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PREFACE

This study was conducted at the Central Hospital of Central Finland, Department of
Pathology during autumn 2006 and spring 2007. The text was finalised at the University of
Kuopio during the following year. The study is about tissue microarray technology, a
relatively novel method in the field of histology. Equally much the study is about breast
cancer, for it is the most common cancer among women, and the cause of too many deaths
despite the improvements in both treatment and diagnostics. Dr. Kuopio from the
Department of Pathology suggested this topic to me, and | was more than happy to accept
it; it contained many interesting aspects and covered an important topic as well: how to
further enhance methods in the field of breast cancer research? Thiswork, on its part, aims
to answer this question, but it also became evident that much remains for future researchers
to study!
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Abstract:

Breast carcinoma is the most common cancer in the world among women and it is an important cause of
death. For decades, breast carcinoma research and diagnostics have largely relied on traditional histological
methods, such as immunohistochemical staining of tissue samples. As ardiable and well-established set of
methods, immunohistochemidgtry is the cornerstone of diagnostics, but it is often too laborious and time-
consuming to satisfy the needs of high-throughput requirements of research.

Tissue microarray (TMA) technology is a relatively nove innovation aiming to considerably increase the
amount of sample specimens researchers can produce from formalin-fixed, paraffin-embedded tissue
samples. TMA technology uses specia arrayers, which can place hundreds of histological sample specimens
on a single paraffin block, thus allowing the simultaneous staining of these samples, requiring the time and
reagents of just one higtological staining. Furthermore, up to several dozens identical sections can be
prepared from one TMA block, which can then be stained for various cancer markers or other proteins of
interest. These characteristics together make TMA technology an intriguing tool for histological research.
Finally, computer-assisted arrayers and automated optical readers can further enhance the technology in the
near future.

The purpose of this study was to evaluate the characteristics of TMA technology and its suitability for the
research purposes of a hospital pathology laboratory. Three TMA blocks consisting of 734 cancer samples
from 367 patients were created by a Beecher Instruments Manua Tissue Arrayer. These samples were then
stained for eight cancer marker proteins, and the results were compared to values found in the literature. In
addition, the time and effort of constructing and analysing the TMA was considered. Finally, the results of
this study can be used for multivariable studies in the future, when linked with the patient diagnostic and
follow-up data, but this remained beyond the scope of this work.

Oestrogen receptor was found to be positive in 76.3% of cases. Progesterone receptor was positive in 65.7%
and the other cancer markers were positive as follows: Her-2 18.8%, E-Cad 92.5%, cytokeratins 5 and 17
14.5%, BCL-2 80.5%, and CD 117 3.2%. The amount of patients tested ranged from 257 to 313 per marker,
where from 56 to 94 patient samples, depending on the given marker, remained unrepresentative (no cancer
cells in the sample area) and were therefore discarded from the analysis. On average, 22% of sample
specimens were found to be unrepresentative. For one person, it required approximately four months of four-
hour working days to construct and analyse the TMA.

The results obtained from this study are well in line with results found in the literature in majority of the
markers analysed, indicating that TMA technology is a useful tool even for a research project with limited
resources regarding available space, funds or work force. With some practice, a full-time worker islikely to
be able to achieve a much higher sample throughput than that described in thiswork.

K eywor ds: tissue microar ray technology, breast cancer, breast car cinoma, immunohistochemistry,
cancer marker, marker protein
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Tiivistelma:

Rintasydpa on yleisin naisten sydpd maailmassa ja se on merkittava kuolinsyy. Vuosikymmenten ajan
rintasyOpatutkimuksessa ja -diagnostiikassa on lagjalti kéytetty perinteisid histologisia menetelmid, kuten
kudosndytteiden immunohistokemialista vérjéystd. Immunohistokemia on luotettava ja vakiintunut
menetelmd, ja siks se on diagnostiikan kulmakivi, mutta usein se on liian ty6lasta ja aikaa vievéa
tayttadkseen tutkimuksen suurten ndytevol yymien vaatimukset.

Tissue microarray (TMA) -teknologia on melko uusi keksintd, jonka tavoitteena on lisdtéd merkittavasti niiden
ndytteiden méa&rdd, jotka tutkijat voivat valmistaa formaliinikiinnitetyistd, parafiiniin  valetuista
kudosnaytteistd. TMA-teknologiassa kaytetdan erityista laitteistoa, jonka avulla voidaan asettaa satoja
histol ogisia naytteita yhdelle parafiiniblokille, joka mahdollistaa néiden ndytteiden samanaikaisen vérjayksen
ja vaatii vain yhden histologisen vérjéyksen verran aikaa ja reagenssga. Liséks jopa useita kymmenia
identtisia leikkeité voidaan valmistaa yhdesta TMA-blokista, joista voidaan vérjata useita sydpamarkkereita
tai muita kiinnostuksen kohteena olevia proteiinga. Nama piirteet tekevat yhdessd TMA-teknologiasta
kiehtovan tyovéalineen histologiseen tutkimukseen. Lisiks tietokoneavusteiset laitteistot ja automatisoidut
optiset lukijat voivat vida parantaa teknol ogiaa | dhitul evai suudessa.

Taman tutkimuksen tarkoituksena oli arvioida TMA-teknologian ominaisuuksia ja sen sopivuutta sairaalan
patologian laboratorion tutkimustarkoituksin. Kolme TMA-blokkia, jotka kasittivéat 734 sydpanaytetta 367
potilaalta luctiin Beecher Instruments Manual Tissue Arrayerilla Naytteista varjéttiin - kahdeksan
sydpamarkkeriproteiinia, ja tuloksia verrattiin kirjallisuudessa esiintyviin arvoihin. Lisdks arvioitiin TMA:n
valmistamisen ja analysoinnin vaatimaa aikaa ja tydpanosta. Téman tutkimuksen tuloksia voidaan jatkossa
kayttéd monimuuttuja-analyyseihin, kun ne liitetéén potilaiden diagnostisiin ja seurantatietoihin, mutta téssa
tyossé aihetta el kasitelty.

Estrogeenireseptori oli positiivinen 76,3 %:ssa tapauksista. Progesteronireseptori oli positiivinen 65,7 %:ssa
tapauksista ja muut sydpamarkkerit olivat positiivisia seuraavasti: Her-2 18,8 %, E-Cad 92,5 %, sytokeratiinit
5ja 17 14,5 %, BCL-2 80,5 %, ja CD 117 3,2 %. Testattujen potilaiden m&ra vaihteli 257:sta 313:een
markkeria kohti, joista 56 - 94 potilasndytettd markkerista riippuen olivat epdedustavia (néytteessa el
sydpasoluja), ja sks ne poistettiin analyysistd. Keskimédrin 22 % naytteistd oli epdedustavia. Yhdeta
ihmiselté kului noin neljé tuntia péivassa neljan kuukauden gjan val mistaa ja analysoida tutkimuksen TMA:t.

Suuressa osassa analysoiduista markkereista tdméan tutkimuksen tulokset ovat hyvin samanlaiset kuin
kirjallisuudessa esiintyvét tulokset, mika viittaa siihen, ettd TMA-teknologia on hyodyllinen tydvaline myos
tutkimusprojekteissa, joissa on ragjdlisesti tilaa, rahoitusta tai henkiléstéa. Harjoittelemalla kokoaikainen

Avainsanat: tissue microarray -teknologia, rintasydpd, rintakar sinooma, immunohistokemia,
syOpamarkkeri, markkeriproteiini
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ABBREVIATIONS

CISH
CK
DCIS
FISH
HE
HR
IHC
LCIS
MTA
MTTB
PEFF
PR
TMA
VTM

chromogenic in situ hybridisation
cytokeratine

ductal carsnomain situ
fluorescent in situ hybridisation
haematoxylin-eosin

hormone receptor
immunohistochemistry

lobular carcinomain situ

Manual Tissue Arrayer
multitumour tissue block
paraffin-embedded, formalin-fixed
progesterone receptor

tissue microarray

virtual tissue matrix



1. INTRODUCTION

I mmunohistochemical methods have been among the cornerstones of modern pathology
for decades. Despite this, relatively little has changed regarding the standard
immunohistological methods. sections prepared by microtome from formalin fixed,
paraffin embedded tissue samples (PEFF) and stained with specific antibodies have formed
one of the most commonly used tools for pathologists since the advent of monocolonal
antibody production. Even today, the method remains as the basis of clinical pathology
diagnostics. (Kumar et al., 2005) However, for research purposes, the process of making
and staining tissue sections is laborious and time consuming, especially regarding high
throughput screening of large volumes of sample specimens (Kononen et al., 1998).

Tissue microarray (TMA) technology is a recent invention aiming to alleviate the process
of generating large amounts of representative immunohistological sample specimens from
PEFF tissue blocks, and their subsequent screening for proteins of interest (most
commonly disease-associated proteins). TMA technology uses novel sampling devices in
order to construct an array of up to hundreds of tissue samples onto single microscope
dlide, which can then be stained in a similar manner as a standard immunohistological
sample. Thus, a single object slide can contain a vast number of samples, allowing
researchers to speed up the screening of marker proteins. I n addition, multiple object slides
can be constructed from a single array block, permitting the study of dozens of markers
from asingle set of tissue samples, while preserving most of the sample material for future
use: single sample core extracted from a tissue block is typically less than one millimetre
in diameter. Finally, new, computer-assisted image processing methods are being
developed, aiming to further enhance the process and allow for faster and accurate analysis

of large sample volumes. (Kononen et a., 1998; Kallioniemi et al., 2001)

In this study, the suitability of TMA technology for breast cancer research was evaluated in
amedium-sized pathology laboratory environment. Breast cancer is an important condition
that affects thousands of women annually especially in developed nations. Although breast
cancer diagnostics and treatment have markedly improved during the past decades, it is
still the cause of multiple deaths each year (see e.g. the Finnish Cancer Registry, 2007). In



pursuit for even more effective treatment and better understanding of the disease, vast
numbers of cancer samples need be studied for new meaningful marker proteins and
existing markers analysed for their effect on the outcome of the disease.

This kind of research can be conducted with relative ease with the aid of TMA technology.
This permits even one researcher to construct and analyse a large number of samples.
TMA technology ideally suits pathology laboratories, which commonly have
comprehensive archives of PEFF tissue samples from cancer patients and which have well-
established staining protocols and other equipments required for TMA studies, such as
microtomes and automatic staining devices. The tissue microarrayer itself, of which many
models are available for different needs, is the only acquisition such a laboratory has to

perform in order to launch its own TMA project.

In this study, several well-established cancer markers were evaluated from a
comprehensive set of breast carcinoma samples, and their prevalence was compared to
values found in the literature in order to verify the suitability of TMA technology for

clinical pathology laboratory.



2. TISSUE MICROARRAY TECHNOLOGY IN BREAST CANCER
SUBTYPING

2.1 Breast cancer

2.1.1 Generd

Breast carcinoma is the most common cancer in the world among women. It is estimated
that approximately one woman out of ten is affected by the disease. In Finland, around 4
000 cases are reported annually, and the numbers are increasing. In many Western
countries the rates of incidence are fairly similar and also increasing, although variations
exist — most likely due to genetic differences and environmental factors. Men are rarely
affected by breast carcinoma: less than 1% of all breast carcinomas occur in men. (Finnish
Cancer Registry, 2007)

Breast cancer incidence rates are very low among women below the age of 25. After this
age the incidence rate starts to increase. For example, according to the Finnish Cancer
Registry (2007), approximately one quarter of the breast cancers occur in the age group of
25 to 49 years, one quarter in women of 50 to 59 years of age, and the occurrence peaksin

women over 60 years of age — circa half of the cases fall into this age category.

Although the number of cases is increasing, the overall mortality due to breast cancer has
decreased. Mostly this is attributed to early detection and advanced treatment possibilities.
In Finland, approximately 80% of the breast cancer patients are alive after a period of five
years from the date of diagnosis. (Finnish Cancer Registry 2007; Rakha et al., 2007a)
However, certain tumour subtypes have markedly poorer outcome, and currently no

specific and effective treatment exists for some of these cancer subtypes.

The underlying causes of breast cancer are mostly yet to be elucidated. The origins of the
disease are complex, but certain risk factors are known. For example, some genetically
predisposed persons have an increased risk of developing a breast carcinoma; well-known

examples of major genetic risks are inactivating mutations to the BRCA1 or BRCA2
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genes, which lead to up to 80% life-time risk of breast or ovarian cancer (Schulz, 2005). In
genetically predisposed families there are more breast cancer cases than in the average
population, but genetic factors alone are not thought to be sufficient to develop the
carcinoma (Antoniou et al., 2006; Cox et al., 2006). It is generally considered that cells
must meet seven criteria before they turn into cancer cells, these criteria being: loss of
apoptosis, genome instability, loss of growth inhibition, self-sufficient growth,
angiogenesis, limitless replication, and tissue invasion (Kumar et d., 2005). Estimations of
the significance of genetic background vary, but for example Schulz (2005) estimates that
approximately 10 to 20% of breast cancer cases have a genetic family background. In these
persons, mutations in certain genes already expose these persons to one or several of the
required criteria and, therefore, less alterations in the cells are needed for cancer
development (Kumar et al., 2005; Cox et al., 2006).

This notwithstanding, there are thought to be certain types of prevalent genetic
polymorphism that cause smaller increase in the cancer risk to individual women, but are
probably significant on the population level. Examples of these are variants of genes
encoding steroid metabolising enzymes and some heterozygous mutations to genes that
facilitate DNA repair (Schulz, 2005).

Since only a small proportion of breast cancers is distinctly tied to the family background,
environmental factors also play arole. A wide range of environmental agents is regarded
or suspected to increase the risk of developing breast cancer, some of which show a
marked statistical correlation, and others that are not draightforward to prove. These
include such factors as diet, environmental pollutants, hormones and hormonal treatment,
obesity, and cigarette smoking. (Schulz, 2005; Claudio, 2006; Nagata et al., 2006;
Tworoger et al., 2007)

Furthermore, there are no effective means of prophylaxis available, which makes early
detection one of the key factors in fighting the disease — especially in women over 50 years
of age the impact of mammography is profound (Finnish Cancer Registry 2007).
Therefore, one common age group for mammographic screening is 50 to 60 year-olds,

although the practices vary considerably both between and within countries. There are



11

differing opinions on the exact age group that should be screened by default, aswell as on
the other basis on which the screening should be performed (e.g. see Hakama et al., 1997;
Immonen-Raiha et al., 2005; Trop and Deck, 2006)

Breast carcinomas are a heterogeneous group of tumours that are diverse in behaviour,
outcome and response to therapeutic agents. Most breast cancers are adenocarcinomas,
other types constitute less than 5% of the total (Kumar et al., 2005). Traditionaly,
anatomic and morphologic features have been the main ways to categorise breast cancers.
There are 15 to 20 lobules in the breast, which are separated by connective tissue. The
lobules are connected by ducts, which are lined with epithelial cells. The lobules and the
ducts also form the two main categories of breast carcinoma; most cancers emerge from
the ductal cells, and the cancer is termed ductal carcinoma. The lobular form is the other
main group, and circa 10 to 15% of breast cancers are of lobular origin. Lobular cancers
have somewhat bigger tendency to involve both breasts, when compared to other breast
cancer types. (Weinberg, 2006) Ductal cancers often display a preceding form, ductal
carcinoma in situ (DCIS), which is a state where malignant growth occupies the lumen of
the ducts, but has not penetrated the basal cell layer or invaded the surrounding tissues.
Lobular carcinoma also has an in situ form (LCIS), but it is not regarded as a cancer itself,
but as arisk factor for cancer instead. Approximately one out of four women that display

LCIS develops invasive carcinomawithin 25 years. (Weinberg, 2006)

Other forms of breast cancer are less common. These include types such as tubular,
medullary, mucinous, cribriform, and papillary carcinoma. Apart from the medullary form,
these cancer types tend to have less relapses than the common ductal and lobular
carcinomas. Medullar carcinoma, however, has the same prognosis as the common forms.
Breast cancer can also have an inflammatory manifestation, which is more difficult to treat

than non-inflammatory forms. (Kumar et a., 2005; Weinberg, 2006)

In addition to the above mentioned, morphology-based categories, there are various
cellular, genetic, and molecular subtypes of breast carcinoma, which are of diagnostic and
especidly prognostic importance. These cancer subtypes often require special

immunohistochemical staining methods, fluorescence in situ hybridisation or mRNA
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profiling in order to be identified. There are two major categories based on the epithelial
cell type of the cancer, which have clinical impact: basal and luminal carcinomas (Rakha et
al., 2007a). Breast cancers also have hundreds of different genetic and molecular profiles,
and their impact on the cancer development and treatment is in many cases still to be
elucidated. These topics will be discussed in more detail in Chapter 2.1.4.

2.1.2 Diagnosis and prognosis

As stated in the previous chapter, early diagnosis is of paramount importance in treating all
kinds of cancers. Large-scale mammography screenings along with women's awareness of
the condition of their breasts by palpation are by far the most important factors regarding
the early detection of breast carcinoma. In certain cases, the family history of breast cancer
is also an important piece of knowledge that allows e.g. the mammography to be
performed on younger age in order to ensure the earliest possible detection of the onset of

the carcinoma.

Not only needs the diagnosis be prompt, but it is also essential that the correct subtype of
the cancer be defined. This is crucial, for the treatment of choice also depends on the
molecular profile of the cancer. Other important factors regarding the treatment are e.g. the

lymph node status and the tumour size.

After the initial suspicion of cancer based on e.g. mammography and/or palpation — such as
calciferous regions or dense mass in the radiograph, or a palpable lump — biopsy is often
extracted from the site of the finding; biopsy is the only definite way to determine if cancer
is present. Along with this, personal and family medical histories are evaluated, as well as
general signs of health. A lump in the breast is often benign. For example cysts fall into
this category. If cancer cells are present in the biopsy, however, further measures need to
be undertaken.

Pathologic examination is performed to determine the primary carcinoma and axillary

lymph node status. The tumour along with any compromised lymph nodes is removed
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aurgically and sent for histological analysis. In some cases where the cancer has invaded
surrounding tissues, a mastectomy may need to be performed; this is determined by various
factors, such as the size of tumour, the size of the breast, the patient's wishes, and the

multifocality of the tumour.

2.1.3 Major prognostic factors

Diagnosis is formed with pathological examination and histological results. Based on these
results, prognostic factors are determined and the patient is informed. There are varying
practices and guidelines for prognosis in different countries, but in general, they follow the
same principles. For example, the American Joint Committee on Cancer (AJCC) has
created awidely used staging system that lists predictive factors that help to determine the
likelihood of response to a particular therapeutic method. According to Kumar et al.
(2005), there are two categories listed: mgjor and minor prognogtic factors, which are

summarised below:

Major prognogtic factors:

1) Invasive carcinoma or in situ disease. By definition, in situ carcinoma is confined
to the ductal system and has not metastasised. Breast cancer deaths linked with
ductal carcinomain situ (DCIS) are due to the subsequent development of invasive
carcinoma or areas of invasion that were left undetected at the time of diagnosis.
However, majority of women with properly treated DCIS are cured. On the
contrary, at least half of invasive carcinomas have developed metastases at the time
of diagnosis.

2) Distant metastases. Once the cancer manifests with distant metastases, cure is
unlikely. However, long-lasting remission can be attained, especially for patients
with hormonally responsive tumours. Frequent sites of dissemination include the
lungs, bones, liver, adrenals, and brains. The genetic profile of the primary
carcinoma can be used to evaluate the risk of metastasis. The profile may be

different among cancers displaying distant metastases and those that metastasise to
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4)

5)

6)
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axillary lymph nodes. If the cancer cells express chemokine receptors, they are
potentially attracted to organs excreting corresponding chemokines.

Lymph node metastases. Axillary lymph node status is the single most important
prognostic factor in the absence of disant metastases. Generally, clinical
assessment of nodal status is inaccurate, with false positive findings (e.g. palpable
reactive nodes) and false negative findings (e.g. nodes with miniscule metastatic
deposits) common. Thereby, biopsy is required for accurate prognosis. The lymph
node status strongly correlates with the outcome of the disease; the more there are
lymph nodes with metastases, the poorer is the outcome. Breast carcinomas may
disseminate from one or two sentinel nodes. These are the first nodes in the close
proximity of the primary cancer, and can be traced by coloured dye, radiotracer or
both. Sentinel node biopsy can spare women from complete axillary node
dissection and from the increased morbidity associated with the procedure.
Macrometastases (> 0.2 cm) are of proven prognostic significance, and also novel
methods of detecting micrometastases have given reason to initiate clinical trialsin
order to elucidate their prognostic impact.

Tumour size. The size of the primary carcinomais the second most important factor
concerning prognosis. It is independent of the lymph node status, although the risk
of axillary lymph node metastasis increases with the size of the tumour. Women
without nodal metastases and with the primary carcinoma under 1 cm in diameter
have prognosis close to that of women without breast cancer. The 10-year survival
rate for such women even without treatment is approximately 90%. However, over
half of the women with tumour size over 2 cm in diameter have lymph node
metastases, and many of these patients succumb to the disease.

Locally advanced disease. Breast cancers invading into skin or skeletal muscle are
often connected with subsequent or concurrent distant disease. With improved
detection methods of breast cancer, however, these cases have markedly decreased
in frequency and are uncommon at initial presentation of the carcinoma.
Inflammatory carcinoma. Women that have breast swelling and skin thickening as
aclinical manifestation have a particularly poor prognoss. The 3-year survival rate

of these patients is merely from 3 to 10%.
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The major prognostic factors mentioned above are used by the AJCC to divide breast

carcinomas into following clinical stages (Kumar et al., 2005):

Stage 0. Ductal carsinoma in situ or lobular carcinoma in situ. These
patients have the 5-year survival rate of 92%.

Stage |. Invasive carcinoma that has the tumour size of less than 2 cm in
diameter (including carcinoma in situ with microinvasion) without lymph
node metastases (or only metastases < 0.02 cm in diameter). The 5-year
survival rate for patients in this category is 87%.

Stage Il. Invasive carcinoma of 5 cm in diameter or less with up to three
involved axillary lymph nodes or invasive carcinoma larger than 5 cm
without nodal involvement. The 5-year survival rate is 75%.

Stage I11. This stage includes several categories. Invasive carcinoma 5 cm
or less in diameter with four or more metastasised axillary nodes; invasive
carcinoma with larger than 5 cm tumour with nodal involvement; invasive
carcinoma with 10 or more involved axillary nodes; invasive carcinoma
with metastases in the ipsilateral internal mammary lymph nodes; or
invasive carcinoma that manifests in the skin (oedema, ulceration, or
satellite skin nodules), chest wall fixation, or clinical inflammatory
carcinoma. The 5-year survival rate for this stage is 46%.

Stage V. All breast carcinomas with distant metastases. The 5-year survival
rate: 13%.

In addition to major prognostic factors, there are multiple lesser or less-well determined
factors that can be used to specify the prognosis — these are called minor prognostic
factors. Women with nodal metastases and/or tumours over 1 cm in diameter benefit from
some form of systemic therapy, and for these patients, minor prognostic factors can be
used in order to decide among chemotherapeutic options and/or hormonal therapies
(Kumar et al., 2005). Furthermore, for women without nodal involvement and small
cancers, minor prognostic factors are employed to identify the patients most likely to
benefit from systemic therapy and those who might not need additional treatment. These

are discussed in more detail in the following chapter.
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2.1.4 Subtypes and minor prognostic factors

Several well-established cancer subtype markers exist and these give valuable information
regarding the cancer type and required treatment. Perhaps the most traditional markers that
are routinely immunohistochemically visualised are the hormone receptors for oestrogen
and progesterone (ER and PR, respectively, or hormone receptors [HR] collectively).
Cancers displaying these receptors typically require the corresponding hormone in order to
grow, and therefore therapeutic agents targeting these receptors can be used to effectively
fight the cancer. For the same reasons, HR negative cancers may pose problems regarding
the treatment options, as certain therapeutics (such as anti-estrogens relying on ER
expression) are of no use. (Weinberg 2006) HR negative cancers are also more often
poorly differentiated, of higher histological grade, have higher recurrence rates, and a
decreased overall survival (Rakha et a., 2007a).

Furthermore, certain other antibodies for cancer markers are widely employed in the
cancer typing process. Examples of markers that are often targeted in immunological
staining are HER-2 (also known as C-erb-B2), androgen receptor, epidermal growth factor
receptor (EGFR), cadherins P and E, transcription factor p53, as well as basal cytokeratine
kinases (CK) 5, 6 and 14 (Rakha et al., 2007a).

Finally, chromosomal analysis can be used in order to categorize cancer types. For
example, chromogenic in situ hybridisation (CISH) can be employed to detect
chromosomal aberrations. One such DNA-level target is the C-erb-B2-gene, which
encodes the protein HER-2 (Vocaturo et a., 2006). Duplication of this gene causes
elevated levels of HER-2 expression, which in turn is a sign of an aggressive carcinoma
(Rakhaet al., 2007a).

The American Joint Committee on Cancer (AJCC) has determined various minor
prognostic factors that can be used in order to determine the optimal treatment for each
patient, which include the following, summarised from Kumar et al. (2005):
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1. Histologic subtypes. The 30-year survival rate of women with special types of
invasive cancers (such as tubular, mucinous, medullary, lobular, and papillary) is
greater than 60%, as opposed to less than 20% for women with carcinomas of no
special type.

2. Tumour grade. The most frequently used grading system to evaluate the degree of
cancer differentiation (Scarff Bloom Richardson) combines nuclear grade, tubule
formation, and mitotic rate. The effect of differentiation, or lack of it, is profound:
85% of women with well-differentiated grade | carcinoma, 60% of women with
moderately differentiated grade 11 carcinoma, and 15% of women with poorly
differentiated grade I11 carcinoma survive for 10 years.

3. Oedtrogen and progesterone receptors. Currently immunohistochemistry is
employed to visualise these receptors in the cancer cell nucleus. Approximately 50
- 85% of breast carcinomas express oestrogen receptors (ER), with some variation
among different age groups. ER positive tumours are more common in post-
menopausal women. In general, women with hormone receptor positive carcinomas
have a somewhat better prognosis than women with hormone receptor negative
cancers. The assessing of hormone receptor statusis important when predicting the
response of the cancer to therapy. Eighty per cent of ER and progesterone receptor
(PR) positive carcinomas respond to hormonal therapeutics, whereas only 40% of
either ER+/PR- or ER-/PR+ cancers respond to these kinds of treatments. Finally,
ER-/PR- tumours have less than 10% likelihood of positive response.

4. HER-2/neu. HER-2, (human epidermal growth factor receptor 2, also known as C-
erb-B2 and neu) a transmembrane glycoprotein that has a role in controlling cell
growth. It is thought to act as a co-receptor for various growth factors.
Approximately 20% to 30% of breast cancers over-express HER-2, and of these
cases, an estimated 90% are due to an amplification of the gene in 17921, which
can be detected either by evaluating protein content with immunohistochemistry or
by determining gene copy number by chromosomal analyses, such as FISH. Many
studies indicate that HER-2 is associated with poor prognosis, and some recent
studies also address the possibility of these tumours responding differently to
certain therapeutic agents, such anthracycline chemotherapeutics or hormonal

treatment. However, the assessment of the HER-2 status is most important in order
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to define the likely response to therapy targeted specifically to this protein, e.g.
with monoclonal antibody trastuzumab (trade name Herceptin®).

5. Lymphovascular invasion (LVI). Cancer cells can be discovered from the vascular
spaces, i.e. lymphatics or small capillaries, surrounding tumours. This finding
strongly correlates with lymph node metastases, and therefore indicates poor
prognosis, even despite possible negative lymph node findings. Furthermore,
tumour cells in lymphatics of the dermis are strongly associated with the clinical
manifestation of inflammatory cancer, and thus bodes a very poor prognosis.

6. Proliferation rate. There are several ways to measure the proliferation of cancer
cells, such as flow cytometry, mitotic counts, thymidine labelling index or
immunohistochemical detection of cellular proteins produced during the cell cycle.
Of these, mitotic counts are included as part of the standard grading system. The
presence of certain proteins of the cell cycle, such as both of the cyclin E isoforms
expressed concurrently, may indicate elevated chances of survival. Generally, fast
proliferation rates are often associated with worse prognosis.

7. DNA content. The amount of DNA per cancer cell can be discovered by image
analysis of tissue sections or by flow sytometric measures. Carcinomas that display
a DNA index of 1 have the similar total amount of DNA as normal diploid cells.
This does not, however, exclude the possibility of marked karyotypic changes.
Cancers with abnormal DNA indices are called aneuploid, and they have a dlightly

WOrse prognosis.

In addition to these factors that are already in use, there are several promising new options,
such as gene expression profiling (Kumar et al., 2005; Gruvberger-Saal et al., 2006). For
example, a set of 70 marker genes with known prognosis signatures, either good or poor,
can be analysed for changes. Their effect on the prognosis is then calculated and an overall
prognosis is determined. This method has given more precise prognosis than conventional
methods, but it requires rapidly frozen tissues and therefore is not suitable for assessing
most breast cancers. Notwithstanding, the method shows considerable promise, and
techniques allowing the use of paraffin-embedded tissue samples are being developed.
(Kumar et al., 2005)
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Furthermore, mRNA studies can indicate the expression of cancer-specific proteins.
MRNA studies are usually done with the aid of reverse transcriptase (RT) PCR. RT-PCR -
amplified DNA sequences are then subjected to electrophoresis, which allows medical
personnel to resolve the expression of certain marker proteins. There are also some more
experimental methods of subtyping breast cancer, e.g. the analysis of DNA methylation
status and assessment of telomere and telomerase activity. In brief, the former method
indicates the presence of specific changes to the DNA structure or genomic modifications:
hypermethylation within the promoter regions of selected genes is frequently associated
with inactivation of involved gene(s) and may be an early event in certain cancer subtypes.
The latter method, on the other hand, is used for detection of the maintenance of telomere
length and elevated telomerase enzyme activity, which are though to be required from
cancer cells in order to maintain their ability to divide indefinitely. (Boultwood and Fidler,
2002)

Finally, tissue microarray (TMA) technology can be employed to study large volumes of
cancer samples in order to conduct population-level studies on breast cancer subtypes and
their role as different prognogtic factors. The method allows the use of archival paraffin-
embedded, formalin-fixed tissue samples for protein-level or nucleic acid analyses, and
these results, in turn, can be compared to patient diagnostic and follow-up data. The

features and uses of TMA technology are discussed in more detail in Chapter 2.2.

2.1.5 Current therapeutics and treatment possibilities

Modern-day breast cancer treatment aims for the complete cure of the patient. However, in
some cases with very poor prognosis, a positive outcome of the therapy is unlikely, and in
these cases along-lasting remission is often the best result that can be achieved. Regardless
of these unfortunate situations, most breast cancer patients can be cured. For example, in
Finland approximately 80% of breast cancer patients are alive after a 5-year follow-up
period (Finnish Cancer Registry, 2007). Therefore, a diagnosis of breast cancer is not a
"death sentence". Most cancers have been present for several years prior to detection, and

even for disseminated cases the survival time can be counted in years (Kumar et al., 2005).
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According to Kumar et a. (2005) the treatment(s) of choice are based on initia clinical
findings, as well as on the major and minor prognostic factors listed above. Current
therapeutic approaches include local and regional control, using surgery (breast
conservation or mastectomy) and post-operative radiotherapy in combination. In addition,
systemic control is conducted with hormonal therapeutic agents or chemotherapy.
Examination of sentinel lymph nodes or dissection of axillary nodes is often performed for
prognostic uses, but the axilla can also be treated by radiation alone. Furthermore, negative
sentinel lymph node status strongly correlates with negative axillary nodes, therefore
reduces the need for removal of the majority of axillary contents, and thus lowers the
overall morbidity associated with the treatment (Mansfield et al., 2007).

Newer therapeutic methods include e.g. inhibition of membrane-bound growth factor
receptors (such as HER-2/neu), stromal proteases, and angiogenesis (Kumar et al., 2005).
Pharmacologic agents or specific antibodies are used for these purposes. For example,
trastuzumab (trade name Herceptin®) is a rather well-known therapeutic agent composed
of humanized monocolonal antibody, which binds to the HER-2 protein and, therefore,
inhibits the proliferation of carcinoma cells (Glick and Pasternak, 2003; Schulz, 2005).

There are also various other novel therapeutic agents that utilise the knowledge of
molecular profiling of the cancer. Drugs that act as chemopreventive agents are divided
into two major groups. those that prevent oestrogen receptor (ER) positive breast cancers
and those that target ER negative cancers. According to Colozza et a. (2006) and
Macaskill et al. (2006), the former group consists of such therapeutic agents as selective
oestrogen receptor modulators (SERM), aromatase inhibitors, gonadotrophin-releasing
hormone (GnRH) agonists, and phytoestrogens, whereas the latter group includes
therapeutics such as cyclo-oxygenase-2 (COX-2) inhibitors, retinoids, statins, telomerase
inhibitors and the above-mentioned HER-2 antibodies. Of the therapeutic types listed
above, the aromatase inhibitor letrozole (trade name Femera®) warrants mentioning: this
new, third-generation therapeutic agent has proved to be superior to tamoxifen, a popular
therapy of choice for patients unable to undergo surgery (Macaskill et al., 2006). However,
some studies point out that the optimal modality of administration is still unclear for some

of these modern aromatase inhibitors (Colozzaet al., 2006).
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As a conclusion, it can be said that traditional methods of cancer therapy are still widely
used and often effective, but there are various scenarios where they are inadequate —
especially in cases of aggressive, disseminated carcinomas that have metastasised to other
organs. Even today, these cases usually remain incurable, although long-lasting remissions
can sometimes be achieved. This notwithstanding, the increased knowledge of molecular
basis of cancer has caused the emergence of novel therapeutic agents that allow more
specific and effective ways to treat various cancer types. To effectively utilise the
possibilities of these new therapeutics, the understanding of various breast cancer subtypes

and their effect on prognosis and the cancer behaviour is even more essential than before.

2.2 Tissue microarray technology

2.2.1 Generd

Large-scale, genome-level analysis techniques, such as cDNA microarrays, serial analysis
of gene expression (SAGE) and proteomics surveys have made it possible to analyse the
expression levels of thousands of genes and proteins a a time. Nowadays, biomedical
research widely uses these types of high-throughput screening methods in both basic
research, and industrial-scale efforts in order to identify targets for new diagnostic and
therapeutic products. This requires the ability to select the optimal targets from the
population of tens of thousands of candidate molecules. Analysis of these moleculesin situ
— their expression across all the tissues and their clinical features — would provide useful
insights regarding their potential as future diagnogtics or therapeutics. (Kononen et al.,
1998; Kallioniemi et al., 2001)

However, when compared to the high-throughput methods of proteomics and genetics,
conventional tissue-based molecular methods tend to be slow and laborious. In addition,
only about 300 five micrometer sections can be prepared from an average-sized paraffin-
embedded tissue sample for e.g. immunohistochemical staining or fluorescence in situ
hybridisation. This amount of samples represents less than 1.5% of all the estimated ~20
000 to 25 000 protein-coding genes in the human genome (IHGSC, 2004). In this light,
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genome-scale analyses are not possible with traditional histopathological methods.
Furthermore, large volumes of histological samples are difficult and time consuming to
process even, if there was a small nhumber of molecules of interest. They also consume
substantial amounts of reagents, of which some are very costly (e.g. monoclonal antibodies
for immunohistochemistry). (Kallioniemi et al., 2001). These facts together have brought
forth the need for faster and more cost-effective ways to analyse large volumes of
histopathological samples.

Tissue microarray (TMA) technology isa method where up to one thousand separate tissue
cores from typically paraffin-embedded tissue samples (donor blocks) can be arranged as
an array to arecipient paraffin block. This allows simultaneous analysis of a vast number
of proteins or nucleic acids of interest: a single TMA section can give information of up to
one thousand tissue specimens with one staining or hybridisation procedure. One TMA
paraffin block can yield up to three hundred of such sections, allowing e.g. three hundred
different antigensto be stained, each from up to athousand samples. Furthermore, multiple
replicate blocks can be constructed by taking several samples from all donor blocks, and
positioning them identically in all TMAs. However, in practice, the number of tissue cores
on asingle TMA block is often smaller, ranging from approximately 400 samples to 800,
depending on the experience and purposes of the user, as well as on the size of the block
used and diameter of the core extracted. (Kallioniemi et al., 2001)

A predecessor for TMAs was a multitumour tissue block (MTTB) technology, first
introduced by H. Battifora in 1986. The method allowed the analysis of up to one hundred
neoplasm or other tumour samples with immunohistochemical methods. The current
technique was developed by J. Kononen et al. in 1998, and it used a novel and precise
approach in construction of arrays with multiple tissue samples. (Battifora, 1986; Kononen
et a., 1998)
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2.2.2 Constructing a tissue microarray

TMA technology uses a hollow needle to extract tissue cores typically from formalin-fixed
paraffin-embedded (FFPE) tissue samples, although acetone-fixed frozen (AFF) or glycol
methacrylate resin embedded (GMRE) tissue samples can also be used. Generally, FFPE
offers good morphology and allows the use of archival samples, whereas AFF provides
good antigenicity. Morover, GMRE is a recent method that combines these two
advantages. (Howat et al., 2005). The most widely used core size is 0.6 mm in diameter,
but core sizes up to 2 mm have been used. Naturally, the increase in core size decreases the
amount of samples that can be placed on a single TMA, and generally it is regarded that
larger sample amounts offer more benefits along with better statistical possibilities than
what increased sample size would bring with improved representativeness of each sample.
Therefore, core sizes as small as 0.4 mm have been mentioned. (Kallioniemi et al., 2001)
The tissue cores from selected sample material are transferred to a recipient paraffin block,
where they are arranged next to one another in an array-like manner. For example
approximately 300 to 350 of 0.6 mm samples with 1 mm spacing can be placed on asingle
20 x 25 mm paraffin block. In practice, the amount is often dightly smaller due to need of
increased readability of the TMASs (see Image 1 for an example). TMASs can be constructed
by using manual arrayers, such as the Beecher Instruments Inc. (Sun Prairie, USA) MTA

series (Image 2), or automatic tissue arrayers.
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Image 1: an FFPE block containing approximately 250 embedded sample cores. An empty row and a column
have been left on the block for improved readability of and navigation on the subsequent TMA object dlides
created fromthe block. The red colour of the sample coresisfromthe marker used to indicate the location of
cancer tissue, and is removed during the ensuing microtome trimming before the object dides are
constructed.

Image 2: a manual tissue arrayer (Beecher Instruments MTA |, picture courtesy of Beecher Instruments
Inc.)

However, most of the time and effort in the construction of a TMA is spent in the review
of the pathological samples, as well as in organisation and processing of the samples that
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are selected for the array. The representativeness of the samples is verified by making a
fresh haematoxylin and eosin (HE) slide from each of the sample blocks. The HE slides are
used to locate the area of interest in the donor block. In addition to histological
representativeness of the sample by terms of sufficient numbers of target cells, the actual
size of the sample is also important: the donor block should be 1 mm thick a minimum,
and preferably 3 to 4 mm. Archival samples dating back 20 to 40 years are normally
sufficient if they have been fixed in buffered 4% formalin. These samples are valid e.g. for
immunohistochemistry and DNA fluorescence in situ hybridisation (FISH). However,
MRNA in situ hybridisation may prove to be challenging due to the degradation and cross-
linking of RNA molecules by formalin fixation. (Kallioniemi et al., 2001; Simon et al.,
2005)

Tissue microarrays are then subjected to microtome sectioning; five micrometer sections
that are commonly used in immunohistochemistry are cut from the TMA block. The
resulting sections are transferred on an object slide by common histochemical protocols.
Further manipulation of the dlides is performed similarly to other standard histochemical
procedures. After appropriate pre-treatment, the TMA dlides are ready e.g. for HE or
immunological staining (see Image 3), or fluorescence in situ hybridisation, where they
provide an insight into hundreds of samples, while consuming the reagents approximately
egual to only one sample preparation by conventional methods. Similarly, there is no need
to handle and analyse hundreds of separate slides, because all the samples are available in a
single dide. TMAs also provide information on the cellular origin and location of the
target molecules, thus supplementing the information available from gene expression
studies. If multiple microtome sections are to be made from the TMA block, it is advisable
to stain a new HE dlide approximately after every 50 sections in order to eliminate errors
caused by the possible change of morphology within the tissue sample. (Kallioniemi et al.,
2001; Simon et al., 2005)
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Image 3: H&E-stained TMA object slide. The image displays a portion of the paraffin block seen in the
Image XX, now attached on an object slide and stained with H&E. Each spot covers an individual sample
specimen.

2.2.3 Molecular analysis methods

Molecular detection methods developed for whole tissue sections are generally adaptable
for TMA sections, although the nature of the tissue fixation may be a limiting factor. The
most common application of TMA technology is the immunohistochemical (IHC)
detection of cellular antigens. IHC TMA slides can be used to construct e.g. a panel of
different tissues, tumours, or cell lines, which in turn offer tools to evaluate and optimise
pre-treatment conditions, antibody concentrations, and detection systems. Such TMA
slides are also suitable for actual molecular studies. Because all the target tissues are on the
same dide, the reliability and reproducibility of the staining procedure are improved —
every sample has been subjected to similar staining conditions (i.e. pre-treatment methods,
incubation times, stain/antibody concentrations etc.). Uniform staining conditions help to
minimise any variations caused by the staining protocol. (Kallioniemi et al., 2001)

The screening method of choice depends on various factors, such as the sample amount

and available equipment. Often, TMA screening is performed by a scientist or a
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pathologist manually by using a microscope. The results, such as positive antibody binding
or fluorescent signal, are scored and recorded for Satistical analysis. For large sample
volumes that often result from TMA experiments, automated screening instruments are
under development. These rely on fluorescent signal detection, or on sophisticated
computer algorithms that take into account the staining intensity and cellular morphology
(such as the Beecher Instruments TMAX analysis software). However, like the TMA
congtruction automation, also the image analysis software is currently under intense
development, and improved and more efficient applications are expected from several
manufacturers (Conway et al., 2006). Furthermore, a sample tracking system — which can
also be used along manual TMA methods — is available. It utilises the tissue core
coordinates, which can be linked to the corresponding patient in a database containing
patient demographic, diagnostic, and survival-rate entries, allowing the comparison of

molecule-level results with clinical information. (Kallioniemi et al., 2001)

2.2.4 Tissue microarray technology in cancer profiling

The first study utilising the modern TMA technology by Kononen et a. (1998) targeted
gene amplifications, as well as cellular tumour antigen p53 (a regulatory transcription
factor) and oestrogen receptor in breast cancer samples. Six gene amplifications were
detected in this study, along with the p53 and oestrogen receptor expression. From thereon,
TMA technology has strongly established itself as a widely-used and reliable method in
cancer research along with other high-throughput technologies, such as cDNA microarrays.
Whereas cDNA microarrays allow for determining expression levels of different genesand
their likely relationship to headthy and cancerous tissue, and thus make it possible to
categorise cancer subtypes (Kapp et al., 2006), they do not permit the accurate analysis of
cellular locations of the proteins the target genes encode (Kallioniemi et al., 2001). TMA
technology facilitates a powerful tool for studying different proteins of interest on the
cellular level. Immunohistochemical staining can be effectively used to pinpoint the
cellular location of either known carcinoma markers, or new candidate proteins.

Furthermore, with TMA technology it is possible to identify subsets of cells and cell
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populations within a tissue specimen, thus giving an insight to features that are not
morphologically distinguishable.

One of these features is the origin of cancer cells. From a histological sample, it is not
always possible to determine the origin of neoplastic cells. However, the origin of the
tumour is often of prognostic importance, for carcinomas emerging from different tissues
may have different treatment possibilities and prognostic factors (DePalma et al., 2006).
Furthermore, cancer cells from the same tissue can also have distinctly dissimilar
properties between patients. A good example of this is the receptor status of breast
carcinoma: oestrogen and progesterone receptor (ER and PR, respectively) status
determines whether the cancer responds to certain receptor-specific therapeutics. Negative
ER and PR status also correlates to higher mortality rate, partially due to the lack of
response to these receptor-linked therapeutic agents. (Carey et al., 2006; Dunnwald et al.,
2007; Rakhaet al., 2007a)

If an ER and PR negative cancer also lacks the HER-2 (member of the epidermal growth
factor receptor family), it is termed "triple-negative" (Rakha et al., 2007a), which further
reduces the responsiveness of the cancer to common therapeutic agents — even though
HER-2 negativity in itself indicates a better outcome when compared to HER-2 positive
disease. Finadlly, the ethnic background, age, and hormonal status of the patient have an
effect on the typical cancer profile in a given population; e.g. the basal-like breast cancer
subtype is distinctly more prevalent among pre-menopausal African American women than

post-menopausal women in the same ethnic group (Carey et al., 2006).

The digtinct heterogeneity of breast cancer subtypes has caused the emergence of various
ways to categorize these tumours, which are discussed in Chapter 2.1. In clinical practice,
the conventional methods of histology and immunological staining are well-established
and standard practice. A pathologist's evaluation of a traditional microscopic slide made
from a tissue section is needed for a reliable diagnosis. However, when studies are
conducted on the population level and sample numbers are much higher, tissue microarray
technology offers a rapid subtyping method with a possibility of extensive statistical

analysis.
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In immunohistochemical studies, ER/PR status along with the HER-2 are typicaly
included in many TMA staining, so as to give an overall insight to the sample population,
and to act as a means of quality control. The actua study can then target proteins of
interest, whose expression can be compared with existing tumour type and patient data,
e.g. comparison with patient survival rate or tumour grade can be made against the
expression levels of the target protein. Similarly, genetic amplifications can be analysed
from alarge sample population by targeting the DNA, and the results are then compared to
statistics. (Kallioniemi et al., 2001)

2.2.5 The future of tissue microarrays

The most time-consuming processes in traditional tissue microarray techniques are the
screening of the initial sample specimens for cancer locations, the assembly of the TMA
paraffin block prior to the sectioning on the object slides and the subsequent manual
microscopy in order to score the stained microscopy slides. Whilst the sectioning can be
done with a relative ease with a microtome, and the staining is readily automated in most
pathology laboratories, these three stages have this far been fairly tedious and time-
consuming, although some automatic arrayers and sample tracking systems already exist
(Conway et al., 2006)

Several new innovations have now emerged to hasten these steps. The first major area of
development is computer-assisted TMA automation, which allows construction of multiple
TMA blocks in a fast, accurate and reliable manner. With automatic arrayers, up to 180
sample cores can be transferred per hour in up to 27 simultaneous blocks; a marked
increase in output if compared to an estimated 30 to 70 cores per hours placed manually in
up to 4 replicate blocks (Beecher Instruments homepage, 2008). Automatic arrayers also
eliminate the need of hand-written notes for sample locations and specimen tracking.
Furthermore, the selected sample regions can be marked on-screen, instead of manually
labelling each paraffin block. Finally, the quality of the TMA is more even, for the

differences between individuals can be largely negated by automation.
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The second important future concept is image analysis software. With carefully designed
computer algorithms linked to sophisticated imaging tools, analysis software has the
potential to greatly reduce the time required for screening the object slides. An example of
such a system is the Virtual Tissue Matrix (VTM) by Conway et al. (2006). Currently,
several manufacturers also provide imaging software for various needs. For example,
TMAX analysis software, a Beecher Instruments application built on object-oriented image
engine from Definiens AG (Munich, Germany), provides screening tools for various IHC-
stained TMA dlides, recognising e.g. malignant cells from a heterogeneous tissue sample.
For protein expression analysis, Ariol TMA module from Applied Imaging Corporation
(San Jose, CA, USA) provides high-throughput screening options for researchers. In
addition to the examples mentioned above, the increasing markets of image analysis
software attract increasing numbers of other companies and research facilities. (Conway et
al., 2006; Al Corporation homepage 2008; Beecher Instruments homepage 2008; Definiens
Corporation homepage 2008)

The constant evolution of the arrayer machines and automatic image processing is likely to
markedly enhance the efficiency of the TMA technology and make it possible to analyse
larger sample amounts and more comprehensive cancer marker panels. Naturally, other

research areas utilising immunohistochemistry can take advantage of the technology.

2.2.6 Limitations of tissue microarray technology

Tissue microarray technology has many advantages over conventional histological
methods, such as faster sample throughput, lessened manual interaction, and reduced need
of chemicals and reagents. However, there are certain limitations that concern this
technology, which reduce its usefulness in some scenarios. One area in particular, where
traditional histology still surpasses most TMA applications, is patient diagnostics. The
small sample area renders TMA technology prone to false negative results, because e.g.
tumour biopsies are often heterogeneous, and there is a chance that despite careful

selection of the sample region, the sample core may ill be devoid of cancer cells.
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Therefore, even though statistical analysis of large sample populations can easily overcome
isolated cases of negative results, i.e. negative samples can be completely excluded from
the sample population and only positive samples are analysed, patient diagnostics cannot
afford false negative findings. For the same reason, TMA technology is rarely used to
discover tumour prevalence in an unknown sample population, but is instead used to
evaluate a large number of samples that are already known to have carcinoma. This, in
turn, allows researchers to discard any negative results, and concentrate on the properties
of the cancer itself. (Kallioniemi et a., 2001; Gancberg et al., 2002)

When constructing large arrays, a certain portion of the samples are usually defective, i.e.
they are devoid of the desired cell type. This ratio of unrepresentative samples mostly
depends on the experience of the array constructor and the size of the sampling needle.
Also the type of tissue and abundance of the target cell type have an effect. Even among
experienced persons, there are invalid samples in the array, usually around 20 to 30% of
the total sample volume (Hager et al., 2007). This should be kept in mind when
considering the suitable amount of samples in the study. There is some contradiction about
this, however. For example, Gancberg et al. (2007) found TMA technology to be areliable
method in FISH studies, discovering only 3.4% unrepresentative samples.

Use of duplicate samples can help to reduce the risk of having some tumour being
excluded from the study due to lack of desired cells, but there are differing opinions
whether this approach introduces more positive or negative aspects to the overall results, as
taking two sample cores from each tumour increases the workload and lessens the overall
amount of tumours represented in agiven TMA. (see e.g. Kallioniemi et al., 2001; Hager
et a., 2007)

Furthermore, certain tissue types tend to be more challenging to arrange properly to a
TMA. Examples of these are certain tissues that typically contain a considerable amount of
adipose tissue, such as the breast. Also calciferous or collagenous tissues may prove to be
difficult to process due to their hard or tenacious nature. The problems concerning adipose
tissue usually relate to its poor attachment to the object slide, as well as to its tendency to

dissolve during fixation and other treatments. Hard materials, on the other hand, may prove
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to be challenging to extract from the donor tissue sample, and may be difficult to section
with a microtome. Finally, necrotic areas in the sample specimen may also yield negative
results. (Gancberg et al., 2002; Hager et al., 2007)

Finally, it is generally regarded that RNA studies are more challenging to conduct than
those that target proteins or the DNA. RNA is an easily degraded macromolecule, and
therefore common methods of fixation and preservation of tissue samples have a tendency
to denature and cross-link RNA. Therefore cryosections or aternative fixation methods
may need to be used for RNA studies instead of common formalin-fixed paraffin-
embedded (FFPE) tissue samples. As a more stable molecule, DNA can also be targeted in
FFPE samples. Similarly, proteins are well preserved in these types of samples, and
archival specimens dating back to several decades can be usually used without problems.
(Kallioniemi et al., 2001)
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3. AIM OF THE STUDY

This study is part of breast cancer research conducted in the Central Hospital of Central
Finland, Department of Pathology led by Dr. Teijo Kuopio. All the research was conducted
under the supervision of Dr. Kuopio, in association with other medical personnel. The
tissue microarrayer was kindly provided by Beecher Instruments. Dr. Juha Kononen from
Beecher Instuments also provided specialist support regarding the arrayer and its use.

The Department of Pathology has a comprehensive archive of breast cancer samples,
linked with detailed patient diagnostic and follow-up data. Therefore, it is important to
devise afunctional and cost-effective way to conduct research on these samples, in order to
improve our understanding in cancer and its treatment. The Department of Pathology
required a pilot study on the function of the arrayer and its suitability for the medical
laboratory environment. Furthermore, the results from the study, if sufficient, are to be

used to discover diagnostic or prognostic patterns when compared to the patient data.

RESEARCH MISSION:

The purpose of this study is to determine the suitability of tissue microarray
technology for a middle-sized pathology laboratory, or a similar research group in an
academic organization. In addition, the ensuing results are to be used to discover
meaningful links between the prevalence of various cancer markersin breast cancer

samples, and their respective patient data.

A comprehensive tissue microarray will be created with a manual arrayer, using

archived formalin-fixed, paraffin-embedded breast cancer samples.

The array is stained with several important cancer markers, and the results are
compared to the recent results published by well-established research groupsin order to
evaluate the method as it compares to other histopathological technologies, such as

traditional immunohistochemistry, and its suitability for use in a pathological



laboratory for research purposes, when limited personnel resources can be allocated for
the study.

Finally, should the results be adequate and in line with results obtained by conventional
methods, they are compared to patient diagnostic and follow-up data in order to
discover possible links between expression of these markers, and outcome of the

cancer.
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4. IMPLEMENTATION OF THE STUDY

The permission for the use of patient samples was granted by the Ethical Committee of
Jyvaskyla Central Hospital. In this study, no laboratory animals were used.

4.1 Materials and methods

4.1.1 Research methodology

This study is based on quantitative research methodology, comprising a large sample
repertoire characteristic of this research method. Furthermore, the objective view of the
study, as well as the possibility to reliably repeat the experiment, support the quantitative
approach. On the other hand, however, there are several qualitative aspects in the study,
especially in stages where evaluation of cancer regions, and their respective analysis after
immunohistochemical staining and tissue microarray construction took place; in these
stages each sample was analysed individually for factors such as cellular morphology and

staining patterns and intensity.

In addition, statistics play arole in this study, which is also typical for quantitative research
methodology. High sample numbers and statistical analyses not only make the study itself
more reliable, but increase the validity as well. (Creswell, 2003) Furthermore, the results
are readily comparable to possible future studies as long as the sample population is kept
similar. This notwithstanding, different sample populations (such as dissimilar age groups)

can also be compared, and differences between them can be evaluated.

4.1.2 Ethical aspects

Ethics play a mgjor part in all scientific and medical research. Ethical issues cover various

topics, such as patient rights, use of patient samples, use and handling of laboratory

animals, truthful reporting of results, and objective data analysis (Gregory, 2003).
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This study was conducted according to the guidelines of research conducted with patient
data, including the regulations concerning the use of patient samples. Results of the study
remain archived and can be reviewed later if necessary. All patient data was handled
anonymously and confidently. The study did not include experiments with laboratory
animals, and therefore ethical topics regarding this are not subjected to further discussion.

An important factor to consider when conducting medical research is what the promises
and expectations concerning the study are; there should not be false hopes and impressions
about the study among the possible subjects of potential future treatments. It should be
stressed that the way from any base-level research to practical pharmaceuticals or
treatments takes years to develop, and not all projects ever give the desired results
(Gregory 2003).

4.1.3 Sample specimens

Three hundred and sixty-nine patient samples were used in duplicate in this study. The
samples were acquired from previously dissected cancer tumours from women that had
undergone cancer treatment during the eighties and the nineties. The paraffin-embedded,
formalin-fixed samples were chosen by the following criteria: 1) the patient was diagnosed
with invasive breast carcinoma, 2) there was an existing haematoxylin-eosin stained
histological section, allowing for the precise location of cancer cells to be found, 3) the
patient follow-up data existed, and 4) the patient, during the time of diagnosis, belonged to
the screening age group of Central Finland Healthcare District, e.g. ages from 50 to 60

years. The samples were collected between the years 1987 - 1997.

Later during the study, during the assembly of tissue microarrays, factors such as the
overall amount of the malignant, invasive cells, the depth of the embedded tissue, and the
overall quality of the tissue block were also noted. Samples that were unlikely to yield a
representative sample were excluded in this stage in order to acquire as many valid

samples as possible, despite the fact that tissue microarray technology is normally
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associated with a certain percentage of samples being devoid of desired cell type
nonetheless (Kallioniemi et a., 2001).

4.1.4 Rationale of the selection of sample specimens

The patient cohort consists of post-menopausal women (aged between 50 and 60 years),
who are an important group among cancer patients for several reasons. WWomen in this
category are, for example, in the age group where cancer incidence rate starts to increase
markedly. Furthermore, when viewed on the population level, they are able to benefit from
the treatment, and the outcome is generally good. Most of the women are ill within active
work force and, therefore, successful treatment of cancer is especially beneficial also on
the economical level. This notwithstanding, from the humane perspective, it is equally
important to study cancer in as wide age range as possible in order to help all cancer
patients regardless of their age or any other such factor. However, focusing the study on
this particular age group not only enables the optimal use of limited resources, but also
offers valid knowledge concerning many cancer cases spanning outside the age group of

the patients in this study.

Finally, the availability of suitable sample material played a distinctive role in what comes
to the selection of sample specimens. women of this age group are routinely screened, and
therefore the amount of cancer findings, and as a result, the number of available sample

specimens is increased, thus allowing the conduction of a quantitative study.

The samples were collected between the years 1987 - 1997 and, therefore, they were old
enough to have no clinical value regarding the treatment of the patient. However, the tissue
microarray technology is a conservative method concerning the sample amounts, and thus

allows avast majority of the sample specimen to be preserved.
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4.1.5 Quality control

The quality control procedures for this study were the same ones used in clinical practice,
and thus fulfilled a very strict set of criteria, including external quality control specimens,
protocol and equipment validation and audition, and daily quality control runs. Medically
qualified professional personnel performed or supervised the performing of all phases of
the study from sample selection to immunohistological staining and data analysis.

4.2 Tissue microarray

4.2.1 Tissue microarray construction

The tissue microarrays (TMAS) were constructed with Beecher Instruments MTA-1

manual arrayer (Beecher Instruments Inc., Sun Prairie, USA) on empty 20 x 25 mm

paraffin blocks. A total of three TMAs were constructed, with the following sample

amounts:

Array |: 121 samples in duplicate (242 sample cores)

Array I1: 118 samples in duplicate (236 sample cores)

Array I11: 128 samples in duplicate (256 sample cores)

Total number of 367 samples in duplicate (734 sample cores)

The sample positions were recorded on a Microsoft Excel table as well as manually on
paper sheet. Each TMA had an empty line running horizontally and vertically through the
array, dividing every construct in four separate, asymmetric sections. This was done in
order to ensure that the correct alignment of the array was always possible to notice, as
well as to make the screening of the arrays less demanding due to easier navigation along
the lines and columns as the presence of empty lines permits the easier tracking of line and
column numbers. Furthermore, each TMA had an additional asymmetric sample position

to mark the first sample of the array in the lower left-hand corner of each TMA.
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After the embedding of the sample cores, TMAS were subjected to one-hour incubation in
+60 °C s0 asto allow the samples to properly merge into the blocks. Incubated TMASs were
then ready for microtome sectioning. Standard 5-micrometer sections were cut with a
sliding microtome equipped with a steel blade and mounted on glass dlides. From each of

the TMAS, up to ten sections were cut and the best were chosen for staining.

Finally, the TMAs, now mounted on object slides, were stained with either haematoxyline-
eosin (HE) or with one of the specific antibodies against cancer markers (see Chapters
2.1.2 - 2.1.5). An Autogtainer 480 automatic staining device (LabVision Corporation,
USA) was employed for this purpose. The staining protocols for each antibody were the

same as used for clinical samples.

4.2.2 Specifications of the cancer markers used in the study

The following chapter lists the main specifications of the antibodies used in this study, as
provided by the manufacturers. The complete datasheet of a given antibody can be

obtained from the I nternet from their respective manufacturer's home page.

Oestrogen receptor

1) Monocolonal mouse anti-human estrogen receptor o, clone 1D5, isotype 1gG1l
kappa (DakoCytomation Denmark A/S, Glostrup, Denmark). Specificity: Antibody
specifically reacts with oestrogen receptor o —positive cells, staining an epitope
located in the N-terminal region of Era. Pre-treatment: incubation in +100 °C for
10 minutesin 1 mM EDTA, 10 mM Tris/ HCI, pH 8,5. Antibody dilution 1:50 in
Large Volume UltrAb Diluent TA-125-UD (Lab Vision Corporation, Fremont,
USA).

2) Monocolonal rabbit anti-human estrogen receptor o, clone SP1, isotype 1gG
(NeoMarkers Inc., Fremont, USA). Specificity: Antibody recognises a 67 kDa

protein, which is identified as oestrogen receptor alpha. Pre-treatment: incubation
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in +100 °C for 15 minutes in pH 6,0 citrate buffer (Dako Rea Target Retrieval
Solution S2031) (Dako Denmark A/S, Glostrup, Denmark). Antibody dilution
1:100 in Large Volume UltrAb Diluent (Lab Vision Corporation).

Progesterone receptor

Monoclonal mouse anti-human progesterone receptor, clone PgR 636, isotype 1gG1 kappa
(Dako Corporéation, Carpinteria, USA). Specificity: Monoclonal anti-human progesterone
receptor from clone 636 (anti-progesterone receptor) specifically recognises the A and B
forms of the receptor. Pre-treatment: Incubation in +100 °C for 15 minutes in citrate
buffer, pH 6.0 (Dako Denmark A/S). Tota protein concentration 14.4 mg/ml, total mouse
1gG concentration 238 pl/ml. Antibody dilution 1:400 in Large Volume UltrAb Diluent
(Lab Vision Corporation).

C-erbB-2/ HER-2/ neu

One hundred and eighty-five kDa rabbit monoclonal antibody against human c-erbB-2
protein, clone SP3, isotype 1gG. Specificity: Human c-erbB-2 receptor tyrosine kinase,
which is closely related in structure to the epidermal growth factor receptor. Pre-treatment:
Incubation in +100 °C for 15 minutes in pH 6.0 citrate buffer (Dako Denmark A/S).
Antibody dilution 1:50 in Large Volume UltrAb Diluent (Lab Vision Corporation).

Cytokeratin 5

Lyophilized mouse monoclonal antibody against human cytokeratin 5, clone XM26,
isotype 1gG1l kappa (Novocastra Laboratories Ltd., Newcastle upon Tyne, UK).
Specificity: Human cytokeratin 5 intermediate filament protein. Pre-treatment: Incubation
in +100 °C for 10 minutes in buffer containing 1 mM EDTA, 10 mM Tris/HCI (pH 8,5).
Total protein concentration 1.0 — 8.0 g/I, total antibody concentration greater than or equal
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to 45.0 mg/l. Antibody dilution 1:200 in Large Volume UltrAb Diluent (Lab Vision
Corporation).

Cytokeratin 14

Lyophilized mouse monocolonal antibody against human cytokeratin 14, clone LL0O02,
isotype 19G3 (Novocastra Laboratories Ltd.). Specificity: Human cytokeratin 14
intermediate filament protein. Pre-treatment: Incubation in +100 °C for 10 minutes in
buffer containing 1 mM EDTA, 10 mM Tris/HCI (pH 8.5). Total protein concentration: 1.0
— 8.0 g/l, total antibody concentration greater than or equal to 32.4 mg/l. Antibody dilution
1:200 in Large Volume UltrAb Diluent (Lab Vision Corporation).

Bcl-2a

Mouse monoclonal antibody against human Bcl-2a, clone 8C8, isotype 1gG1 (NeoMarkers
Inc.). Specificity: Human Bcl-20. oncoprotein that inhibits programmed cell death
(apoptosis). Pre-treatment: Incubation in +100 °C for 10 minutes in pH 6.0 citrate buffer
(Dako Denmark A/S). Antibody dilution 1:500 in Large Volume UltrAb Diluent (Lab

Vision Corporation).

E-cadherin

One hundred and twenty kDa mouse monoclonal antibody againg human E-cadherin,
clone NCH-38, isotype 1gK1 kappa (NeoMarkers Inc.). Specificity: Human E-cadherin
cell adhesion molecule of epithelial tissues. Pre-treatment: Incubation in +100 °C for 10
minutesin 1 mM EDTA, 10 mM Trig/HCI (pH 8.5) buffer. Antibody dilution 1:50 in Large
Volume UltrAb Diluent (Lab Vision Corporation).
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CD 117

Polyclonal rabbit anti-human CD 117, c-kit antibody (Dako Denmark A/S). The antibody
labels the 145 kDa transmembrane tyrosine kinase receptor CD 117 / c-kit located,
haematopoietic stem cells, melanocytes, mast cells, Cgjal cells, basal cells of skin, and
mammary ductal epithelia. Pre-treatment: Incubation in +100 °C for 10 minutes in 1 mM
EDTA, 10 mM Tris/HCI (pH 8.5) buffer. Antibody dilution 1:500 in Large Volume UltrAb
Diluent (Lab Vision Corporation).
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5.RESULTS

A total of 2 123 representative sample cores (i.e. specimens that contained cancer cells)
were analysed with immunological stains for seven important cancer markers. oestrogen
receptor, progesterone receptor, HER-2, E cadherin, cytokeratin 5+17, BCL-2, and CD
117. Each sample core was scored as either negative (cancer cells in the sample did not
express the given antigen) or positive (antigen expression indicated by the binding of its
specific antibody). For further analysis, the staining intensity was also scored as +, ++ or
+++, according to the intensity of the expression and the amount of positive cells when
compared to the negative ones (adapted from Carey et al. 2006). Negative and positive
controls were carried out according to the standard practices of a clinical pathology
laboratory, as discussed in further detail in Chapter 4.1.5.

On average, 303 representative samples were observed (ranging from 275 to 313). On
average, 66 unrepresentative sample cores were recorded per staining (ranging from 56 to
94), which is approximately 22% of the sample cores. The results of the staining, in

absolute values, as well as in percentages, can be seen in Table 1.

TABLE 1
Marker: ER PR HER-2 E-CAD CYT BCL-2 CD 117
5+17
X 61 57 56 64 94 67 61
0 73 107 254 23 235 59 298
1 44 58 13 61 22 54 9
2| 108 90 29 149 6 111 1
3 83 57 17 72 12 78 0
Represent. 308 312 313 305 275 302 308
Negat.% 23.7 34.3 81.2 7.5 85.5 19.5 96.8
Posit. amnt. | 235 205 59 282 40 243 10
Posit.% 76.3 65.7 18.8 92.5 14.5 80.5 3.2

Summary of the TMA scoring: x =number of unrepresentative samples, 0 = negative sample, 1 = low
positive, 2 = average positive, 3 = strong positive. Represent. = number of representative samples in total,
Negat.% = percentage of negative samples (no antigen binding), Posit. amnt. = number of positive samples
in total, and Posit.% = percentage of positive samples (antibody binding observed).

In the following section, all the types of immunohistochemical staining used in this study
are displayed with examples of the staining pattern, intensity and general cell morphology.



Each example includes positive and negative sample cores, as well as certain additional
images where appropriate. In addition, an example of a standard HE image is given, as

well as examples of typical unrepresentative sample cores.

Haematoxylin-eosin staining
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IMAGES 4a and 4b: 100x (a) and 400x (b) HE staining of breast carcinoma. 1a displays a TMA sample core
fitting fully into the field of vision. Image 4b displays cancer cells, some of which with mitotic activity.

Oestrogen receptor staining

IMAGES 5a and 5b: 400x ER-positive (a) and 200x ER-negative breast cancer (b).



Progesterone receptor staining

IMAGES 6a and 6b: 400x PR-positive (a) and 200x PR-negative (b) cancer. The nuclear expression of the
progesterone receptor isclearly visiblein 6a.

HER-2 staining
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200x HER-2 -positive (a) and HER-2 -negative (b) cancer.

IMAGES 7a and 7b:

IMAGES 7¢ and 7d: 400x HER-2 -positive (¢) and 100x HER-2- positive (d) cancer. 4c provides a closer
look at the receptor expression, which islocalized at the plasma membrane. 7d, in turn, displays a markedly
lower intengity of staining; indicating lower expression rates of HER-2 receptor in this sample.
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Cytokeratins 5 and 14

Images 8a and 8b: 400x cytokeratin 5 and 14 -positive (a) and 200x CK5+ 14 -negative (b) sample.

Bcl-2a

. ¢

. Note the weak cytoplasmic staining, when compared to the intense

Image 9c: 400x Bcl-2¢ -positive sampl
staining pattern of the Image 6a.
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E-cadherin

be seen in theimage 10a.

CD 117




Typical unrepresentative samples

Image 12: 100x HE staining of breast tissue. The sample core has been extracted from a site of adipose
tissue and contains no cancer cells.

Image 13: 100x HE aining of breast tissue. The sampling needle ("punch") has hit a fibrous site in the
tissue, thus extracting a core consisting mostly of connective tissue. Only limited amounts of cancer cells can
be seen.
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Image 14: 100x HE staining of breast tissue. The sanmple core contains prominent regions of ductal
structures with mor phol ogical features suggesting ductal carcinoma in situ (DCIS).
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6. DISCUSSION

Comparison of cancer marker prevalence with values in the literature

The prevalence of various cancer markers, such as those used in this study, has been
extensively studied ever since the emergence of monoclonal antibody technology and
subsequent immunological methods. This vast data allows in-depth evaluation of the tissue
microarray data obtained from this study, and permits its assessment as a tool for cancer
research in a small or middle-sized laboratory, where traditional histological methods
would require too much manpower to conduct. It is important to understand the nature of

the TMA methodology, and its similarities and differences with traditional means.

Due to the nature of TMA technology, a certain percentage of the sample cores are
typically devoid of cancer cells, and are thus excluded from data analysis. This percentage
is strongly linked with the abundance of cancer tissue and its heterogeneity in a given
sample specimen, as well as with experience of the person constructing the array
(Kallioniemi et al., 2001). In this study, on average 66 unrepresentative sample cores were
recorded per staining (ranging from 56 to 94), which is circa 22% of all sample cores.
According to the verbal statement from an experienced researcher of the field, these
numbers are in line with reports from other research groups employing TMA technology.
However, published studies about the actual percentages could not be found, for this kind
of data is often left out from scientific papers as they probably are not part of the research
problem. This notwithstanding, it is likely that the amount of unrepresentative samples can

be significantly reduced by practice.

Apart from the higher number of unrepresentative samples, TMA constructs are very
similar to the conventional histological methods. positive or negative results can be scored
microscopically, although the method better suits measuring relative, rather than absolute,
frequencies of cancer markers. Furthermore, the relative amount of cancer cells, or the
intensity of the specific signal can be evaluated similarly to the traditional histology. Some
investigators have preferred to use larger sample cores (e.g. 2 - 4 mm in diameter), but

increasing the representativeness of heterogeneous samples is reported to be enhanced by
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scoring several 0.6 mm sample cores from each tissue specimen - a method that has also
been used in this study. (Kallioniemi et al., 2001)

However, much greater throughput of samples with profoundly reduced reagent
consumption can be achieved with TMA technology, even when producing more than one
sample core from each tissue specimen. The following chapter will separately consider
each of the cancer markers used in this study, and compare the results with those found in
the literature.

Oestrogen receptor

Out of 308 representative breast cancer samples, 76.3% were identified as oestrogen
receptor (ER) positive. Each individual sample core was scored as stated in Chapter 5 and
each patient sample (i.e. two sample cores from each patient) was deemed positive when a
positive staining was detected in both of the sample cores taken from a tissue specimen.
When the other sample core did not have cancer cells and was thus excluded from the
analysis as an unrepresentative sample, one ER positive sample core was scored as a
positive result. 23.7% of the ER sained samples were negative. A patient sample was
deemed negative when both of the sample cores were negative, or in the event of only one
representative sample core, it was scored as a negative result. Any ambiguous results (i.e.
one sample core is positive and the other negative), would have been excluded from the
analysis, but this did not take place. The scoring principles outlined above were applied to

all subsequent cancer marker analysis.

Typically breast cancers have been reported to be ER positive in approximately 50 - 80%
of cases when evaluated by traditional histochemical means or with such molecular
biology methods as RT-PCR (e.g. Kumar et al., 2005 and Lynq et al., 2008). Invasive
breast carcinomas, such as those used in this study, are often regarded to express the ER
closer to the 75 - 80% end of the scale, although the exact values vary somewhat between
different studies, due to differences in the age profile, ethnicity and other variable factors

regarding the patient group in each study (Benz et al., 2005, Carey et al., 2006 and Lynq et
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al., 2008). For example, ER expression levels are higher among post-menopausal women
(Kumar et al., 2005). Since the age profile of the patients in this study is between 50 to 60
years of age, values close to the 80% end can be expected.

The percentage of ER positive samples, 76.3, found in this study is well in line with the
values found in literature, indicating that the results are valid and represent the ER status of
the studied population well.

Progesterone receptor

Three hundred and twelve representative samples were analysed for the progesterone
receptor (PR) expression. Of these, 65.7% were positive and 34.3% negative, when

analysed according to the outlines stated in the previous section.

It is estimated that approximately 55 to 60% of invasive breast cancers are progesterone
receptor positive. (Weinberg 2006; Rakha et al., 2007b) However, since PR positive cells
are very rarely ER negative (from 2.5 to 3.5%, according to De Maeyer et al. [2007] and
Rakha et al. [2007b]), the PR expression is often compared to that of the ER. Literature
reports indicate, that circa 65 - 85% of ER positive breast carcinomas are also PR positive
(Weinberg 2006; Rakha et al., 2007b). In this study, only one PR positive cancer out of
205 (0.49%) samples was ER negative. Of 231 ER positive cancers, which were also
representative for PR, 198 (85.7%) were adso PR positive, which is very close to the values
reported by Rakha et al. (2007b), 84.4%. However, the amount of ER-/PR+ cases appears

to be somewhat lower than expected.

C-erbB-2/ HER-2/ neu

Fifty-nine (18.8%) out of 313 meaningful samples were positive for the HER-2 receptor, as
evaluated by the principles listed above in the section Oestrogen receptor. HER-2 receptor

is usually over-expressed due to amplification in the chromosome 17921, and it is
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estimated that 20 to 30% of invasive breast carcinomas over-express HER-2 (Kumar et al.,
2005). In this light, findings of this study represent the general statistics relatively well,
albeit being slightly below the low end of the scale.

Although HER-2 over-expression is generally regarded as a sign of an aggressive
carcinoma type, therapeutic agents such as trastuzumab (trade name Herceptin®) have
been successful in treating these types of cancer. However, certain HER-2 negative cancers
are linked to the so-called "triple-negative" cancers, which in addition to being HER-2
negative are ER and PR negative. Patients with this kind of carcinoma therefore lack the
advantages of trastuzumab and hormonal treatment. (Rakha et al., 2007a)

In this study, the amount of triple negative cancers was also evaluated. Of the 309 samples
that were informative for all the three markers, 73 (23.6%) were ER-/PR-/HER-2- ("triple
negative"). Rakha et al. (2007a) report in their comprehensive study that they found 16.3%
of their breast cancer samples being triple negative. However, in their study, they report
that the median age of their patient cohort is 49.9 years (ranging from 25 to 70 years versus
50 to 60 years in this study), which may account for some of the 7.3% difference between

these two studies. Other variables, such as ethnicity may similarly influence the results.

Cytokeratins 5 and 14

For cytokeratins 5 and 14 (CK 5/14), atotal of 275 meaningful samples were obtained. Out
of these, 40 samples (14.5%) were positive and 235 (85.5%) negative. CK 5/14, which is
linked to basal origins of a cancer, have been studied e.g. by Laakso et al. (2005), who
report that 9% out of 288 ductal invasive breast carcinomas were positive for these
proteins. Furthermore, they report an inverse relationship between CK 5/14 and HER-2
expression. Similar trend is also seen in this study, where only four (10%) weakly CK 5/14
positive samples also displayed HER-2 expression, a lower percentage when compared to
the general level of HER-2 expression (18.8% in this study). Finally, it is worth noting that
22 (55%) of CK 5/14 positive samples were only weakly positive ("+"), which suggests
that some of these might be negative under more precise scrutiny. All HER-2 + CK 5/14



positive samples were in this category. If only moderate ("++") and strong ("+++") staining
results (N = 18) are included in the analysis, 6.5% of samples were clearly positive for CK
5/14.

In another, more recent study, Jumppanen et al. (2007) report that 13% of 375 stage Il
breast cancer tumours were CK 5/14 positive. Whilst results from our TMA analysis liein
close proximity of these reported values, more precise criteria need be established in order
to increase the reliability of the analysis.

Bcl-2

Bcl-2, an apoptosis-related oncoprotein, is linked to many cancer types. It is over-
expressed in ca. 40 to 80% of breast cancers, depending on the age, hormonal status, and
ethnicity of the patient, as well as on the cancer subtype (Agqgarwal et a. 2007). In this
study, anti-Bcl-2a (alpha chain) antibodies were used to identify this protein. Fifty-nine
(19.5%) samples out of 302 were Bcl-2 negative and 243 (80.5%) positive. The results of
our study are at the high-end of the reported values in the literature, but closer evaluation
of the results would require age, hormonal status, and tumour grade -matched comparison
group. At the time of writing, these kinds of results were not available, thus leaving the

analysis of Bcl-2 results somewhat open.

E-cadherin

Two-hundred and eighty-two samples out of 305 meaningful results were positive for E-
cadherin (92.5%). E-cadherin is an epithelial adhesion molecule that is located on cell
surface. Its loss of expression or decrease in function is linked to decreased strength of cell
adhesion, and subsequently to a higher risk of cells being able to infiltrate through the
basement membrane and to the surrounding tissues. Thus it also increases the risk of
metastasis formation. (Kumar et al. 2005)
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Therefore, simple negative versus positive classification is not sufficient regarding this
marker, as lessened expression can already indicate some degree of loss of function. Inthis
study, 72 samples (23.6%) had strong ("+++") and 149 (48.9%) moderate ("++") E-
cadherin staining. In 84 samples (27.5%) the expression levels were markedly reduced or
absent ("+" and "-", respectively). However, the evaluation of the exact amount of
reduction in the staining intensity that indicates loss of E-cadherin function is beyond the
scope of this study.

It appears that E-cadherin expression in breast cancer has been studied relatively scarcely
during recent years. However, certain papers can be found that compare the amount of E-
cadherin expression, and evaluate whether it is normal or down-regulated. For example,
Kowalski et al. (2003) report that in 55% of primary invasive ductal breast carcinomas (N
= 22) the E-cadherin expression remained normal, and in 45% it was reduced or absent. In
this study, the small number of samples makes the comparison of results somewhat
troublesome. However, Zhang et al. (2007) evaluated 90 invasive breast carcinomas, in
which they reported a 60% reduction (54 samples) in E-cadherin expression. Neither of
these results is well in line with results obtained in this study, but as mentioned above, a
more precise analysis between these studies requires more accurate ways to define

"normal" and "reduced" E-cadherin expression in our study.

CD 117

The last cancer marker of the analysed set of proteins was CD 117 (also known as c-Kit
and KIT), isatype Il tyrosine kinase receptor, whose mutated forms are linked to several
types of cancer, including breast carcinoma. It appears to be rarely expressed in invasive
breast cancer: in our study only one sample (0.3%) was moderately positive ("++") and ten
(3.2%) showed dlight staining ("+"). These results are backed, for example, by the study of
Dabiri et al. (2004), who studied a tissue microarray of 348 invasive breast cancer samples
without finding any CD 117 positive samples. However, a large TMA study of 4 444
samples by Rajput et a. (2008) indicates, that despite the low prevalence of CD 117
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expression in most cancers, the marker does have prognostic relevance when evaluating

certain rarer forms of breast cancers, such as those that involve stromal mast cells.

Conclusion

The tissue microarray block and its subsequent analysis were performed by the author,
with the possibility to consult pathologists and clinical biologists during the process. The
cancer tissue on paraffin blocks was marked based on their corresponding haematoxylin-
eosin stained object dlides. The process of screening the dlides, constructing the tissue
microarray and scoring the results required approximately three months time when
working 4-hour days on average. However, the project was stalled on several occasions
due to a brittle set of sampling needles ("punches’) and ordering new needles from the
United States. In this light, it is probable, that a full-time worker could construct and
analyse a similar-sized TMA (734 sample cores) within a month's time, and analyse a
panel of five to ten markers within a week or two. In this light, the method is a viable

option for a small research group or laboratory, or when the resources are limited.

Furthermore, the whole process can easily be divided among several workers, when
constructing bigger arrays or constructing arrays more rapidly becomes possible. On one
hand, this allows large-scale screening projects to be conducted within a very reasonable
time scale. On the other hand, even one person can construct a comprehensive set of
analysis during a longer time span, since the materials and methods used in the process are
not affected by time (the initial samples, the array itself and the subsequent stained object
dlides lasting for years).

When suitable samples are available, little else is required for the process, and it can be
carried out in multiple locations if required. A tissue microarrayer is required along with a
standard light microscope, and equipment for immunohistochemical staining need to be
available. Tools for complex satistical analysis are also essential if multivariable analysis

based on the patient diagnosis and/or outcome of the disease are conducted. Finally, certain
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other types of staining can be performed on the TMA slides, such as fluorescent in situ
hybridisation (FISH).

In this study, seven cancer markers were scored, and the results were compared to those
found in the literature. Due to inevitable variations within the patient groups between the
studies, some degree of uncertainty remains as long as age-, hormona status- and
ethnicity-matched studies are not readily available. For the most common markers, such as
the oestrogen and progesterone receptors, plentiful data is available, which increases the
reliability of the analysis. For some rarer markers, e.g. the E-cadherin, the research papers
used for comparison had more flexibility regarding the variables between the patient
groups.

This kept in mind, it can be said that the results of this study are reasonably well in line
with the results published by other research groups. The construction of the array can be
learnt with relative ease, and the stained samples can be analysed by a pathologist or a cell

biologist, or other laboratory personnel under the supervision of the aforementioned.

Patient data analysis was also planned to be carried out based on the results of this study
and the patient records of the Central Hospital of Central Finland. Unfortunately, however,
the schedule of this study did not permit such a study be performed, due to the problems
encountered with the sampling needles along the array construction that hindered the
process. In-depth patient data analysis is planned to be performed at a later point of time as

afollow-up for thiswork and published as an independent study.
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7. FURTHER RESEARCH TOPICS

The breast cancer database created by tissue microarray technology in this study offers a
vast material for further research. When linked with the patient diagnostic and follow-up
data it provides means for a comprehensive multivariable study that can involve complex
statistics. The effect of a given cancer type on the outcome of the cancer can give valuable
information on the efficiency of the current treatment and use of therapeutics. Furthermore,
linkages and patterns between the different cancer markers can be discovered, providing
insights to the complex patterns of gene expression and their role in the subsequent cancer
phenotype.

Additional staining can be performed as well from the existing blocks. For example,
confocal laser scanning microscopy (CLSM) offers ways to analyse co-expression on
cancer markers by using fluorescent dyes with different emission spectra. This allows the
study of the expression of multiple cancer markers simultaneously from any given sample,
something that is challenging to achieve with normal light microscopy when standard
immunohistological samples are used. (Johnstone and Turner, 1997; Robertson et al.,
2008)

However, the possibility to stain subsequent sections from the tissue microarray for
different markers allows a fairly good degree of co-localisation studies even with light
microscopy. Thus, the usefulness of CLSM studies needsto be evaluated further.

With the emergence of new and improved TMA arrayers, together with novel
computerised image processing techniques, vast databases of archival cancer samples of
various types can be created. The Centra Hospital of Central Finland possesses a
comprehensive collection of suitable paraffin-embedded tissue samples that are compatible
with the method, and can be readily linked with patient data. I1n the future, more age groups
or completely new cancer types can be added to the materia of this study, and the distinct

markers of these types can be compared to those of the breast carcinoma.
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