adjuvant treatment
with tamoxifen. Based on published data, 250 
candidate genes were evaluated using three inde-
pendent cohorts from the National Surgical Ad-
juvant Breast and Bowel Project (NSABP) B.20 
study to select the gene set mentioned above. Af-
ter establishing a “recurrence score”, the set was 
validated using a completely independent cohort 
from the NSABP B-14 trial. The assay allows for
a better and/or more reproducible prognosis
with oestrogen receptor (ER)-positive tumours
in node-negative patients than the age of the
patient, the size of the tumour or the histologic 
grade. Additionally, its quantitative read-out is 
also vastly superior to that of another commonly 
employed alternative method: immunohisto-
chemistry.

An advantage of the RT-PCR approach is that 
it can be used with degraded RNAs derived from 

FFPE tumour samples, the most important and
abundant source of clinical material. In contrast, 
microarray analysis is limited to frozen tumour 
samples imposing severe limitations on access to
samples. Therefore, many laboratories are trying
to develop methods that allow a similar degree of
high-throughput gene-expression profiling us-
ing FFPE tissue as the starting material (Paik et 
al. 2005). This is not a trivial problem as RNAs 
extracted from FFPE tissues are chemically 
modified and fragmented and are therefore not 
ideal substrates for gene-expression profiling as-
says. Arcturus Biosciences (Mountain View, CA) 
has started marketing a reagent system called 
Paradise that has a combination of optimized 
RNA extraction and linear RNA amplification 
reagents. When used together with a specially 
designed oligonucleotide array, the GeneChip 
Human X3P array from Affymetrix (http://www.
affymetrix.com/products/arrays/specific/x3p.
affx), it promises to provide adequate gene-ex-
pression profiling data from FFPE-tissue. How-
ever, the “present call” rate for fresh paraffin 
blocks of breast cancer are reported to be below 
30%, and it decreases to below 20% if the tissue 
block is more than 5 years old (Paik et al. 2005). 
Additionally, it has not been definitively clarified 
if gene sets obtained from cryo-preserved tissue 
correlate with gene sets from identical paraffin 
tissue (Sgroi et al. 2004; Ding et al. 2004).

Recently, a new method was developed—
DASL (cDNA-mediated annealing, selection, 
extension and ligation) for gene-expression pro-
filing to generate data from degraded RNAs such 
as those derived from FFPE tumour samples. 
This assay is a combination of microarray and
qRT-PCR technologies into one platform that 
can be formatted to analyse the expression of a
set of selected genes in a single clinical sample. It 
uses a minimal amount of total RNA (≤ 200 ng 
total RNA per assay) without prior linear ampli-
fication. The characteristics of DASL are (1) the
use of FFPE samples as old as 24 years (unpub-
lished data from Illumina); (2) high throughput
with up to 96 clinical samples on one array plate
and (3) the use of a custom gene panel with at 
least 512 genes per array (Bibikova et al. 2004; 
Fan et al. 2004).

The analysis of the transcriptome has already 
highlighted its potential for clinical usefulness by 
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generating promising results, but there are also 
big challenges waiting to be overcome. Especially 
regarding the use of microarrays, it is now evi-
dent that different platforms perform differently, 
resulting in only a marginal overlap of their gene-
expression data, which is for instance the reason 
that to date no internationally accepted “risk-
gene set” has been developed for “high-risk” 
breast tumour patients (Marshall 2004; Jenssen
and Hovig 2005; Ein-Dor et al. 2005). This phe-
nomenon is not restricted to breast cancer, but is 
also characteristic for gene sets of other diseases 
(Miklos and Maleszka 2004). Factors responsible
for this phenomenon might include:
1. The application of different methodological 

standards
2. The application of different technical aspects 

including the type of array used (cDNA or
oligonucleotide) (Marshall 2004), the gene 
sequences represented on the chips, the selec-
tion of tissue samples, the RNA extraction, 
what kind of probe was used for chip-hybrid-
ization (cDNA or cRNA), how the probe was 
labelled [cyanine (Cy) dyes, radioactivity, or
biotin] and the conditions used for hybridiza-
tion

3. The mode used for data processing, including
the setting of instruments used for scanning
the chips and the way the data were normal-
ized and pre-processed

4. Differences in the study design and the num-
ber of samples included (Alizadeh et al. 2000)

5. Biological factors (Jarvinen et al. 2004; Ein-
Dor et al. 2005)

9.2.3 Proteomic Approaches

The term “proteome” was coined in 1994 and
is defined as the entire protein complement ex-
pressed by a cell line, tissue or organism. Pro-
teomics, in analogy to genomics, is the study of
the proteome, i.e. of all proteins—including their 
relative abundance, distribution, post-transla-
tional modifications, functions and interactions
with other macromolecules—in a given cell or
organism within a given environment at a spe-
cific stage in the cell cycle (Wasinger et al. 1995; 
Cai et al. 2004). Additionally, the study of the
proteome also aims at the identification of pro-

tein isoforms. Proteomics has been classified into 
different sub-disciplines:
1. ”Discovery-oriented” proteomics. Here, in-

vestigators are not able to impose their know-
ledge of biology on the experimental design. 
Such an experiment provides both known and
unknown proteins.

2. ”System-oriented” proteomics (MacBeath 
2002; Choudhary and Grant 2004). In such 
an experiment a subset of proteins (e.g. a
protein family) is directly analysed charac-
terizing its biological functions, protein-pro-
tein or protein-DNA/RNA interactions, and
protein post-translational modifications such 
as phosphorylation, sulphation or glycosyl-
ation.

Like the transcriptome, the rather dynamic na-
ture of proteomes differs from individual to in-
dividual, and even from cell to cell. However,
the sheer variety of potential modifications 
means that proteomic complexity dwarfs that
of the transcriptome. Proteins undergo chemi-
cal modifications after they have been expressed, 
changing properties such as enzymatic activity, 
binding ability and activity. This myriad of modi-
fications might give rise to 10–20 million chemi-
cally distinct polypeptides in a single tissue—a 
huge number compared to approximately 35,000 
genes per cell of which around 6,000 are actively 
transcribed (Vuong et al. 2000). Despite this 
complicating aspect, the interest in applying pro-
teomics to the identification of disease markers is 
increasing, because transcriptional activity does 
not necessarily reflect the activity of the proteins, 
which do all the work of the cell. When the same 
cells of tumours have been examined by both 
cDNA arrays and proteome methods, the cor-
relation between mRNA transcript profiles and
corresponding protein abundances has been re-
ported to be only moderate (Anderson and Seil-
hamer 1997; Alaiya et al. 2000; Chen et al. 2003; 
Izzotti et al. 2004; Nishizuka et al. 2003). There-
fore, it is obviously necessary to assess protein 
levels in instances where only protein expression 
levels correlate to disease. This is an important 
issue to consider, as most licensed tests that are 
available for disease detection are protein-based 
assays. In addition, proteomics provides the
unique opportunity to develop serum markers to
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be used for early disease detection and to follow 
treatment effects and disease progression.

The obvious advantages in analysing the cellu-
lar proteome, however, come with several compli-
cating issues which are a consequence of its vast 
dynamic range of up to 10 orders of magnitude 
(Anderson and Anderson 2002), the plethora of
post-translational modifications, boundless tis-
sue, developmental and temporal specificities, 
disease and drug perturbations, and problems of
sample degradation. Additionally, the chemistry
of amino acids is much more complex to handle 
than that of nucleic acids: for proteins there is 
no amplification step that is analogous to the
polymerase chain reaction (PCR). Hence, low-
abundance proteins are often obscured by highly 
abundant proteins and separable protein species, 
e.g. cytoskeletal proteins, chaperones, endoplas-
mic reticulum proteins, proteasomal compo-
nents and extra-cellular matrix proteins.

In order to get a deeper insight into the pro-
teome of a cell, increasingly more sophisticated 
separation techniques have to be combined with
highly sensitive mass spectrometry (MS) tech-
nologies for protein identification.

9.2.3.1 Mass Spectrometry

In recent years, MS has become almost a rou-
tine tool for identifying the proteins separated 
by different proteomic methods (Aebersold and
Goodlett 2001; Domon and Aebersold 2006). 
Different types of mass spectrometers are used
to support a range of research strategies in the
protein sciences such as the determination of
molecular weight, primary and higher order 
structure, post-translational modifications, 
quantitation, and localization. They differ in
their physical principle, performance standards, 
mode of operation and ability to support spe-
cific analytical strategies. Matrix-assisted laser 
desorption/ionization (MALDI) ion sources are 
most commonly coupled with a time-of-flight 
(TOF) mass analyser. The method is very sen-
sitive and quite tolerant to the presence of con-
taminants such as detergents or salts. However, 
these and other methods of ionization, separa-
tion and detection can be considered as modular 
units. Manufacturers are currently experiment-

ing with various combinations of such modules
to achieve powerful and sensitive separation and
detection of peptide ions. There is an extensive 
variety of such combinations on the market, and
it is difficult for the non-expert to maintain an 
overview, or for the expert to judge which sys-
tem performs best. Therefore, this review aims
to present an elementary level of introduction.
In MALDI-TOF MS, peptides derived from pro-
teolytic digested proteins are ionized from a plate 
into the spectrometer, and the mass to charge 
(m/z) ratios of peptides are measured based on
the length of time for the peptides to move in a
vacuum tube to reach a detector, and then a list
of mass spectra is produced. Another method
of protein ionization—electrospray ionization 
(ESI)—is most often coupled with ion-trap or
triple quadrupole MS/MS spectrometer (Wilm 
et al. 1996). By applying database search algo-
rithms, MS spectra are then matched to calculate 
masses in a sequence database, resulting in iden-
tification of target proteins, a method known as 
peptide mass fingerprinting (PMF; see Patterson
and Aebersold 2003). Tandem mass spectrom-
etry (MS/MS) can be thought of as a two-stage 
MS experiment whereby an ionized peptide is se-
lected and allowed to pass into a collision cell for
further fragmentation to determine sequential 
m/z values representing a series of ion fragments
of the specific peptide (Arthur 2003).

The performance of TOF analysers has greatly 
improved in terms of resolution and accuracy, 
achieving mass accuracies in the low parts per 
million (ppm) range with appropriate internal 
calibration. However, for MS/MS measurements
with TOF devices, such as the Bruker Ultraflex, 
calibration of the second MS step is not avail-
able, and the mass accuracy is up to 100 times 
poorer in MS/MS mode. While this is sufficient
for confirmation of predicted fragment patterns 
from sequence databases to confirm peptide 
identity, it is frequently insufficient to permit de 
novo sequencing. The newer ion cyclotron reso-
nance detectors offer the possibility of excellent 
mass accuracy for all measurements. These im-
provements offer levels of sensitivity and mass 
accuracy never before achieved for the detec-
tion, identification, and structural characteriza-
tion of proteins. It is now possible to routinely 
measure molecular weights above 200 kDa as 
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well as obtain low parts per million mass mea-
surement accuracy for the determination of pep-
tides and proteins. Modern mass spectrometers 
can now rapidly map and fragment peptides that 
result from protease digestion to identify pro-
teins and—supported by the rapid expansion of
protein and gene databases—to obtain sequence 
information.

In addition to the MS applications combined
with prior separation of proteins, imaging mass 
spectrometry (IMS) has been developed as a new 
technology enabling proteomic profiling direct
on a tissue section (Chaurand et al. 2004). Briefly, 
molecules are desorbed from a sample that has 
been coated with an energy-absorbing matrix, 
which is a low molecular weight organic crystal-
line compound. The profiles recovered have been 
found to be extremely specific to a given tissue 
type and, when analysing serial sections, very 
reproducible. IMS offers the potential for the
simultaneous analysis of many molecular spe-
cies present in a single tumour regardless of the
availability of specific antibodies or knowledge of
the identity of the specific protein. However, its 
exact sensitivity is hard to estimate because ex-
act amounts of proteins within a specific tissue 
are generally not well known. To date, profiling
and imaging MS have been applied to multiple 
diseased tissues, including human non-small 
cell lung tumours, gliomas, and breast tumours 
(Yanagisawa et al. 2003; Schwartz et al. 2004; 
Chaurand et al. 2001) but this technique is still in
its developmental phase.

One aspect of protein identification by MS that 
may not be apparent to more clinically oriented 
scientists is that the proteins are most often iden-
tified by comparing the pattern of ions measured
in the mass spectrum with ion patterns predicted 
by comparison with sequence databases. This is 
true at the levels of measuring peptide masses 
(the process of peptide mass fingerprinting) as 
well as for measuring the size of ions generated 
when individual peptides are fragmented into 
smaller pieces. It is relatively infrequent that 
proteomics resorts to de novo interpretation of
the amino acid sequence of an unknown protein 
without the assistance of sequence database in-
formation. This field has been reviewed recently 
(Domon and Aebersold 2006).

Traditionally, analysis of the proteins coded by 
genes was performed on single proteins at a time 
using techniques such as Western blots and im-
munoprecipitation. However, with the comple-
tion of the human genome project, proteomic 
technologies to identify and quantitate proteins
on a global scale were developed, which are so far 
not as robust as those available for genomics and
sometimes are still in their infancy and there-
fore constantly evolving. These technologies can 
be classified as gel-based and non-gel-based ap-
proaches and include two-dimensional (2D) gel 
electrophoresis-based methods including classi-
cal 2D-PAGE or 2D-difference gel electrophore-
sis (2D-DIGE); chromatographic separation tech-
niques such as isotope coded affinity tag (ICAT) 
(Gygi et al. 1999b; Li et al. 2003) or multiple di-
mension protein identification technology (Mud-
PIT) (Washburn et al. 2001; Chen et al. 2006);
and recently the application of antibody and pro-
tein arrays (Table 9.1; Somiari et al. 2005).

9.2.3.2 2DE-Based Strategies

Despite several new technologies that have been 
introduced for high-throughput protein char-
acterization and discovery, 2D-PAGE contin-
ues to be an affordable analytical methodology. 
Methods of 2D-PAGE can be divided into the
conventional “one sample per gel” 2D techniques
and the more recently developed DIGE (O’Farrell 
1975; Patton 2002; Shaw et al. 2003; Somiari et al. 
2005). They have recently been reviewed by Gorg 
et al. (2004), so we will limit our discussion to
late technical developments and to applications
to breast cancer. After visualizing by Coomassie 
blue, silver or fluorescent dye staining, each ob-
served protein spot is quantified by its staining 
intensity. The major advantages of 2D-PAGE are
the biochemical separation of intact polypeptide 
molecules, and their repertoire of post-transla-
tional modifications, including splicing variants. 
Any two species can be separated that differ in
isoelectric point and molecular weight suffi-
ciently to be separated with the resolution of the
gel system used. Despite the utility of 2D-PAGE, 
its advantages are associated with several tech-
nology-related inherent disadvantages:
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Table 9.1 Comparison of proteomic technologies and their contributions to biomarker discovery and early detection 
(Schrattenholz 2004; Wulfkuhle et al. 2003)

2D-PAGEa 2D-DIGEb+
radioisotopesc

2D-DIGE+Cy 
dyesd

LCe+/−s-
isotopesf

SELDIg Protein microarrays

Names of specific technologies with associated companies 

Various 
suppliers and 
companies

ProteoTope, 
ProteoSys

DIGE, 
Amersham 
Biosciences

ICATh, Applied 
Biosystems 
MudPITi

SELDI Ciphergen

Sensitivity

Low 
(particularly for 
less-abundant 
proteins)

High (sub-
attomole)

Low Medium 
(~5 fmol)

Medium 
(femtomole) 
(diminishing yield 
at higher molecular 
weights)

Medium/high 
(picomole, depending 
on antibody)

Limited by 
detection 
methods 
(~1 fmol)

Direct identification of markers

Yes Yes Yes Yes No Possible when coupled 
with MS technologies 
(Washburn 2003; 
Ouyang et al. 2003)

Pros

Tried 
methodology

High resolution Resolution High 
throughput

Very high 
throughput

Flexible format

Good 
separation 
power

High dynamic 
range

No systemic 
error

Low molecular 
weight proteins

Low molecular 
weight proteins

Robust performance

Differential 
quantification

Protein IDs not 
necessary for 
diagnostic pattern 
analysis

No systemic 
error

<1% crosstalk 
of labels

Cons

Low through 
put

Radioisotopes Limited linear 
dynamic range 
of 2–3 orders of 
magnitude

Systemic error Systemic error Requires prior 
knowledge of analyte 
being measured

All IDs require 
validation and 
testing

Unlabelled 
protein 
for mass 
spectroscopy

False negatives False negatives Limited by sensitivity 
and specificity of 
antibody
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1. Standard protein staining in gels has moderate 
sensitivities (approx. 1 fmol) and clear disad-
vantages in terms of dynamic range of protein 
concentrations (Vuong et al. 2000). Neither 
conventional 2D gel electrophoresis methods 
nor any other proteome technology has the
sensitivity of gene chip arrays (Gerling et al. 
2003). The two to three orders of magnitude
of linear dynamic range of 2D-procedures 
also do not match the protein reality, and thus
a considerable amount of information is lost. 
Therefore, 2D-PAGE traditionally requires a
large amount of protein starting material, and
it can hardly be used to reliably detect and
identify low-abundance proteins such as tran-

scription factors. This leads to a bias in the
presence of high-abundance “housekeeping” 
proteins in every protein database.

2. Some highly abundant proteins are not de-
tectable by 2D-PAGE. Because of their high 
hydrophobicity they are not soluble in the
detergent/urea buffer employed for isoelectric 
focussing (IEF) in the first dimension. Other 
proteins co-migrate with higher abundance 
proteins and are therefore not quantifiable by 
staining alone.

3. Applying 2D-PAGE is a time-consuming and
labour intensive method.

4. Complex protein patterns of related samples,
or even of multiple aliquots of the same sam-

Table 9.1 (continued)

2D-PAGEa 2D-
DIGEb+radioisotopesc

2D-DIGE+Cy 
dyesd

LCe+/−s-
isotopesf

SELDIg Protein 
microarrays

Cons

Time consuming Limited 
dynamic range 
of 2–3 orders of 
magnitude

Very limited 
dynamic range

Performs poorly 
for glycosylated 
proteins

Reproducibility 
issues need to 
be addressed

Limited dynamic 
range (2–3 orders 
of magnitude)

Need for 
validation

Use

Discovery and 
identification of 
biomarkers

Discovery and 
identification of 
biomarkers

Discovery and 
identification of 
biomarkers

Discovery and 
identification of 
biomarkers

Diagnostic 
pattern analysis 
in body fluids 
and tissues

Multiparametric, 
systematic 
analysis of 
many analytes 
simultaneously

Throughput

Low Medium Medium High Very high High

a Two-dimensional polyacrylamide gel electrophoresis
b Two-dimensional difference gel electrophoresis
cRadioactive isotopes
d Cyanine dyes
e Liquid chromatography
fStable isotopes
g Surface-enhanced laser desorption ionization
h Isotope-coded affinity tag
i Multi-dimensional protein identification technology
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ple, analysed in different gels are variable, i.e. 
matching of independent experiments is a
severe problem. There are sophisticated soft-
ware packages on the market such as Delta2D 
(Decodon, Greifswald, Germany) or Pro-
teomeWeaver (Definiens) which permit gel-
to-gel variations to be warped to each other. 
They are capable of quantifying the levels of
proteins resolved on 2D-gels and have incor-
porated excellent spot detection algorithms
and features that facilitate gel alignment and
matching. Often included are commonly used 
bioinformatics tools such as principal compo-
nent analysis, hierarchical clustering analysis
or similar methods. Despite elaborate soft-
ware, the inherent methodological variability 
necessitates some degree of manual workup
for accurate spot matching and it binds a lot
of computer power, making complex match-
ing of independent experiments still quite la-
borious (Fig. 9.2).

5. One of the limitations of 2D-PAGE as a tool
for biomarker discovery remains the sensitiv-
ity of MS characterization of protein spots,
and particularly of post-translational modifi-
cations.

6. 2D-PAGE performs poorly in identifying 
heavily glycosylated proteins, since they tend

to diffuse into clouds which are typically be-
low the level of identification at any position
in the gel.

The methodology of 2D-PAGE has also been 
improved by innovative modifications and so-
phisticated approaches: (1) the resolving power
of the first dimension separation can be in-
creased by the use of narrow pH-range immo-
bilized pH gradient. A variation of this theme 
is the use of so-called “zoom gels” in which the
protein contents of an individual sample are first 
fractionated into narrow pH ranges under low 
resolution, and then each fraction undergoes 
high-resolution separation by 2D-PAGE. Mod-
ern large “zoom gels” can reproducibly and reli-
ably resolve thousands of different proteins from 
complex mixtures, which is superior to any other 
method (Gorg et al. 2004). Also, (2) sub-cellular 
fractionation of cells is able to increase the num-
ber of spots detected.

These different technological modifications 
together with advances in image analysis, data-
mining and image storage have encouraged in-
vestigators to continue to apply 2D-PAGE for the
analysis of complex samples leading to success-
ful proteomic studies (Vercoutter-Edouart et al. 
2001; Hondermarck et al. 2001; Bini et al. 1997; 

Fig. 9.2 a, b Differential analysis of 2D-PAGE. Depicted are overlays of two 2D-PAGE images in false colour. a Overlay
of gels before warping. Protein spots of gel 1 are coloured in green, protein spots of gel 2 are in red. Arrows indicate orien-
tation of warping. b Overlay of gels after warping. Protein spots equally represented on both gels result in a yellow colour.
Arrowhead indicates a differentially displayed protein spot
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Franzen et al. 1996a, b). These approaches have 
also been applied to biological fluids including 
serum (Goufman et al. 2006) and nipple aspi-
rate fluids (NAF) (Alexander et al. 2004). In an 
exemplary study, Wulfkuhle et al. focussed on
the identification of potential biomarkers in the
early breast cancer lesion, ductal carcinoma in
situ (DCIS), by analysing four cases of patient-
matched, normal ductal epithelial cells and
DCIS cells, specifically isolated from primary 
tissue by microdissection (Wulfkuhle et al. 2002, 
2003). The proteomic profiles were compared by 
2D-PAGE, differentially expressed spots were 
selected and sequenced by MS. The differential 
expression pattern for a subset of the identified 
proteins was validated by immunohistochemis-
try with a small, independent cohort of patient-
matched normal/DCIS specimens. Very recently 
an analysis that combined 2D-PAGE with silver 
staining and MALDI-TOF and/or immunoblot-
ting in sets of microdissected malignant breast 
epithelium and corresponding adjacent normal 
breast epithelia from 5 patients with invasive 
breast carcinoma was published (Hudelist et al. 
2006).

9.2.3.3 2D-Difference Gel Electrophoresis

DIGE is a fairly recent advancement of 2D-PAGE 
technology, improving sample throughput and
greatly enhancing gel reproducibility (Tonge et 
al. 2001; Von Eggeling et al. 2001). By using this 
method, which analyses several protein samples
in one experiment, i.e. in one 2D-gel the system-
atic error of variable gel images can be avoided. 
Protein samples are labelled prior to electro-
phoresis with spectrally resolvable fluorescent 
cyanine dyes (Cy2, Cy3, and Cy5), Alexa dye,
or with radioactive isotopes (“ProteoTope”, Pro-
teoSys, Mainz, Germany). The samples are then 
mixed prior to IEF and resolved on the same 
2D-PAGE. The gel is scanned measuring the dif-
ferent labels, and multiple images corresponding
to different samples are generated. Sample mul-
tiplexing in DIGE greatly refines the detection
of changes at the protein level between samples 
(Tonge et al. 2001). Variation in spot intensities 
due to experimental factors, for example protein 
loss during sample entry into the strip, will be
the same for each sample within a single DIGE 

gel. Therefore, the relative amounts of a protein 
between samples in a gel will be unchanged, thus 
increasing the confidence with which protein 
differences can be both detected and quantified. 
It reduces the amount of experimental variation 
due to a combination of multiple sample analysis
in a single gel and internal standard correction 
(Alban et al. 2003; Lilley and Friedman 2004; 
Chen et al. 2005).

The fluorophores used for labelling are struc-
turally similar and undergo nucleophilic substi-
tution with the ε-amino group of lysine residues 
forming an amide. They have very similar molecu-
lar masses and are positively charged to match
the charge that is replaced on the lysine residue. 
This matching of charge and mass ensures that 
all the samples essentially co-migrate to the same 
point during electrophoresis. In the labelling re-
action, the dye/protein ratio is low. This ensures 
that protein molecules are only labelled with a
single dye molecule. Quantitative cysteine al-
kylation such as DIGE labelling requires the cor-
rect stoichiometry of cysteine-reactive reagent, 
as well as correct reaction conditions to avoid 
generating artefactual spots caused by under- or
over-alkylation, and these effects become critical
for limited substrate levels in small volumes (Ca-
hill et al. 2003; Sitek et al. 2005).

The fluorescence conventional strategy, with
sensitivities similar to silver staining yet produc-
ing much better quantitative data, provides a
linear dynamic range of almost three orders of
magnitude; however, this range is reduced under 
conditions of signal multiplexing, so that direct 
multiplexing within one gel is not advisable with
DIGE saturation labelling, due to fluorescence 
resonance energy transfer between the CyDyes 
(Patton 2002; Gruber et al. 2000). Accordingly,
the considerable improvement in estimation pre-
cision for the ratio of abundance that can be ide-
ally achieved by measuring intra-gel multiplexed 
protein spots cannot be realized with CyDyes 
(Poznanovic et al. 2005b). Recently the so-called 
saturation labelling method was introduced, 
which is now gaining in acceptance, and it has 
been applied to microdissected breast cancer 
samples (Wilson et al. 2005). Therein, one dye 
provides a reference standard to align spot pat-
terns from multiple replicate gels (Kondo et al. 
2003; Sitek et al. 2005). The disadvantage is that
to reliably obtain statistically robust differential 
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expression data between microdissected samples 
sufficient multiple gels, with associated inter-gel 
variability, are required with micrograms of pro-
tein.

An alternative DIGE-method is radioac-
tive labelling of the proteins using ProteoTope. 
Proteins from two samples are iodinated under 
chemically identical conditions with either 125I
or 131I, mixed, co-electrophoresed by 2D-PAGE,
and the signals from each isotope are differen-
tially detected by ProteoTope imaging. To opti-
mize the differential quantification of radioactive 
2D-PAGE protein spots and to decrease the over-
lap in signals detected from different spots, high-
resolution, 54-cm, immobilized pH gradients 
(IPGs)—IEF either in the continuous 54-cm IPG 
format or as serially connected 3×18 cm daisy 
chain IPG format—was developed (Poland et al. 
2003; Poznanovic et al. 2005a). ProteoTope was 
intentionally designed for optimal protein spot 
quantification by radioactive detection and to
achieve the most efficient analytical application
of protein samples from extremely small sources, 
such as dissected tissue samples (Neubauer et 
al. 2006). It can reach a sensitivity of sub-at-
tomole levels, with a dynamic range of over six 
orders, which is at least two orders of magnitude 
superior to fluorescent techniques. The linear 
dynamic range of detection of individual mul-
tiplexed, differentially abundant protein spots is 
typically greater than 15,000-fold, and cross-talk 
between the signals measured from the two sam-
ples is less than 1%. Under typical conditions, the
labelling stoichiometry iodinates only approxi-
mately one tyrosine per 4,000 kDa, which gen-
erates sufficient radioactive signal, and provides
a potential margin of error to establish reaction 
labelling conditions to avoid over-labelling of
extremely limited samples. With ProteoTope, a
statistically significant quantification of changes
in the 15%–20% range can be distinguished
with high certainty (Cahill et al. 2003), enabling 
quantification of even subtle protein changes in
kinetic experiments. This greatly increases the
accuracy of estimation of abundance ratios of
identical proteins from different samples without
the notorious complication of the inter-gel vari-
ability associated with conventional 2D-PAGE. 
Using this highly sensitive method also enables 
crosslabelling experiments which are performed
for all labelling reactions to exclude the detection

of false-positive proteins obtained by labelling or
processing artefacts (Fig. 9.3).

ProteoTope was applied to a set of microdis-
sected invasive breast cancer samples, all of which 
were ER+. Sub-pools were compared that were 
either positive or negative for the progesterone 
receptor (ER+/PR+ versus ER+/PR-). Employing
a sample pooling strategy, several proteins differ-
entially abundant, depending upon the presence
or absence of PR, were found. In this experi-
ment, approximately 180 ng of labelled protein 
was loaded per 54-cm analytical gel (Neubauer 
et al. 2006).

One issue using radiolabelled proteins is that
the protein spots in analytical gels typically can-
not be used for MS because of the vanishingly 
small amounts loaded. Therefore, preparative 
2D-tracer-gels have to be run with high micro-
gram amounts of unlabelled protein spiked with
radioactive analytical protein, consuming highly 
valuable cryo-conserved tumour tissue. In the
experiment mentioned above, 240 µg protein 
was required for the preparative tracer-gel (Neu-
bauer et al. 2006).

9.2.3.4 Proteome Platforms Not Involving 2DE

As an alternative to gel-based separation ap-
proaches, attempts are being made to develop 
separation methods not involving 2D-PAGE. 
Liquid chromatography (LC) is one such tech-
nology that can successfully resolve a mixture
of proteins and allow the isolation of individual 
proteins based on biochemical property. Some 
commonly used LC columns include size ex-
clusion LC, ion exchange LC and reverse-phase 
LC. 2D LC, which combines pH gradient and
reverse-phase columns, is a new proteomics 
technique that promises to extend the range of
protein separation. Alternative “non-gel-based” 
approaches, such as MudPIT, have already been 
used effectively to catalogue many polypeptides
in total protein mixtures from several organisms 
(Koller et al. 2002; Whitelegge 2002). However, 
while MudPIT is an excellent means of generat-
ing an exhaustive catalogue of proteins present
in a particular protein sample, it does not yield 
reproducible quantitative information (Rose et 
al. 2004). MudPIT involves tryptic digestion of
protein mixture followed by multi-dimensional 
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LC separating proteins by size-exclusion or cat-
ion exchange chromatography and in the second 
dimension by reverse-phase HPLC (Wall et al. 
2000). Followed by MS measurement and data-
base searching, the fractionated proteins can be 
directly analysed. This method shows advantages 
over gel-based techniques in speed, sensitivity, 
scope of analysis and dynamic range and it could 
be amenable to automation. Unfortunately, LC/
MS is not capable of determining protein abun-
dance. MudPIT has recently been associated
with enzyme activity profiling in human tumour 
tissues, including breast tumours, and has gen-
erated functional signatures that correlate with
previously described molecular subtypes (Jessani 
et al. 2005).

For quantitative comparisons of proteomes 
without the use of 2D-PAGE, ICAT technol-

ogy has been developed recently (Gygi et al. 
1999a). It is based on labelling a pair of samples 
simultaneously at the cysteine residues with dif-
ferentially deuterated d0- and then d8-ICAT 
reagents (13C/12C pairs are also available) (Gygi 
et al. 1999a). Unlike 2D-PAGE and SELDI-TOF 
(discussed later), which comparatively profile
the naturally occurring forms of peptides and
proteins, ICAT analyses the relative amounts of
cysteine-containing peptides derived from e.g. 
tryptic digestion of protein extracts. The samples 
are then combined and analysed by LC-MS/MS. 
Each cysteinyl peptide appears as a pair of sig-
nals differing by the mass differentially encoded
in the mass tag. The ratio of these signal inten-
sities precisely indicates the ratio of abundance
of the protein from which the peptide originates
and the MS/MS spectrum of the peptide allows

Fig. 9.3 a, b A 54-cm daisy chain IEF differential ProteoTope analysis of pooled LCM samples. The panels show actual 
images from an inverse replicate labelled ProteoTope experiment for one sample pair. a Analysis of sample PR-1 labelled
with 125I, differentially compared with sample PR+1labelled with 131I. The upper panels show the signal detected for
each isotope, depicted in false spectral colour. The signals for each isotope have been normalized against each other for
total relative intensity in the lower dual channel images, where the signal for 125I is blue, the signal for 131I is orange,
and equal amounts of both signals produces grey or black signal. Two pure sources each of 131I and 125I, as well as a
50% mixture of both isotopes, are measured on round, 2-mm pieces of filter paper placed next to each gel as imaging 
controls. Cross-talk between the signals from each isotope is <1%. The pH ranges of the 18-cm IPGs used for serial IEF 
are indicated above the panels, and the radioactive iodine isotope signals depicted in each panel are indicated on the
right. Approximately 180-ng protein from each sample was loaded to each gel, and the above result was obtained by 
labelling approximately 3.6 mg protein from each sample. b The top panels show the inverse replicate experiment of a,
where sample PR-1 is labelled with 131I, and sample PR+1 is labelled with 125I. (Reproduced with publisher’s permis-
sion from Neubauer et al. 2006)
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the protein to be identified. ICAT has greatly 
expanded the range of proteins that can be an-
alysed, quantified, and identified using these 
techniques. It has been applied to compare NAF 
from tumour-bearing and contralateral disease-
free breasts of patients with unilateral early-stage 
breast cancer (EBC), identifying and quantifying 
differences in various specific protein expres-
sions (Pawlik et al. 2006).

LC methods resolve hundreds to many thou-
sands of peaks, and the limitations to the method 
involve not only generating reproducible analy-
sis conditions, but also being able to process the
vast reams of data that can be generated by e.g. 
MudPIT. The use of mass spectrometers with
high-resolution Fourier transform ion cyclotron 
detectors reduces the stringency required of pre-
mass spectrometric biochemical separations,
and greatly increases the confidence with the
protein identifications that are obtained (Haas 
et al. 2006). LC or chromatographic arrays have 
moderate sensitivities (~5 fmol) and a clear dis-
advantage in terms of dynamic range of protein 
concentrations—with moderate dynamic ranges
of approximately three orders of magnitude 
(Schrattenholz 2004).

In a recently published study by Komatsu et 
al., 2D-LC and 2D-DIGE were compared with
2D-PAGE in combination with Coomassie bril-
liant blue (CBB) staining for their ability to
identify proteins regulated by gibberellin (GA)
in rice (Komatsu et al. 2006). Using 2D-LC and
2D-DIGE, many more proteins were detected 
compared with 2D-PAGE followed by CBB 
staining. Additionally, the two former methods 
detected proteins that were not reported previ-
ously. The difference between 2D-DIGE and
2D-LC was that minor GA-responsive proteins 
were detected only by 2D-DIGE and the low-
molecular-weight proteins were detected only by
the 2D-LC system. This suggests that the 2D-LC 
technique is the preferred method for detecting 
low-molecular-weight proteins. However, poor 
reproducibility and the large number of repli-
cates required to establish statistical significance 
are problems that still must be resolved. Further,
the 2D-DIGE technique is more sensitive and is 
able to make exact quantitative comparisons.

An often-cited technical disadvantage of
“shotgun” proteomics methods such as MudPIT
and ICAT, which reduce polypeptides to peptides 

before separation, is that modifications such as 
splice variants and post-translational protein 
modifications often escape detection. Addi-
tionally, although these methods are frequently 
designated as being high-throughput, they are 
typically expensive in terms of machine time,
and experimental repetitions to gain meaningful 
sample sizes for the assessment of the statistical 
significance of differences are rarely performed
for reasons of sample availability, analysis time
and running costs. Nevertheless, these methods 
do generate considerable amounts of data in a
short time.

9.2.3.5 Protein Chips

The successful application of DNA microarrays
to genome and transcriptome research demon-
strated the value of array-based measurements,
and it was soon recognized that the ability to per-
form such experiments to measure proteins like-
wise would be very valuable. However, protein 
microarray technology is not as straightforward 
as DNA-based microarrays owing to the com-
plex structure of proteins and e.g. the absence of
a protein amplification method (Haab et al. 2001; 
MacBeath and Schreiber 2000). Protein microar-
rays are generally of two types (Speer et al. 2005): 
(1) antibody arrays, also known as forward phase 
arrays (FPA), in which the bait molecule—typi-
cally an antibody—is spotted onto suitable sur-
faces, and bound antigens are detected using ra-
dioactivity, fluorescence and chemiluminescence 
(Haab 2005). In FPAs, each spot represents only 
one type of bait molecule. The array is incubated
with only one test sample that contains several 
different analytes of interest. The captured ana-
lytes are detected with a second tagged molecule
or by labelling the analyte directly; and (2) non-
antibody or reverse phase arrays (RPA) where 
sets of labelled proteins or even entire proteomes 
are spotted onto a slide (Liotta et al. 2003; Speer 
et al. 2005; Sheehan et al. 2005) (Fig. 9.4). The
RPA design enables high-throughput analysis
in the sense that every single spot comprises
the entire protein pool of one patient/sample. 
Dozens of samples can be spotted on one slide
in parallel and therefore can be probed with an 
antibody against the endpoint of interest in one 
experiment. This leads to excellent comparability 
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among samples and reduces errors. In contrast
to FPAs, where different antibodies with various 
binding characteristics and capacities need to be 
combined on one platform, the RPA enables the
user to choose the optimum binding conditions
and dilution for the chosen antibody in order to
detect the antigen of interest. This format allows 
multiple samples to be analysed under the same 
experimental conditions for any given analyte. As 
little as 30–60 µl of cell lysate is sufficient to print 
50 or more arrays (Espina et al. 2003). Recently,
a two-colour comparative fluorescence strategy 
has been used to compare protein levels between 
malignant and normal breast tissues from the
same patient (Hudelist et al. 2004). Therein, a

reference sample was co-incubated with a test 
sample to normalize for variation between spots
in capture antibody concentration. The assay is 
competitive and generates a linear response ac-
cording to the concentration of the analyte.

The application of protein microarrays pro-
vides unique advantages. It offers high-through-
put capabilities because of the low sample 
volumes needed. Protein chips also offer high 
robustness, sensitivity, inter-sample comparabil-
ity and the possibility of a quantitative analysis of
protein expression. Depending on the individual 
affinities of the immobilized antibodies, antigens 
can typically be detected in picomole (pmol) 
amounts, which is currently more than 1,000 

Fig. 9.4 Gene expression profiling by reverse-phase protein microarrays. The cell lysates are printed in duplicates at 
distinct positions on nitrocellulose coated slides using, for instance, a pin and ring 417 GMS Microarrayer (Affymetrix). 
Samples are arrayed in three-point dilution curves. The slides are then incubated with an antibody against a target 
protein of interest, such as phosphorylated endoplasmic reticulum kinase in this case. The antibody is detected by che-
miluminescent, fluorescent or colourimetric assays. The intensity of the signal is proportional to the concentration of
the target protein. A positive control lysate (A431 squamous carcinoma cell line) is printed on the array for monitoring 
immunostaining performance. Phosphorylation-specific reference peptides are printed in a 12-point dilution curve on
the bottom of the array for comparative, precise quantification of patient samples between arrays. Image analysis is per-
formed with, e.g., Microvigene (VigeneTech). EGF, epidermal growth factor
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times less sensitive than 2D-PAGE or MS-based 
methods. However, with the development of suit-
able high-affinity antibodies and sensitive detec-
tion techniques, improvements are possible. For
example, considering the specificity, affinity and
cross-reactivity, only about 5% (MacBeath 2002)
to 30% (Haab et al. 2001) of commercial anti-
bodies are suitable for microarray-based analy-
ses. Furthermore, as in any format of antibody 
array used, the specificity of antibody binding 
should be characterized, and the binding levels 
observed by microarray should be validated by 
independent methods. Appropriate assays like 
Western blots work well to confirm binding to
a single target in a complex mixture, or to con-
firm changes in the level of certain targets (Or-
chekowski et al. 2005; Sreekumar et al. 2001). A
method of validation that does not require pu-
rified antigen is immunoprecipitation and MS
analysis of the captured proteins. This procedure 
should reveal both the specific and non-specific
proteins bound by a particular target. The obser-
vation of the same biological information from 
different antibodies that bind to different epit-
opes on a protein can be a strong confirmation of
the validity of the result.

Another characteristic of reverse phase pro-
tein microarrays is their flexibility, considering
the fact that the design enables the user to anal-
yse protein samples in denatured and non-de-
natured conditions. This flexibility ensures that 
protein microarrays can be used for a plethora of
applications, such as drug discovery, biomarker 
identification, molecular profiling, developing 
“circuit maps” of on-going signal transduction
in cell and tissue samples and assessment of re-
sponse profiles for new drugs. Protein microar-
rays also provide a well-controlled in vitro way to
study protein function, including protein–pro-
tein, protein–lipid and protein–nucleic acid in-
teractions on a genome-wide basis (Jessani et al. 
2002; Bulyk et al. 1999; Zhu et al. 2000). Already 
antibody arrays have been used to measure phos-
phorylation states and to study signalling in net-
works of interacting proteins (Gembitsky et al. 
2004; Nielsen et al. 2003). Another novel use of
antibody microarrays is to profile enzyme activ-
ity in complex proteasomes (Sieber et al. 2004).
The measurement of enzyme activity rather 
than just abundance is important for determin-
ing the functional state of certain proteins and

may be valuable for cancer research. Complex 
protein samples are treated with fluorescent ac-
tivity-based probes and the labelled enzymes are 
captured and detected on antibody microarrays 
targeting those enzymes. Recently, expression 
profiling using reverse-phase protein microar-
rays has been applied investigating breast can-
cer tissue (Cowherd et al. 2004; Hudelist et al. 
2004).

9.2.3.6 Surface-Enhanced Laser Desorption
Ionization

The ProteinChip System (Ciphergen, Fremont, 
CA) is an alternative array system which has the
advantage of its direct integration with MS. It is
a rapid and sensitive analytical method which 
allows the quantification of proteins with dif-
ferent masses originating from complex protein 
mixtures such as body fluids or cell and/or tissue 
extracts by surface-enhanced laser desorption 
ionization (SELDI) at the femtomole level (He
and Chiu 2003). However, SELDI cannot directly 
determine the identity of proteins. The SELDI 
protein chip platform is based on the principle 
that proteins from crude mixtures are selectively 
attracted to specific biochemical surfaces. Po-
tential biomarkers may show a higher binding 
affinity to certain surfaces than serum albumin, 
haptoglobin and other abundant serum proteins.
The current platform, based on nine different 
capture agents per chip, is claimed to achieve 
comprehensive coverage of the proteome. The
SELDI-protein chip surfaces are chemically or
biochemically modified to enable the capture of
a certain group of proteins: they include (1) weak 
cation exchange, (2) strong anion exchange, (3) 
immobilized metal affinity chromatography, (4) 
reverse phase and normal phase and (5) bio-
chemical affinities allowing proteins or anti-
bodies to be bound directly to the chip (Arthur 
2003). The retained proteins are then ionized and
analysed using TOF/MS. The great advantages of
this approach are its sensitivity to analyse small 
amounts of raw protein samples and its ability
to detect proteins with molecular weights lower 
than 6 kDa. These characteristics make SELDI 
ProteinChip technology very attractive for bio-
marker discovery, especially because new bio-
markers should be able to detect early forms of
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cancer before it has metastasized throughout the
body and should monitor a patient’s response
to therapy or the potential of recurrence in real 
time. Beyond that, for routine clinical use a reli-
able minimally invasive diagnostic test would be 
highly preferable. Serum has the advantage of be-
ing a readily accessible body fluid that is protein-
rich and that is well-suited to proteomic analysis. 
Differences in proteomic patterns in serum from 
cancer patients can be due to: (1) serum pro-
teins that are differentially expressed in patients
with cancer, or serum proteins that are cleaved
or modified in cancer patients; (2) proteins that 
are secreted by tumour cells; or (3) intracellular 
tumour proteins that are released when tumour 
cells die. Molecules released by tumour cells sub-
sequently enter the blood and/or other fluids. 
Analysis of serum is pretty straightforward: it 
requires minimal sample preparation and only a
very small amount of sample (1–20 μl). As an ap-
proach to serum biomarker discovery, proteomic 
pattern analysis has been developed to identify 
novel markers by comparing samples from pa-
tients with disease with those from healthy sub-
jects. It is based on the analysis of large amounts
of mass spectrometric data derived from com-
plex protein mixture and does not per se require 
that the proteins involved are identified. Differ-
entially displayed MS signals can then be iden-
tified and confirmed as potential biomarkers. In
breast cancer, SELDI-TOF MS was used to inves-
tigate serum/plasma (Li et al. 2002; Vlahou et al. 
2003; Becker et al. 2004; Hu et al. 2005), but also 
NAF (Mendrinos et al. 2005) and tumour tissues 
(Ricolleau et al. 2006) as a potential source for
diagnostic biomarkers, and as a potential tool to
predict outcome (Heike et al. 2005). Recently, 
SELDI has been applied to examine proteomic 
changes that occur in response to paclitaxel che-
motherapy or 5-fluorouracil, doxorubicin and
cyclophosphamide chemotherapy in plasma of
69 breast cancer patients and normal volunteers 
(Pusztai et al. 2004).

As with many of the initial SELDI-studies, 
standardization and independent validation us-
ing larger numbers of specimens is required to
ensure the performance of these selected bio-
markers. Attempts to validate serum proteome 
patterns are currently being made by collaborat-
ing research groups, where each sample is ana-
lysed by all participating laboratory. Encourag-

ing results have been reported in reproducing 
separation patterns and disease classification in
different laboratories (Grizzle et al. 2003–2004). 
Even though these results are promising, SELDI-
TOF-MS screening for serum biomarker discov-
ery limited the performance of this approach for
biological fluids because proteomic technolo-
gies based on MS may not be sensitive enough
to detect low-abundance molecules that are re-
leased by a few tumour cells or their microen-
vironment into the circulation. Profiling tissue 
extracts might therefore be more suitable for
such a biomarker screening technology, as dilu-
tion effects are reduced (Ricolleau et al. 2006). 
Additionally, the clinician should be aware that 
doubts have been expressed concerning the re-
producibility of the SELDI methodology itself 
(Diamandis 2004; Baggerly et al. 2004; Bons et al. 
2005). Major issues to be solved are variations in
serum collection and sample handling and how 
they will affect the analyses. Therefore, initiatives
for standardizing the pre-analytical methods on
different operational levels might help us to ex-
ploit the full power of the increasingly powerful 
high-throughput analytical technologies (Carr et 
al. 2004; Bradshaw et al. 2005).

9.3 Standardization of Pre-analytical
Methods

The growing application of molecular diagnos-
tic techniques in the clinic and in translational 
oncologic research has made it necessary to
consider standardization of the pre-analytical 
methods used to collect, store and catalogue 
valuable human tissue. Therefore, guidelines for
“banking” fresh tumour and normal tissues as
a part of the routine activity in surgical patho-
logical laboratories, specific for the requirements
of molecular-based tests and quality control 
measures, have to be established. Additionally, 
various data about the tissue, the patient and the
tissue inventory have to be managed and made 
available to the different co-operating disciplines
and departments at different locations. For mo-
lecular analysis in the laboratory, guidelines for
specimen handling, tissue enrichment strategies
and quality controls must be established that are 
appropriate for the requirements of molecular-
based tests. Finally, new experimental strategies 
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might have to be adapted to changes in clinical 
processes such as new tissue sampling methods
to perform experiments.

9.3.1 “Tissue Banking”

For molecular research and the analysis of ge-
nomic DNA, mRNA, or proteins, high-qual-
ity human tissue is fundamental. Although for
some of the morphology-based procedures, as 
well as for many applications of the PCR, FFPE 
tissue is adequate, most other diagnostic and
research applications, which are based on intact 
genomic DNA, mRNA or protein, require frozen 
tissue samples, making the establishment of a

frozen tissue bank a valuable diagnostic and re-
search asset. In a clinical environment, usually 
several samples from one cancer patient—such 
as primary tumour, normal tissue, precursor le-
sions—are collected and stored at different time 
points with differing quality (paraffin tissue, 
serum, plasma) by different departments at dif-
ferent locations. Thus, it is necessary to consider 
standardization of the methods used to retrieve, 
freeze, store and catalogue tissue specimens by 
implementing standard operating procedures 
(SOP). Particularly, with regard to the collection
and cryo-preservation of tissue, it is especially 
important to establish a rapid logistic chain for
achieving optimum tissue preservation. This 
must be performed as soon as possible after ex-

Fig. 9.5 Organizational structure of a frozen tissue bank. This diagram depicts the areas of responsibility for the surgeon,
the surgical pathologist and the tissue bank co-ordinator and shows the workflow for sample collection and storage. Also 
depicted is the time after operation during which the tissue sample should be frozen to guarantee sufficient quality



Hans Neubauer et al.108

cision of the tissue, optimally between 10 and
20 min afterwards. A responsible pathologist is 
required for the collection, maintenance of the
tissue bank and its integration into the routine 
surgical pathology activities (Fig. 9.5).

Rapid freezing of the tissue samples can 
be achieved by several means and a variety of
methods are in use in different laboratories. 
These include dropping freshly excised tissue 
into liquid nitrogen (−196 °C) or a cooled isopen-
tane bath (−160 to −78 °C) after placing it into
a 2.0-ml cryogenic vial without cryo-protection
for subsequent use in procedures requiring the
extraction of genomic DNA, mRNA or protein.
To preserve tissue architecture and cytologic fea-
tures for immunohistochemistry and in situ hy-
bridization, freezing with a cryo-protectant such 
as Tissue-Tek OCT (VWR Scientific, Bridgeport, 
NJ) should be chosen. The mechanisms of tissue 
damage by freezing are complex; however, rapid 
cooling of the tissues retards the development
and growth of ice crystals as well as abruptly 
halting enzymatic activity. Equally critical is the
method used to store the frozen tissue for ex-
tended periods. Long-term storage of frozen tis-
sues that may be used subsequently for molecular 
studies should be carried out at temperatures of
−70 °C or lower. Long-term storage of the frozen 
tissue is recommended in the gas phase of liquid 
nitrogen which is under constant temperature 
surveillance. This is preferred because no chemi-
cal reactions take place below approximately 
−130 °C. Messenger RNA and proteins may un-
dergo slow degradation in unfixed tissue stored 

at warmer temperatures, and growth of ice crys-
tals is favoured, causing damage to the architec-
tural and cytologic features of the tissue. Tissue 
sampled and stored under these conditions has 
been used successfully in molecular techniques 
analysing the transcriptome and proteome of
tissue from breast cancer patients (Schütz et al. 
2006; Neubauer et al. 2006). An alternative to
cryo-preservation might be the storage of fresh 
tissue in high salt solutions (RNAlater, Ambion, 
Austin, TX) to preserve macromolecules. Ulti-
mately the best way of monitoring the effective-
ness of tissue storage conditions is to test the in-
tegrity of mRNA, because it is more labile than 
genomic DNA or proteins. Thus, the isolation of
intact RNA is a good indication of how well the
tissue has endured the frozen state (Fig. 9.6).

9.3.2 “Data Banking”

While tumour banking has been recognized for
over a decade as a needed tool to advance the
molecular science of oncogenesis and tumour 
progression (Naber et al. 1992; Naber 1996), only
in the last 4–5 years has the linkage to clinical 
outcomes been regarded as crucial for achieving 
this goal (Qualman et al. 2004). Therefore, the
development of databases represents an inde-
pendent scientific field, which is separated from 
molecular and clinical research and demands 
high logistic and financial investment.

The introduction of databases into the clinic 
is increasingly important for the optimization of

Fig. 9.6 a–d Quality control of tissue and analyte. Depicted is the control of rRNA integrity by capillary electrophoresis 
(Bioanalyzer, Agilent). a profile of rRNA from the whole tumour section; b profile of rRNA from laser dissected tumour 
cells; c profile amplified mRNA after first round of linear amplification; d profile amplified mRNA after a second round
of linear amplification, before hybridization onto a microarray chip. The electropherograms in a and b show the 28S/18S
rRNA peaks. The presence and a 2:1 ratio of the peaks indicate good quality. The x-axis indicates the time in seconds;
y-axis indicates the measured fluorescence intensity
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documentation, for quality assurance, to improve 
patient care, to gain reliable results and to con-
trol costs. Hence, database systems are not only 
important for bioinformatic data analysis but are 
required to develop a successful experimental de-
sign. In spite of complex database structures and
functions, up to now no available database alone 
satisfies all medical requirements. In the field of
specialized oncology databases are needed for
the management of tissue banks for oncological 
research and care. To obtain exact results, small 
but defined sample collectives have to be selected 
out of tumour banks by combining several selec-
tion criteria. This attempt is impeded by the fact 
that different kinds of samples (e.g. fresh frozen, 
paraffin-embedded) and tissue pools, which are
in general very heterogeneous because of differ-
ent clinical progression and histology, might be 
needed. Therefore the combination of clinical 
data, histopathological data and data describing
the course of the disease and therapy has to be 
enabled. In contrast to databases used in routine 
clinical practice for clinical documentation and
quality assurance, tissue banks require tumour 
databases for molecular biological and scien-

tific research. Therefore, not one single bank 
is needed but a collection of different banks, 
which are controlled by one database. The data-
base has to provide the opportunity for flexible 
combined searches to gather the relevant infor-
mation needed for stratification of samples. It 
must be pointed out that in addition to the lo-
gistic challenges collecting and storing tumour 
samples and associated data, there are numer-
ous methodological, ethical and legal questions
and challenges (Oosterhuis et al. 2003). In some 
countries co-operative or even nationwide tissue 
banks were established providing large numbers
of annotated cancer specimens to investiga-
tors (Qualman et al. 2004; Schilsky et al. 2002; 
Melamed et al. 2004). Other nationwide tissue 
banks restrict the distribution of tissue to specifi-
cally funded projects. Recently, TumorAGENT,
a new database, was developed for breast cancer 
research (Babel et al. 2006; Kurek et al. 2006). 
This dynamic relational database is unique in
its structure and complexity; it has a flexible 
structure, architecture and user interface devel-
oped especially for the medical information and
knowledge management field. It is able to collect, 

Fig. 9.7 Combined tissue and data management for oncologic research. Depicted are data modules implemented into 
TumorAGENT. This database consists of patient and sample management. In patient management all clinically relevant 
tumour data related to a patient can be collected and stored. Storage data of tissue samples are recorded in sample 
management. A flexibly designed search module permits data recall facilities over all data fields of patient and sample 
management. Even complex questions can be answered by the AND/OR relation
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administrate, release and evaluate all relevant pa-
tient, tumour and sample data. The applied Web 
technologies offer maximum temporal and local 
availability. In TumorAGENT, approximately 800 
attributes can be documented in about 100 forms
and 30 entities, and it provides a flexible search 
module for molecular biological and scientific
reporting (Fig. 9.7).

9.3.3 Sample Enrichment Strategies

The improvement of modern clinical screening 
programmes leads to the detection of tumours at 
an earlier stage. Consequently, profiling methods
with increasing sensitivity have constantly to be 
improved. A challenging problem is the hetero-
geneity in tissue morphology accounting for the
fact that the cell population of interest may con-
stitute only a tiny fraction of the total tissue vol-
ume. For instance, breast cancer specimens are 
extremely heterogeneous with the tumour cells 
being mixed with many other cell types. There-
fore, strategies for sample dissection, enrichment
and amplification have to be employed to obtain 
specific expression profiles (Kunz and Chan 2004; 
Burgemeister 2005; Wulfkuhle et al. 2002). These 
techniques include e.g. magnetic beads, coupled
with specific antibodies to label the cells of in-
terest and to separate them by magnetic force. 
Alternatively, enrichment methods by the use
of centrifugal forces applied to density gradients 
can be used (Jechlinger et al. 2003). For tissue 

sections, different macroscopic (“scratching”) or
microscopic techniques have been developed and
should be applied by an experienced pathologist. 
One of these methods is microdissection assisted 
by a laser beam (Emmert-Buck et al. 1996; Wilt-
shire et al. 1995; Craven and Banks 2001; Bon-
ner et al. 1997; Bichsel et al. 2000). It permits the
isolation of single cells or single populations of
cells from thin tissue sections (typically 5–10 µm
in thickness) mounted on a glass slide (Fig. 9.8;
Neubauer et al. 2006; Schütz et al. 2006).

It is reported that its application is able to re-
duce co-isolation of contaminating cells to as little 
as 0.6% (Nishidate et al. 2004). In one common 
type of this technology, laser capture microdis-
section (LCM), a narrow laser beam (7.5–30 µm
in diameter) is fired at a heat-sensitive transpar-
ent polymer film on a cap that is in contact with
the tissue. When the polymer is heated, it ad-
heres to the cell(s) of interest and these cells are 
subsequently removed from the section when the
cap is lifted (PixCell II LCM System, Arcturus, 
Mountain View, CA). An alternative approach is
the laser microdissection and pressure catapult-
ing (LMPC) system of PALM Microlaser Tech-
nologies (Bernried, Germany). In this system a
pulsatile nitrogen laser is fitted to a modified re-
search microscope and focussed on the sample. 
Specimens from different selected locations can 
first be laser microdissected and later catapulted 
by laser-induced pressure towards a collection 
device, such as a microtube cap (Poznanovic et 
al. 2005b).

Fig. 9.8 a–c Tissue separation by Laser capture microdissection. Depicted is the isolation of epithelial cells of a breast 
ductal carcinoma in situ (DCIS). a The tissue section during LCM. Epithelial cells in the DCIS are dissected using a laser 
beam. The central necrotic area is not captured. b The tissue section after removal of the LCM cap with the epithelial 
being removed and the central necrotic area and the surrounding tissue being left on the slide. c The dissected epithelial 
cells on the LCM cap. The tissue section is stained with haematoxylin and eosin
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The application of microdissection enables the
analysis of cells from the same patient sample, 
e.g. different breast cancer progression stages, re-
ducing the problem of genetic variability between 
individuals (Schütz et al. 2006). The other side of
the coin is that the amounts of material that can 
be harvested by microdissection are exceptionally 
limited. This exacerbates the problems associated
with sample yield and makes it difficult to stan-
dardize experiments, leading to reproducibility 
problems. Finally, experiments must be repeated
to gain statistical sufficiency. The numerous rep-
licates that are required to achieve sufficient sam-
ple sizes for acceptable statistical analysis is im-
possible for all but the most abundant proteins, 
which is exceedingly problematic with rare sam-
ples. For genomic and transcriptomic analyses, 
linear amplification or PCR-based amplification
of the nucleic acid allows even single cells to be 
profiled (Schütz et al. 2006; Klein et al. 2002). But 
one has to acknowledge that the composition of
the analyte might be biased, for instance, to the
loss of the 5´-end of long transcripts. The issue
of sample amount is ironically made worse by
the success of contemporary clinical screening 
programmes, which detect tumours at an earlier 
stage. Therefore, high sensitivity detection meth-
ods are extremely desirable for the quantification
of the small amounts of proteins often available
in these samples, and the most successful studies 
represent the cutting edge of technology.

An important issue in using microdissection 
is to preserve the DNA, mRNA or the proteins. 
Therefore, special protocols must be established 
that allow quick staining of the tissue section us-
ing inhibitors for nucleases and proteinases and
conserving its morphology. Eosin for example 
probably should be omitted or minimized from 
experiments investigating proteins (Craven et al. 
2002). Maintaining the sections in a dehydrated 
state is crucial as well.

9.3.4 New Experimental Designs: Sample
Pooling

Cells and their gene expression pattern are influ-
enced by the environment, e.g. soluble factors, 
extracellular matrix proteins and the cell–cell 
communication they are deprived of when cul-
tured. Ornstein et al. published a direct proteomic 

comparison between cultured clonally selected 
human prostate tumour cells and the patient-
matched primary tumour epithelium from which 
they were derived (Ornstein et al. 2000). This 
revealed only a 25% similarity between the two 
protein populations even though they came from
the same person. Therefore, molecular analysis of
cells in their native tissue environment provides
the most accurate picture of the in vivo disease 
state, with primary cell cultures established from 
fresh tissue being unable to duplicate the envi-
ronment of cells in the actual tissue from which 
they are derived. Because of that, especially in
experiments investigating clinical samples where
the amount of tissue sample is particularly prob-
lematic, pooling of samples might be advanta-
geous. Another reason for the pooling of samples 
is to reduce the costs of screening large numbers
of samples. For proteomic analysis of microdis-
sected clinical cancer samples, both of these situ-
ations apply, because proteins cannot be ampli-
fied. Therefore, the use of microdissection yields 
amounts of proteins that are difficult to reconcile
with the need for greater amounts for 2D gels. In
order to provide the amounts of protein obtain-
able from microdissection experiments on pri-
mary human samples from single patients with
the amounts of protein required to achieve high 
quality 2D-PAGE results, a recent publication 
describes a sample pooling strategy (Neubauer et 
al. 2006). A disadvantage of pooling is that indi-
vidual variations among pooled subjects are lost 
within a pool, so that all relevant clinical classifi-
cations are essential prior to pooling.

9.4 Conclusion

Due to technical progress of analytical methods
and the knowledge of the human genome, the
field of molecular medicine has become the basis
for large-scale analysis of cancer cells on the ge-
netic, transcriptomic and proteomic levels. These 
new technologies might transform the clinical 
practice of medicine, assisting with (1) the detec-
tion of cancer when it is at its earliest stage, even
in the premalignant state, and (2) the individual-
ization of treatments, which are two of the most 
important challenges of the post-genomic era.
To accomplish these goals new biomarkers are 
needed to complement the existing histopatho-
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logic markers being applied. This means that 
focussing efforts on one or a few platforms is un-
likely to uncover all, or even the best, biomarkers
of a disease. Therefore, different expression pro-
filing platforms analysing genomic, transcrip-
tomic and proteomic variations have to be used
in a concerted manner. Regarding proteomic 
analysis, the methods available at the moment 
have sensitivities, a resolving power and a speed 
that already provide scientists with the possibil-
ity to analyse protein expression of complex sys-
tems such as breast cancer, with each approach 
having its strengths and weaknesses. Although 
these technologies are rapidly evolving they are 
still not as robust as those in the field of genom-
ics, so that there are new strategies and technical 
improvements needed. On the other hand, even 
pre-analytical methods have to be improved and
standardized to provide the optimal prerequisite
for high-quality analysis and the comprehensive 
management of tissue, patient and experimental 
data. Further evaluations and the characteriza-
tion of genomic, transcriptomic and proteomic 
variations may lead to the identification of bio-
markers that can specifically be applied in clini-
cal diagnoses, or might serve as drug targets.
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