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	 Abstract	

ABSTRACT

Talvinen Kati
The application of cDNA and tissue microarray methods in the study of human 
carcinomas
Department of Pathology, University of Turku, Turku, Finland
Annales Universitatis Turkuensis 2010

Currently, numerous high-throughput technologies are available for the study of human 
carcinomas. In literature, many variations of these techniques have been described. The 
common denominator for these methodologies is the high amount of data obtained in 
a single experiment, in a short time period, and at a fairly low cost. However, these 
methods have also been described with several problems and limitations.

The purpose of this study was to test the applicability of two selected high-throughput 
methods, cDNA and tissue microarrays (TMA), in cancer research. Two common human 
malignancies, breast and colorectal cancer, were used as examples. This thesis aims to 
present some practical considerations that need to be addressed when applying these 
techniques.

cDNA microarrays were applied to screen aberrant gene expression in breast and colon 
cancers. Immunohistochemistry was used to validate the results and to evaluate the 
association of selected novel tumour markers with the outcome of the patients. The 
type of histological material used in immunohistochemistry was evaluated especially 
considering the applicability of whole tissue sections and different types of TMAs. 
Special attention was put on the methodological details in the cDNA microarray and 
TMA experiments.

In conclusion, many potential tumour markers were identified in the cDNA microarray 
analyses. Immunohistochemistry could be applied to validate the observed gene 
expression changes of selected markers and to associate their expression change with 
patient outcome. In the current experiments, both TMAs and whole tissue sections could 
be used for this purpose. This study showed for the first time that securin and p120 
catenin protein expression predict breast cancer outcome and the immunopositivity of 
carbonic anhydrase IX associates with the outcome of rectal cancer. The predictive value 
of these proteins was statistically evident also in multivariate analyses with up to a 13.1-
fold risk for cancer specific death in a specific subgroup of patients.

Keywords: cDNA microarray, tissue microarray, breast cancer, colorectal cancer, 
securin, p120 catenin, carbonic anhydrase IX



	 Tiivistelmä	

TIIVISTELMÄ

Kati Talvinen
cDNA- ja kudossirumenetelmien soveltaminen syövän tutkimuksessa 
Patologian oppiaine, Turun yliopisto, Turku
Annales Universitatis Turkuensis 2010

Tällä hetkellä lukuisia suurenkapasiteetin menetelmiä käytetään syöpätutkimuksessa. 
Näistä tekniikoista on esitetty kirjallisuudessa useita muunnelmia. Menetelmille on yh-
teistä kerralla nopeasti ja suhteellisen alhaisilla kustannuksilla saatu suuri tietomäärä. 
Näihin menetelmiin kuitenkin liittyy myös useita ongelmia ja rajoituksia.

Tämän työn tarkoitus oli testata kahden valikoidun suurenkapasiteetin menetelmän, 
cDNA- ja kudossirujen, soveltuvuutta syöpätutkimukseen. Esimerkkinä käytettiin kahta 
tavallista ihmisen pahanlaatuista kasvainta, rintasyöpää sekä paksu- ja peräsuolisyöpää. 
Tämän yhteenvedon tarkoituksena on esitellä joitakin käytännön näkökohtia, jotka on 
huomioitava kyseisiä tekniikoita sovellettaessa.

cDNA-siruja käytettiin rintasyövän ja paksusuolisyövän poikkeavan geenien ilmentymi-
sen seulomiseen. Immunohistokemiallista tutkimusta käytettiin tulosten vahvistamisessa 
sekä selvitettäessä valikoitujen uusien kudosmerkkiaineiden ja syöpäpotilaiden eloon-
jäämisen välistä yhteyttä. Tällöin arvioitiin etenkin erilaisten histologisten aineistojen, 
kuten suurten kudosleikkeiden ja erilaisten kudossirujen, käyttökelpoisuutta. Työssä 
pyrittiin erityisesti huomioimaan cDNA- ja kudossirutekniikoihin liittyviä teknisiä yk-
sityiskohtia.

Tässä työssä tunnistettiin cDNA-sirututkimuksen avulla useita mahdollisia syöpään 
liittyviä kudosmerkkiaineita. Immunohistokemiallisia tutkimuksia käyttäen pystyttiin 
varmistamaan valikoitujen geenien ilmentymisessä havaitut muutokset, ja lisäksi osoit-
tamaan näiden muutosten yhteys potilaiden eloonjäämiseen. Sekä kudossiruja että ko-
konaisia kudosleikkeitä voitiin soveltaa immunohistokemiallisiin tutkimuksiin. Tässä 
työssä osoitettiin ensimmäistä kertaa, että securin- ja p120 catenin proteiini-ilmentymät 
ennustavat rintasyövän ja hiilihappoanhydraasi IX peräsuolisyövän eloonjäämistä. Näi-
den proteiinien ennusteellinen arvo oli tilastollisesti ilmeinen myös monimuuttuja-ana-
lyyseissä, joissa osoitettiin korkeimmillaan 13.1-kertainen syöpäkuoleman riski tietyssä 
potilasryhmässä.

Avaintermit: cDNA mikrosiru, kudosmikrosiru, rintasyöpä, paksu- ja peräsuolisyöpä, 
securin, p120 catenin, hiilihappoanhydraasi IX
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HIER	 heat induced epitope retrieval
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IHC	 immunohistochemistry
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κ	 kappa
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kDa	 kilodalton
κw	 weighted kappa
LOWESS	 locally weighted scatterplot smoothing
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MGED	 microarray gene expression data group
MIAME	 minimal information about a microarray experiment
mRNA	 messenger ribonucleic acid
MS	 mass spectrometry
NCBI	 National Center for Biotechnology Information
ND	 not determined
NGS	 next generation sequencing
p120(ctn)	 p120 catenin
PAGE	 polyacrylamide gel electrophoresis
PCR	 polymerase chain reaction
PTTG	 pituitary tumor transforming gene
RefSeq	 reference sequence
RNA	 ribonucleic acid
RPA	 ribonuclease protection assay
RT	 room temperature
RT PCR	 reverse transcription polymerase chain reaction
s.d.	 standard deviation
SDS	 sodium dodecyl sulphate
TMA	 tissue microarray
tRNA	 transfer ribonucleic acid
TSA	 tyramide signal amplification
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1.	INTRO DUCTION

During the last few years, high-throughput methods of molecular biology have 
increasingly been applied to meet different research goals. So far, numerous methods 
and methodological variations have been used for this purpose. These techniques are 
especially valuable in the study of malignant diseases where the treatment of each 
individual patient should be optimized according to the risk of cancer death. The 
advantages of these methods are to achieve high amounts of information on the molecular 
pathological events at the time and without necessarily requiring a specially defined 
primary hypothesis. (Sara et al., 2010, Morozova et al., 2009)

High-throughput methods have substantially enhanced our understanding of the biology 
of cancer. For example, the development of breast cancer is no longer considered a single 
multi-step process towards invasive disease and metastasis but, instead, heterogeneous 
in nature and advancing via divergent pathways characterized by a complex series of 
genetic events (Simpson et al., 2005, Geyer et al., 2009). As another example, some 
newly identified cell biological markers and gene expression signatures are under study 
for evaluating the prognosis of colorectal carcinomas (Markowitz et al., 2009, Walther et 
al., 2009). It has been suggested that with time, gene expression signatures will become 
a powerful approach in cancer prognostication and clinical practice (Abdullah-Sayani et 
al., 2006, Geyer et al., 2009).

This thesis concentrates on two selected novel methods of molecular pathology, cDNA 
(complementary deoxyribonucleic acid) microarrays and tissue microarrays (TMA). 
The scientific community has accepted DNA microarrays with great enthusiasm as 
indicated by a huge number of PubMed citations since the late 1990’s (Loring, 2006). 
Despite several clear benefits provided by DNA and tissue microarrays, there has also 
been criticism and limitations related to these methods. Results obtained applying DNA 
microarrays have been accused of high variation because of the versatile approaches and 
analytical tools used in the experiments (Bammler et al., 2005). A difficulty in both of 
these methods is heterogeneity, which concerns both tissue material and expression. As 
a consequence of tissue heterogeneity, the specimen may not accurately represent the 
whole lesion and/or may contain a variety of cell types. Heterogeneity of expression 
may result in focal or uneven patterns. (Tumor Analysis Best Practices Working Group, 
2004, Hoos et al., 2001, Gillett et al., 2000) In the case of TMA, it is not uncommon that 
the specimen is totally devoid of the cells under study. As a technical problem, detached 
cores may cause the loss of data points in TMAs. (Emerson et al., 2009, Camp et al., 
2002)
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In this thesis, the applications of cDNA and tissue microarray methods in screening 
novel tumour markers of potential value in assessing patient outcome are tested and 
evaluated. Special emphasis is put on advantages and possible limitations in these 
methodologies. The focus is on practical considerations of the principles and technical 
details in the applications of these methods. The thesis is based on original papers, where 
the application of cDNA and tissue microarrays is tested for evaluating the outcome of 
common types of human malignancies, breast and colorectal carcinomas.
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2.	RE VIEW OF THE LITERATURE

2.1.	R eview of THE cDNA microarray method

2.1.1.	Background of the cDNA microarray method

Basically, there are two types of DNA microarrays, oligonucleotide and cDNA 
microarrays. The former can be further divided into short and long oligonucleotide 
microarrays. (Barrett and Kawasaki, 2003) DNA microarray refers to a methodology 
which utilizes small areas of solid support material, such as glass, plastic or silicon to 
hold thousands of individual ”spots” which are composed of specific DNA sequences 
in precisely arrayed series (Abdullah-Sayani et al., 2006). DNA microarrays are widely 
used in monitoring gene expression changes in order to detect variations in abundances 
of specific messenger ribonucleic acid (mRNA) species in a large set of genes in a single 
experiment (Bier et al., 2008, Barrett and Kawasaki, 2003). Among all DNA microarrays, 
the special focus of this thesis is on gene expression profiling using slide-based cDNA 
microarrays. However, cDNA and oligonucleotide microarrays are variant platforms of 
the same technology, thus sharing many of the following details.

The methodology of DNA microarray as it is now understood has evolved along with 
robotic devices used for arraying (Jordan, 2002). However, dot blot hybridization 
applying radioactive labels and cDNA spotted on nitrocellulose filters have been applied 
in semiquantitative expression analysis already in the seventies (Kafatos et al., 1979). 
The approach has developed over the years through expression profiling using membrane 
based cDNA macroarrays to actual membrane microarrays with more miniaturized size 
(Lennon and Lehrach, 1991, Nguyen et al., 1995, Chen et al., 1998, Bertucci et al., 1999). 
A small array spotted on a glass microscope slide containing a small number of amplified 
cDNAs was first published in 1995 by Schena et al. using Arabidopsis thaliana as a 
model organism. The next year the same authors applied the method on human samples 
with over one thousand probes (Schena et al., 1996). In 1996, DeRisi and co-workers 
also published a corresponding experiment on gene expression in human melanoma cell 
line (DeRisi et al., 1996). At present, robotic printers can array onto a single slide over 
50 000 spots, which exceeds the amount of genes in the whole human genome (Barrett 
and Kawasaki, 2003). At the moment, nitrocellulose and nylon filters as support material 
have been almost abandoned, and also the use of glass slides is rapidly decreasing. These 
platforms have been substituted by oligonucleotide microarrays. (Abdullah-Sayani et al., 
2006) Presently, it is expected that next generation sequencing (NGS) approaches may 
displace DNA microarrays in the study of transcriptomes (Shendure, 2008).
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In medicine, gene expression profiling is used to identify differently expressed genes in 
predefined types of specimen, to discover new disease subsets, and develop prognostic 
models with the idea that the molecular level can mirror the biological differences 
reflected in morphological changes and clinical signs (Simon et al., 2002). Special 
interest has been focused on gene expression profiles in cancers where the method 
has been extensively applied for identification of gene expression markers for disease 
classification (Khan et al., 2001), development, progression and survival (Eschrich et al., 
2005), drug sensitivity (Zembutsu et al., 2002), and detection of an unknown primary 
tumour (Tothill et al., 2005).

2.1.2.	Principles of the cDNA microarray method

2.1.2.1. Constructing cDNA microarrays
According to the nomenclature recommended by Phimister (1999), the term “probe” is 
used in this thesis to describe the sequence immobilized on the solid support, whereas 
the term ”target” means the free nucleic acid sample. The most conventional cDNA 
microarrays contain probes typically produced by polymerase chain reaction (PCR) 
amplification with primers annealing to vector portions of cDNA or expressed sequence 
tag (EST) library clones (Schena et al., 1995, Yue et al., 2001, Deyholos and Galbraith 
2001). Also gene specific amplification primers (Deyholos and Galbraith, 2001) or 
recombinant plasmids purified from the library can be arrayed (Wang W. et al., 2001). 
PCR-produced amplicons are purified and checked for both quality and quantity prior to 
spotting. The quality control is performed visually by inspecting the results from agarose 
gel electrophoresis (AGE) of amplicons for the presence, single number, and correct 
size of the amplicon. (Taylor et al., 2001, Yue et al., 2001) In quantitation, e.g. AGE, 
measurements of absorbance at 260 nm or measurements using DNA sensitive dyes can 
be used (Deyholos and Galbraith 2001, Yue et al., 2001, Bowtell and Sambrook (Eds.), 
2003, p. 27). Amplified probes are arrayed by robotic device (Bier et al., 2008). The 
quality of the newly spotted array, indicated by the amount of DNA and its homogeneity 
across the slide, can be checked by, for example, staining with fluorescent DNA dyes or 
hybridization with labelled oligonucleotide complementary to the vector sequence present 
in spotted probes (DeRisi et al., 1996, Yue et al., 2001, http://las.perkinelmer.com/content/ 
technicalinfo/tch_scanarraymicroarrayspotqc.pdf 25.9.2009). The presence or 
absence of the spots, as well as their size and the shape, can be evaluated utilizing 
salt crystals originating from spotting buffer and visualized by laser scanning at 
633 nm (Bier et al., 2008, http://las.perkinelmer.com/content/technicalinfo/tch_ 
scanarraymicroarrayspotqc.pdf 25.9.2009). Each probe on the microarray represents one 
gene and the length of the probes spotted on the cDNA microarray varies from hundreds 
of bases to several kilobases in length (Barrett and Kawasaki, 2003).
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2.1.2.2. Applying cDNA microarrays
For a cDNA microarray experiment, either total or messenger RNA is isolated from a tissue 
or cell line under study (Yu et al., 2002, Schena et al., 1996). RNA amplification prior to 
labelling may be necessary if the available starting material is limited, for example, in the 
case of microdissected samples (Luo et al., 1999, van Gelder et al., 1990). Amplification 
of mRNA may induce bias in the transcriptome but, according to the literature, bias can 
be controlled with properly optimized protocol and pooling of replicate reactions can 
prevent random transcript drop-out during the priming of amplification (Chuaqui et al., 
2002). As an alternative, some reports recommend the pooling of several corresponding 
samples to increase the amount of starting material (Simon et al., 2002). 

Purified RNA is labelled utilizing cDNA synthesis (Schena et al., 1995) or in vitro 
transcription (Frederiksen et al., 2003). Among the several possible alternatives for 
labels, fluorescent dyes, especially cyanine dyes (Cy5 and Cy3), are the most common 
choice but radioactive and enzymatic labels have been used as well (Bier et al., 2008). In 
cDNA synthesis, either oligo(dT) (Schena et al., 1995) or random oligomers (Yue et al., 
2001) can be used as a primer. Labelling can occur via direct or indirect procedures where 
the direct protocol is based on nucleotides directly conjugated to labels (Schena et al., 
1995) and the indirect protocol to either amino-allyl nucleotide analogs (Yu et al., 2002), 
3DNA (Stears et al., 2000) or the tyramide signal amplification (TSA) system (Yoshida 
et al., 2002). In the case of the amino-allyl procedure, special fluorescent dyes are 
conjugated to nucleotide analogs after their incorporation in the nascent cDNA or cRNA 
(Manduchi et al., 2002, Frederiksen et al., 2003). In the 3DNA system, tailed primers are 
used in cDNA synthesis, which after microarray hybridization capture a special reagent 
dendimer containing hundreds of fluorescent molecules (Stears et al., 2000). As a special 
advantage, 3DNA technology allows expression profiling with a low background signal 
using only a limited input of the original RNA sample (Stears et al. 2000, Yu et al., 2002). 
As another option for signal enhancement, test and reference targets can be differently 
labelled during cDNA synthesis with, for example, biotin, fluorescein or dinitrophenyl 
(TSA system). After hybridization, they are sequentially detected with streptavidin or 
antibodies conjugated with horseradishperoxidase and different fluorescent reporter 
molecules conjugated with tyramide. Horseradishperoxidase activates tyramides, which 
can then covalently bind to the microarray surface at the location of their formation. 
(Huddleston et al., 2005, Ishibashi et al., 2002, Andras et al., 2001)

Commonly, two differently labelled targets are generated for cDNA microarrays – 
one from the sample under study and the other from the chosen reference material. 
The labelled targets are mixed and allowed to hybridize to the microarray probes. 
(Churchill, 2002, Ramaswamy and Golub, 2002, Simon et al., 2002) Special attention 
should be placed on choosing reference material, since it must be abundantly available, 
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homogeneous, and stable over time (Churchill, 2002), but not necessarily biologically 
relevant (Simon et al., 2002). According to Simon and co-workers (2002), the 
practicable reference sample should express from the array as many genes as possible, 
but not at such a high level as to saturate the detection system. Also, a paired non-
diseased sample from the same tissue of a patient can be used as reference material, 
if substantial differences in the gene expression of non-diseased tissues between the 
patients can be expected (Simon et al., 2002). In the literature, many report on non-
standardized reference material, consisting of, for example, pooled RNA from different 
cell lines, tumour samples or non-diseased tissues (Abdullah-Sayani et al., 2006). To 
improve the quality of microarray studies, the Microarray Quality Control (MAQC) 
Project, initiated by the US Food and Drug Administration has worked to provide 
established standards and quality measures (http://www.fda.gov/ScienceResearch/
BioinformaticsTools/MicroarrayQualityControlProject/default.htm 18.9.2009). The 
MAQC Project has especially concentrated on oligonucleotide microarrays, but 
provided also for cDNA microarrays, well-characterized reference materials and data 
sets, as well as valuable information to aid in quality control actions and to facilitate 
intra- and inter-laboratory reproducibility (MAQC Consortium, 2006, Simon et al., 
2002).

After target hybridization, the amount of bound fluorescence is measured utilizing a laser 
scanner or CCD (charge-coupled device) camera-based system (Deyholos and Galbraith, 
2001). There are many alternative software products used in image acquisition with 
distinct properties to specify, for example, spot or signals from the background (Mello-
Coelho and Hess, 2005). The signal strengths from the two labels are proportional to 
the amounts of corresponding mRNA in studied and reference samples. The ratio of the 
signal from the studied to reference sample is used as a measure of the difference in gene 
expression (Schena et al., 1996).

2.1.3.	Evaluation of the cDNA microarray method

2.1.3.1. Validation of cDNA microarrays
The several sources of variation throughout the whole cDNA microarray experiment can 
be evaluated and partly managed with the help of various types of controls. Utilizing 
these, dynamic range, sensitivity and specificity of the hybridization can be estimated. 
(Yue et al., 2001, DeRisi et al., 1996, Churchill, 2002) Each gene can be included in 
the cDNA microarray as multiple spots representing different clones of a gene with 
distinctive sequences to evaluate hybridization specificity, RNA integrity and efficiency 
of cDNA synthesis (Dietel and Sers, 2006, Bowtell and Sambrook (Eds.), 2003, pp. 42 
– 44).
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With the help of negative controls, the degree of nonspecific hybridization can be 
assessed and they can be applied for determining threshold signals defining the presence 
of mRNA in a sample. Negative controls can be prepared using, for example, either 
poly(dA), non-coding genomic sequences, printing buffer devoid of DNA, or genes, 
which are evolutionarily distant from the studied species but with approximately the 
same cytosine-guanine-content. (Bowtell and Sambrook (Eds.), 2003, pp. 42 – 44, 
Schena et al., 1996, Manduchi et al., 2002, Deyholos and Galbraith, 2001) Evolutionary 
distant DNA species can be used also to prepare so-called spiked controls, which are 
both spotted on the array and used as templates to synthesize RNA targets to be added 
into studied and reference samples before labelling (Ishibashi et al., 2002, Schena et al., 
1996). With spiked controls, equivalent labelling of test and reference samples can be 
verified (Bowtell and Sambrook (Eds.), 2003, pp. 42 – 44, DeRisi et al., 1996).

Positive controls are most commonly prepared combining equal volumes of all the 
probe elements to be spotted and printed along with single specific probes on the array. 
Optimally, test and reference samples should produce expression ratios close to equal. 
Printing can also be performed in a dilution series. The signal strength obtained from 
hybridizations of these series should be proportional to the amount of DNA in a wide 
range of concentrations. (Bowtell and Sambrook (Eds.), 2003, pp. 42 – 44, Yue et al., 
2001) Among several possible normalization schemes, also spiked controls or genes 
with no expected expression change, such as housekeeping genes, have been suggested 
for use to eliminate systematic variation (Ishibashi et al., 2002, Kitahara et al., 2001, 
Mello-Coelho and Hess, 2005).

It has been recommended that cDNA microarray experiments, especially in exploratory 
study designs, should be confirmed by conventional methods, such as reverse transcription 
polymerase chain reaction (RT PCR) (Simon et al., 2002, Bucca et al., 2004, Sherlock, 
2005). As yet, the methodological practise is, however, still not established, and also 
cost and availability of the reagents, as well as labour-intensiveness, may direct the 
selection of validation methodology. It has been suggested that also in silico procedure 
could be used in validation. That means comparing the results to available literature 
without further laboratory experimentation. (Chuaqui et al., 2002) The validation can 
include either the same set of samples as used in the original microarray experiment or 
an independent one (Chuaqui et al., 2002, Hewitt, 2006). The use of an independent set 
of samples has been suggested as being especially beneficial in prognostic study designs 
(Manning et al., 2007), where validation data confirms the applicability of the results 
(Chuaqui et al., 2002).

Based on the literature, quantitative RT PCR appears to be the most popular method for 
validation of cDNA microarray experiments, but also Northern and in situ hybridization 
(ISH), as well as ribonuclease protection assay (RPA) have been used. RT PCR is a rapid, 
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rather inexpensive and practical technique since it requires only a minimal amount of 
starting template. (Chuaqui et al., 2002) The special advantage of Northern hybridization 
is that the size of the detected transcripts can be determined, revealing the specificity 
and possible variations in mRNA splicing (Senft and LeVine, 2005). The advantage of 
ISH is the possibility to evaluate gene expression in relation to histology (Hewitt, 2006). 
As compared to Northern hybridization, RPA may allow for more sensitive detection of 
transcripts, but with the cost of losing information on transcript size (Qu and Boutjdir, 
2007).

Validation of cDNA microarray results is commonly analysed at the protein level, 
applying immunoblots or immunohistochemistry (IHC) (Chuaqui et al., 2002), but with 
the disadvantage that the mRNA expression level does not always reflect the amount of 
protein (Hewitt, 2006). Obviously, gene expression profile obtained from a microarray 
reflects only those cellular changes that affect mRNA synthesis (Abdullah-Sayani et 
al., 2006), so that biologically crucial post-translational modifications and protein-
protein interactions can not be recognized with cDNA microarray technology (Hewitt, 
2006, Dietel and Sers, 2006). In patient care, the protein level is considered to be the 
most relevant, since the vast majority of measurements in clinical routine concern 
proteins (Hewitt, 2006). Presently, immunohistochemical detection performed on tissue 
microarrays is a powerful method for the validation of DNA microarray results (Hewitt, 
2006, Chuaqui et al., 2002).

2.1.3.2. Advantages of cDNA microarrays
The greatest advantage attained by DNA microarrays with a miniaturized format is that 
the expression changes of thousands of genes, even the whole genome, can be explored 
in a single experiment (Barrett and Kawasaki 2003, Yue et al., 2001). In comparison 
with the more conventional methods, such as Northern hybridization or RPA, cDNA 
microarrays allow for exploring a considerably larger number of genes at a time. With 
RT PCR, at best, no more than a couple of hundred genes may be quantified (Bucca et 
al., 2004, Medeiros et al., 2007), and it has been estimated that this is not enough to 
understand gene expression changes for analysing and classifying complicated diseases, 
such as cancer (Dietel and Sers, 2006). cDNA microarrays also have some special 
advantages over the oligonucleotide microarrays. The precise sequence information of 
all genes is not required prior to the construction of the array (Schena et al., 1996). 
This is not a critical issue in the research of human tissues, since the completion of the 
Human Genome Project has made sequences of all human genes available in databases 
(Abdullah-Sayani et al., 2006). Instead, when studying less characterized species, this 
feature may be invaluable (Deyholos and Galbraith, 2001). Technically, as compared to 
the membrane based approach, glass slides offer the advantage of small hybridization 
volumes, high array densities, and the use of fluorescent labels (Schena et al., 1996). 
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In addition, the two-colour hybridization scheme of slide-based cDNA microarray 
experiments minimizes technical variation (Schena et al., 1995). At present, also the 
reasonable price of microarray experiments makes their use accessible to researchers 
(Abdullah-Sayani et al., 2006).

2.1.3.3. Limitations of cDNA microarrays
The quality of RNA is an important issue in microarray experiments (Russo et al., 2003). 
In present practise, frozen tissue is indispensable for microarray analysis (Abdullah-
Sayani et al., 2006). Still, tissue material in the great majority of pathology laboratories 
is stored as fixed and paraffin embedded tissue blocks producing for microarray 
experiments less intact RNA (Chung et al., 2006), with compromised quality due to 
long-term archival storage (Cronin et al., 2004). Also, the freezing of the samples should 
be performed in a standardized fashion (Abdullah-Sayani et al., 2006), since even subtle 
variations in tissue handling may affect measured gene expression levels (Simon et al., 
2002). The time between surgical removal and the freezing of tissue is critical to the 
gene expression profiles, because of fragility of RNA molecules or possible actual gene 
expression changes caused by tissue manipulation. Optimally, the tissue sample should 
be transported on ice (Micke et al., 2006), frozen within twenty to thirty minutes after 
surgical removal, and stored at -80 °C or below (Huang et al., 2001, Ramaswamy and 
Golub, 2002). The size of the stored tissue specimen should be kept small, approximately 
0.1 cm3 in volume, and placed in airtight containers with fragments of ice to prevent the 
sample from drying out (Medeiros et al., 2007, Tumor Analysis Best Practices Working 
Group, 2004). According to some researchers, a commercial reagent called RNAlater 
(Applied Biosystems/Ambion, Austin, TX, U.S.A.) may preserve RNA quality for 
expression profiling as efficiently as snap-freezing (Chowdary et al., 2006, Grotzer et 
al., 2000). For DNA microarray methodology, there are no general recommendations 
available for RNA extraction methods or the long-term storage of isolated RNA (Medeiros 
et al., 2007). The RNA extraction step is known as a source of variation in microarray 
experiments (Simon et al., 2002), and the severity of the influence of RNA degradation 
depends on study design. Those experiments where cDNA synthesis has been performed 
using oligo(dT) have been suggested to be more sensitive to degradation (Medeiros et al., 
2007). RNA degradation may not be appreciable in standard ethidium bromide stained 
gels, although the gene expression profile is significantly altered (Huang et al., 2001).

Especially in cancer research, heterogeneity of the lesion may cause the tissue sample to 
contain both diseased and normal cell types (Abdullah-Sayani et al., 2006). This feature 
may be a major confounding variable in many microarray experiments (Tumor Analysis 
Best Practices Working Group, 2004). For this purpose, Medeiros et al. (2007) have 
urged defining a minimum volume and percentage of tumour tissue of samples for DNA 
microarray experiments. Another remedy for the problem could be the use of isolated 
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pure cell populations by, for example, laser capture microdissection (Tumor Analysis 
Best Practices Working Group, 2004).

According to Bammler et al. (2005), the type of platform applied is among the important 
sources of variation in DNA microarray experiments. In the literature, conflicting results 
of gene expression changes have been presented when cDNA and oligonucleotide 
microarrays have been compared (Kuo et al., 2002, Tan et al., 2003). There are, however, 
also several reports suggesting relatively concordant results between the platforms 
(Yauk et al., 2004, Irizarry et al., 2005, Larkin et al., 2005). There is no simple answer 
explaining the reason for divergent observations obtained from different comparative 
studies (Petersen et al., 2005), although the role of measuring different splice variants 
of the same gene with different platforms has been speculated (Sherlock, 2005). Cross-
platform consistency may be improved if the probes on the compared arrays represent 
the same sequence (Mecham et al., 2004). The explanation may also be in the different 
RNA preparations and protocols used in the comparisons (Kuo et al., 2002). According 
to the literature, better concordance may be achieved by evaluating direction instead 
of magnitude of expression change, by using standardized methods throughout the 
experiment and by surveying deregulated functional groups instead of single deregulated 
genes (Petersen et al., 2005, Bammler et al., 2005, Tan et al., 2003).

In a fairly early phase of the development of the methodology, it became evident that data 
obtained from cDNA microarray experiments may not be reproducible or comparable to 
similar studies conducted by other, or even by the same laboratory (Barrett and Kawasaki, 
2003). One explanation for this may have been that publications on cDNA microarray 
experiments often lack the vital technical details necessary for repeating the study (Nature 
419, p. 323, 2002). Recently, an international co-operative project, the Microarray Gene 
Expression Data Group (MGED), has been established among specialists of biology, 
information technology and biostatistics, to promote the integration of data (Brazma 
et al., 2000, http://www.mged.org/ 17.9.2009). MGED has proposed guidelines called 
MIAME (Minimal Information About a Microarray Experiment) for publication of DNA 
microarray data (Brazma et al., 2001). Presently, MIAME 2.0 guidelines (http://www.
mged.org/Workgroups/MIAME/miame.html 17.9.2009), user-friendly spreadsheet-based 
format (Rayner et al., 2006), and vocabulary accordant with MGED Ontology (Whetzel 
et al., 2006), are available for microarray data publication and database deposition. In 
practice, MIAME provides criteria for submission of DNA microarray data for publication 
for unambiguous interpretation of the data. This information should include details on 
the experimental design, array design, description of probes, and sample annotation with 
associated key experimental variables. In addition, experimental protocols, measurements 
and data processing should be detailed if they differ from the standard. Both raw and 
final processed data obtained from an experiment should be stored in a public repository. 
(Brazma et al., 2001, Stoeckert et al., 2002, http://www.mged.org/Workgroups/ 
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MIAME/miame_2.0.html 17.9.2009). At present, there are at least fifty journals 
following the MIAME rules in publication (http://www.mged.org/Workgroups/ 
MIAME/journals.html 17.9.2009).

For many years, analysis of microarrays suffered from lack of sophisticated software and 
bioinformatics tools, and of poorly annotated EST databases (Jordan, 2002, Loring, 2006). 
At present, there are several bioinformatics tools available and under development in the 
internet (Mello-Coelho and Hess, 2005, http://www.bioconductor.org/ 22.10.2009). The 
chosen analytical approaches greatly influence the accuracy and reliability of the results 
(Abdullah-Sayani et al., 2006) but, presently, there is no consensus on their applicability 
(Chuaqui et al., 2002, Desai et al., 2002).

In the literature, some limitations have been related specifically to the cDNA microarray 
platform, but not to oligonucleotide microarrays. Firstly, original cDNA libraries used for 
microarray construction, are known to contain cross-contaminated and incorrect clones, 
and false annotation information concerning, for example, the size of the products of 
amplified cDNA. Also, they may not yield sufficient amounts of product to construct a 
microarray. Since it is a multi-step process to reach from the original library to a finished 
cDNA microarray, there are many sources for errors also. As a consequence, from 
almost 20% to 40% error rates, as compared to original annotation, have been reported. 
Sequencing of the original cDNA libraries, or amplified probes, helps to minimize the 
amount of false results. Sequence verification is, however, a very laborious, costly, and 
time-consuming process. Besides sequencing, AGE of clones prepared from bacterial 
colonies, or of amplified PCR products, is an alternate way to get some insight into the 
fidelity of the cDNA library. (Halgren et al., 2001, Taylor et al., 2001)

Non-specific hybridization and cross-hybridization are other problems which have been 
related to cDNA microarrays in the literature. Chuaqui et al. (2002) and Emmert-Buck 
et al. (2000) have pointed out that cDNA microarrays may be susceptible to non-specific 
background signals due to the hybridization of the target via repetitive elements, poly(A) 
tails or common motifs, for example, sequence homology among gene-family members. 
It has also been suggested that cDNA microarrays suffer from special technical problems, 
such as heavy background, air bubbles trapped under the coverslips during hybridization, 
scratches on the surfaces of the arrays, and variations in the size and shape of the probe 
spots (Simon et al., 2002).

All in all, the sources of variation in DNA microarray experiments are best managed 
with rigorously and carefully designed (Dietel and Sers, 2006) standardized procedures 
(Bammler et al., 2005), and close cooperation between specialists of different 
backgrounds, such as surgeons, pathologists, molecular biologists and bioinformaticists 
(Abdullah-Sayani et al., 2006).
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2.2. 	R eview of the tissue microarray (TMA) method

2.2.1.	Background of the TMA method

Multitissue array is a high-throughput methodology producing for histopathological 
analysis tissue blocks constructed from multiple samples arranged in either tissue rods 
or cores (Eguíluz et al., 2006). These blocks can contain from approximately a hundred 
up to a thousand separate tissue specimens in a limited area (Kononen et al., 1998). 
The technique was originally introduced in 1986 by H. Battifora, as “the multitumor 
(sausage) tissue block”, which contained over a hundred rod-shaped tissue samples 
wrapped in sheets of small intestine and embedded in a normal-sized paraffin block. 
In 1990, Battifora and Mehta described an improved version, “the checkerboard tissue 
block”, where the origin of each sample could be identified in the even distribution 
of tissues. During the last two decades many more slightly modified variations of the 
construction techniques have been described for both rod-shaped blocks (Miller and 
Groothuis, 1991, Press et al., 1994), and tissue-core blocks (Wan et al., 1987, Kraaz et 
al., 1988, Kononen et al., 1998, Pan et al., 2004, Pires et al., 2006). Eventually, tissue-
core technologies using 16-gauge needles (Wan et al., 1987) and skin punch biopsy 
instruments (Kraaz et al., 1988), were substituted by custom-built devices enabling the 
rapid and reproducible construction of multitissue blocks, called “tissue microarrays” 
(Kononen et al., 1998). Currently, many commercial manual and automated microarrayer 
instruments are available for the diverse needs of laboratories (e.g. Beecher Instruments, 
Sun Prairie, WI, USA; Veridiam, Poway, CA, USA). Meanwhile, TMAs have become 
a widely applied tool in modern pathology research (Camp et al., 2008, Giltnane and 
Rimm, 2004).

In the literature, TMAs have been applied to cancer research with varying goals 
(Kallioniemi et al., 2001), with the spectrum of applications including, for example, 
the correlation of single or multiple protein markers to disease aggressiveness (Salvucci 
et al., 2006), progression (Yang et al. 2006) or patient outcome (Torhorst et al., 2001), 
and therapy or drug response (Umar et al., 2009, Rocchi et al., 2004). While Hao et al. 
(2004), made comparisons between paired primary tumour and metastasis, Couvelard et 
al. (2009), studied expression heterogeneity within metastasis and between metastases, 
and Nishizuka et al. (2003), applied TMA for differential diagnosis of cancers. 
Furthermore, the TMA technique has also been used for tumour classifications (Callagy 
et al., 2003, Makretsov et al., 2004), and antibody validation for therapeutic decision-
making (Cheang et al., 2006, Camp et al., 2008). Multitumour TMAs – sometimes called 
”prevalence TMAs” – have been introduced, for example, in prevalence studies of the 
abundance of a certain protein or gene amplification (van de Rijn and Gilks, 2004, Yang 
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et al., 2007, Andersen et al., 2002). The TMA technique has turned out to be useful also 
as an IHC quality control tool (Mengel et al., 2002, de Jong et al., 2009).

2.2.2. 	Principles of the TMA method

2.2.2.1. Constructing TMAs
When constructing a TMA, tissue areas of interest are first selected by a histopathology 
expert from routine stained whole tissue sections. The selection of the areas for TMA 
cores must be done from the previous section of the paraffin block. One or several 
representative areas are marked on the slide and the corresponding area is identified 
on the original tissue block. (Hewitt, 2004) Cylindrical tissue cores from the chosen 
area on the block are then punched using a hollow needle, either manually or with a 
tissue-arraying instrument (Bowtell and Sambrook (Eds.), 2003, pp. 603 – 607). When 
constructing the TMA, the punched tissue cores are mounted into pre-made holes of 
a recipient block in grid-pattern with precise coordinates (Kononen et al., 1998). For 
easier microscopic examination, the tissue cores may be arrayed into subsections (Simon 
and Sauter, 2002). While constructing the TMA, special consideration should be put on 
the type, quality and heating of paraffin wax, size and distance of cores to each other and 
to the surface of the cassette, handling of the blocks, and direction of sectioning in order 
to avoid the TMA breaking in sectioning (Dennis et al., 2003, Eguíluz et al., 2006).

2.2.2.2. Applying TMAs
In general, any type of tissue – normal or diseased – can be arrayed, but in constructing a 
TMA several considerations are necessary. TMAs are not optimal for evaluating distant 
or scarce structures, such as glomeruli of the kidney or portal tracts of liver, since they 
are not likely to be sufficiently represented in small tissue cores. Similarly, it is not 
recommendable to apply TMA methodology for the study of small lesions or intricate 
disease classifications, such as in situ tumour lesions. Technically, hard or fragile tissues, 
such as bone or cartilage may be challenging to array. (Hewitt, 2004) Currently, the 
most commonly applied form of TMA consists of hundreds of formalin fixed paraffin 
embedded (FFPE) cores from large tissues (Takikita et al., 2007) but, according to the 
literature, also cell lines (Li et al., 2005, Montgomery et al., 2005) and tissue core needle 
biopsies (Datta et al., 2005) have been arrayed in similar fashion.

In punching the blocks, the idea is to get adequate and acceptable representation of tissue 
with the minimal number and diameter of cores. Cores smaller than 0.6 mm in diameter 
are not likely to fulfil the requirement of representation, whereas cores larger than 3 mm 
are contrary to the sense of tissue arraying in the first place. (Bowtell and Sambrook 
(Eds.), 2003, pp. 603 – 607) With a tissue core height of 3 – 4 mm, approximately 200 – 
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300 sections can be obtained from each TMA block (Shergill et al., 2004, Eguíluz et al., 
2006). Using equally thick donor blocks, the uniformity of sections throughout the TMA 
can be ensured (Henshall, 2003). If the donor tissues are thin, several cores from the 
same block can be placed on top of each other to increase the height of the TMA (Hoos 
and Cordon-Cardo, 2001).

As in standard histopathology practise, sections of TMA are cut with microtome, floated 
in a water bath, and collected on positively charged slides or treated with the tape 
transfer technique (Quraishi et al., 2007). The adhesive tape system has been reported 
to work particularly well for high-density TMA slides, minimizing tissue loss and 
section stretching (Henshall, 2003, Hewitt, 2004), and preventing loss of antigenicity 
because of the oxidation of tissue sections during the water bath (Quraishi et al., 2007). 
While cutting multiple sections from a TMA, it is advisable to check the quality and 
correct number of tissue cores with a routine staining once every 50 slides (Hewitt, 
2004). Furthermore, sections of TMAs are readily applicable with the same methods 
as standard whole sections, such as IHC and ISH (Kallioniemi et al., 2001). The great 
majority of reports deal with the use of FFPE TMAs with IHC, while fewer studies have 
reported RNA ISH (Shergill et al., 2004, Camp et al., 2008). Also DNA ISH, PCR ISH, 
and immunocytochemistry techniques could be used along with TMAs (Bowtell and 
Sambrook (Eds.), 2003, pp. 603 – 607).

Automated quantification is a suggested solution to deal with the huge amount of tissue 
samples stained in a TMA, and the eventual time restraints (Simon and Sauter, 2002) 
and accuracy demands of the histological evaluation (Camp et al., 2002). TMA with an 
automated computerized evaluation provides a feasible platform for rapid continuous 
scale quantification, and helps to fix the problem of subjectivity (Camp et al., 2008). The 
TMA technique is especially well suited for automated quantification, because the small 
pre-selected tissue cores can be expected to represent a cell population with minimal 
heterogeneity (Simon and Sauter, 2002, Rubin et al., 2002). Presently, there are several 
software solutions commercially available for this purpose (Aguilar-Mahecha et al., 
2006, Giltnane and Rimm, 2004). Automated quantification is expected to speed up the 
interpretation and improve the accuracy, reproducibility, and prognostic significance of 
TMAs (Camp et al., 2002, Wang S. et al., 2001). Automated quantitative analysis has 
also been established for ISH (Jubb et al., 2003).

It has been suggested that linking automated quantitative scores of TMA to patient data 
may lead to true high-throughput data processing (Giltnane and Rimm, 2004). In this 
attempt, information management systems and databases archiving TMA data together 
with histological and clinical data have been introduced (Henshall, 2003, Manley et 
al., 2001). In the future, production of large-scale TMAs may even be centralized for 
collaborative use so that standardized studies for biomarkers can be run simultaneously 
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in several laboratories. This would ultimately constitute a huge depository of knowledge, 
disseminating valuable data to the whole research community. (Moch et al., 2001) 
Despite possible future promises, automated quantification is still relatively early 
in its development and programs are struggling with several problems, such as the 
identification of background staining (Aguilar-Mahecha et al., 2006, Takikita et al., 2007). 
The instrumentation needed is rather expensive and requires extensive training to use 
(Hewitt, 2004). Many bioinformatics tools are also not optimal for analysis of quantitative 
TMA data, since they were originally developed for analysing relational values of gene 
expression arrays (Giltnane and Rimm, 2004). Thus far, the few unsupervised clustering 
algorithms used in breast cancer (Callagy et al., 2003, Makretsov et al., 2004) should be 
applied with caution (Hewitt, 2006).

2.2.3.	Evaluation of the TMA method

2.2.3.1. Validation of TMAs
In order to perform reliable TMA experiments, the donor tissue should be standardized 
for the protocols of tissue processing with a choice of fixatives and paraffins, especially 
when the specimens originate from different institutions (Hewitt, 2004, Chiriboga, et 
al., 2004). Also, the influence of tissue storing should be considered by ruling out any 
systemic association between the type of staining and the age of the archival tissue in the 
TMA (Hewitt, 2004, Camp et al., 2008, Hecht et al., 2008). According to custom practise, 
TMA blocks are stored at room temperature in a dry environment (Hewitt, 2004).

The optimal design for TMA takes into consideration the maximal surface area that can 
be uniformly stained. Distributing the control tissue specimen, such as cores of normal 
tissue or mixed cell lines, on the TMA serves as verification of even staining across the 
entire array. Placing control tissue cores as a frame around the array minimizes the loss 
of study material during sectioning, and protects it from artificial staining at the section 
borders, both phenomena sometimes seen in the periphery of the TMA. (Hewitt, 2004, 
Hoos and Cordon-Cardo, 2001) For the use of the biotin-avidin-based detection system, 
inclusion of endogenous-biotin containing kidney and liver tissues on the TMA helps 
to identify false-positive background caused by the failure of biotin blocking (Hewitt, 
2004).

2.2.3.2. Advantages of TMAs
TMAs have many benefits over the traditional whole tissue sections. The most obvious 
of them is its effectiveness over time, reagents, laboratory capacity, and storage. Also, 
the saving of scarce tissue material is often important. (Camp et al., 2008, Eguíluz et 
al., 2006, Sapino et al., 2006) TMAs are achievable from archival tissue specimens to 
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produce large materials with long-term follow-up providing adequate statistical power 
to test the clinical relevance of numerous potential new biomarkers (Kallioniemi et al., 
2001, Kononen et al., 1998, Voduc et al., 2008). The initial cost of the production of a 
TMA will be substantially reduced along with continuing experiments (Mucci et al., 
2000). The cost-effectiveness of TMAs has been demonstrated also in routine clinical 
use (Sapino et al., 2006) but the technique may require specially trained and dedicated 
laboratory personnel (Camp et al., 2008, Sapino et al., 2006, Simon and Sauter, 2002).

TMAs may improve the consistency of experiments in providing uniform conditions 
for antigen retrieval, temperature, washing and staining conditions, and antibody 
dilution over the whole section (Camp et al., 2008, Eguíluz et al., 2006). It has also been 
pointed out that the use of TMAs may improve reproducibility of results by minimizing 
subjectivity in selecting the area for histological evaluation (Kyndi et al., 2008, Torhorst 
et al., 2001, Voduc et al., 2008). Interassay variations between separate TMA analyses 
may be managed by incorporating internal controls from cell lines, or either normal or 
diseased tissue specimens (Simon and Sauter, 2002, García et al., 2003, Fergenbaum 
et al., 2004). Different concentrations of peptides attached to slides may be used for 
quantitative controls (Vani et al., 2008). Small-scale TMAs are generally applied as 
quality control tools on traditional whole section slides of routine pathology (Packeisen 
et al., 2002), and in the quality assurance of new aliquots of antibodies (van de Rijn and 
Gilks, 2004) in a single laboratory or between several institutions (Camp et al., 2008).

2.2.3.3. Limitations of TMAs
One of the most debatable issues in TMAs is tissue heterogeneity i.e. how well a tissue 
core can represent a larger lesion or a whole tumour. This is dependent on the type of 
tissue, so that while homogeneous tissues may be accurately represented with a single 
core, several or larger cores are needed for evaluating heterogeneous tissues, such as 
tumours. (Bowtell and Sambrook (Eds.), 2003, pp. 603 – 607, Camp et al., 2000, Rubin 
et al., 2002, García et al., 2003, Hoos and Cordon-Cardo, 2001) Some researchers have 
suggested that moderately complex tissues can be covered by two or three cores taken 
far apart (Bowtell and Sambrook (Eds.), 2003, pp. 603 – 607, Camp et al., 2000).

As to expression heterogeneity, several reports have highlighted the relevance of 
individual validation of each antigen for TMAs (Fons et al., 2007, Gillett et al., 2000), 
because comparative studies recommend arraying tissue cores in double, triple or 
quadruple (Camp et al., 2000, Hoos et al., 2001, Fernebro et al., 2002). In some studies, 
however, no, or only marginal, improvement in the agreement between the TMA and 
whole tissue section has been achieved using multiple instead of a single core (Gillett et 
al., 2000, Hecht et al., 2008, Kyndi et al., 2008).
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Some particular molecular markers may not be optimal for analysis in TMAs, because 
of focal or heterogeneous expression patterns in “hot-spots” (Gillett et al., 2000), or at 
the leading edge of the tumour (Brooks and Leathem, 1995, Cardillo et al., 1997). This 
applies, for example, to hypoxia (van Diest et al., 2005) and cell proliferation markers 
(Beliën et al., 1999, Salminen et al., 2005). In addition, some markers may be expressed 
in different subcellular locations at the edge and the centre of the tumour (Brabletz et 
al., 2005). It has been suggested that cores for TMAs are taken from distinct areas far 
apart (Iakovlev et al., 2007), such as both centre and the edge of the tumour (Camp et al., 
2000). Also, the tumour area selected for the TMA should reflect the requirements of the 
studied phenomenon or biomarker, for example, the proliferation of breast cancer should 
be evaluated at the periphery of the tumour (Packeisen et al., 2003). Peripheral cores are 
often recommended also because the central region of the tumour may show inadequate 
tissue fixation, possibly hampering the detection of biomarkers sensitive to underfixation 
(Rubin et al., 2001, Walker, 2008).

Previous studies have also attempted to deal with the challenge of tissue and expression 
heterogeneity by increasing the diameter of the punched core in TMAs (Hewitt, 2004). A 
large tumour of several centimeters in diameter is hardly more accurately represented by, 
for example, a tissue core 2 mm in diameter (3 mm2), than one 0.6 mm in diameter (0.27 
mm2) (Kallioniemi et al., 2001, Packeisen et al., 2003). Although sampling of multiple 
cores may better deal with tissue heterogeneity, a larger core may still provide more 
tissue material for a better microscopic evaluation of tissue architecture and histology 
(Hewitt, 2004).

Loss of data points is a common problem in many TMA studies (Boone et al., 2008, 
Cheang et al., 2006, Fernebro et al., 2002, Gillett et al., 2000). Reported rates of non-
informative tissue cores vary extensively (Hoos and Cordon-Cardo, 2001), for example, 
from 4% (Jourdan et al., 2003) to even 30 % (Torhorst et al., 2001) lost tissue cores in a 
TMA. Some researchers suggest that the loss of tissue material in processing TMAs may 
be dependent on the diameter of the tissue core (Henshall, 2003, Kramer et al., 2007), 
and on the fixation time of the donor tissue (Hoos and Cordon-Cardo, 2001). Previous 
reports have also considered the influence of the location of the core in the TMA, and 
the type of tissue studied for tissue loss in TMAs, but the results are contradictory (Hoos 
and Cordon-Cardo, 2001, Henshall, 2003, Mucci et al., 2000).

Although many proteins retain their antigenicity in FFPE blocks for more than sixty years 
(Camp et al, 2000), it has been shown that antigenicity changes rapidly in pre-cut TMA 
slides stored at room temperature in air. DiVito et al. (2004) have reported that already 
six days of storage results in a statistically significant difference in detectable antigen 
quantity as compared to fresh cut sections. For this reason, it may not be advisable to 
prepare extra sections in advance (Camp et al., 2008). On the other hand, the tissue 
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block has to be refaced every time when remounted on a microtome, which can result in 
exhaustion of tissue cores or tumour tissue within the cores (Fergenbaum et al., 2004). 
The severity of the observed loss depends on the antigen studied, so that membranous 
antigens seem to be more susceptible to the effects of storage time and temperature 
(DiVito et al., 2004, Fergenbaum et al., 2004). According to Mirlacher et al. (2004), 
however, some of the observed clinicopathological associations with patient survival are 
retained, in spite of a decrease in staining intensity during the storage of slides. It has 
been proposed that re-coating the slides by dipping them in melted paraffin and storing 
them in a nitrogen desiccator may serve as a remedy for antigen deterioration on pre-cut 
sections (DiVito et al., 2004, Su et al., 2006). Hewitt (2004) has suggested that humidity 
and oxygen are more important factors than temperature in the storage of pre-cut paraffin 
sections.

In summary, no standard for TMA construction has been achieved thus far. Also, there 
is presently no consensus on whether TMA is a suitable platform for the analysis of 
heterogeneously expressed proteins or not (Hoos et al., 2001, Fernebro et al., 2002, 
García et al., 2003, Linderoth et al., 2007, Merseburger et al., 2003). Instead, the real 
question is if clinical correlations can be reproduced in TMAs (Simon and Sauter, 2002). 
Many studies have confirmed that if the TMA comprises a large enough patient cohort, 
even one 0.6 mm core may be sufficient for statistical significance in clinical correlations 
(Cheang et al., 2006, Torhorst et al., 2001, Nocito et al., 2001). Consequently, the TMA 
is repeatedly suggested as a powerful tool when examining large populations in a 
research context, but not in individual cases, which hampers its use as a tool for patient 
management (Kallioniemi et al., 2001, Nocito et al., 2001, Gulmann et al., 2006).

2.3.	E xamples of cDNA microarrays and TMAs in breast 
and colorectal carcinomas

Over the years, cDNA microarrays have been used to study numerous malignant 
diseases (Russo et al., 2003) but with only limited consensus concerning the numerous 
inter-experimental variations and interpretation of the results (Abdullah-Sayani et al., 
2006). Recently, new gene expression patterns have been discovered at a rapid pace, 
using modern high-throughput technology, such as cDNA microarrays or proteomic 
screening approaches (Sallinen et al., 2000, Hudelist et al., 2004, Umar et al., 2009). 
Simultaneously, a growing demand has arisen to validate the plethora of identified gene 
expression changes in respect to histology in a large series of samples (Bowtell and 
Sambrook (Eds.), 2003, pp. 603 – 607). The development of the TMA technique has 
provided a convenient platform for this task (Hewitt, 2006, Moch et al., 1999, Bubendorf 
et al., 1999).
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2.3.1.	Background of breast carcinoma

Invasive breast cancer (BC) is the most common malignancy among women in Finland, 
accounting for up to 31.4% of all female carcinomas. The yearly incidence is presently 
4 313 and constantly increasing. (Finnish Cancer Registry, 2008) BC is a multifactorial 
hormone-dependent malignancy related to Western reproductive factors and lifestyle, 
but also hereditary forms of BC occur (Tavassoli and Devilee (Eds.), 2003, pp. 13 – 14). 
BC may manifest as a palpable breast lump but, presently, a substantial part of BCs 
are symptomless (Tavassoli and Devilee (Eds.), 2003, p. 17). Mammographic screening 
has been practised in Southwestern Finland since 1987, and resulted in a significant 
decrease in tumour size and disease progression at the time of diagnosis, and improved 
disease outcome (Finnish Cancer Registry, 2008). The corner stone of BC detection is 
the so-called triple diagnostics, i.e. the combination of clinical, imaging, and histological 
examinations.

2.3.2.	Background of colorectal carcinoma

Colorectal cancer (CRC) is one of the most common malignant tumours in Finland. 
There are 2 704 new cases per year (Finnish Cancer Registry, 2008), and the incidence is 
rising. The risk factors for CRC are not exactly known, but hereditary factors and dietary 
habits with a high consumption of animal fat and a low content of vegetable fibre have 
been linked to an increased risk of the disease (Wei et al. 2004). The symptoms of CRC 
include abdominal complaints, anaemia, and blood in stools (Kent et al., 2009). The best 
way to diagnose the CRC is with a colonoscopy, which also allows for a histological 
diagnosis. Radical surgery is the cornerstone of the treatment (Wilkinson and Scott-
Conner 2008). Chemotherapy and/or radiotherapy are used as an adjuvant treatment 
for high-risk patients in order to reduce the risk of a relapse, or as a palliative treatment 
for patients with disseminated cancer (Wolpin and Mayer 2008). The survival of CRC 
depends on the stage of the disease.

2.3.3.	Examples of cDNA microarrays in breast carcinoma research

Soon after Schena et al. (1995) introduced glass slide-based cDNA microarrays, Perou 
et al. (1999) used the method to classify breast tumours on the basis of gene expression 
profiles. The paper indicated that, in spite of the known heterogeneous nature with mixed 
cell populations, breast carcinomas could be classified using gene expression profiling 
and the expression changes could further be validated by IHC in archival tumour samples. 
In their later work, Perou et al. (2000) were able to associate sets of co-expressed genes 
to physiological features, for example, to proliferation rates as measured by the mitotic 
index.
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According to present understanding, most breast carcinomas are sporadic and induced 
by the accumulation of various mutations or alterations in gene expression (Desai et al., 
2002). On the other hand, in the hereditary form of breast cancer, the risk to develop the 
disease has been associated with mutations in BRCA1 and BRCA2 genes, for example 
(Tavassoli and Devilee (Eds.), 2003, p. 54, Antoniou et al., 2001). Tumours with either 
BRCA1 or BRCA2 mutation differ from each other in some clinical and histopathological 
features (Lakhani et al., 1998, Loman et al., 1998), but these features are not sufficient 
for classification of individual patients. The understanding of pathogenesis in hereditary 
breast cancer has been improved by Hedenfalk et al. (2001), who compared expression 
profiles in breast cancer specimens from BRCA1 mutation carriers, BRCA2 mutation 
carriers, and sporadic tumours applying cDNA microarrays, and identified a subset of 
differently expressed genes between these forms of breast cancer. Recently, molecular 
signatures have been published also for the prediction of hormone treatment failure 
(Vendrell et al., 2008) and the identification of different histological types of breast 
cancer (Bertucci et al., 2008).

Among the first to apply cDNA microarrays in the evaluation of breast cancer survival, 
Bertucci et al. (2000) revealed with the help of gene expression profiling, a histologically 
and clinically undistinguishable subgroup of patients with a poor outcome. Soon after 
this, prognostic subgroups of breast cancer patients were determined by a gene expression 
signature in two different studies (Sørlie T et al., 2001, Bertucci et al., 2002). In a paper 
by Bertucci et al. (2002), they could, with the help of gene expression profiling, further 
refine tumour classification by identifying three additional prognostic subgroups among 
a homogeneous group of breast cancer patients who, according to the established 
prognosticators, all had a similar poor prognosis of the disease.

2.3.4.	Examples of cDNA microarrays in colorectal carcinoma research

In the beginning of this millennium, Kitahara et al. (2001), Takemasa et al. (2001) and 
Williams et al. (2003) made attempts to survey deregulated gene expression in colorectal 
cancer in order to identify significant genes influencing the pathogenesis, and constituting 
potential new targets for diagnosis and therapy of the disease. However, comparison and 
evaluation of the lists of up- and downregulated genes in these studies is hindered by the 
many differing attributes of methodology and study design, such as genes included in the 
microarrays, tissue material collected and prepared, and methods of data normalization. 
Also, the sample size in these studies was rather limited with a maximum of twenty 
patients. A little later, Bertucci et al. (2004) profiled fifty tissue samples and published 
gene expression signatures distinguishing various clinically relevant subgroups, and 
also a signature associated with patient outcome. Also Eschrich et al. (2005) studied the 
gene expression of colorectal cancer in a somewhat larger patient material, where the 
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expression profiles could be correlated with patient outcome. Recently, Yamasaki et al. 
(2007) studied over one hundred colorectal samples to identify sets of genes differently 
expressed during different stages of oncogenic development. Applying independent 
smaller patient material, they were able to validate gene expression signatures classifying 
tumours originally diagnosed as local ones into localized and metastasized classes with 
different outcome.

2.3.5.	Examples of TMAs in breast carcinoma research

Quite soon after the concept of TMA was initially introduced, the validity of the technique 
was tested in the evaluation of estrogen receptors, progesterone receptors and Her2/
neu-oncogene expression – the established clinical markers of breast cancer. In 2000, 
Gillett et al. found a strong association between both separate TMA cores and TMA and 
traditional whole sections. Furthermore, they observed that the inclusion of more than 
one core improved the correlations only marginally. (Gillett et al., 2000) To the contrary, 
the study carried out by Camp et al. (2000), suggested the use of two cores, one from the 
centre and the other from the periphery of the tumour, for accurate tissue representation. 
Later on, Torhorst et al. (2001) showed that the number of cores needed for an accurate 
representation of the biomarker profile is dependent upon the marker in question. Since 
the first validation studies, many other reports have been published on breast cancer, 
confirming the good concordance of established markers between TMA and whole 
sections (Sapino et al., 2006, Kyndi et al., 2008, Zhang et al., 2003). In addition, many 
large-scale evaluations have proven the feasibility of TMA to produce clinically relevant 
correlations between the established biomarkers of breast cancer and patient outcome 
(Kyndi et al., 2008, Wärnberg et al., 2008, Gillett et al., 2000, Torhorst et al., 2001). In 
spite of the promises in research settings, TMAs have not been recommended for routine 
use in patient care, since perfect agreement between TMA and whole sections has not 
been proven (Gillett et al., 2000, Selvarajan et al., 2006).

2.3.6.	Examples of TMAs in colorectal carcinoma research

In colorectal cancer, the TMA technique has been validated with relatively small-scale 
materials comparing the expression of range of biomarkers. Generally, a good correlation 
has been reached between TMA and whole sections, as well as between central and 
peripheral cores. These studies have suggested the use of at least three, or preferably four 
cores per case. (Fernebro et al., 2002, Jourdan et al., 2003) In the evaluation of clinical 
outcome, TMA has proven useful in some works (Prall et al., 2004), but not in all (Hoos 
et al., 2002).



32	 Review of the Literature	

2.4.	R eview of securin, carbonic anhydrase IX and p120 
catenin

2.4.1.	Review of securin

2.4.1.1. Introduction
In 1997, securin (pituitary tumor-transforming, Pttg) was cloned from a rat pituitary 
tumour cDNA library employing the differential display PCR technique (Pei and Melmed, 
1997). The next year, Dominguez et al., cloned a human counterpart from a Jurkat cell 
cDNA library (Domínguez et al., 1998), and the gene was localized to chromosome 
5 (Kakar, 1998.). Almost at the same time, PTTG cDNA was independently cloned 
by Kakar and Jennes from human testis (1999). Soon after, the product of the PTTG 
gene was identified as a human securin protein capable of binding separase, and securin 
destruction was found to be essential for normal sister-chromatid separation (Zou et al., 
1999). Previously, the interplay of the yeast counterparts of securin and separase had 
been studied along with sister-chromatid separation (Cohen-Fix et al., 1996, Funabiki et 
al., 1996, Ciosk et al., 1998). In 2000, the previously cloned human PTTG was reported 
as one of the three members of the PTTG-family, and renamed PTTG1 (Chen et al., 
2000).

Originally, the human PTTG1 gene was shown to contain five exons in the coding region 
(Zhang et al., 1999b). Later, Clem et al. (2003) reported the existence of a sixth exon 
upstream of the translation start site, containing transcription factor binding sites. Sequence 
analysis has revealed an open reading frame for a 22 kDa protein (Domínguez et al., 
1998). However, in sodium dodecyl sulphate (SDS) polyacrylamide gel electrophoresis 
(PAGE) analysis, securin has been shown to migrate as approximately 29 kDa protein 
(Domínguez et al., 1998), suggesting some post-translational modifications occur 
(Vlotides et al., 2007). Particularly during mitosis, securin seems to have a potential 
to migrate as doublet, possibly due to cell-cycle dependent phosphorylation (Ramos-
Morales et al., 2000). PTTG1 mRNA is ubiquitously expressed in a normal adult testis 
and thymus (Zhang et al., 1999b). Weak expression has been found in the colon, small 
intestine, placenta, brain, pancreas and lung (Zhang et al., 1999b, Domínguez et al., 
1998). Furthermore, fetal liver has been shown to express PTTG1 mRNA (Zhang et al., 
1999b).

Securin protein has been shown to localize both in the nucleus and cytoplasm (Domínguez 
et al., 1998, Yu et al., 2000b), and also minor membranous localization of expression 
has been reported (Yu et al., 2000b). Sub-cellular distribution of expression has been 
suggested to be cell type- (Mu et al., 2003), tumour type- (Sáez et al., 1999), and cell 
cycle-dependent (Yu et al., 2000b). In the studies concerning pituitary and breast cancer, 
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nuclear localization in particular has been suggested to associate with tumorous phenotype 
or aggressive disease (Wierinckx et al., 2007, Ogbagabriel et al., 2005). In colorectal 
cancer cells, chemically induced DNA damage has been shown to decrease, especially 
nuclear securin expression, and thus shift the expression ratio from the nucleus towards 
the cytoplasm (Kim et al., 2007). Phosphorylation, along with the PTTG-binding factor, 
may facilitate the transport of securin into the nucleus (Pei, 2000, Chien and Pei, 2000). 
The ratio of the expression in different locations remains unclear, as is the case also with 
the role of cytoplasmic securin. However, nuclear expression has been suggested to be 
consistent with the biological activity of securin as a transcriptional activator and also 
with the activity of securin protein. (Panguluri et al., 2008, Vlotides et al., 2007, Salehi 
et al., 2008)

2.4.1.2. Cellular functions
At present, securin is known to have several important roles in the cell. Among the 
plethora of functions, securin has the most prominent role during the cell cycle, where 
it starts to accumulate at the onset of the S phase and peaks at the G2 – M phases. 
Then the level of securin drops quickly upon ubiquitinylation and degradation by the 
anaphase promoting complex. Thereby, sister-chromatid separation is enabled and the 
following anaphase triggered. (Zou et al., 1999) At the molecular level, two sister-
chromatids are held together by a cohesion complex, consisting of multiple subunits 
(Michaelis et al., 1997), one of them dissociating from the chromosome after cleavage 
by separase and, consequently, releasing the chromatids. The function of securin is to 
prevent the premature activation of separase. (Ciosk et al., 1998, Uhlmann et al., 1999) 
Recently, securin has been related to mediation of G1- to S-phase transition (Tong et al., 
2007). In the control of sister-choromatid separation, securin has been proposed with 
a dual function on separase. On one hand, it helps to transport separase to the nucleus 
and, on the other hand, it inhibits the catalytic activity of separase until the onset of 
anaphase by preventing the access of substrates to separase and possibly preventing 
separase to activate itself. (Waizenegger et al., 2002, Hornig et al., 2002) Securin has 
also been suggested with roles in activation of transcription (Domínguez et al., 1998), 
DNA repair (Romero et al., 2001, Kim et al., 2007), metabolism (Wang et al., 2003), and 
cell migration (Ishikawa et al., 2001).

The published evidence is ambiguous about the role of securin overexpression in cell 
proliferation and apoptosis. While some researchers support the interpretation that 
upregulation of securin causes increased proliferation (Kakar and Jennes, 1999, Hamid 
et al., 2005), others report on the inhibition of proliferation (Pei and Melmed, 1997, 
Mu et al., 2003). Yu et al. (2003) have suggested that PTTG1 overexpression in vitro 
is associated with prolonged prophase and metaphase, indicating securin with a role in 
blocking mitosis. Securin overexpression has also been suggested to cause apoptosis 
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(Yu et al., 2000a, Yu et al., 2000b), although reduction of apoptosis due to an increase of 
securin has been shown to occur as well (Bernal et al., 2002). According to Vlotides et 
al. (2007), the effect of securin overexpression on cell fate may be phosphorylation- or 
dose-dependent.

In vivo, PTTG1 overexpression has been suggested to be associated with tumour-
inducing capability (Zhang et al., 1999b, Kakar and Jennes, 1999), and angiogenic 
effects (Ishikawa et al., 2001). Mice lacking the Pttg1 gene have been shown to be 
viable and fertile, but with some tissue-specific defects, such as spleen, testis and 
pancreatic beta-cell hypoplasia, and thymic hyperplasia (Wang Z. et al., 2001, Wang 
et al., 2003). Human cells, devoid of securin, are also viable (Jallepalli et al., 2001). It 
has been suggested that PTTG1-negative non-lethal phenotype proves the existence of a 
compensatory mechanism for sister-chromatid separation independent of securin (Wang 
Z. et al., 2001).

2.4.1.3. Examples of expression in carcinoma
Already upon cloning, PTTG1 was shown to be overexpressed in samples from patients 
with different hematopoietic malignancies, such as leukemia and lymphoma (Domínguez 
et al., 1998). At the same time, Kakar and Jennes reported that various human tumours, 
including pituitary, adrenal, kidney, liver and ovarian tumours have a high expression of 
PTTG1 (Kakar and Jennes, 1999). Currently, PTTG1 is suggested to be the best available 
marker for pituitary adenomas (Tfelt-Hansen et al., 2006). PTTG1 mRNA, or securin 
protein overexpression, has also been related to at least breast (Solbach et al., 2004), 
colorectal (Heaney et al., 2000), thyroid (Sáez et al., 2006), esophageal (Shibata et al., 
2002), testicular (Puri et al., 2001), prostate (Zhu et al., 2006) and lung (Rehfeld et al., 
2006) cancers, as well as multiple myeloma (Chiriva-Internati et al., 2008) and glioma 
(Genkai et al., 2006). In relation to disease phenotype and patient outcome, Zhang et 
al. suggested already in 1999(a) that PTTG1 mRNA overexpression is associated with 
the aggressiveness of the pituitary tumours. Parallel results have been obtained also, for 
example, for hepatocellular (Fujii et al., 2006) and esophageal cancer (Shibata et al., 
2002), as well as squamous cell carcinoma of the head and neck (Solbach et al., 2006).

In colorectal tumours, PTTG1 has been shown to be upregulated at the mRNA and protein 
level (Heaney et al., 2000, Hlubek et al., 2006). mRNA has been suggested to be even 
more highly expressed in those tumours with a more aggressive disease (Heaney et al., 
2000, Kim et al., 2007). According to their studies of the underlying mechanism behind 
colorectal tumorigenesis, Hlubek et al. (2006) have proposed securin to be a target of 
the beta-catenin transcriptional activator. This is a downstream signalling molecule of a 
well-known adenomatous polyposis coli tumour suppressor gene, frequently mutated in 
colorectal cancer. In addition, it has been reported that PTTG1 upregulation is not due to 
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gene amplification, and no mutations in the coding region of the gene have been found 
(Heaney et al., 2000).

In breast cancer, PTTG1 mRNA overexpression has been related to invasive phenotype, 
with more advanced disease and higher risk of tumour recurrence (Solbach et al., 2004, 
Ogbagabriel et al., 2005). The PTTG1 mRNA expression level has been shown to 
correlate with the amount of securin protein (Ghayad et al., 2009). Association between 
upregulation of securin protein and tumour aggressiveness is apparent also, as assessed 
by IHC in a relatively small series of breast cancer cases (Ogbagabriel et al., 2005). 
Interestingly, PTTG1 has been reported as one of four marker mRNAs capable of 
detecting circulating cancer cells in the blood of breast cancer patients (Chen et al., 
2006).

It has been suggested that securin could represent a therapeutic target for colorectal and 
breast cancer, and that measurement of PTTG1 upregulation could be used as a tool in 
oncological decision-making (Tfelt-Hansen et al., 2006, Ogbagabriel et al., 2005).

2.4.2.	Review of carbonic anhydrase IX

2.4.2.1. Introduction
Carbonic anhydrase 9 (CA9) was originally cloned from a HeLa cell library in 1994, 
using a specific monoclonal antibody against MN protein. Analysis of the deduced 
amino acid sequence revealed a partial similarity to carbonic anhydrases. Furthermore, 
in vitro studies suggested a role in the control of cell growth. (Pastorek et al., 1994) In 
previous studies, expression of MN had been associated with tumorigenicity and it had 
been found to appear as oligomers and glycosylated forms (Pastoreková et al., 1992, 
Závada et al., 1993, Liao et al., 1994). In 1996, Hewett-Emmet and Tashian published 
a revised version of MN cDNA, concluding that MN belonged to an alpha-carbonic 
anhydrase family, and proposed naming it carbonic anhydrase IX (CAIX). The same 
year, another revised cDNA sequence of CA9, along with a genomic organization 
was published, uncovering a coding region with 11 exons encoding a multidomain 
protein (Opavský et al., 1996). Two years later, the gene for CAIX was localized in 
chromosome 9 (Nakagawa et al., 1998). In 2000, cDNA encoding for a previously 
identified tumour-related G250 antigen was isolated, showing perfect identity to MN/
CA9 (Grabmaier et al., 2000). Already in 1986, tumour-specific immunopositivity 
in renal-cell carcinomas had been found by staining with the monoclonal antibody 
G250. This has resulted in testing G250 antigen as a potential therapeutic target in 
metastatic renal cell carcinoma. (Oosterwijk et al., 1986, Divgi et al., 1998) At present, 
it is known that carbonic anhydrases form a large protein family (Hewett-Emmett and 
Tashian, 1996), and among these proteins, CAIX is the one that shows exceptionally 
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high catalytic activity (Hilvo et al., 2008). Historically, CAIX has been appointed as 
the first tumour-associated carbonic anhydrase isoenzyme (Pastoreková et al., 1997). 
Later, at least CAXII has been shown to be tumour-related, even if it has not been 
associated with such aggressive tumour types as CAIX (Ivanov et al., 2001, Li et 
al., 2009b). Mutations in the coding region seem to not be the cause for differential 
expression between neoplastic and non-neoplastic tissues (Pastoreková et al., 1997). 
Instead, elevated expression of CAIX has been shown to occur in cancer cells exposed 
to hypoxic conditions (Ivanov et al., 2001). According to the literature, many factors, 
such as hypoxia inducible factor 1 alpha (Potter and Harris, 2004), influence CAIX 
expression (Grabmaier et al., 2004, Oosterwijk, 2008, Kaluz et al., 2009).

Originally, CA9 was shown to be transcribed into a single 1.5 kb mRNA (Pastorek et 
al., 1994). Later, a hypoxia-independent constitutively expressed transcription variant 
was found, encoding a truncated protein lacking the C-terminal part of the catalytic 
domain, and thus showing diminished enzymatic activity (Barathova et al., 2008). The 
physiological role of the truncated isoform remains to be established (Kaluz et al., 2009). 
The full length CAIX appears as doublet bands of 58/54 kDa in western analysis (Pastorek 
et al., 1994). According to the literature, CAIX is a transmembrane protein, having two 
extracellular domains in addition to a cytoplasmic part – one having carbonic anhydrase 
activity and the other one involved in cell-cell adhesion (Hilvo et al., 2008, Závada et 
al., 2000). However, already upon the first identification as MN, nuclear expression was 
recognized in addition to membranous localization (Pastoreková et al., 1992, Závada et 
al., 1993). Also cytoplasmic and stromal staining has been reported in cancer (Liao et al., 
1997, Ivanov et al., 2001, Bartosová et al., 2002).

During fetal development, CAIX is expressed in many organs and there are also high 
expression levels in the placenta. Instead, after birth the expression is often silenced. 
Especially from one year of age and throughout adult life, CAIX expression is limited 
to only certain non-neoplastic tissues (Liao et al., 2009), especially the stomach and 
gallbladder and, to some extent, also the heart, liver, colon, small intestine and bile and 
pancreatic ducts (Pastoreková et al., 1997, Ivanov et al., 2001). Instead, an abundant 
CA9/CAIX expression has been observed in several tumour types (Liao et al., 1994, 
Ivanov et al., 2001) and tumour cell lines (Závada et al., 1993, Ivanov et al., 2001), apart 
from gastric carcinoma cell lines and tumours which are reported with a diminished 
expression (Pastoreková et al., 1997, Oosterwijk et al., 1986). For many tumours 
showing abundant CA9/CAIX expression, no expression was detected in corresponding 
normal tissue, suggesting a tumour-specific activation. In tumours, CAIX expression has 
been reported to be very heterogeneous in distribution and intensity in association with 
hypoxia. (Ivanov et al., 2001)
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2.4.2.2. Cellular functions
Carbonic anhydrases catalyze a reversible hydration of carbon dioxide. This reaction 
plays a part in acid-base balance, ion exchange and carbon dioxide transfer, and thus is 
implicated in many vital physiological processes, for example, biosynthetic reactions, 
respiration, bone resorption and the production of saliva and gastric acid. (Pastoreková 
et al., 1997, Supuran, 2008) In vitro studies have suggested that upregulation of CA9 
expression correlates with increased extracellular acidification (Ivanov et al., 2001). 
Also in cancer tissue, CAIX has been suggested to take part in acidifying extracellular 
milieu surrounding the cancer cells and thereby promoting tumour growth and spread 
(Ivanov et al., 1998, Ivanov et al., 2001, Swietach et al., 2007). Reduction of pH has 
been suggested to cause enhanced proteolytic activity, which in turn is associated with 
the increased breakdown of the extracellular matrix, ultimately promoting tumour cell 
motility (Webb et al., 1999, Martínez-Zaguilán et al., 1996, Rozhin et al., 1994). In 
colorectal cancer, the expression of CAIX has been suggested to correlate with cell 
proliferation, but concerning other tumours, contradictory results have been reported 
(Saarnio et al., 1998a, Wykoff et al., 2001, Proescholdt et al., 2005).

2.4.2.3. Examples of expression in carcinoma
Already before its designation as CAIX, an elevated expression of this enzyme was 
associated with the aggressiveness of cervical carcinoma (Liao et al., 1994). Later, 
expression changes were reported in association with poor patient outcome in gastric 
carcinomas (Leppilampi et al., 2003, Chen et al., 2005). At present, high CAIX 
expression has been linked to disease aggressiveness or poor prognosis in many tumour 
types, such as brain, breast and lung cancers (Proescholdt et al., 2005, Chia et al., 2001, 
Giatromanolaki et al., 2001). On the other hand, the majority of evidence suggests that 
low CAIX expression is an independent predictor of poor outcome in renal cell carcinoma 
(Bui et al., 2003, Bui et al., 2004, Sandlund et al., 2007). Also, low expression of CA9 
has been related to a worse outcome in acute myeloid leukaemia (Greiner et al., 2006).

In colorectal cancer, CAIX has been reported to be variably expressed (Kivela et al., 
2001, Kivela et al., 2005), while non-neoplastic colon and rectum are negative or 
show only low expression levels (Saarnio et al., 1998b). Hypoxic tumour cells respond 
poorly to radiotherapy, an important treatment modality of rectal cancer and of many 
other cancers too. Consequently, CAIX as an indicator of hypoxia may have a role in 
predicting the response to radiotherapy (Rockwell et al., 2009). Breast tumours have been 
shown to frequently express the CAIX protein (Chia et al., 2001, Bartosová et al., 2002). 
Specifically, abundant expression has been related to aggressive carcinoma with necrosis 
(Ivanov et al., 2001, Wykoff et al., 2001, Chia et al., 2001). The association of CAIX 
expression has been shown with breast cancer survival (Brennan et al., 2006). Besides 
the suggested utilization in disease prognosis and treatment prediction, it was early 
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proposed that CAIX could be considered as a target for therapeutic applications (Ivanov 
et al., 1998). In addition, preliminary studies have raised hopes for the development of 
a vaccination-induced cytotoxic T-cell response against CAIX positive cells as a cancer 
treatment strategy (Uemura et al., 2006). Furthermore, selective blockage of CAIX 
enzymatic activity or a construction of fusion proteins, including effector molecules 
with a CAIX antibody for targeting, may play a role in the future interests of cancer 
treatment and in vivo imaging (Oosterwijk, 2008, Supuran, 2008, Swietach et al., 2007, 
Pastorekova et al., 2008).

2.4.3.	Review of p120 catenin

2.4.3.1. Introduction
cDNA for murine catenin delta-1 (Ctnnd1, p120 catenin) was cloned in 1992 (Reynolds 
et al., 1992). A gene for the human counterpart was localized in chromosome 11 four 
years later (Reynolds et al., 1996b), and the corresponding full length cDNA cloned 
from a fetal kidney in 1998 by Keirsebilck et al. Human CTNND1 was determined 
to contain 21 exons, potentially encoding up to 32 distinct protein isoforms, by the 
usage of four different initiation codons and the alternative splicing of three exons. The 
isoforms that arose from the alternative use of initiation codons, were named 1 to 4, 
whereas the additional isoforms due to alternative usage of exons 18, 20 and 11, were 
designated as A, B and C, respectively. Thus, the name of the longest isoform became 
1ABC. (Keirsebilck et al., 1998) A year before that, cDNA corresponding to the later 
designated isoform 1AC, had been cloned from the brain and identified as KIAA0384 
(Nagase et al., 1997, Keirsebilck et al., 1998). It has been suggested that additional 
alternation is produced by the alternative splicing of exon 4, designated as exon D, and 
residing between the putative initiation codons 2 and 3 (Aho et al., 1999, van Hengel 
et al., 2007). p120 catenin (p120(ctn)) is a member of a protein family containing the 
so-called Armadillo-repeat domain. This domain enables p120(ctn) interaction with the 
cytoplasmic juxtamembrane domain in cadherins and the transcription factor Kaiso, as 
well as binding to microtubules. (Keirsebilck et al., 1998, Yap et al., 1998, Daniel and 
Reynolds, 1999, Franz and Ridley, 2004)

Generally, CTNND1 mRNA seems to be ubiquitously expressed in human tissues. 
Abundant expression has been demonstrated in the placenta, lung, liver, and kidney, 
and somewhat weaker expression in the pancreas, prostate, testis, ovary, and small 
intestine. (Nagase et al., 1997) In addition, tissue- and cell type specific expression 
of various isoforms has been reported (Keirsebilck et al., 1998, Reynolds et al., 1994, 
Mo and Reynolds, 1996). However, the expression pattern has been suggested to differ 
significantly between neoplastic and non-neoplastic tissues (Aho et al., 1999). Epithelial 
cells have been regularly associated with the expression of the type 3 shorter variant 
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of p120(ctn) (Mo and Reynolds, 1996). Type 1 long isoforms have been variably 
demonstrated in epithelial cells, whereas types 2 and 4 have been suggested as common 
but not abundant (Keirsebilck et al., 1998). In vitro studies have associated long isoforms 
particularly with invasive phenotype (Yanagisawa et al., 2008, Silva Neto et al., 2008). 
p120(ctn) has been found to localize in cell-cell junctions at the plasma membrane, at 
least in E-, N- and P-cadherin-positive cells. However, in cadherin-deficient cell lines, 
and in tumours, p120(ctn) has been found in cytosol. (Thoreson et al., 2000, Sarrió et al., 
2004, Shibata et al., 2004) Occasional nuclear localization has also been demonstrated 
(Mayerle et al., 2003, Shibata et al., 2004, Silva Neto et al., 2008). However, the exact 
signal or signals triggering p120(ctn) nuclear translocation or export, remains to be 
elucidated (Daniel, 2007).

2.4.3.2. Cellular functions
Interaction between p120(ctn) and cadherins was demonstrated already in the 1990’s. 
It was shown that p120(ctn) is a component of the multiprotein cell adhesion complex, 
containing also E-cadherin, alpha-catenin, beta-catenin and gamma-catenin. (Reynolds 
et al., 1994, Shibamoto et al., 1995) The role of the other catenins, except p120(ctn), 
is to connect the cell adhesion molecule cadherin to the actin cytoskeleton. p120(ctn), 
however, has been reported to regulate cell-cell adhesion via controlling cadherin 
stability and turnover at the cell surface. (Ireton et al., 2002, Davis et al., 2003, Reynolds 
and Roczniak-Ferguson, 2004) It has been suggested that p120(ctn) promotes tumour-
suppression in the presence of E-cadherin, and cell growth in the absence of it (Soto et al., 
2008). A model where p120(ctn) has a dual role in cancer has been presented in literature. 
According to the hypothesis, E-cadherin levels at the cell surface drop if p120(ctn) is lost 
first, and thus, p120(ctn) ultimately acts on tumour suppression. However, if E-cadherin 
is lost first, p120(ctn) may accumulate in the cytoplasm, enter the nucleus and actively 
promote metastasis. (Sarrió et al., 2004, Thoreson and Reynolds, 2002) Between 
p120(ctn) isoforms no difference has been detected in E-cadherin binding (Reynolds 
et al., 1996a). p120(ctn) has been reported to interact also with the transcription factor 
Kaiso (Daniel and Reynolds, 1999). Recent study reports the existence of the cytoplasmic 
complex of Kaiso and p120(ctn) in cancer cells and tissues (Dai et al., 2010), and nuclear 
interaction has been suggested too, but the modulation of Kaiso activity by p120 is not 
fully understood (van Roy and McCrea, 2005).

In vitro overexpression of p120(ctn) has been reported to be capable of inducing the loss 
of normal cell-cell contact (Aho et al., 2002). Studies have also associated p120(ctn) 
with morphological changes related to invasive capacity (Shibata et al., 2004, Silva Neto 
et al., 2008), and with aberrant mitosis and polyploidy (Chartier et al., 2007). The effects 
on invasion and proliferation have recently been reported to be p120(ctn) isoform-
specific, where type 1 isoform was particularly associated with the invasive capacity and 
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type 3 with cell cycle and proliferation (Liu et al., 2009). However, the mechanisms of 
the action concerning these functions still remain unclear (Anastasiadis, 2007).

2.4.3.3. Examples of expression in carcinoma
Lost, decreased, abnormally localized and/or heterogeneous p120(ctn) expression has been 
demonstrated in various tumours (Dabbs et al., 2007a, Bremnes et al., 2002, Kallakury et 
al., 2001), and the correlation between abnormal expression and unfavourable outcome 
has been suggested for some of them (Silva Neto et al., 2008, Wijnhoven et al., 2005, 
Stefansson et al., 2004). In breast cancer, the expression of p120(ctn) has been described 
as heterogeneous, cytoplasmic, membranous or reduced membranous, using antibodies 
recognizing all isoforms (Nakopoulou et al., 2002, Sarrió et al., 2004, Dabbs et al., 
2007a, Dabbs et al., 2007b, Paredes et al., 2008). Also, minor nuclear expression has 
been reported (Sarrió et al., 2004). Some researchers have also reported complete loss 
of p120(ctn) protein in up to 10% of the studied cases of invasive ductal breast cancer 
(Dillon et al., 1998, Nakopoulou et al., 2002, Sarrió et al., 2004). Dillon et al. (1998) 
have also tested antibodies specific for long isoform, and reported a similar pattern of 
lost expression as obtained with those recognizing all isoforms. A more distinct shift of 
expression from membrane to cytoplasm has been observed in specific histological types 
of breast cancer (Sarrió et al., 2004, Paredes et al., 2008, Dabbs et al., 2007a, Dabbs 
et al., 2007b). Cytoplasmic accumulation of p120(ctn) has been associated with poor 
survival in the subgroup of E- and P-cadherin positive breast cancers (Paredes et al., 
2008). In colorectal cancer, a heterogeneous and frequently altered p120(ctn) expression 
has been reported (Skoudy et al., 1996, Karayiannakis et al., 1999, Gold et al., 1998). 
Cytoplasmic localization of p120(ctn) seems to play a role in the outcome of colorectal 
cancer (Bellovin et al., 2005). According to Gold et al. (1998), loss of p120(ctn) is 
involved with poor outcome of colorectal cancer.

It has been speculated that the aberrant expression of p120(ctn) isoforms may lead to 
cancer progression through dysregulation of cadherin-mediated adhesion, or promoting 
cell motility and invasion (Anastasiadis and Reynolds, 2000). Differential expression of 
the various isoforms of p120(ctn) has generally been correlated to disease aggressiveness 
and outcome (Yanagisawa et al., 2008, Liu et al., 2007, Miao et al., 2009), but also 
contradictory implications exist (Ishizaki et al., 2004).
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3.	 AIMS OF THE STUDY

This thesis concentrates on the use of two selected methods of molecular pathology, 
cDNA and tissue microarrays. Studies I, II and V apply cDNA microarrays, studies I, IV 
and V apply tissue microarrays, and studies I and V apply them both. Study III confirms 
the selected results of cDNA microarray analysis. In all, experimental studies I – V 
identifies potential tumour markers and test their applicability to predict the outcome of 
two common human malignancies, breast and colorectal carcinomas. The aims of this 
summary are, furthermore, to enlighten the strengths and shortcomings of cDNA and 
tissue microarray methods in cancer research.

1.	 To summarize the methodological features of cDNA and tissue microarrays, 
influencing their applicability in clinical pathology using breast and colorectal 
cancer as examples

2.	 To screen, with cDNA microarrays, aberrant gene expression (I, II, V)

3.	 To explore the value of selected gene expression changes at the protein level to 
patient outcome (I –V)

4.	 To analyse the correlations of the selected expression changes to patient outcome 
on tissue microarrays (I, IV, V), or on whole sections (II, III).
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4.	M ATERIALS AND METHODS

4.1. 	Pa tient and tissue material

The cDNA microarray experiments are comprised of tissue specimens representing 
a total of ten patients with breast carcinoma (II, V), and six patients with colon 
carcinoma (I). All tissue material for the cDNA microarray experiments was obtained 
fresh from the operating theatre at the Department of Surgery, and prepared at the 
Departments of Pathology and Surgery, in Turku University Hospital, Turku, Finland. 
Immunohistochemical analysis involved the histological samples of a total of 413 
patients with breast carcinoma (II, IV, V), 116 patients with colon carcinoma (I), and 
166 patients with rectal carcinoma (III). In addition, western blotting was performed in 
four colon carcinoma patients out of the cDNA microarray patient material, followed 
by immunohistochemistry. Breast cancer tissue material for immunohistochemical 
analyses was obtained from the pathology archives of the Departments of Pathology, 
at Turku University Hospital, Turku, Finland (for whole sections), and at Jyväskylä 
Central Hospital, Jyväskylä, Finland (for TMAs). All tissue material for the analysis of 
colorectal carcinomas originated from the Department of Pathology, at Turku University 
Hospital. For cDNA microarray experiments of breast carcinoma, normal tissue controls 
were obtained from five cases of histologically verified non-cancerous breast tissue 
specimens. In the case of colon carcinomas, normal tissue controls were collected from 
normal mucosa outside the tumour. For immunohistochemistry of breast and colorectal 
carcinomas, normal tissue areas outside the tumours were applied. Prognostic analyses 
of both breast and colorectal carcinomas were based on complete (clinical) patient data 
from the time of diagnosis, and a maximum of follow-up information of 19.9, years 
and 9.5 years for breast and colorectal carcinoma patients, respectively. Tables I and II 
summarize the description of the patients and tissue materials applied in publications 
I – V.
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Table I. The clinicopathological characteristics of the patients in publications I – V.
Breast cancer Colon cancer Rectal cancer

cDNA microarray IHC cDNA microarray IHC IHC
II, V II IV V I I III

Gender (%)
male / female 0 / 100 0 / 100 0 / 100 0 / 100 50 / 50 40 / 60 59 / 41

Age (years)
mean 69 63 58 58 67 70 68

Tumour grade (%)
I 20 18 25 26 17 23 15
II 30 41 44 43 66 60 64
III 50 41 26 25 17 18 17
unknown 0 0 5 6 0 0 3

Nodal status (%)
negative 30 54 46 46 67 35 56
positive 70 46 45 44 17 28 42
unknown 0 0 9 10 17 37 2

Tumour diameter (cm)
mean (s.d.) 3.2 (1.45) 2.6 (1.68) 2.3 (1.4) 2.3 (1.5)

Histological type (%)
ductal 100 100 81 80
lobular 0 0 11 10
other 0 0 7 7
unknown 0 0 1 2

s.d. standard deviation

Table II. Summary of patients, histological material and methods of analysis in publications 
I – V.
Publication Cancer  

type
Analysis  
method

Histological  
material

n Follow-up Cancer specific 
death

(mean) (%)
I colon cDNA microarray 6

colon IHC TMA 114 4 y 5 m 45
II breast cDNA microarray 10

breast IHC whole sections 44 4 y 1 m 14
III colon western analysis 4

rectal IHC whole sections 166 3 y 4 m 17
IV breast IHC TMA 310 10 y 6 m 18
V breast cDNA microarray 10

breast IHC TMA 341 10 y 7 m 17

The present study has the approval of the Ethical Committee of Turku University 
Hospital, or Jyväskylä Central Hospital, and the National Authority for Medicolegal 
Affairs. Each investigated specimen was included in the cDNA microarray study only 
after the written consent of the patient. The research was carried out in accordance with 
the Declaration of Helsinki.
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4.2.	 thE cDNA microarray method

In cDNA microarray analysis, special emphasis was placed on the high quality of tissue 
material. Fresh samples of breast tissue were dissected by a pathologist and carefully 
prepared macroscopically from fat and connective tissue. A consecutive histological 
slide was prepared from all the cases to verify the diagnosis. In addition, normal tissue 
reference was obtained from benign breast tissue outside the tumours of five patients. 
In the case of colon cancer, neoplastic and non-neoplastic mucosa from each patient 
was obtained. Both types of cancer samples contained in addition to carcinoma cells, 
also non-neoplastic epithelium and non-epithelial cells. All samples were fresh frozen 
in liquid nitrogen within thirty minutes after their surgical removal, and stored at -70 °C 
until used for RNA isolation. The maximum time of storage was 5 months and 5 days, 
for breast and colon tissue samples, respectively.

Total RNA was isolated using the Chomczynski & Sacchi (1987) method. Briefly, frozen 
tissues were homogenized using ultra-turrax T25 (Janke & Kunkel, IKA-Labortechnik) in 
a solution, including 4 M guanidinium thiocyanate, 0.5% (w/v) sarcosyl, 25 mM sodium 
citrate, and 0.7% (v/v) 2-mercaptoethanol. Tissue homogenates were kept on an ice bath 
during RNA isolation. The homogenizer was taken into pieces and washed after each tissue 
sample. 0.1 volume of 2 M sodium acetate (pH 4.1), an equal volume of saturated phenol 
(pH 4.3), and 0.2 volume of chloroform:isoamyl alcohol (24:1), were sequentially added 
to the homogenate and mixed. The mixture was cooled on an ice bath for five minutes and 
centrifuged 10 000 g for twenty minutes at 4 °C. The organic phase, containing DNA and 
protein, was stored at -20 °C for possible later use. The aqueous phase was transferred to a 
fresh tube, mixed with an isopropanol volume corresponding to the volume of the original 
homogenate, and placed at -20 °C for at least two hours. The total RNA was sedimented 
by centrifugation at 14 500 g for twenty minutes at 4 °C. The pellet was washed with 
ice-cold ethanol (70%). After a brief dry, it was dissolved in RNase-free water. The total 
RNA was further purified using a RNeasy kit (Qiagen) according to the manufacturer’s 
instructions and, finally, eluted in RNase-free water. The concentration and purity of the 
RNA was determined spectrophotometrically (Ultrospec 1100pro, Amersham Pharmacia 
Biotech and/or NanoDrop ND-1000, NanoDrop Technologies). In the evaluation of purity, 
the ratios of 260 nm:280 nm and 260 nm:230 nm were used. To be considered pure, and 
to be included in the study, the measured ratio 260 nm:280 nm had to be from 1.9 to 2.1, 
and ratio 260 nm:230 nm had to exceed 2.0. In addition, the integrity of the RNA was 
evaluated after standard denaturing AGE and ethidium bromide staining. The intensity 
ratio of the ribosomal bands 28S:18S had to be at least nearly 2:1 in visual inspection. The 
RNA samples were stored at -70 °C until used for cDNA microarray labelling.

For cDNA microarray analysis, tumour and reference RNAs were fluorescently labelled 
with Cy5 and Cy3, respectively (CyDye, Amershambiosciences). For colon cancer, a 
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paired tissue sample from the corresponding normal mucosa of each patient was used 
as reference material. In the breast cancer study, an equal quantity of the purified RNA 
obtained from benign breast tissue outside the tumour of five patients was used to prepare 
a reference pool. Cy-labelled cDNA targets were generated as described by Sillanpää et 
al. (2004), with minor modifications. Briefly, 25 and 21.5 µg of denatured RNA were 
reverse transcribed using 2 µg oligo(dT)12-18 primer in colon and breast cancer studies, 
respectively. The reaction mixture included also 0.5 mM dATP, dCTP and dGTP each, 
0.2 mM dTTP, 0.08 mM Cy-labelled dUTP, 30 U RNase inhibitor, and 400 U Superscript 
II reverse transcriptase (Gibco BRL Life Technologies) in the 1st strand buffer (75 
mM KCl, 3 mM MgCl2, 10 mM DTT, 50 mM tris(hydroxymethyl)aminomethane, pH 
8.3). The reaction was allowed to proceed for two hours at 42 °C, and then stopped by 
adding ethylenediaminetetraacetic acid. RNA was hydrolyzed from the prepared cDNA 
mixture by a sodium hydroxide treatment at 65 °C for 15 minutes. After neutralization, 
combined labelled cDNA targets were purified and concentrated with Microcon-30 
columns (Millipore). The sufficient efficiency of labelling, purity of labelled cDNA, and 
the amount of cDNA produced were checked using spectrophotometer (NanoDrop ND-
1000). The labelled cDNA targets were hybridized to the cDNA microarrays without 
delay.

A custom cDNA microarray was produced at Turku Centre for Biotechnology (BTC) 
in 2002 (University of Turku and Åbo Akademi University). The microarray included 
a collection of proposed cancer-related genes. They were chosen according to the 
knowledge of the beginning of the 2000’s, concerning the pathogenesis, progression 
and prognosis of cancer. The microarray contained 4 080 spots, the majority of which 
included probes for cancer-related genes. Among those were also empty control spots, 
non-human control probes, and 35 spots for human housekeeping genes. Multiple clones 
were included for some genes. All the spots were arrayed in triplicate. The microarrays 
were poly-l-lysine coated. Prior to target hybridization, the microarrays were crosslinked 
with ultraviolet radiation (90 mj/cm2). Furthermore, the presence of spots was checked 
by scanning at 633 nm (Scanarray Express 5000, PerkinElmer), and the microarrays 
were prehybridized in preheated 5xSSC (1xSSC: 150 mM sodium chloride, 15 mM tri-
sodium citrate, pH 7), 0.1% SDS, 1% bovine serum albumin (Fraction V) at 50 °C for 30 
minutes. After prehybridization, the microarrays were sequentially washed with 2xSSC 
and 0.2xSSC at room temperature, and finally spin-dried. The preheated hybridization 
solution consisted of labelled targets with 1.3xDenhardt's solution, 3xSSC, 0.3% SDS, 
125 µg/ml human COT-1 DNA (Invitrogen), 250 µg/ml polyadenylic acid (Sigma), 52.5 
µg/ml yeast tRNA (Invitrogen), and 0.5xDIG-blocking buffer (Roche). Hybridization 
was performed at 65 °C overnight in the volume of 80 µl in a humified chamber under 
LifterSlips (24 x 60 mm, Erie Scientific Company). A maximum of three microarrays 
were hybridized at a time. Each sample was hybridized once. The next day, the 
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microarrays were sequentially washed. The most stringent washing solution contained 
0.06xSSC. Finally, the microarrays were spin-dried. They were stored in a dark and 
dust-free enclosure between washing and signal detection with a maximum delay of 5.5 
hours before scanning.

The fluorescent signals from hybridized targets were determined by scanning with 
a confocal laser scanner (Scanarray Express 5000) according to the procedure 
recommended by the BTC in 2003. For initial scanning, 10 µm resolution, 150 µm spot 
size, and automatic sensitivity calibration using default values and fixed laser power, 
were chosen as scanning parameters. In repeated scannings, different values for the 
photomultiplier tube were tested to bring Cy-labels in interrelated balance and to avoid 
saturated spots. A maximum of five repeated scans were performed in order to avoid 
substantial photobleaching of the Cy-dyes. The images were checked for a uniform 
signal across the slide. Spot registration, quantitation and normalization were performed 
using QuantArray software (Packard Bioscience) according to the procedure of the BTC 
in 2003. Briefly, the spot diameter was set as 150 µm, and the histogram method with 
the default foreground and background values as proposed by the software, was applied 
for spot segmentation. The foreground mean values subtracted with background median 
values were used to calculate spot intensities. For each sample, the raw data consisted of 
~4080 transcripts, where the expression ratio between the study case and the reference 
case was determined for each transcript. The expression ratios were log2-transformed 
and intensity-normalized with a locally weighted scatterplot smoothing (LOWESS, 
Yang et al., 2002) to remove systematic variation from the cDNA microarray data. The 
quality of each spot was determined first automatically by the footprint option (max 100 
µm), and then confirmed visually spot by spot. Only spots with acceptable quality were 
taken into account. Additionally, background subtracted MA-plots [log2Cy5 – log2Cy3 
vs ½ × (log2Cy5 + log2Cy3), Dudoit et al., 2002] were visually checked for sufficient 
data quality and success of normalization.

There were three technical replicate spots for each transcript on the array. In the data 
analysis, the median of them was used to calculate the expression ratio of the transcript 
in question, when there were three proper values. In the case of two proper values, the 
mean of them was used, and in the case of only one proper value, it was used as such. 
If no acceptable value was found, the transcript was marked as a missing value for 
the sample under study. Only transcripts with three or more non-missing signal values 
among the studied samples were subjected to statistical analyses. For each transcript, the 
preprocessed log-ratios were compared to zero with the one-sample Student’s t-test. A 
transcript was considered upregulated if its mean expression ratio was larger than 0.5, 
and the p-value of the t-test was less than 0.05. Similarly, a transcript was considered 
downregulated if its mean value was less than -0.5, and the p-value was less than 0.05. 
If a transcript did not fulfil the criteria for up- or downregulation, it was marked as 
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non-deregulated. The GoMiner program package was used to explore the functions of 
the genes identified (Zeeberg et al., 2003). Mitotic cell cycle and proliferation related 
genes are known to be crucial for the progression of breast cancer (Tavassoli and 
Devilee (Eds.), 2003, p. 57). Furthermore, there are implications for the significance 
of cell-cell adhesion proteins (Wheelock et al., 2001, Gould Rothberg and Bracken, 
2006, Brennan et al., 2010). Therefore, validation of gene expression changes and 
further study of breast cancer in relation to patient outcome was concentrated to these 
functions. The same strategy was adapted for colon cancer, since at that time, such strong 
associations between particular functions and disease progression were not as evident 
for colorectal as it was for breast cancer. In addition, a single significantly upregulated 
gene in colon cancer was chosen for further study. The authenticity of the selected up- 
and downregulated genes was verified by DNA sequencing (service by BTC), applying 
cycle sequencing with fluorescence dye terminator chemistry. A capillary electrophoretic 
separation of the labelled products was performed with an Applied Biosystems 3130xl 
Genetic Analyzer. When the obtained sequences were of sufficient quality, they were 
compared to human RefSeq RNA, or non-RefSeq RNA, databases at the National Center 
for Biotechnology Information (NCBI), using a Basic Local Alignment Search Tool 
(BLAST) with megablast or blastn options and default parameters (Altschul et al., 1990, 
Zhang et al., 2000).

4.3.	I mmunohistochemistry

The number of breast and colorectal cancer cases involved in immunohistochemical 
analyses are reported in publications I – V. Fourty-four cases of breast carcinomas, and 
166 cases of rectal carcinomas, were analysed with whole sections. In the analyses of 
TMAs, the corresponding numbers were originally 369 and 116 for breast and colon 
carcinomas, respectively. Table II summarizes the cases available for correlations with 
outcome, along with information on the type of histological material and follow-up data. 
In addition, whole tissue sections from four colon cancer patients included in the cDNA 
microarray analysis (I) were immunohistochemically stained, using CAIX antibody 
(III), in order to verify overexpression of CA9 at the protein level. Standard hospital 
procedures were followed in the fixation, embedding and storage of paraffin blocks.

Tissue microarrays were prepared as described by Kononen et al. (1998), with minor 
modifications. Briefly, the histological material of each cancer patient was evaluated to 
identify a representative cancer area from archival formalin fixed and paraffin embedded 
blocks of breast and colon cancers. Medically qualified professional personnel performed 
or supervised the construction of the TMAs. In the case of breast cancer (IV, V), two 
core biopsies (diameter 0.6 mm, min height 5 mm), typically one from the centre and 
the other from the edge of the cancer area of each paraffin block, were punched and 
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precisely arranged into three TMA blocks with 238 – 258 cores in each, using a Beecher 
Instruments MTA-1 Manual Tissue Arrayer. Two cores in each tumour were prepared in 
order to improve the representativity of the TMA. For practical reasons, such as small 
tumour size, in the minority of cases the cores couldn’t be obtained from different parts 
of the tumour. In these cases, both of the two cores were punched, either from the edge 
(85 cases) or the centre (7 cases) of the tumour. Each TMA had an empty line running 
horizontally and vertically through the array, dividing it into four separate, asymmetric 
sections. In addition, each TMA had an asymmetric sample position to mark the first 
sample of the array. In the case of the colon tissue material (I), five blocks including 13 – 
55 cores in each, were constructed using a manual tissue arrayer (Beecher Instruments). 
The TMAs included a tissue core of both tumour and benign mucosa of each colon 
cancer patient. The cores were 3 mm in diameter, and minimum 5 mm in height. The 
cancerous tissue core was punched from the centre of the tumour. In addition, each TMA 
had an empty position to create asymmetry.

FFPE tissue material was sectioned with microtome at 3 – 5 µm, and placed on adhesive 
treated microscope slides (Dako S2024 in study I or Menzel J1800AMNZ SuperFrostPlus 
in studies II – V). Sections were allowed to adhere to the slides at 65 °C for at least 
an hour. The sections were usually stained within days of cutting. In that case, they 
were stored at room temperature. If immunohistochemical staining was performed later 
(maximally within a few weeks), the sections were stored at 4 °C. Immunohistochemical 
stainings for securin, p120(ctn), and CAIX, were performed using standard procedures. 
The optimization of protocols was performed using a set of whole tissue sections. The 
details of the stainings are summarized in Table III. Heat induced epitope retrieval (HIER) 
in 10 mM sodium citrate (pH 6) was used in all stainings. Different compositions of 
epitope retrieval solution were tested for securin. For CAIX, citrate was recommended 
by the manufacturer. In p120(ctn) stainings, HIER in citrate gave satisfactory results 
and, therefore, was used without further optimization according to the practice of the 
Department of Pathology, of the University of Turku, at that time. In addition, heating 
time (ten minutes) was optimized in the breast cancer study, applying securin antibody 
on TMAs (IV). In that study, epitope retrieval was performed in a scientific microwave 
oven (Micromed T/T Mega, Milestone), with a steady temperature of 99 °C. A fourteen 
minute  heating  (two seven minute cycles) in a regular household microwave oven 
(650 W), in a standardized volume of buffer and with an equal number of slides, was 
used in the other studies (I, II, III and V). Care was taken to keep the temperature of the 
solution just below boiling. Endogenous peroxidase activity was blocked with hydrogen 
peroxide. The manufacturers’ instructions for positive tissue controls were followed 
in securin, p120C, and CAIX stainings. For p120N IHC, the staining of benign and 
neoplastic breast epithelium was used instead of the mouse embryonic fibroblast cell 
line suggested. Information provided by the manufacturers was adapted for specificity of 
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monoclonal antibodies. The specificity of the polyclonal CAIX antibody was confirmed 
by western blotting. Separate stainings, without primary antibody, and using whole tissue 
sections of breast and colorectal cancer, were used as negative controls. Furthermore, 
normal colorectal epithelium, devoid of immunopositivity, was used as an internal 
negative control in CAIX IHC. The methods of immunohistochemical stainings of Ki-
67 (I, II, IV and V), estrogen and progesterone receptors (V), E-cadherin (V), smad2 (V), 
and CDC25B (I), are presented in origninal publications.

Table III. Details of the immunohistochemical methods in publications I – V.
Publication I II III IV V V
Antibody

Name securin securin CAIX securin p120(ctn), P120N p120(ctn), P120C
Type monoclonal monoclonal polyclonal monoclonal monoclonal monoclonal
Clone DCS-280 DCS-280 DCS-280 6H11 15D2
Source Abcam

ab3305
Abcam
ab3305

Abcam
ab15086

Abcam
ab3305

Santa Cruz 
Biotechnology 
sc-23873

Santa Cruz 
Biotechnology 
sc-23872

Dilution 1:20 1:20 1:8000 1:50 1:500 1:50
Incubation overnight 4 °C overnight 4 °C 1h RT• 1h RT• overnight 4 °C overnight 4 °C

Detection manual * manual * automated # automated # manual * manual *
* Vectastain ABC reagent
# LabVision Autostainer, PowerVision+ Poly-HRP IHC kit
• Room temperature

The evaluation of IHC was performed under a light microscope. In the case of breast 
carcinomas, the evaluation of securin (II, IV), and p120N (V), immunoreactivity was 
registered by the fraction of positively stained nuclei, and p120C (V) by cytoplasmic 
and membrane-bound positivity (low/high). The evaluations were performed in the 
whole tissue area of TMA cores, and at the area of the most pronounced staining in 
whole tumour sections. In the prognostic analyses of the classified values, the observed 
immunopositivities were stratified according to the observed proliferative activity and 
patient survival. In colon carcinomas, the evaluation of securin (I) was registered by 
the fraction of positively stained nuclei. Three high power fields of each TMA core 
were included in the evaluation. In the prognostic analyses, each cancer specimen was 
compared to its paired control from a normal mucosa. The tumours were classified 
as positive if at least 12% of the cancer cell nuclei were stained as positive, and the 
number of positive cells was at least double, compared to its paired control. CAIX (III) 
was evaluated by estimating the predominant membrane-bound staining intensity in 
whole tissue sections. The slides were assessed as negative, if the proportion of positive 
carcinoma cells in the sections was less than 10%. For positive cases, the slides were 
evaluated for staining intensity (low/moderate/high). For prognostic analyses, negative 
cases were combined with low intensity cases and moderate with strong intensity ones. 
An analysis of the immunohistochemical stainings of Ki-67 (I, II, IV and V), estrogen 
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and progesterone receptors (V), E-cadherin (V), smad2 (V), and CDC25B (I), and the 
evaluation of Mitotic Activity Index (II), are presented in origninal publications. 

In the statistical analyses, prognostic associations between securin, CAIX, p120N or 
p120C, and disease-specific survival, were analysed by Kaplan-Meier method using 
log-rank statistics and Cox’s regression analysis. Survival time was defined from the 
day of surgical diagnosis to death, or to the end of the follow-up. The differences were 
quantified by hazard ratios, with 95% confidence intervals. P-values less than 0.05 were 
considered statistically significant. To adjust the results for the selected clinicopathological 
variables, Cox’s regression analysis with multiple explanatory variables were applied. 
More detailed descriptions of the statistical analyses has been represented in original 
publications I – V.

Concerning breast cancer TMA, immunopositivity of the central and peripheral tumour 
areas were compared using descriptive figures, intraclass correlation coefficients (ICC), 
kappa (κ) coefficient, and McNemar’s test of marginal homogeneity. Furthermore, if the 
variation between the different tissue cores appeared high, the mean difference in tissue 
cores was also tested using linear mixed models. If these tests showed concordance 
between the central and peripheral cores, prognostic analyses were performed, using 
either the mean of the results of the two tissue cores, or a single observation in the case 
of only one assessable core (securin, p120C). If disconcordance between the central and 
peripheral cores was observed, immunopositivities were also treated as separate values 
in the prognostic analyses (p120N). In the case of a discrepant classification of p120C 
between each pair of tissue cores, the lower expression value was applied in concordance 
with the literature, showing a regional loss of p120(ctn) expression, to predict disease 
outcome (Gold et al., 1998).

In order to assess the quality of the interpretations of IHC, evaluations of two independent 
observers, and/or repeated evaluations by a single observer, were applied without 
knowledge of the patients’ clinical data for each antibody used. Reproducibilities 
between observers and repeated immunoevaluations were expressed for continuous 
variables as ICC, and for categorized variables as Cohen’s κ- or weighted kappa (κw) 
coefficients. In the present study, the following limits were applied: for ICC, value <0.4 
was considered poor, 0.40 – 0.75 fair to good and >0.75 excellent. Correspondingly, for 
κ or κw, value <0.2 was considered poor, 0.20 – 0.40 fair, >0.40 but ≤0.60 moderate, 
>0.60 but ≤0.80 good and >0.80 very good. (Marx et al., 1998, Brennan and Silman, 
1992) Statistical computations were performed using SAS System for Windows (release 
8.2.2001, versions 9.1.3 and 9.2), SAS Enterprise Guide 4.1 (SAS Institute Inc), SPSS 
for Windows (version 16.0.2, SPSS Inc), and STATA/SE (version 10.1, Stata Corp.) 
software packages.
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4.4.	 WESTERN ANALYSIS

Four out of six colon cancer patients from the cDNA microarray experiment were 
included in the western analysis. DNA and protein fractions were sequentially 
precipitated from the remaining phenol phases after the isolation of total RNA. 
Protocols recommended for commercial TRIzol LS and TRI reagents (http://
tools.invitrogen.com/content/sfs/manuals/10296010.pdf, http://www.mrcgene.com/tri.htm
3.8.2010) were followed with minor modifications. Briefly, DNA was precipitated by 
adding 0.4 volumes of ethanol to an organic alcohol-phenol phase and recovered by 
centrifugation. Protein was then isolated from the supernatant by the addition of three 
volumes of acetone. After pelleting, washing and drying, proteins were dissolved in 1% 
SDS in 1 M tris(hydroxymethyl)aminomethane, pH 8.5. The total protein was quantified 
for each sample in duplicate using Bio-Rad Protein Assay Dye (Bio-Rad Laboratories), 
and the quality was verified by SDS-PAGE, followed by Coomassie blue staining. For 
the western blotting, equal amounts of denaturated protein samples were size fractioned 
using 10% SDS-PAGE, and electroblotted onto a nitrocellulose membrane (Whatman 
Protran, Perkin Elmer). Uniform loading and blotting was checked with Ponceau S 
staining. The CAIX primary antibody (ab15086, Abcam) was diluted 1:1000 for western 
detection. Horseradish peroxidase conjugated anti-rabbit immunoglobulins (Dako) and 
Pierce ECL Western Blotting Substrate (Thermo Scientific) was used according to the 
manufacturers’ instructions for the visualization of the signal.
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5.	RESULTS

5.1.	 cDNA microarray

The results of cDNA microarrays as up- and downregulated differentially expressed 
genes are visualized in Figure 1, and summarized in Tables IV – VI, for breast and colon 
carcinomas. The genes have been allocated into groups according to the functions of the 
mitotic cell cycle and cell-cell adhesion. The obtained lists of deregulated genes were 
associated with biological functions at different times and, therefore, different versions 
of gene ontology databases were used. As a consequence, CTNND1 has been related to 
the mitotic cell cycle in colon cancer, but not in breast cancer. The tables also include the 
results of the DNA sequencing in order to verify the authenticity of the corresponding 
genes. At the time of analysis, there were no established biomarkers for the survival 
of colorectal carcinoma and, therefore, CA9, as the strongest among 66 upregulated 
genes in colon cancer was selected for further analysis. DNA sequencing confirmed the 
authenticity of the CA9 gene.

Concerning breast carcinoma, Figure 1A presents genes related to the mitotic cell 
cycle and 1B genes related to cell-cell adhesion. Figure 1C presents genes related to 
the mitotic cell cycle in colon carcinoma. Patient cases are represented in x-axis and 
deregulated genes in y-axis. Colour scale bar indicates differential regulation between 
cancer and reference tissues. Upregulation is depicted in beige and downregulation in 
blue.
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Figure 1. Heat maps of differentially expressed genes in breast and colon carcinomas.
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Table IV. Example of breast carcinoma. List of up- and downregulated genes in cDNA microarray 
analysis (II) associated with mitotic cell cycle. The genes have been arranged in order of decreasing 
relative expression change.			 
Gene description Gene 

symbol
Deregulation P-value Fold 

change
Authenticity 
verified

pituitary tumor-transforming 1 (clone 1) PTTG1 up 0.0070 2.5 yes

pituitary tumor-transforming 1 (clone 2) PTTG1 up 0.0060 2.1 yes*

cell division cycle 27 CDC27 up 0.0060 2.0 yes

CDC28 protein kinase 2 CKS2 up 0.0080 1.9 yes

tubulin, gamma 1 TUBG1 up 0.0010 1.6 yes

Sjogren’s syndrome/scleroderma autoantigen 1 SSSCA1 up 0.0010 1.5 yes

cell division cycle 25C CDC25C up 0.0050 1.5 yes

cell division cycle 34 CDC34 up 0.0100 1.4 yes

cullin 1 CUL1 down 0.0010 2.2 no

growth arrest-specific 1 GAS1 down 0.0001 2.1 yes

cyclin-dependent kinase inhibitor 1B (p27, Kip1) CDKN1B down 0.0010 1.5 no

cullin 4A CUL4A down 0.0320 1.4 yes
*PTTG1 is the most prominent species, but includes also other minor species	

Table V. Example of breast carcinoma. List of up- and downregulated genes in cDNA microarray 
analysis (II, V) associated with cell-cell adhesion. The genes have been arranged in order of 
decreasing relative expression change.					   
Gene description Gene 

symbol
Deregulation P-value Fold 

change
Authenticity 
verified

neural cell adhesion molecule 2 NCAM2 up 0.0020 1.5 yes

FAT tumor suppressor (Drosophila) homolog FAT down 5.4E-06 2.5 no*

cadherin 1, type 1, E-cadherin (epithelial) CDH1 down 0.0060 2.3 yes

cadherin 13, H-cadherin (heart) CDH13 down 0.0010 1.7 yes

catenin (cadherin-associated protein), delta 1 (clone 1) CTNND1 down 0.0030 1.7 yes

catenin (cadherin-associated protein), delta 1 (clone 2) CTNND1 down 0.0130 1.5 yes
*SPARCL1 is the most prominent species, but includes also other minor species

Table VI. Example of colon carcinoma. List of up- and downregulated genes in cDNA microarray 
analysis (I) associated with mitotic cell cycle. The genes have been arranged in order of decreasing 
relative expression change.			 
Gene description Gene 

symbol
Deregulation P-value Fold 

change
Authenticity 
verified

cell division cycle 25B CDC25B up 0.0111 2.3 no

pituitary tumor-transforming 1 (clone 1) PTTG1 up 0.0263 2.2 yes

cyclin-dependent kinase 4 CDK4 up 0.0485 2.0 yes

cyclin D1 (PRAD1: parathyroid adenomatosis 1) CCND1 up 0.0254 1.9 yes

tubulin, gamma 1 TUBG1 up 0.0133 1.4 yes

pituitary tumor-transforming 1 (clone 2) PTTG1 up 0.0111 1.4 yes*

catenin (cadherin-associated protein), delta 1 (clone 1) CTNND1 down 0.0020 1.6 yes
*PTTG1 is the most prominent species, but includes also other minor species
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Among those up- and downregulated genes, which are related to the mitotic cell cycle 
and cell-cell adhesion, the number of measured signal values exceeded the original 
requirement set for a transcript to be regarded as deregulated. Among upregulated 
genes, the signal could be measured from at least seven out of ten breast cancer 
patients. The concordance of the direction of expression change was at least 80%. 
Respectively, the signal was measured from all ten breast cancer samples among 
downregulated genes. These genes showed at least 90% concordance. In colon 
cancer, the signal was measurable from all six patient samples among deregulated 
genes related to the mitotic cell cycle. There was at least 83% concordance in the 
direction of expression change in genes considered as upregulated. In downregulated 
ones the same figure was 100%.

As a quality assessment of the cDNA microarray method, the expression of housekeeping 
genes was evaluated separately. In breast cancer, expression change was detected in 
seven housekeeping genes among 343 deregulated genes in total. However, in sixteen 
housekeeping genes no change in expression was detected. In the case of colon cancer, 
five housekeeping genes out of 150 deregulated genes showed change in expression, 
while 17 housekeeping genes were specified as non-deregulated.

5.2.	I mmunohistochemistry

The results of immunohistochemical stainings of securin, CAIX, p120N and p120C 
are presented in Table VII for breast and colorectal carcinomas. The observed 
immunohistochemical expression is depicted in either whole tissue sections, or in TMA 
tissue cores punched from different locations on the tumour. In statistical analyses, 
securin and p120C immunopositivities showed concordance between the two tissue 
cores punched from the edge and the centre of the tumour. Concerning p120N, however, 
statistically significant difference between the central and peripheral cores was found. 
The results of immunohistochemical stainings of Ki-67 (I, II and IV), smad2 (V), and 
CDC25B (I), and the evaluation of the Mitotic Activity Index (II), are presented in 
original publications.
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Table VII. Evaluation of securin, CAIX, p120N and p120C immunopositivity in prognostic 
analyses of breast and colorectal carcinomas.

Breast  
carcinoma

Colon 
carcinoma

Rectal 
carcinoma

Whole 
section

TMA TMA Whole 
section

Hotspot Edge Centre Prognostic 
results

Centre

Securin (%) (II, IV, I)
Fraction (mean) 10.92 6.11 5.86 6.13 6.14
Classified (cases <1,5% / ≥1,5%) 35.9 / 64.1 38.1 / 61.9 30.6 / 69.4

CAIX (%) (III)
Intensity (cases low / high) 71.0 / 29.0

p120N (%) (V)
Fraction (mean) 10.02* 7.15* 10.02
Classified (cases <5% / ≥5%) 56.8 / 43.2* 64.4 / 35.6* 56.8 / 43.2

p120C (%) (V)
Intensity (cases low / high) 80.0 / 20.0 83.7 / 16.3 84.0 / 16.0

*statistically significant difference between the central and peripheral cores

In order to evaluate the value of securin, p120(ctn) and CAIX, for the survival of breast 
and colorectal carcinoma, the results of IHC were correlated with follow-up information 
from the patient material (Table VIII). The most significant prognostic value of p120N 
was associated with the immunopositivity at the edge of the tumour.

Table VIII. Summary of correlations with outcome of securin, CAIX and p120(ctn) immunohis-
tochemistry to predict disease-specific survival among breast and colorectal carcinoma patients.

Breast cancer Colon cancer Rectal cancer
Correlation with  

outcome in
Correlation with  

outcome in
Correlation with  

outcome in
univariate 

analysis
multivariate 

analysis
univariate 

analysis
multivariate 

analysis
univariate 

analysis
multivariate 

analysis
Securin - whole section (II) yes ND*
Securin - TMA (IV, I) yes yes no no
CAIX - whole section (III) yes yes
p120N - TMA (V) yes yes
p120C - TMA (V) yes yes
* not determined

Fractions of evaluable tissue core biopsies in immunohistochemical stainings of TMAs 
for breast and colon cancer are summarized in Table IX. In both cancers, the loss of cores 
was equally evident in the central and the peripheral locations of the TMAs.

Table IX. Fraction (%) of successful and unsuccessful evaluations of TMA core biopsies in 
immunohistochemical analyses of securin, p120N and p120C in breast and colon carcinomas.

Breast carcinoma Colon carcinoma
Evaluable

result
Unrepresentative 

core
Lost 
core

Evaluable
result

Unrepresentative 
core

Lost 
core

Securin (IV, I) 77 23 0 96 0 4
p120N (V) 82 16 2
p120C (V) 84 16 0
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As a quality measure for the interpretation of immunopositivity, repeated evaluations by 
one observer and two independent observes were applied. Statistical analyses showed 
good to excellent intraobserver reproducibility in securin IHC, using whole breast cancer 
sections. Interobserver reproducibility, however, was somewhat lower and considered as 
fair to good. Very good or excellent reproducibility between observers was achieved 
for CAIX expression in rectal carcinoma using whole tissue sections, and for p120(ctn) 
expression in breast carcinoma applying TMAs.

5.3.	 WESTERN ANALYSIS

Western analysis of samples from colon cancer patients revealed a single faint band 
with the CAIX antibody in all four studied samples of normal colonic mucosa. While 
a similar single band was found on two of the corresponding tumour specimens of the 
same patients, two others showed an additional larger band. In three cases, the visual 
intensities of the detected bands from tumour samples were stronger than those found in 
the corresponding normal mucosa, which was interpreted as an upregulation of CAIX 
protein expression in colon cancer. In one case, the intensity was approximately similar 
in both normal and cancer samples. The upregulation of CAIX according to the western 
analysis of each patient paralleled the results obtained from the cDNA microarray 
analysis and immunohistochemistry of the same patients.

5.4.	CORREL ATION WITH PATIENT OUTCOME

In the following sections, some of the most significant prognostic associations found in 
studies I – V for securin, p120(ctn), and CAIX are summarized.

In the present material (II, IV), securin immunohistochemistry identified patients with 
favourable and unfavourable outcome. In the Kaplan-Meier analysis, the classified 
fraction of securin positivity was correlated with breast cancer survival (IV) among all 
patients (p = 0.004), among patients with a specific histological type of breast carcinoma 
(p = 0.010), and among small and large tumour size (p = 0.033 and 0.034 for tumour 
diameter ≤3cm and >3cm, respectively). Also, in the univariate Cox’s regression analysis, 
securin predicted survival with a statistical significance (p = 0.006 and 0.014 for all 
cases and cases representing a specific histological type, respectively). Among all breast 
cancer cases, securin immunopositivity was associated with a 2.9- or 2.3-fold risk of 
breast cancer death in univariate or multivariate analysis, respectively. In the multivariate 
Cox’s regression model, the established prognosticators of breast cancer were included. 
In the multivariate analyses, the highest prognostic value for securin immunopositivity 
was observed as a 13.1-fold risk of breast cancer death among a specific histological 



58	 Results	

type of breast carcinoma, showing low proliferative activity. In colon cancer, similar 
association of securin immunopositivity with patient outcome could not been found (I).

p120(ctn) predicted up to a 3.7-fold risk for breast cancer death when analysed as p120C 
immunoreactivity (V). p120C predicted breast cancer death, both in the univariate (p = 
0.023) and in the multivariate analyses, when adjusted for the established prognosticators 
of breast carcinoma (p = 0.039). The statistically significant prognostic correlations 
applied for the univariate analysis of all patients and a subgroup of specific breast cancer 
type. In addition, p120N predicted survival at a statistically significant level among 
subgroups of specific histological and hormonal breast cancer types, with up to a 3.6-fold 
risk of breast cancer death in the univariate analyses (V). In the multivariate analyses 
involving the established prognosticators of breast carcinoma, p120N did not predict 
breast cancer survival. 

In rectal cancer, the staining intensity of CAIX correlated with patient outcome (III). In the 
univariate analysis, patients with negative or weak staining intensity had a significantly 
longer disease-specific survival (p = 0.009) than patients with moderate or strong staining 
intensity. In Cox’s multivariate analysis, involving the established prognosticators of 
rectal carcinoma, CAIX intensity was the strongest statistically significant predictor of 
disease-specific death (hazard ratio 9.23) of rectal carcinoma. 
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6.	 DISCUSSION

The current study presents a survey on the applicability of fairly modern high throughput 
methods – cDNA and tissue microarrays – to identify novel biomarkers. Breast and 
colorectal cancers were chosen as examples in the experimental works. In the cDNA 
microarray analyses presented here, several deregulated genes were identified and linked 
to their biological functions known at the time of analysis. Among these functions, the 
mitotic cell cycle and cell-cell adhesion, the phenomena which are known to be crucial 
for breast cancer progression (Tavassoli and Devilee (Eds.), 2003, p 57, Wheelock et 
al., 2001, Gould Rothberg and Bracken, 2006, Brennan et al., 2010), were considered 
as potential for the identification of meaningful novel biomarkers. Recently published 
evidence has further fortified the significance of adhesion, especially in the early stages 
of breast tumorigenesis (Emery et al., 2009). Among these genes, securin (I, II, IV) 
and p120(ctn) (V) were selected for further immunohistochemical studies. In addition, 
carbonic anhydrase IX was chosen for futher analysis in colorectal cancer as the most 
upregulated gene in the colon cancer material used (I, III). At the time when this study 
was initiated, the outcome of colorectal carcinoma had not been significantly associated 
with any particular cellular functions.

6.1.	 Aberrant expression of the selected genes AND 
PROTEINS

According to the presented analyses, securin was found upregulated at the mRNA and 
protein level in both breast and colon cancers. Prior to this study, overexpression of mRNA 
and/or protein had been demonstrated in a few reports (Ogbagabriel et al., 2005, Solbach 
et al., 2004, Kakar et al., 2001, Puri et al., 2001, Heaney et al., 2000). Furthermore, 
aberrant expression of securin protein was associated with disease outcome in two 
different breast cancer materials, using both whole tissue and TMA sections. However, 
in colon cancer material using TMAs, the same association could not be demonstrated. 
In previous literature concerning breast or colon cancer, no association between securin 
and disease outcome had been reported.

In the current study, carbonic anhydrase 9 mRNA was shown as significantly upregulated 
in colon cancer, and the same was demonstrated also at the protein level in colon and 
rectal cancer. This was already known from previous literature (Ivanov et al., 2001, Kivela 
et al., 2001, Kivela et al., 2005). According to the results presented here, expression 
of CAIX could also be associated with rectal cancer outcome, a finding, which to my 
knowledge, has not been reported in the literature.
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The adhesion-related molecule, p120(ctn), was identified as underexpressed at the 
mRNA level in breast and colon cancer. The lists of deregulated genes obtained from 
cDNA microarray analyses were arranged according to the internet database of biological 
functions at different times for breast and colon cancers. According to cumulating research, 
the database is updated from time to time, and therefore, p120(ctn) was also associated 
with the mitotic cell cycle in colon, but not in breast cancer. Immunohistochemical 
stainings of breast cancer specimens showed the same trend of diminished expression 
also at the protein level, and the altered expression was associated with disease outcome 
in the present study. Loss of p120(ctn) expression in some colorectal tumours had been 
demonstrated previously using IHC (Bellovin et al., 2005, Karayiannakis et al., 1999, 
Skoudy et al., 1996, Gold et al., 1998). In addition, at least partial loss of p120 catenin 
expression had also been shown by earlier breast cancer studies (Dillon et al., 1998, 
Nakopoulou et al., 2002, Sarrió et al., 2004). However, no clear association of p120(ctn) 
protein with breast cancer outcome had been reported prior to this study, although there 
was a published report available, suggesting on the basis of univariate analysis, that 
altered localization of p120(ctn) predicts unfavourable outcome in the subgroup of P- 
and E-cadherin positive breast cancers (Paredes et al., 2008). The current study was also 
the first one reporting the use of the isoform specific antibody (p120N) in breast cancer 
IHC, and describing the nuclear distribution of p120N-immunopositivity in this disease. 
In previous breast cancer literature, this antibody had only been used in western analyses 
(Sarrió et al., 2004), or for the staining of a few patient cases (Dillon et al., 1998). Nuclear 
p120 catenin expression had been shown in the minority of a specific histological type 
of breast cancer cases, but using the isoform unspecific antibody (Sarrió et al., 2004). 
Therefore, no direct comparisons on nuclear p120 catenin expression can be made to the 
present results applying different antibodies and histological types of breast cancer.

6.2.	 Experiences on cDNA microarray

Many things have changed since the present research was started. The number of probes 
that can easily be deposited on cDNA microarray have increased and the methodology 
has advanced tremendously. Today, even the whole genome can be included on a single 
DNA microarray (Barry et al., 2010, Ki et al., 2007, Ocak et al., 2009). At the same 
time, prices have dropped. The prices were still rather high when the first plans to use 
DNA microarrays had arisen in the present research group. This was especially true for 
oligonucleotide-based commercial chips, which were the only alternative for the non-
commercial cDNA microarrays of BTC in those days in Turku. For the present study, 
the application of cDNA microarrays was the only realistic choice. In small research 
units like ours, the material resources are limited. That is why we could use cDNA 
microarrays only for screening purposes in small patient materials. The previous use of 
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cDNA microarray screening for new biomarkers supported our choice (Zembutsu et al., 
2002).

The microarray used in the analyses presented here included a selection of genes, which 
were at the time considered significant for cancer development and progression, according 
to the expertise of Turku Centre for Biotechnology. At the beginning of this study, there had 
not been even attempts to standardize this line of research. It required step-by-step efforts to 
develop accurate and workable procedures, for example in tissue sampling, RNA labelling, 
bioinformatics, and data mining. For example, biological functions for the identified 
deregulated genes had to be manually searched from databases after working out different 
alternatives for the naming of these genes. This kind of information is nowadays more trivial 
and often included in the annotation files of the microarrays (http://www.switchtoi.com/ 
annotationfiles.ilmn, http://www.phalanxbiotech.com/tech_support/faqs.html 5.8.2010). 
Carrying out this study required close co-operation with experts in different research 
areas, which led to some difficulties in fully comprehending each other. However, 
the development of procedures through the study can be seen as an advantage, since 
the researcher can then have better insight into the technicalities of the methodology, 
obtained data, and ultimately to the results.

The applicability of the microarrays used in the current study can be supported by the 
observed comparable immunohistochemical expression and verified prognostic value 
in cancer. When evaluating the quality of the gene expression analyses in breast and 
colon cancer, most of the housekeeping genes were listed as non-deregulated, although 
some also showed expression changes. This is in line with the present knowledge of 
housekeeping genes, which are traditionally regarded as stably expressed (Khimani et 
al., 2005, Chambers, 2002). This study also confirmed what is known about the fidelity 
of the clones used in the construction of cDNA microarrays (Halgren et al., 2001, Taylor 
et al., 2001). In the current study, the gene identity declared in the annotation of the 
microarray was verified by DNA sequencing for most of the probes. However, there 
were also a few mixed clones containing more than one probe, and some probes whose 
gene identity changed in the sequencing.

At the moment, a variety of commercial industrial alternatives for DNA microarray 
methods and software and service packages are available at a reasonable price. 
The present-day simplicity and fairly low costs makes possible the use of modern 
microarrays and the surveying of enormous patient materials for the whole research 
community. Today, the oligonucleotide-based chips are often the method of choice, 
but next generation sequencing methods are most probably coming into general use.  
(http://www.biocompare.com/Documents/surveys_files/ExecSumm/DNAMicro_2006_ 
execsumm.pdf, http://www.biocompare.com/Articles/FeaturedArticle/1111/Microarray- 
Instrumentation-And-Software.html 5.8.2010) It has been suggested that NGS may 
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supersede hybridization-based techniques within a few years (Marguerat and Bähler, 
2010). It is also possible that microarrays will remain in combination with modern 
sequencing techniques used, for example, to enrich protein-coding regions with microarray 
prior to sequence analysis (Hurd and Nelson, 2009). Nevertheless, it is inevitable 
that novel diagnostic, prognostic, predictive and pharmacogenomic markers will be 
discovered with increasing rate in the next few years by applying NGS. Also the price to 
study human cancer will still lower through the application of this method. (Aparicio and 
Huntsman, 2010, Marguerat and Bähler, 2010) Especially the identification of relevant 
mutations and biological pathways in early-stage cancer, and progress in screening for 
mutations in general, have been anticipated. As well, advances in the understanding of 
intra- and intertumoural heterogeneity have been envisioned. (Aparicio and Huntsman, 
2010) In breast cancer, NGS has been used, for example, to identify unique serum 
biomarkers associated with the disease. These markers have been suggested to provide 
a basis for the development of a minimally invasive routine laboratory test for breast 
cancer screening and monitoring (Beck et al., 2010). However, there are some obstacles 
that have to be overcome in order to translate novel discoveries into better diagnostics, 
treatment, and prevention of cancer (Mardis and Wilson, 2009). For example, better 
bioinformatics tools have to be developed to manage, store, and analyse huge amounts 
of data produced by NGS. Also, more technical and clinical validation studies in large 
patient materials have been urged as well as advances in quality control and ethics. (Hurd 
and Nelson, 2009, Aparicio and Huntsman, 2010) In conclusion, eventually nucleotide 
sequence-based technologies are expected to become part of routine histopathological 
practice, but this probably will still take many years (Aparicio and Huntsman, 2010).

Currently, there are no population-based, accurate, and cost-efficient screening methods 
for cancer. The available methods are expensive, labour-intensive, and their sensitivity 
and specificity may in some cases be compromised. It has been speculated that new 
approaches in cancer screening may involve microarray or other multiplex technologies 
in the identification of specific biomarkers for diagnosis, prognosis, and therapeutic 
targets leading to the personalization of medicine. However, different studies report 
on highly variable gene signatures. In colorectal carcinoma, expression profiles have 
been linked to some specific features of the course and prognosis of the disease (Hao 
et al., 2010). Concerning breast carcinoma, some researchers suggest that in the future, 
routine patient care may be guided by the molecular signatures of individual patients 
(Slodkowska and Ross, 2009).

6.3.	I mmunohistochemistry AND WESTERN ANALYSIS

Immunohistochemical staining is an established method, and may even be considered as 
a ”gold standard” in the validation of biomarkers for clinical use (Hewitt 2006, Takikita 
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et al., 2007). It can be considered a routine method in laboratories of clinical pathology – 
being nowadays reliable, fairly uncomplicated, as well as automated and cheap. IHC has 
been used to validate results obtained from cDNA microarrays, and it has been shown 
to be a method of choice when screening and developing possible future biomarkers 
for cancer patients (Hao et al., 2004, Prall et al., 2004). In spite of the controversialities 
associated with cDNA microarray technology at the start of the present research, all 
selected gene expression changes could be verified by IHC, improving the value of this 
study. Additionally, many previously unpublished associations with patient outcome 
could be demonstrated, using independent series of patients. Especially in breast cancer 
reports IV and V, the special advantages also include the large patient material originating 
from the era of mammographic screening and a long follow-up (mean app. 10.5 years). 
In the present research, IHC was applied both in whole sections and in different types of 
tissue microarrays, thus giving some experience from both.

Among the antibodies used in this study, securin, p120C, and p120N, were monoclonal, 
and CAIX was polyclonal. Published literature and information provided by the 
manufacturers supported the specificity of the monoclonal antibodies. The specificity of 
the polyclonal antibody (ab15086, Abcam) was checked by western blotting, since at the 
time of the immunohistochemical analyses, the manufacturer provided no information on 
it. Monoclonal antibody M75 has been used in most of the published reports on CAIX, 
and it has been considered a gold standard for CAIX expression (Pastorek et al., 1994, 
Li et al., 2009a), but it was not commercially available for this study. The results of the 
western analysis using ab15086, showed double bands of approximately the same size 
as observed previously with the M75 antibody in the corresponding analyses (Pastorek 
et al., 1994, Liao et al., 1997, Proescholdt et al., 2005, Brennan et al., 2006). Similarly, 
the results from IHC were compared to the previous literature (Ivanov et al., 2001). 
Presently, there are published results comparing M75 to another commercially available 
antibody, NB100-417 (Novus Biologicals). In the immunohistochemical analyses, M75 
and NB100 have shown comparable results (Al-Ahmadie et al., 2008), but other analyses 
have suggested a cross-reactivity with cytoplasmic beta-tubulin (Li et al., 2009a). M75 
and NB100 are raised against different epitopes, but the epitopes of NB100 and ab15806 
are at least partially overlapping (http://www.abcam.com/Carbonic-Anhydrase-IX-
antibody-ab15086.html; Li et al., 2009a). Therefore, it can’t be ruled out that also 
ab15086, used in the present study, could detect beta-tubulin. In prognostic analyses, 
however, only membrane-bound staining was taken into account, although cytoplasmic 
staining was also sometimes seen. So, the potential cross-reactivity to cytoplasmic 
protein should not diminish the value of the results presented in the current study.

In the literature, the non-automated evaluation of IHC has been accused of a potential 
bias, due to subjective interpretation (Camp et al., 2002, Giltnane and Rimm 2004). In 
the present study, a good or close to excellent reproducibility between observers was 



64	 Discussion	

reached in the majority of the stainings, using both TMAs and whole tissue sections. 
The concordance between the interpretations of different observers was lower in the 
evaluation of securin immunopositivity, using whole breast carcinoma sections. However, 
intraobserver reproducibility was good in the same staining. In these analyses, the most 
intensive areas of staining, the so-called hot spots, were selected. The subjective choice 
of the hot spot may have had an influence on the lower concordance.

6.4.	E xperiences on TMAs

In the present research, different types of TMAs were prepared and applied. In the case of 
breast cancer, two tissue cores at 0.6 mm in diameter were punched from the centre and 
periphery of the tumour area in order to acknowledge the known heterogeneity of breast 
cancer tissue (Rosen (Ed.), 2001, p. 326). TMAs of colon cancer included one larger core 
from the centre of the tumours, in order to minimize the possibility of cores devoid of 
cancer cells. These TMAs included also a paired normal control tissue as separate cores, 
mimicking the situation in the cDNA microarray analysis, where a paired control of 
each patient was also included. Missing invasive cancer tissue in the core was the major 
reason for non-evaluable results in breast cancer TMAs. In colon cancer, however, none 
of the cores had to be dismissed due to unrepresentativeness. Respectively, detaching 
of the tissue core from the slide was the only reason for loosing evaluable results in 
colon cancer TMAs. In breast cancer, detaching was never seen in securin and p120C 
stainings, and it was the reason for loosing evaluable results in only 9% of the lost cases 
in p120N stainings. In the studies applying TMAs (I, IV, V), different types of slides and 
microwave ovens were used, possibly affecting the higher number of detached cores in 
colon cancer compared to breast cancer.

Prior to the current study, TMAs had been used in the analysis of securin, p120(ctn), 
and CAIX expression, using a variety of malignant tumours (Winnepenninckx et al., 
2006, Sarrió et al., 2004, Crabb et al., 2008). In the present study, however, whole tissue 
sections were chosen for the immunostaining of CAIX. This was because, firstly, previous 
literature has pointed out that hypoxia-related markers may show heterogeneous and 
clinically relevant focal perinecrotic staining, which could be missed in small TMA cores 
(van Diest et al., 2005, Leibovich et al., 2007). Secondly, in light of previous literature 
(Iakovlev et al., 2007, Goethals et al., 2006), at least four cores from different tumour 
regions are required for the adequate representation of CAIX. Thirdly, the experiences 
of previous and current studies on the heterogeneous expression of proliferation markers 
favoured the use of whole sections in place of TMAs (Beliën et al., 1999, Salminen 
et al., 2005). Concerning the present study, no statistically significant association with 
patient outcome could be found applying TMAs with only one core punched from the 
centre of colon tumours (I). Concerning breast cancer, staining of the whole sections 
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showed heterogeneous staining of securin and, therefore, the areas of most intensive 
staining at the infiltrating border of tumours were used for evaluations (II). In study IV of 
securin expression in breast cancer, these previous experiences were acknowledged, and 
TMAs with two tissue cores, one punched from the edge and the other from the centre 
of tumour, were constructed. However, no significant difference between the two cores 
could be found in statistical analyses concerning the securin expression.

In the literature, also p120(ctn) has been reported with heterogeneous expression 
(Nakopoulou et al., 2002, Bremnes et al., 2002). In the current study, the heterogeneous 
pattern of p120(ctn) immunoexpression was evaluated in TMAs consisting of two 
tissue punches from different locations of the tumour. Statistically significant difference 
between the different tumour locations was not found, using the p120C antibody raised 
against all p120(ctn) isoforms. There was, however, a statistically significant difference 
in the nuclear expression of p120(ctn) long isoform (p120N) at the edge and the centre 
of the tumour. More significant association with patient outcome was related to the 
expression of p120N at the tumour edge compared to the centre. The association between 
breast cancer outcome and nuclear p120(ctn) staining at the edge of the tumour are 
parallel with previous literature on beta-catenin, which also has been demonstrated both 
in adherens junctions and in the nucleus (Brabletz et al., 2005). In colorectal cancer, 
especially the nuclear beta-catenin expression at the invasive front has been associated 
with the metastasizing capacity of cancer (Suzuki et al., 2008). In addition to adhesion 
related proteins, the significance of the immunostaining at the invasive margin concerns 
also other tumour markers. Indeed, a recent study has shown that the immunostaining 
of hypoxia markers in colorectal cancer TMA could be especially promising, if the used 
TMA reflects the expression status at the invasive margin (Rajaganeshan et al., 2009).

In general, the prognostic correlations obtained from the TMA methodology of the current 
study appeared to show higher significance in breast than in colon cancer. This may 
reflect the differences between the TMAs used – that is, the number of cores included 
and the location where they were punched. It can also be linked with the method used 
in the evaluation of immunohistochemical reactions, but the sole reason can also be in 
the different cell biological properties of these cancers concerning the significance of 
the studied biomarkers. Based on the experiences from the present research, several 
aspects should be taken into account in the application of TMA-methodology. Careful 
consideration should be put on the selection of the antibodies used on TMA, with a 
special emphasis when antibodies show an uneven expression pattern. This concerns, 
for example, proliferation markers, which according to the literature have their highest 
expression at the edge of the tumour (Beliën et al., 1999, Jenner et al., 1996). It would be 
advisable that these types of markers are studied on specially planned and constructed 
TMAs, with cores taken also from the invasive front of the tumour. In an optimal setting, 
a pilot study using a small material of the whole sections should be performed for 
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unestablished stainings in order to achieve information of the expression pattern of the 
particular antibody.

The combination of TMA and IHC has been established in the validation of novel 
biomarkers (Hao et al., 2004). However, in the discovery of novel disease markers mass 
spectrometry (MS) has been referred to as one of the most important high throughput 
proteomic tools (Sikaroodi et al., 2010). Furthermore, it has been suggested that 
this method may bypass the bottleneck created by the need for sensitive and reliable 
antibodies required in biomarker validation using IHC (Simpson et al., 2009). MS has 
produced, for example, candidate markers and signatures for breast cancer diagnosis, as 
well as correlations to clinicopathological factors and patient outcome. However, large-
scale clinical validation of these markers is still required. (Gast et al., 2009, Nakagawa et 
al., 2006, Goncalves et al., 2006) Either body fluids, such as serum, or tissue samples can 
be used to identify and quantitate both proteins and their post-translational modifications 
by MS (Sikaroodi et al., 2010, Simpson et al., 2009, Fang et al., 2009). Complications 
caused by the heterogeneity of tumour tissue have been reduced by the advances in 
sample preparation techniques, such as tumour microdissection. Thus far, tissue handling 
methods applied in routine clinical use still hamper the application of MS for the archival 
patient materials, but techniques are evolving also in this field. (Fang et al., 2009, Gast 
et al., 2009)
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7.	CONCLUSIONS

The focus of the present study is to test the applicability of cDNA and tissue microarray 
methodologies for the screening of potential novel tumour markers. Common human 
malignancies, breast and colorectal carcinomas, were selected to be used as examples. 
On the basis of the present study, the following conclusions can be made:

1.	 In order to identify potential biomarkers in cancer, cDNA microarray methodology 
can be applied in the screening for aberrant gene expression, and tissue microarrays 
for validating the obtained results.

2.	 For reliable and relevant results, the principles of the methods should be thoroughly 
understood, their technical details carefully planned, and their performance tested 
in sufficient pilot experiments prior to application in full scale.

3.	 On the basis of experience from the present study, in applying cDNA microarrays, 
special attention should be placed on the representativeness of the tissue samples, 
the homogeneity of tissue material, quality issues of specimen processing, and the 
criteria of aberrant gene expression. Therefore, validation of the results obtained 
from cDNA microarrays is essential.

4.	 Applicability of TMA is primarily dependent on the studied expression pattern 
in the lesion and structure of the TMA. The number and size of the tissue cores 
influence the results, as a balance between the number of cases obtained and the 
fraction of material lost during tissue processing.

5.	 The application of cDNA microarrays and TMAs may increase the understanding 
of the prognostic value of novel biomarkers in cancer. The present study, applying 
cDNA microarrays and immunohistochemistry on TMAs or on whole tissue 
sections, revealed that securin and p120(ctn) predict breast cancer outcome, and 
CAIX the outcome in rectal carcinoma.
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