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ABSTRACT

Lung cancer (LC), an epithelial tumor type, is the leading cause of cancer deaths world-wide 

whereas malignant mesothelioma (MM) of the pleura is a rare but fatal tumor originating in 

pleural mesothelium. E is thesis aims at clarifying the complex molecular genetic background 

of pleural MM and LC, particularly squamous cell lung cancer (SCC), partly by comparison with 

adenocarcinoma of the lung (AC).

DNA copy numbers in SCC were studied using interphase F uorescence in situ hybridization 

(FISH) on the long arm of chromosome 3. Furthermore, the expression patterns of candidate 

marker genes and proteins were examined in a genome-wide manner by utilizing a cDNA 

array technique for pleural MM and non-small cell lung cancer (NSCLC) (with 588 and 

1176 cDNA targets, respectively). A similar gene expression pro= ling approach was utilized 

at identifying genes related to diG erent signaling pathways aH er gamma-interferon (IFN-

γ) treatment in MM. E e cDNA array screening results were con= rmed either by reverse 

transcriptase polymerase chain reaction (RT-PCR) or by immunohistochemistry (IHC) on 

tissue microarray (TMA).

E e FISH analysis showed that over-representation of 3q DNA in 16 SCC resulted either 

from polysomy of chromosome 3 or an intrachromosomal gain of DNA over a broad region 

(3q25~q27). E e gene expression patterns of SCC were compared with those in normal lung 

and AC. In both SCC and AC, novel downregulated genes included COPEB, AKAP12, SOCS3, 

CAV1, and CAV2, whereas HMGIY was one of the upregulated genes. Marker genes that were 

upregulated speci= cally in SCC compared with AC or normal lung included ITGB4, NGFR, 

CK10 and CK14, all located at 17q21-q22 as well as CK2E, IGA7B, RAR-γ1 and COL2A1 

residing at 12q11-q13. In addition, DSC3, ITGA6, JAG1, IGFBP5, and MIF displayed diagnostic 

value as SCC markers. Several deregulated genes coincided with regions that have been shown 

using comparative genomic hybridization (CGH) to bear genomic imbalances in SCC, pointing 

to a possible involvement of these genes in DNA ampli= cation or loss.

In MM, the cDNA array technique was used to establish the gene expression patterns typical 

of primary pleural MM types and MM cell lines, in comparison with primary mesothelial cell 

cultures and normal-looking pleural mesothelium. In MM, several signaling pathways such 

as Wnt-, Notch- and MAP kinase cascades and genes associated with cell-cell adhesion were 

implicated. Moreover, using immunohistochemistry, we demonstrated that ITGB4, tPA, L1CAM 

and p-cadherin, which were overexpressed in MM, possessed a subtype speci= c antigen expression 

pattern whereas INP10 was upregulated in MM in general. We also evaluated gene expression 

patterns aH er IFN-γ treatment in established MM cell lines showing diG erent responsiveness to 

the growth inhibition eG ect of IFN-γ. PLK1, PPBP, VEGF, IRF1, and IGFBP4 were regulated 

diG erentially in IFN-γ sensitive MM cell lines in comparison with IFN-γ-resistant MM cells. 

Several genes encoding cell adhesion proteins were regulated through a Janus tyrosine kinase 

(JAK) -signal transducer and activator of transcription (STAT)-independent pathway in IFN-

γ-resistant MM cells. In addition, several apoptotic genes were upregulated and several genes 

related to cell proliferation were downregulated, suggesting that IFN-γ treatment may be applied 

even to IFN-γ-resistant cells.

E e broad gained region at 3q25~q27 in SCC suggested that multiple genes are involved in 

this amplicon. Expression patterns of several genes novel in SCC were deregulated. Despite the 

very similar gene expression pattern in NSCLC, we also noted that the expression pattern of 13 

genes could, with 80% probability, diG erentiate SCC from AC and normal lung. Further studies 

Abstract
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are needed to determine whether the value of these marker candidates will be evident at the 

protein level and in a larger sample size.

In MM, the use of diG erent reference types allowed one to speculate that the regulation 

of some genes may be related to malignancy and other genes to cell reactivity. Several genes 

overexpressed in primary MM encode for proteins that function in cell-cell adhesion and cell 

motility or regulate the expression of adhesion molecules. Increased immunoreactivity was 

shown for = ve such proteins. Given that the expression of several adhesion molecules was also 

regulated by IFN-γ, it was proposed that cell adhesion may have major importance in MM.

Abstract
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IFI-56K interferon-induced 56-kDa protein

IFNAR1 interferon alpha receptor
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RPL22 ribosomal protein L22

ROC relative operating characteristic
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RRM2 ribonucleotide reductase

RT-PCR reverse transcriptase polymerase chain reaction

RXR retinoid x receptor

S100A4 calvasculin

SAGE serial analysis of gene expression

SARP1 secreted apoptosis related protein 1
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INTRODUCTION

Cancer is a complex disease in which several genetic and epigenetic abnormalities have 

accumulated. A varying number of genetic changes are needed before one sees the manifestation 

of a somatically developed tumor. Cancer is the result of uncontrolled growth of cells that have 

escaped from senescence and that express certain distinct hallmarks, as presented by Hanahan 

and Weinberg (Hanahan & Weinberg, 2000). E ese hallmarks include self-suX  ciency in growth 

signals, insensitivity to anti-growth signals, tissue invasion and metastasis, limitless replicative 

potential, sustained angiogenesis, and evasion of apoptosis. E ese hallmarks can also be seen in 

lung cancer (LC) and malignant mesothelioma (MM) of the pleura, the subjects of this thesis.

Poor prognosis is usually characteristic for LC (5-year survival ~10%), but for MM the course 

of disease is even worse, being almost invariably fatal (5-year survival ~5%). Tumor markers are 

needed for diagnostic purposes as well as outcome prediction. Some markers can be targeted 

for cancer therapy. Presently known tumor markers, however, do not cover all cases. Since some 

genetic changes have been observed already in the morphologically normal bronchial epithelium 

of tobacco smokers, ideal tumor markers would include those that are not only sensitive but 

can recognize speci= cally neoplastic changes. Furthermore, ideally certain markers would be 

selective for early detection and others for diagnostic purposes in diG erentiating subtypes of 

each tumor entity. Novel tumor markers could hold the potential for improving the survival in 

both LC and MM, these being cancer types in which the metastatic growth pattern and long-

lasting latency period are problems. It could also be speculated that revealing these new marker 

genes one by one could help researchers gain insight about the complex pathogenesis of cancer 

and impart biological meaning to the genetic changes.

Another even more important problem accounting for the poor survival of LC and particularly 

of MM patients is the resistance of these tumors to current therapies, underlining the need to 

understand better the molecular events behind the (non)responsiveness. One example of a drug 

with both successful and unsuccessful approaches is gamma-interferon (IFN-γ), which is used 

in immunotherapy. Although the antiproliferative eG ect of IFN-γ is well-known, its mechanism 

is not well-known. Cell lines exhibiting diG erent sensitivities to IFN-γ could provide useful tools 

to study these diG erences, allowing us a better understanding of the biological mechanisms of 

the growth inhibitory eG ects of IFN-γ.

E e knowledge of molecular pathogenesis for both LC and MM has advanced in recent 

decades, with the help of techniques such as comparative genomic hybridization (CGH) 

(Kallioniemi et al., 1992). Newly established high-throughput techniques in molecular biology 

provide additional tools for detecting genetic changes in several array platforms and at diG erent 

molecular levels (DNA, mRNA, protein, cell). In addition, advanced methods such as the laser 

capture microdissection technique and real-time polymerase chain reaction (PCR) can further 

improve the molecular studies. Using some of these techniques, this thesis aimed at shedding 

light on the molecular background of MM and LC, particularly squamous cell lung cancer 

(SCC).

Introduction
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I REVIEW OF THE LITERATURE

1 LUNG CANCER (LC)

LC is the leading cause of cancer-related deaths worldwide, with approximately 1.2 million 

deaths annually (Ferlay et al., 2001). Also in Finland, most cancer-deaths occur due to LC 

(http://www.cancerregistry.= ). LC is the second most common cancer among Finnish males 

and the = H h most common cancer among Finnish females (http://www.cancerregistry.= ), 

close to 2000 new cases in the year 2002. In the developed countries, the incidence of LC is 

decreasing among males but either increasing or falling less rapidly among females (http://www.

cancerregistry.= ;(Peto, 2001)). In the developing countries and in Eastern Europe, however, the 

male LC rates continue to increase (Peto, 2001).

1.1 Histological classi% cation of lung cancer

LC is an epithelial tumor type that can be divided into two main categories, small-cell lung cancer 

(SCLC) and non-small cell lung cancer (NSCLC) that together account for more than 95% of all 

LC. E e three main types of NSCLC are squamous cell lung cancer (SCC), adenocarcinoma of the 

lung (AC), and large-cell lung cancer (LCLC). SCC and AC account for the majority of NSCLC 

cases, 43% and 18%, respectively (of all LC in Finland years 1980-1997) (Mattson et al., 1999). 

SCC localizes centrally in the lung, arising from epithelium of large- and medium-sized bronchi. 

AC, in contrast, originates in bronchioles and alveoli located peripherally in the lung. SCC is the 

main type among Caucasian males whereas AC has been more common in Oriental populations, 

among females and never-smokers (Gazdar & Minna, 1997). It is remarkable that in recent years 

AC has become the most frequent subtype; the increasing smoking prevalence among women 

does not explain this change since, of all the LC types, AC has been considered to be least tightly 

associated with smoking (Travis et al., 1995). DiG erent LC types demand diG erent treatment 

strategies. Surgery is a therapy option oH en used in NSCLC whereas for SCLC the most common 

therapy is chemotherapy (Hasleton, 2001). Patients suG ering of LC oH en have poor prognosis 

(SCLC survival rates are even poorer than NSCLC), with the survival rate depending on the 

stage. Five-year-survival rates range from 50% in stage I to 10% in stage IIIA for SCC and from 

50% in stage I to less than 10% in stage III for AC (Hasleton, 2001).

1.2 Etiology of lung cancer

Cigarette smoke is the major risk factor causing LC, increasing the relative risk more than 20 

times compared with non-smokers, and accounting for ~90% of LC cases (IARC, 2002). All 

forms of LC associate with tobacco smoke, SSC the most strongest (IARC, 2002). However, 

only approximately 11% of smokers contract LC this being thought to be due to the individual 

diG erences in the susceptibility (Amos et al., 1999). E ese diG erences have remained largely 

unidenti= ed. A family history of LC increases the risk to develop LC or other non-smoking 

related cancer by 2.4-fold. In retinoblastoma (RB) tumor suppressor gene (TSG) mutation 

carriers, the LC risk is 15-fold (Hasleton, 2001). RB is mutated or inactivated more frequently in 

SCLC than in NSCLC.

A smaller proportion (3-17%) of LC cases is associated with occupational exposures, such as 

radon, heavy metals and asbestos, a group of naturally occurring silicate compounds (asbestos  
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discussed in more detail in conjunction with MM) (Hasleton, 2001; Mossman et al., 1996). It has 

been estimated that 20-25% of heavily exposed asbestos workers may develop LC (Lemen et al., 

1980). Additionally, in smokers who have been highly exposed to asbestos the risk for LC may be 

multiplied (Vainio & BoG etta, 1994). E e potentiation may be explained by a model describing 

asbestos = bers as a vehicle that can aid transport concentrated doses of tobacco carcinogens into 

the nucleus (Menard et al., 1986).

LC induced by cigarette smoke is preferentially located in the upper lobes of the lung 

whereas LC associated with asbestos is more oH en located in the lower lobes (Anttila et al., 

1993; Karjalainen et al., 1993). Among asbestos-exposed workers, the increased relative risk 

for AC was higher (3.31) than for other LC types (1.67 for SCC, 1.58 for anaplastic carcinoma) 

(Anttila et al., 1993).  However, not all studies have been able to demonstrate these diG erences in 

histopathology and in lobar distribution between the LC types associated with cigarette smoking 

or asbestos exposure (Auerbach et al., 1984).

1.3 Pathogenesis of lung cancer

Cigarette smoke is a major risk factor for LC and this fact has been extensively studied in relation to 

lung pathogenesis. Cigarette smoke contains a large number of diG erent compounds from which 

more than sixty are regarded as carcinogens (reviewed in Hecht, 2003). Among those that seem 

to have the most important role in carcinogenesis are tobacco-speci= c nitrosamines, aromatic 

amines and polycyclic aromatic hydrocarbons, such as benzo[a]pyrene (BaP) (Hecht, 2003). 

DNA adducts, biomarkers of carcinogen exposure, are formed between DNA and the carcinogen 

metabolite/product. DNA adducts have a key role in tobacco-associated lung carcinogenesis. For 

instance, BaP diol epoxide DNA adducts most frequently cause G-to-T miscoding during DNA 

synthesis (reviewed in Denissenko et al., 1996)(Pfeifer et al., 2002). If these DNA adducts cannot 

be removed by DNA repair systems, mutations are produced and mutational events that occur in 

critical loci, such as in tumor suppressor genes (TSGs) or oncogenes, may result in uncontrolled 

growth. Even in the apparently morphologically normal bronchial epithelium of a smoker, it is 

possible to detect some genetic changes such as loss of heterozygosity (LOH) and abnormal gene 

methylation similar to those found in transformed epithelia (Wistuba et al., 2002).

Other potential mechanisms of tobacco-related carcinogenesis involve promoter 

hypermethylation of TSGs and/or DNA repair genes and binding of a carcinogen/metabolite to 

a cell-surface receptor aH er which critical signaling pathways may become activated. In addition 

to tobacco carcinogens, tobacco smoke contains free radicals which induce oxidative damage 

(reviewed in Hecht, 2003). E e role of free radicals in pulmonary toxicity is discussed in more 

detail below in conjunction with asbestos.

In NSCLC, sequential accumulation of alterations have been demonstrated, in contrast to 

SCLC in which a parallel theory of tumor development has been proposed (Wistuba et al., 2002). 

In SCC, the histopathologic pathogenesis involves sequential development of an invasive tumor 

from normal epithelium through hyperplasia, squamous metaplasia, dysplasia and carcinoma 

in situ (CIS) (Wistuba et al., 2002) (Fig. 1). In AC, adenomatous atypical hyperplasia has been 

suggested to be the putative precursor lesion of non-invasive bronchioalveolar carcinoma, 

developing = nally into invasive AC (Wistuba et al., 2002). E ere is a correlation between the 

accumulation of genetic alterations and the morphological changes (Wistuba et al., 2002). E e 

sequence of cytomolecular changes in NSCLC is reviewed in detail below.
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Fig.1.  Suggested multistage pathogenesis of SCC involving sequential development of 

genetic abnormalities (Modi9 ed from Sozzi, 2001; Wistuba et al., 2002). 

For abbreviations see p. 8.

2 MALIGNANT MESOTHELIOMA MM

Malignant mesothelioma (MM) aG ects the mesothelium lining of the serosal cavities of the body. 

Pleural MM is the most common form of this rare tumor which can occur also at other loci (the 

peritoneum, the pericardium, and the tunica vaginalis of testes and ovaries). In Finland, in the 

year 2002, there were 74 new MM cases, 57 males and 17 females (http://www.cancerregistry.= ). 

In the United Kingdom and in the United States, the annual incidence was approximately 1300 

and 3000 cases, respectively (Sandberg & Bridge, 2001). Since MM is associated with asbestos 

exposure (Wagner et al., 1960), the MM rate in any given population reF ects past asbestos 

exposure levels of that population. Although exposure to asbestos has been restricted e.g. in 

many Western countries since 1970s, the peak in incidence has still not been reached due to the 

long latency period of MM aH er asbestos exposure (Mossman & Gee, 1989). In Western Europe 

the peak incidence is predicted to occur around year 2018 (Peto et al., 1999) although the latest 

updates suggest that the incidence may be leveling oG  (Pelucchi et al., 2004). In the United States, 

the MM epidemic has been suggested to be starting to decline, aH er peaking during the period 

2000-2004 (Price & Ware, 2004).

2.1 Histological classi% cation of malignant mesothelioma

Histologically MM can be divided into three main classes: epithelioid (MM-E), sarcomatoid/

= bromatous (MM-S) and mixed/biphasic (MM-M). MM-E or epithelioid components of an MM 

tumor usually show well-diG erentiated tubulopapillary structures whereas MM-S or sarcomatoid 

tumor components possess spindle-shaped or oval cell morphology. Both component types are 

present in MM-M in diG erent parts of the tumor or the tumor may have cells in transitional 

stages (Suzuki & Kannerstein, 1976). E e distribution of diG erent histological types is ~50% in 
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MM-E, ~34% in MM-M and ~16% in MM-S (Mossman et al., 1996). Although the association 

of histology with the survival of the MM patient is generally well-established (Baas, 2003), 

epithelial histology being more favorable than non-epithelial, recent prognostications utilizing 

gene expression patterns in MM tumors have been shown to be independent of histological type 

of tumor (Gordon et al., 2003a; Pass et al., 2004).

2.2 Etiology of malignant mesothelioma

Exposure to asbestos, a generically named compound of naturally occurring silicates, can be 

associated with MM in approximately 80% of the cases (Carbone et al., 2002; Wagner et al., 

1960). MM accounted for ~8% of all deaths among a group of asbestos workers (SelikoG  et al., 

1980). Two main types of asbestos exist: serpentine and amphibole, and these forms exhibit 

diG erent chemical, biological and pathogenic potentials. In particular, the long, thin = bers 

(>8 microns) pose a risk of inducing tumors, both LC and MM, as has been shown in animal 

models (Mossman et al., 1996). Crocidolite is an amphibole, having a sharp, rod-like form. 

Other amphiboles showing prevalence relevant to asbestos-associated cancers are amosite and 

tremolite. Amphiboles are considered as being more pathogenic, partly because they are more 

durable = bers compared to the other asbestos form, chrysotile. Chrysotile is a curly, serpentine-

form possessing = ber that has been the most mined asbestos form in the world, accounting for 

90% of all asbestos used. Due to its rapid clearance, chrysotile may have been processed and 

eliminated before there is any manifestation of MM (Churg et al., 1989). Erionite, a non-asbestos 

mineral, has also been linked to MM as a possible cause of a large number of MM-related deaths 

in regions of Turkey although there are conF icting opinions on this topic (Emri et al., 2002; 

Roushdy-Hammady et al., 2001).

Not all patients suG ering MM have a known background of either occupational or 

environmental asbestos exposure. In contrast to LC, cigarette smoking does not associate with 

MM (Muscat & Wynder, 1991). However, a few other risk factors have been proposed to be 

involved in the development of MM. E ese include other environmental factors, chronic pleural 

disease, family history of cancer (Heineman et al., 1996; Huncharek et al., 1996), polymorphism 

of NAT2 and GSTM1 in combination with asbestos exposure (Hirvonen et al., 1995; Hirvonen 

et al., 1996) and the Simian virus 40 (SV40).

SV40 is a DNA tumor virus that has been associated with a few human tumor types, such 

as MM, lymphoma, brain and bone tumors (reviewed in Klein et al., 2002). In some studies, in 

certain distinct populations, SV40-like DNA sequences have been detected in ~48-83% of MM 

specimens with a subsequent large T-antigen (Tag) expression (Carbone et al., 1994; Galateau-

Salle et al., 1998; Shivapurkar et al., 1999; Testa et al., 1998). However, in other populations, 

among them the Finnish population, they have not been detected or the contribution of SV40 

has been considered as minimal (De Rienzo et al., 2002; Gordon et al., 2002a; Hirvonen et al., 

1999; Hübner & Van Marck, 2002; Pilatte et al., 2000). In one study SV40 sequences were a 

negative prognostic factor in MM and associated signi= cantly with MM-S/MM-M while another 

study pointed to their existence merely in MM-E (Procopio et al., 2000; Shivapurkar et al., 1999). 

One reason why SV40 became a matter of such public concern especially in the United States was 

the contamination by SV40 of the poliovirus vaccines used late 1950s and early 1960s (Carbone 

et al., 1997b).

In some families, MM clustering has occurred in several family members, aH er exposure to 

asbestos or erionite. E is apparent inherited genetic susceptibility for developing MM has been 

the subject of several studies (Ascoli et al., 2001; Ascoli et al., 2003; Bianchi et al., 2004; Lynch 
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et al., 1985; Musti et al., 2002). Nevertheless, the cytogenetic alterations in familial and in sporadic 

cases are very similar (Ascoli et al., 2001), including a deletion in 9p which has been found as a single 

cytogenetic aberration in two members of a family with a history of MM (Musti et al., 2002).

2.3 Pathogenesis of malignant mesothelioma

In comparison to LC, in which asbestos has been suggested to function as a co-carcinogen or 

a promoter, it may function as an initiating agent in MM (Mossman et al., 1996). E e possible 

mechanisms involved in malignant transformation have been elucidated in studies exposing 

mesothelial (also pulmonary) cells to asbestos, oH en crocidolite. E e interpretation of in vitro 

experimental results is complicated by the fact that there is typically a latency period up to 30 to 40 

years between initial exposure to asbestos and diagnosis of MM (Mossman & Gee, 1989). Fibrosis 

or inF ammation in response to particle exposure is thought to precede neoplastic transformation 

(Goodglick & Kane, 1986). Hypothetical tumorigenetic events in MM are presented in Fig 2.

Fig.2.  Possible mechanisms involved in the tumorigenic progress of a malignant mesothelioma 

cell from a mesothelial cell. Asbestos may cause DNA damage either directly by 

mechanical irritation or via reactive oxygen species produced by macrophages. Asbestos 

activates the mitogen activated protein (MAP) signaling cascade through phosphorylation 

of the EGF receptor, leading to activation of the expression of many genes by transcription 

factor AP-1. Putative roles of SV40 include direct DNA damage, inactivation of DNA 

repair by binding of p53 and pRB proteins through large T antigen of SV40 and binding 

of protein phosphatase 2A by small t antigen of SV40. SV40 may thus operate as a 

cofactor for asbestos (Modi9 ed from McIaren & Robinson, 2002; Pass & Carbone, 2000).

Asbestos can associate with carcinogenesis at several points (reviewed in Kamp et al., 

1992; Kamp & Weitzman, 1999). Fibers can induce both apoptosis (Bérubé et al., 1996) and 

DNA damage, either directly or indirectly (Jaurand, 1997). E e direct mechanism involves the 

phagocytosis of the = bers whereas reactive oxygen and nitrogen species (ROS, RNS) may be 

Review of the literature

inactivation of p15, 
p14ARF

p53 and pRB 
inactivation by 
SV40 Tag

unknown 
activated 
oncogenes

Loss of 
16INK4a Apoptosis

Malignant 
mesothelioma 
cell

altered 

growth 

regulation

Mesothelial 
cell – S phase

DNA 

damage

Mesothelial 
cell – G1 phase

DNA repair

Reactive oxygen 
species produced 
by macrophages

Asbestos = bers

AP-1

FOS, JUN

ERKP

EGF-RP

PP2A

SV40-tag

Loss of 
NF2

PDGF/TGFβ 
upregulated



19

factors involved in indirectly mediating the asbestos toxicity (Haugen et al., 1982). ROS/RNS 

are produced by either inF ammatory cells, such as macrophages and neutrophils, or catalyzed by 

iron, either on = ber surface or aH er mobilization of iron. Amphiboles, such as crocidolite, have 

a high iron content, making these = bers potentially toxic. However, not all reactions even in 

cell-free systems seem to require iron for the formation of hydroxyl radicals. Oxidative damage 

of DNA mediated by ROS/RNS can be seen for instance in the form of 8-hydroxy-guanine (8-

OHdG) (Floyd, 1990).

Asbestos toxicity can result in abnormal cell signaling (reviewed in Shukla et al., 2003). 

Asbestos = bers induce autophosphorylation of epidermal growth factor receptor (EGFR), 

abolishing the binding of EGF to its cognate receptor (Zanella et al., 1996; Zanella et al., 1999). 

Activated EGFR subsequently stimulates the mitogen-activated protein (MAP) kinase cascade 

evoking phosphorylation of extracellular signal-regulated kinases 1 and 2 (ERK1, ERK2). E e 

end products of this signaling pathway include transcription of early-response genes, such as 

c-fos and c-jun, and activation of a transcription factor, activator protein 1 (AP-1) with subsequent 

transcription of other genes. An increase in AP-1 DNA binding complexes, particularly an 

increase in Fra-1, is associated with the transformation of mesothelial cells induced by asbestos 

(Ramos-Nino et al., 2002). Also the asbestos-induced increase in apoptosis was shown to be 

an EGFR-related event (Zanella et al., 1999). Moreover, interruption of the signaling pathway 

which involves EGFR-related protein-tyrosine phosphorylation has been shown to inhibit EGF-

stimulated migration of normal human mesothelial cells (Palmer et al., 1999).

A heterozygous mutation of a TSG, Nf2, in mice has been shown to increase susceptibility to 

develop peritoneal mesothelioma aH er intraperitoneal inoculation of asbestos = bers, suggesting 

a role of NF2 in MM pathogenesis (discussed in detail later on) (Fleury-Feith et al., 2003).

Human mesothelial cells have been shown to be extraordinarily susceptible to transformation 

mediated by SV40 (Bocchetta et al., 2000). Plausible mechanisms through which SV40 Tag works 

are direct damage in DNA and binding of p53 and the RB protein family, subsequently inhibiting 

targeted pathways (Carbone et al., 1997a; DeCaprio et al., 1988). Small t antigen (tag) of SV40 

enhances the transforming capacity of Tag. In addition, tag inhibits phosphatase PP2A, leading 

to an increase in AP-1 production (reviewed in Klein et al., 2002). SV40 may operate in concert 

with asbestos. Immunosuppression caused by asbestos has been proposed to prevent the immune 

lysis of Tag-positive human mesothelial cells, supplementing the high rate of transformation by 

SV40 (Bocchetta et al., 2000). Nevertheless, SV40 was not required for asbestos to be able to 

induce extended lifespan in human mesothelial cells (Xu et al., 1999).

3 GENETIC CHANGES IN NONSMALL CELL LUNG CANCER NSCLC AND MM

Karyotype studies have revealed complex genetic aberrations in both NSCLC and MM (reviewed 

in Balsara & Testa, 2002; Sandberg & Bridge, 2001). In particular, both structural and numerical 

chromosome changes caused by asbestos have been observed in experimental studies (reviewed 

in Jaurand, 1997). In LC, multiple numerical and structural aberrations are common, with cells 

oH en bearing near-triploid karyotypes (reviewed in Testa et al., 1997). Isochromosomes, most 

commonly i(5p) and i(8q), and double minutes (DM) (in ~10-77%, Nielsen et al., 1993; Testa et 

al., 1997) are typical cytogenetic changes seen in NSCLC (reviewed in Balsara & Testa, 2002). In 

MM, complex numerical and structural aberrations have been shown aG ecting all chromosomes 

(reviewed in Sandberg & Bridge, 2001). Probably due to the frequent loss of genetic material in 

MM, isochromosomes and duplications have been shown infrequently.
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Genomic imbalances have further been evaluated using the CGH technique which overcomes 

some technical problems that conventional karyotype analysis may encounter, such as low mitotic 

index of solid tumors and unidenti= ed marker chromosomes. E e most frequently detected 

changes in NSCLC included gains at 1q31 (37%), 3q25-27 (50%), 5p13-14 (45%), and 8q23-24 

(45%), and losses at 3p21 (27%), 8p22 (28%), 9p21-22 (27%), 13q22 (28%), and 17p12-13 (18%) 

(reviewed in Balsara & Testa, 2002);(Balsara et al., 1997; Björkqvist et al., 1998a; Björkqvist et al., 

1998b; Lu et al., 1999; Luk et al., 2001; Petersen et al., 1997). E e commonly gained regions in 

MM were 7p, and 7q, whereas 1p, 6q, 9p, 13q, 14q, and 22q were frequently lost in MM (Balsara 

et al., 1999; Björkqvist et al., 1997; Björkqvist et al., 1998b; Kivipensas et al., 1996; Sandberg 

& Bridge, 2001). MM cell lines on average contained more genetic changes than MM primary 

tumors (Balsara et al., 1999; Kivipensas et al., 1996). Losses were shown to be more frequent 

(on average 4.1/case) than gains (2.1/case) in microdissected MM (Krismann et al., 2002), in 

contrast to another study showing gains and losses to be as common in primary MM (Björkqvist 

et al., 1998b). E e most recurrent genetic aberrations revealed by CGH, distinctively shown in 

SCC, AC, MM-E and MM-S, are presented in Table 1.

 

Table 1. Recurrent changes in DNA copy numbers detected by CGH speci9 cally in subtypes of 

NSCLC and of MM.

3.1 Gene loss / silencing

Allelic loss, homozygous deletion or mutations in a critical region of a TSG, also called a recessive 

oncogene, or a DNA repair gene may result in silencing  or abnormal function of the gene. 

Inactivation of a gene by LOH oH en involves mutation of one allele and subsequent chromosomal 

alteration or deletion of the other wild-type allele (according to “the two-hit theory”) (Knudson, 

1971). Examples of genes exhibiting this kind of inactivation are RB, p53, and WT1.

Chromosomal deletions and allelic loss are frequent in NSCLC and MM. With respect to LC, 

similar but less severe LOH patterns are oH en (49%-65% of cases) seen in the normal epithelium 

of smokers, but not in never smokers (0%). Frequently (88%-100% of comparisons) the same 

parental allele is lost in non-neoplastic and neoplastic foci (Kishimoto et al., 1995; Wistuba et 

al., 1999a; Wistuba et al., 1999b). A high-resolution LOH study using a genome-wide set of 

NSCLC MM

SCC 1, 3, 4, 5, 6 AC1,2, 3, 4, 5, 6 MM-E7 MM-S7

Gains Losses Gains Losses Gains Losses Gains Losses

3q
7p
8q

2q
4p
4q

17p

1q22-q32.2
7q

12q
20q

3q
6q
9

10p
13q
18q
19p

7q 3p14-p21
17p12-pter

5p
8q

17q

7q
15q

References: 1(Björkqvist et al., 1998a)2(Björkqvist et al., 1998b)3(Petersen et al., 1997)4(Luk et al., 2001)
5(Pei et al., 2001)6(Chujo et al., 2002)7(Krismann et al., 2002)
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microsatellite markers revealed 45 diG erent loci, 19 of them novel, performing LOH in NSCLC 

with a frequency of 35-86%. Nine loci showed more than 60% LOH frequency, seven of them 

preferentially in NSCLC compared with SCLC (Girard et al., 2000).

Several studies have implicated 3p loss, occurring discontinuously at multiple sites, as the 

most frequent and early aberration noted in LC (Hung et al., 1995; Todd et al., 1997; Wistuba et 

al., 2000; Yokoyama et al., 1992). Larger 3p segments have been shown to be inF uenced in SCC 

whereas smaller 3p segments were lost in AC (Wistuba et al., 2000; Yokoyama et al., 1992). In 

addition, chromosome 3 duplication was shown to accompany the 3p allelic loss in both SCC 

and AC and suggested to follow the loss (Varella-Garcia et al., 1998). LOH at 3p is common also 

in MM (42%-62.5%) (Lu et al., 1994; Pylkkänen et al., 2002a; Zeiger et al., 1994).

Other early changes in NSCLC include allelic loss at 9p21, at 17p (p53 locus) and at 8p21-p23 

(Hung et al., 1995; Kishimoto et al., 1995; Wistuba et al., 1999a; Wistuba et al., 1999b). In SCC, 

the following sequence of  alteration events has been suggested: allelic loss at 3p, 8p, 9p or more 

frequently 3p, 9p, 8p (Wistuba et al., 1999a; Wistuba et al., 1999b).

In addition to 3p, frequent LOH in MM occurred e.g. at 6q (43-61%), 9p (71%), 13q (67%), 

14q (43-56%), 15q (48%), and 22q (2.2-100%) (Björkqvist et al., 1999; De Rienzo et al., 2001; De 

Rienzo et al., 2000; Jensen et al., 2003; Pylkkänen et al., 2002a; Bell et al., 1997).

In addition to LOH or deletion, another event capable of gene silencing is hypermethylation 

of CpG islands in the promoter region, resulting in so-called epigenetic lesions. Promoter 

hypermethylation occurs frequently in NSCLC: in 82% of NSCLC at least one of the following 

genes was found to be methylated: RARβ, TIMP-3, p16INK4a, MGMT, DAPK, ECAD, p14ARF, and 

GSTP1. In 13% of NSCLC three of the genes were methylated (Zöchbauer-Müller et al., 2001b). 

Also in MM, several genes, such as p16INK4a, RASSF1A, and GPC3, oH en have aberrant methylation 

patterns (Wong et al., 2002; Murthy et al., 2000; Toyooka et al., 2001a). DNA methylation pro= les 

have been demonstrated to be unique for each cancer type, even diG erentiating SCC from AC, 

indicating that they may be useful as molecular marker systems (Esteller et al., 2001; Toyooka 

et al., 2003). Furthermore, loss of gene function by promoter hypermethylation is suggested to 

be an early event in the course of lung tumorigenesis (Zöchbauer-Müller et al., 2001b) and the 

use of methylation pro= les of sputum specimens may be helpful in the early diagnosis of LC 

(reviewed in E unnissen, 2003).

3.1.1 Tumor suppressor genes

Tumor suppressor genes (TSGs) are involved in maintenance of normal cell cycle control and 

genomic integrity in a cell. Impaired or lost function of a TSG may result in accumulation of 

malignant properties within the cell. Alterations of the most commonly listed TSGs in NSCLC 

and in MM are presented in Table 2; if it is believed that a certain gene has little or no inF uence 

in modifying tumor growth in NSCLC or MM, it has not been reviewed in the table for that 

tumor type.

3p TSGs

LOH of the fragile histidine triad (FHIT) gene has been demonstrated to be the most frequent 

genetic change in NSCLC (73%) (Fong et al., 1997; Sozzi et al., 1998; Sozzi et al., 1996). It is 

frequently also altered in MM. E e frequency of LOH at FHIT loci correlated with smoking and 

asbestos exposure and it may be associated to poor prognosis, particularly in SCC (Nelson et al., 

1998; Pylkkänen et al., 2002b; Sozzi et al., 1997a; Tokuchi et al., 1999; Toledo et al., 2004). FHIT, 

encoding a protein possessing hydrolase activity, encompasses the FRA3B common fragile site at 

3p14.2. E e 3p loss combined with certain breakpoints can be evidence of mutational phenotype, 
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highly susceptible to carcinogens (Siprashvili et al., 1997). Recently FHIT was claimed to be a 

target gene for Src protein kinase providing hints of which pathway is involved (Pekarsky et al., 

2004).

In addition to FHIT, several other loci at 3p region exhibit LOH in NSCLC and MM, 

suggesting that 3p can harbor several additional TSGs, such as DUTT1 (3p12), BAP-1 (3p21.1-

p21.2), SEMA3B (3p21.3C), VHL (3p25.3) and RARβ (3p24) (reviewed in Zabarovsky et al., 

2002). At 3p21.3C, called the lung cancer TSG region alias LUCA, one of the genes of interest 

is the RAS association domain family 1A gene (RASSF1). Hypermethylation of RASSF1 was 

frequent in MM as mentioned above but less frequent in NSCLC compared with SCLC (Toyooka 

et al., 2001a).

Table 2 footnotes

1 NR, not reviewed here
2 1) Fong et al., 1997; 2) Pylkkänen et al., 2004; 3) Pylkkänen et al., 2002b; 4) Sozzi et al., 1998; 5) Sozzi et al., 1997b; 6) Sozzi 

et al., 1996; 7) Tokuchi et al., 1999; 8) Toledo et al., 2004; 9) Zöchbauer-Müller et al., 2001a; 10) Greenblatt et al., 1994; 11) 

Gorgoulis et al., 1998; 12) Leversha et al., 2003; 13) Metcalf et al., 1992; 14) Mor et al., 1997; 15) Ka= ri et al., 1992; 16) Ramael 

et al., 1992; 17) Husgafvel-Pursiainen et al., 1999; 18) Reissmann et al., 1993; 19) Toyooka et al., 2001b; 20) Kim et al., 2001; 

21) Otterson et al., 1995; 22) Otterson et al., 1994; 23) Taga et al., 1997; 24) Pylkkänen et al., 2002a; 25) Prins et al., 1998; 26) 

Cheng et al., 1994; 27) Xiao et al., 1995; 28) Hirao et al., 2002; 29) Wong et al., 2002; 30) Kratzke et al., 1995; 31) Dopp et al., 

2002; 32) Papp et al., 2001; 33) Okamoto et al., 1995; 34) Bianchi et al., 1995; 35) Cheng et al., 1999; 36) Deguen et al., 1998; 

37) Schipper et al., 2003; 38) Sekido et al., 1995; 39) Amin et al., 1995; 40) Park et al., 1993; 41) Langerak et al., 1995.
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 p16 INK4a -CyclinD1-CDK4-RB/ p53-MDM2 pathways

E e p16INK4a-CyclinD1-CDK4-RB pathway as well as the p53-MDM2 pathway are commonly 

altered in cancer. If the function of any or several of these key players in cell cycle checkpoints 

is modi= ed, this may result in uncontrolled cell division. p16 INK4a, RB and p53 operate as TSGs 

while cyclin D1 (CCND1), CDK4 and MDM2 can act in an oncogenic manner, and are known to 

be overexpressed in 11.7-70%, 90%, and 26-70% in NSCLC, respectively (Gorgoulis et al., 1998; 

Lingfei et al., 1998; Lonardo et al., 1999; Mishina et al., 1999; Mori et al., 2004). In MM, neither 

CCND1, CDK4 nor MDM2 seemed to be implicated (Dopp et al., 2002; Papp et al., 2001; Ungar 

et al., 1996).

 Alterations in p53 have been demonstrated not to be a very prominent feature in MM 

(Metcalf et al., 1992; Mor et al., 1997) whereas in NSCLC p53 inactivation have been detected in 

about 50% of cases (Table 2) (Greenblatt et al., 1994). E e mutation frequency of p53 has been 

associated with tobacco carcinogenesis rather than asbestos exposure, and positively correlated 

with duration of smoking (Husgafvel-Pursiainen et al., 1999; Mayall et al., 1993; Unfried et al., 

1997). Adduct formation between tobacco smoke carcinogen BaP and DNA was shown to be 

concentrated on mutational hotspots in p53 (Denissenko et al., 1996). E e half-life of mutant 

p53 protein is prolonged in comparison with wild-type protein. Although p53 alterations may 

not have a critical role in MM, p53 is a target protein of SV40-induced inactivation. It should be 

recalled that SV40 has been implicated in a subset of MM.

p16INK4a/MTS1/CDKN2A is recurrently inactivated in MM and NSCLC (Table 2). Codeletion 

with p15INK4b/MTS2/CDKN2B has been shown since both have been mapped to 9p21. However, 

p15INK4b was not always included in the critical region (Dopp et al., 2002; Prins et al., 1998; Xiao et 

al., 1995). E ese CDK inhibitor-encoding genes contribute to the inhibition of CDK4-mediated 

phosphorylation of RB at the checkpoint in G1/S phase border (Serrano et al., 1993). Functional 

RB protein is required for the tumor suppressive eG ect of p16INK4a (Medema et al., 1995). While 

MM cells express wild type RB protein, the loss of p16INK4a might contribute to the impaired 

growth control (Kratzke et al., 1995; Shimizu et al., 1994). In LC, both aberrant and normal 

expression of RB has been reported and hypermethylation is attributed to downregulation of 

p16INK4a (Leversha et al., 2003; Otterson et al., 1995). p14ARF, another gene encoded from a 

diG erent reading frame of partly shared exons with p16INK4a, revealed neither speci= c deletions 

(without p16INK4a deleted) nor hypermethylation in primary MM (Hirao et al., 2002) whereas in 

NSCLC it was inactivated in 45% of tumors (Mori et al., 2004).

NF2

In contrast to LC, in which no mutations in neuro= bromin 2 gene (NF2) have been detected 

(Sekido et al., 1995), NF2 (22q12.2) is frequently mutated in a subset of MM cases (Bianchi et al., 

1995; Cheng et al., 1999; Deguen et al., 1998; Schipper et al., 2003; Sekido et al., 1995) (Table 2). 

E e NF2 is a classical TSG. An inherited heterozygous mutation of NF2, followed by a somatic 

loss of the other allele, is responsible for a hereditary cancer syndrome, neuro= bromatosis 2 

(NF2), featuring tumors in nervous system but this does not usually occur in MM. However, 

a potential association of NF2 inactivation with asbestos exposure has recently been suggested 

(Fleury-Feith et al., 2003) and there might be a greater risk for MM development if an NF2 

patient is exposed to asbestos (Baser et al., 2002). Nevertheless, additional genetic changes are 

needed for MM tumor formation. E e protein encoded by NF2, termed merlin or schwannomin, 

is homologous to other members of the ezrin-radixin-moesin family. E ese proteins are known 

to link plasma membrane to the cytoskeleton. Wild-type merlin suppresses cell proliferation 

and modulates cell motility, probably by stabilizing the = nal structure of adherens junctions, 

associated with the contact-dependent growth arrest (Lallemand et al., 2003; Xiao et al., 2003). 
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Similarly to the development of schwannomas and meningiomas (Gutmann, 2001), loss of NF2 

function might be an early event in MM, since loss of chromosome 22 has been observed in a 

patient aH er exposure to asbestos and suG ering the preclinical stage of MM (Hansteen et al., 

1993).

WT1

Wilms´ tumor susceptibility gene 1 (WT1) expression is related to mesenchymal-to-epithelial 

transitions during normal embryonic development (Kreidberg et al., 1993). Some continuous 

expression is later seen in tissues of mesenchymal origin, such as mesothelium giving it potential 

to function as a diagnostic marker for diG erentiating MM and AC (Walker et al., 1994). WT1 

is mutated in a subset of MM (Park et al., 1993). A zinc = nger protein encoded by WT1 acts as 

a transriptional repressor for a number of genes, including some encoding growth factors and 

receptors (reviewed in McIaren & Robinson, 2002). Furthermore, WT1 has been reported to 

inhibit the p53-mediated apoptosis and stabilize p53 (Maheswaran et al., 1995). Nevertheless, 

the role of WT1 inactivation, which was reported in a subset of MM, is still unclear with respect 

to the tumorigenesis of MM (McIaren & Robinson, 2002).

Novel TSG candidates

Other recently revealed candidate TSGs in NSCLC and MM include TSLC1 (11q23.2) 

and GPC3 (Xq26) (Kim et al., 2003; Kuramochi et al., 2001; Murthy et al., 2000). Like FHIT, 

TSLC1 showed a low number of mutations but 85% of primary NSCLC showed LOH and 

decreased expression. Markedly decreased transcript levels of GPC3, encoding a heparan sulfate 

proteoglycan, were frequent in MM, possibly due to aberrant promoter methylation (Murthy et 

al., 2000). In addition, the 6q region that has frequently exhibited LOH in MM, harbors candidate 

TSGs such as SASH1  and PLAGL1 (6q24.3) downregulated in 79% and 66% of MM, respectively 

(Wali et al., 2004). Both genes are downregulated in breast cancer, with PLAGL1 having been 

shown to be epigenetically regulated (Abdollahi et al., 2003; Zeller et al., 2003).

3.2 DNA ampli% cation

E e copy number of a gene can be increased by DNA ampli= cation. An amplicon may include 

in addition to the “driver” gene also a larger area of ampli= ed material. Gene ampli= cation is one 

mechanism by which a proto-oncogene can be activated and cause an alteration in cell growth. 

E e signi= cance of gene ampli= cation can be illustrated in several examples: prognostic value 

(N-myc in neuroblastomas), potential for targeted therapy (HER2/neu in breast cancer) and 

association with tumor progression. In general, gene ampli= cation is thought to occur in a subset 

of late-stage cancers (Lengauer et al., 1998).

Ampli= cation of DNA can be seen cytogenetically in diG erent forms, e.g. either a whole 

chromosome or only parts of it can be ampli= ed. E e former situation is seen as trisomy, or 

as polysomy if several chromosomes are ampli= ed, whereas the latter is manifested as either 

homogeneously staining region (HSR) or DM. In HSR, the DNA copy number is increased in 

an extending chromosomal area of a speci= c chromosome (Biedler & Spengler, 1976). DMs are 

unidenti= ed small DNA elements of chromosomes that are spread all over the cell, replicating 

autonomously, usually being unevenly distributed into daughter cells (Mark, 1967).

DiG erent mechanisms for gene ampli= cation have been suggested. Sister chromatids that 

display unequal crossover may be one reason for HSR. Submicroscopic precursors from deleted 

chromosomal sequences have been suggested to give rise to DM (Carroll et al., 1988). One model 

describes the overreplication with multiple replication initiations in a single S phase. However, 

not all amplicons display the pattern of an ampli= cation gradient which would result from this 
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model. It is likely that several mechanisms are involved in gene ampli= cation (Botchan et al., 

1979; Sambrook et al., 1975). In addition to gene ampli= cation, other mechanisms such as gene 

rearrangements can result in an overexpression of a gene.

3.2.1 Oncogenes and growth promoting pathways

Nuclear proto-oncogenes of the MYC family are commonly involved in lung carcinogenesis, 

although less frequently in NSCLC than in SCLC. c-MYC is altered in NSCLC usually by 

gene ampli= cation or transcriptional dysregulation (Table 3). MYC family members encode 

transcription factors that belong to the basic helix-loop-helix leucine-zipper class of molecules. 

MYC family is not usually involved in MM.

E e RAS family of proto-oncogenes consists of KRAS, HRAS, and NRAS, with most 

of the alterations in NSCLC aG ecting KRAS (Table 3). In contrast, neither KRAS and HRAS 

immunoreactivity nor mutations has been observed in MM (Ni et al., 2000; Ramael et al., 1993). 

A high frequency of KRAS mutations was shown to be strongly associated with AC, with heavy 

lifetime smoking in AC, and furthermore with asbestos exposure (Husgafvel-Pursiainen et 

al., 1993; Husgafvel-Pursiainen et al., 1999; Nelson et al., 1999). Mostly KRAS mutations are 

described as G-T transversions similar to those caused by tobacco smoke carcinogens in p53. 

Mutations in KRAS are suggested to arise relatively late in the course of lung tumor development 

(Sugio et al., 1994).

E e expression of CCND1, CDK4 and MDM2 oncogenes is related to cell cycle checkpoint 

pathways and has been discussed brieF y above with cognate pathways.

Several genes that have been reported to be ampli= ed in SCC locate at 3q. E ese include the 

butyrylcholinesterase (BCHE) and the solute carrier family 2 (SLC2A2), both being ampli= ed 

in 40% of SCC (Brass et al., 1997b). However, their role as an oncogene in SCC remains to 

be illustrated. Also the human telomerase RNA gene (hTR) locates at 3q and has been shown 

to be ampli= ed in LC (Soder et al., 1997). High telomerase activity in association with high 

tumor cell proliferation rate has been reported in 80-85% of NSCLC (Albanell et al., 1997). 

Also the majority of MM cases exhibit telomerase positivity (Dhaene et al., 1998). Interestingly, 

experimentally telomerase activity in mesothelial cells was induced by SV40 but not by asbestos 

alone (Foddis et al., 2002).

Several autocrine and paracrine loops of growth stimulation are suggested to be activated in 

LC and MM. E e growth factors implicated include platelet derived growth factor (PDGF) family, 

transforming growth factor (TGF), EGF, EGFR, VEGF, insulin like growth factor (IGF) family, 

hepatocyte growth factor (HGF), HGF receptor c-met and HER2/neu. In NSCLC, particularly 

those involving receptors belonging to the ERBB family, namely ERRB1 alias EGFR and ERBB2 

alias HER2/neu, are activated. In MM, especially frequent alterations in PDGF family and HGF/

c-met as well as high expression of VEGF have been shown.

In NSCLC, expression of both EGFR and its ligands (transforming growth factor α and 

EGF), and HER2/neu that correlated with HER2/neu ampli= cation, has been reported (Table 

3). EGFR and HER2/neu possess intrinsic tyrosine kinase activity leading to signal transduction 

aH er ligand binding. E e upregulation of EGFR has been demonstrated in MM as well (Table 3). 

MM is characterized with activation of signaling pathway that evolves autophosphorylation of 

EGFR, AP-1 activation and transcription initiation of many genes. E e role of EGFR in MM has 

been discussed in context of pathogenesis and plausible association of asbestos.

E e HGF/c-met autocrine growth stimulation loop has been claimed to be particularly 

important in NSCLC: while c-met is generally expressed in LC as well as in normal lung, HGF 
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is expressed remarkably in NSCLC (Harvey et al., 1996; Olivero et al., 1996). E ere is a similar 

situation also for MM although not all results have been in agreement (Harvey et al., 1996; Tolnay 

et al., 1998). Several components linked to the HGF/c-Met signaling pathway are implicated in 

MM. HGF/c-Met signaling has been shown to require CD44, a hyaluronic acid receptor, that 

is induced in MM (Orian-Rousseau et al., 2002). E e NF2 gene product merlin links CD44 

and cortical actin. Hyaluronic acid and CD44 have been implicated in cell proliferation in MM 

(Li & Heldin, 2001), moreover all of these proteins have been independently associated with 

malignant properties such as metastasis.

Increase in PDGFA and B chain level and that of PDGFβ-receptor is typical for MM 

(Gerwin et al., 1987; Langerak et al., 1996) (reviewed in McIaren & Robinson, 2002) creating 

another autocrine loop in MM. In contrast, normal mesothelial cells predominantly express 

the PDGFα-receptor. However, it has been stated that the role of PDGFA in MM may have 

been underestimated since its overexpression caused malignant transformation in a human 

mesothelial cell line (reviewed in McIaren & Robinson, 2002).

In cases where the balance between apoptotic (e.g. p53) and anti-apoptotic signals is disturbed 

in a cell, the resulting event may lead to malignant processes. E e expression of anti-apoptotic 

BCL-2 has been shown to be higher in SCC (~25%) than in AC (~10%) but not as extensively as 

in SCLC (~75%) (Pezzella et al., 1993). In MM, BCL-2 has been shown to be expressed relatively 

infrequently (~8%) (Segers et al., 1994; Soini et al., 1999).

Table 3.  Documented alterations of the most commonly involved oncogenes in 

NSCLC and MM.

1 NR, not reviewed here
2 1) Cline & Battifora, 1987; 2) Shiraishi et al., 1989; 3) Luk et al., 2001; 4) Husgafvel-Pursiainen et al., 1993; 5) Björkqvist et al., 

1998b; 6) Hirsch et al., 2002; 7) Rachwal et al., 1995; 8) Tan et al., 2003; 9) Weiner et al., 1990; 10) Rusch et al., 1993; 11) Hsieh 

et al., 2000; 12) Cai et al., 2004; 13) Trupiano et al., 2004; 13) Dazzi et al., 1990.

Oncogene Implications in

AC1 SCC1 MM1 References2

MYC Gene ampli= cation in ~10% of NSCLC; 
low level ampli= cation in 65%

NR 1, 2, 3

Ampli= cation in 19% of SCC

KRAS Mutated in 29% of LC;

ampli= cation in 4.4% of LC

NR 2, 4, 5

Mutated in 57% of AC; 
ampli= cation in 20-30% of 

AC

HER2/neu Ampli= cation in 2% of LC;

overexpression in 16-36% of NSCLC

NR 2, 6, 7, 8, 9

Protein overexpression in 
23-35% of AC

Protein overexpression in 
1-9% of SCC

EGFR Protein overexpression in 45% of NSCLC; 
ampli= cation in 9% of LC

Protein 
overexpression 
in 33-68% of 
pleural and 

92% of 
peritoneal MM

2, 10, 11, 
12, 13

Protein overexpression in 
53% of AC

Protein overexpression in 
92% of SCC
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4 TREATMENT RESISTANCE IN MM

E e prognosis for MM patients is usually extremely poor, even in patients with stage I MM. 

Several reasons may contribute to this poor survival rate. Given that MM typically is in a latent 

form for years, its manifestation may be delayed and it may be very aggressive at the time of 

diagnosis. More importantly, one characteristic of MM is the strong, still largely unexplained 

resistance towards the currently available therapies. In general, the patient outcome may be 

related to the ability of cells to enter senescence, which is at least partly controlled by p53 and 

p16INK4a (Schmitt et al., 2002). In some cancers, the increase in p16INK4a abnormalities has been 

shown to correlate with poor outcome (Maloney et al., 1999; Schmitt et al., 1999). Nevertheless, 

though p16INK4a deletions are common to MM, their relation to treatment resistance in MM is 

unclear. Instead, the p16INK4a gene has successfully been transfected resulting in cell cycle arrest 

in some animal models (Frizelle et al., 2000; Yang et al., 2003a). Some molecular alterations 

have been indicated in MM contributing to drug resistance, such as upregulation of inhibitor of 

apoptosis protein-1 (Gordon et al., 2002c).

MM patients are typically treated with multi-modality therapies. One of the approaches in 

clinical use is immunotherapy, with IFN-γ representing one such potential regime.

4.1 Gamma-interferon in MM

IFN-γ is a cytokine with pleiotropic eG ects on various cell functions. While the antiproliferative 

eG ect of IFN-γ is well established, the mechanisms through which it functions are not thoroughly 

understood. In general, binding of IFN-γ to its cognate receptor initiates a signaling cascade 

that results in activation of many genes. In MM, recombinant human IFN-γ (r-hu-IFN-γ) has 

been incubated with cells that respond to the treatment by inhibited proliferation, and in those 

circumstances IFN-γ causes phosphorylation of janus tyrosine kinase JAK2 and signal transducer 

and activator of transcription 1a (STAT1) (Buard et al., 1998). STAT1 is a transcription factor 

that aH er phosphorylation dimerizes, is transferred to the nucleus and there binds to gamma-

activated sites of DNA, to activate transcription. A database of IFN-γ-responding genes has 

collated the expression data from diG erent cell types, and contains a total of more than 200 genes 

that may be regulated by IFN-γ (Boehm et al., 1997). It also suggests that several pathways are 

involved aH er treatment with IFN-γ. Since a classical pathway induced by r-hu-IFN-γ in rodents 

was not activated in human MM cell lines, the pathways involved in each cell type and strain 

seemed to be unique (Phan-Bich et al., 1997). In addition, r-hu-IFN-γ did not induce cyclin-

dependent kinase inhibitors p21WAF1/CIP1 and p27KIP1 in MM, in contrast to the situation in other 

cell types (Vivo et al., 2001).

MM cell lines that fail to respond to the growth inhibition eG ect of IFN-γ have been 

established, providing also tools to study the molecular mechanisms accounting for the 

(non)responsiveness (Buard et al., 1998; Zeng et al., 1993). In these studies, some resistant 

MM cells have been shown to possess limited transcriptional activity of STAT1 and others 

to have a defect in JAK2 expression (Buard et al., 1998). Signaling through the STAT1-

independent pathway in response to IFN-γ has been described in some other cell types, but 

this still does not account for the role of JAK2 (Ramana et al., 2002). E e examination of 

JAK2-de= cient human = brosarcoma-derived cells did not reveal any other JAK-independent 

pathway for the IFN-γ response (Aberger et al., 2001).

IFN-γ-induced arrest at the G1/S and G2/M checkpoints in MM cells suggested that these 

cells still support cell cycle control despite their many molecular changes, such as alterations in 
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p16INK4a (Vivo et al., 2001). Accordingly, r-hu-IFN-γ immunotherapy used for MM (reviewed in 

Antoniou et al., 2003) has shown a relatively good response rate (45%) in stage I MM (Boutin 

et al., 1994), acting in part by activating immune cells in the pleura (Monti et al., 1994). In 

experimental studies, a combination of IFN-γ and other cytokines and/or chemotherapeutic 

drugs has improved its growth inhibitory eG ects in MM cells (Hand et al., 1995; Hand et 

al., 1991; Phan-Bich et al., 1997). In a clinical study, however, no additional bene= t of r-hu-

IFN-γ when added to methotrexate regime could be shown  (Halme et al., 1999). E ere are 

factors limiting the eG ectiveness of the IFN-γ treatment e.g. the relatively short half-life of the 

r-hu-IFN-γ. Experimental trials are underway striving to improve the eG ect of IFN-γ in MM 

by administering the compound in conjunction with an adenoviral vector (Gattacceca et al., 

2002).

5 FLUORESCENCE IN SITU HYBRIDIZATION FISH IN CANCER RESEARCH

Fluorescence in situ hybridization (FISH) (Pinkel et al., 1986; Trask, 1991a) is an in situ 

technique application by which it is possible to visualize and study DNA and RNA sequences, 

one or several targets simultaneously, at the cellular level. E e application format of FISH is 

de= ned by the targets and the probes used. Possible targets include metaphase chromosomes, 

interphase nuclei with less condensed chromatin as well as genomic DNA clones. E e resolution 

of interphase FISH range from 50 kb to 1-2 Mb, whereas that of metaphase FISH is at the Mb 

level (Trask et al., 1989). E e probes utilized in FISH can detect either centromeres, telomeres, 

entire chromosomes or speci= c loci based on unique sequence of the DNA. DNA copy number 

changes can thus be demonstrated in the frame of resolution. E ere are diG erent DNA cloning 

vectors that can be used in probe preparation. E e vectors include yeast arti= cial chromosome 

(YAC), bacterial arti= cial chromosome (BAC), and P1-derived arti= cial chromosome (PAC).  

E e insert size of these factors can range from 0.2 to 2 Mb in YAC, up to 300 kb in BAC, and 100-

300 kb in PAC. Plasmid or cosmid vectors can have inserts as small as tens of kbs. Total genomic 

DNA can also be used as a probe.

6 HIGHTHROUGHPUT METHODS IN CANCER RESEARCH

High-throughput methods have been utilized in several = elds of cancer research. E e cDNA array 

technique, introduced 1995, is used in gene expression pro= ling (DeRisi et al., 1996; Schena et 

al., 1995). Array-based CGH, on the other hand, reaches the resolution of the single gene level 

in the detection of DNA copy number changes throughout the genome (Pinkel et al., 1998). By 

the combined use of these methods, it is possible to demonstrate DNA ampli= cation as a possible 

cause for overexpression of a gene. Tissue microarray (TMA) oG ers the possibility to easily 

screen hundreds of formalin-= xed, paraX  n-embedded specimens in a single run (Kononen et 

al., 1998). Cell arrays can be utilized for further functional analysis of gene products (Ziauddin 

& Sabatini, 2001).

6.1 Overview of the cDNA array technique

In the cDNA array method, a test probe consisting of labeled cDNAs or cRNAs is hybridized 

onto a solid support containing an array of speci= c cDNA or oligonucleotide target spots. E e 
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gene expression levels in the test probe can be evaluated by measuring the intensity of target 

spots aH er post-hybridization washes, (exposure, in radioactive methods) and aH er scanning, 

comparing them to the intensities of the reference probe.

In the = lter-based cDNA array technique, the test specimen and reference specimen are 

labeled with radioactive nucleotides during cDNA synthesis. Test and reference cDNA probes 

are hybridized onto separate = lters, made of either nylon or plastic. E eir images are compared 

pair-wisely using a soH ware package. E e = lter-based cDNA array method is summarized in 

Fig. 3. If for instance a BD Atlas nylon cDNA array (Clontech) platform is used, RT-PCR can 

verify ~70% of the results showing 2-5 -fold diG erence between the intensities. Results with more 

than 5-fold diG erence can be veri= ed in more than 90% of the genes (http://www.bdbiosciences.

com /clontech/techinfo/faqs/atlas/ atlas_nylon.shtml).

Fig. 3.  Principle of gene expression analysis using 9 lter-based cDNA array technique.

Glass slide cDNA/cRNA microarrays are hybridized with F uorescent probes. Usually the 

number of printed targets on a slide is larger that can be achieved with the = lters. Comparison of 

diG erent glass slide array platforms have revealed a relatively good correlation (r=0.78-0.86) in 

the results across studies using commercial arrays, with a somewhat lower correlation (r=0.62-

0.76) between the results obtained using commercial and custom-made arrays (Järvinen et al., 

2004).

One of the critical aspects in a study set is the choice of the reference for each specimen type. 

In particular, when one wishes to undertake gene expression pro= ling of a tumor, the reference 

options may vary from the most putative progenitor cell type to an approach utilizing pooled cell 

lines (Novoradovskaya et al., 2004; Yang et al., 2002). In addition, if tumor tissue specimens are 

studied, the tumor microenvironment has its own impact on the specimen (De Wever & Mareel, 

2003; Fromigué et al., 2003). Some studies have overcome this problem by microdissecting the 

cells of interest and then amplifying the RNA (Mohr et al., 2004a; Wang et al., 2000a). In this 

context, one has to ensure that the ampli= cation of RNA is of high and homogeneous quality.

Analysis of array data utilizes applications of various methods, several of which are already 

commercially available soH ware packages. In the analysis, one of the key questions is normalization 
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of the array data. Its goal is to produce comparable data between array units. Either speci= c or 

all cDNA spots on an array can be used for normalization. Speci= c spots include housekeeping 

genes. However, it has been shown that the expression levels of housekeeping genes may vary 

even though they exhibit constitutive expression (Bhatia et al., 1994; Savonet et al., 1997). E us 

special care has to be taken in the choice of which normalization system is used.

From the array results, one can apply certain algorithms and reveal either speci= c clusters of 

genes or clusters of specimens according to whether there are similar expression patterns in the 

clusters. Such cluster analysis methods include hierarchical clustering, self-organizing map and 

K-means clustering. Clustering has been utilized in a wide variety of studies, among them class 

discovery and class prediction approaches, such as an attempt to subclassify AC (Bhattacharjee 

et al., 2001; Garber et al., 2001).

6.1.1 Gene expression pro% ling studies on NSCLC

As LC comprises diG erent classes of tumors, in high-throughput gene expression studies these 

are generally examined as separate entities, usually either SCLC and NSCLC (and further 

subtypes) or neuroendocrine and non-neuroendocrine LC. E e number of these studies has 

increased rapidly, utilizing either cDNA array, serial analysis of gene expression (SAGE) or 

cDNA subtraction methods. Since this thesis deals with NSCLC, only gene expression pro= ling 

studies including NSCLC are exempli= ed here.

NSCLC cell lines have been studied in several approaches and some of the = ndings have further 

been con= rmed in primary tumors (An et al., 2003; Gemma et al., 2001; Hellmann et al., 2001; 

Petersen et al., 2000; Sugita et al., 2002). An SV40-immortalized human bronchial epithelial cell 

line was studied by suppression subtractive hybridization as an in vitro model for an early stage 

of transformation (An et al., 2003). E is study revealed also some gene expression similarities 

with an advanced stage AC cell line that had been examined previously (Petersen et al., 2000). To 

study the impact of the tumor microenvironment on the tumorigenesis of NSCLC, A549 cells and 

normal human pulmonary = broblasts were co-cultured, aH er which the gene expression patterns 

were examined. Alterations in the gene expression related to matrix degradation, angiogenesis, 

cell growth and survival were revealed during the co-culture (Fromigué et al., 2003). SAGE 

combined with Northern blot analysis and cDNA subtraction combined with cDNA microarray 

have been performed on NSCLC, but none of the cDNA clones were found to overlap between 

the two studies available (Hibi et al., 1998; Wang et al., 2000b).

Several studies have determined gene expression patterns both common and speci= c to 

major types of primary LC, simultaneously showing distinct clusters of genes in diG erent types 

of LC (McDoniels-Silvers et al., 2002; Nacht et al., 2001; Wikman et al., 2002; Wikman et al., 

2004). According to microarray results, lung developmental pathways are also implicated in lung 

carcinogenesis (Borczuk et al., 2003). Large cluster analysis studies of LC types have further 

revealed subclusters in AC, thus illustrating the extensive heterogeneity within AC compared 

to the more homogeneous entity of SCC (Bhattacharjee et al., 2001; Garber et al., 2001). In 

addition, the clinical outcome in AC could be predicted using gene expression pro= les which 

were further proposed as a clinically relevant test using gene expression ratios (Beer et al., 2002; 

Gordon et al., 2003b). Using SAGE, a preliminary transcriptome map has been constructed that 

describes clusters of diG erentially expressed genes in NSCLC. Focusing on SCC, about half of 

the identi= ed clusters were consistent with previous CGH and LOH = ndings, while some were 

thought to represent novel changes (Fujii et al., 2002).
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6.1.2  Gene expression pro% ling studies on MM

E e gene expression patterns in malignant mesothelioma (MM) have been surveyed with a 

growing number of study sets. Both MM cell lines and primary tumors have been studied. 

Subtractive hybridization was used on MM cell lines exhibiting diG erent phenotypes to 

identify genes associated with MM cell diG erentiation (Sun et al., 2000). In cells having a 

= broblast-like phenotype, less genes were upregulated compared with epithelial phenotype, 

and it was suggested that MM-S may represent a less diG erentiated tumor, explaining partly 

its worse prognosis.

E e expression pro= les of a MM cell line and an SV40-transformed mesothelial cell line Met-

5A were found to be very similar (Ke et al., 1989; Rihn et al., 2000). Nonetheless, some unique 

expression patterns in MM vs. mesothelial cells were found e.g. in genes related to adhesion 

and molecule recognition, macromolecule metabolism and stability. Also cDNA array studies 

of primary MM showed upregulation of genes involved in cytoskeletal remodeling as well as 

those in cellular metabolism, glucose metabolism, and protein synthesis pathways (Mohr et al., 

2004b; Singhal et al., 2003). Clustering approaches have shown diG erentiating patterns of gene 

expression in MM types (Hoang et al., 2004; Mohr et al., 2004b).

By using cDNA array, Gordon et. al. demonstrated the clinical applicability of gene expression 

studies, by identifying a set of a few genes for use in diG erential diagnostics of MM and AC 

(Gordon et al., 2002b). Similar to the situation in LC, gene expression ratios and expression 

pro= les have also been suggested to be useful as predictive factors in MM (Gordon et al., 2003a; 

Pass et al., 2004). E ese studies showed that clinical outcomes were independent of histological 

subtype, the classi= cation which has been used as a predictive factor until now.

Lately also microdissection has been employed in gene expression pro= ling of MM, followed 

by an RNA ampli= cation procedure. E is study provided a picture of gene expression patterns in 

1000 selected cells (Mohr et al., 2004a).

6.2 Tissue microarray (TMA)

In TMA, a representative area of a formalin-= xed, paraX  n-embedded tissue specimen is obtained 

as a cylinder (for instance 0.6 mm in diameter) from a donor paraX  n block and is punched in 

a recipient paraX  n block using a TMA instrument. Due to the heterogeneity of tumors, several 

replicates of cylinders per tumor may be obtained. E us on a single slide, one can have tens 

or hundreds of diG erent specimens, both tumors and normal tissues. Sections of TMA block 

can be used in in situ applications, such as FISH and immunohistochemistry (IHC). TMA has 

widely been utilized in cancer research (reviewed in Kallioniemi et al., 2001). In addition to solid 

tumors, such as LC, also hematological malignancies and experimental tissues have been studied 

using TMA (Simon & Sauter, 2002).

7 RTPCR AS A VERIFICATION METHOD IN CDNA ARRAY APPROACHES

Reverse-transcriptase polymerase chain reaction (RT-PCR) can utilize even small amounts of 

RNA in verifying the mRNA levels revealed by cDNA array methods. mRNA is transcribed to 

complementary DNA (cDNA), and cDNA is ampli= ed with gene-speci= c primers to yield a product, 

the amount of which is related to the original expression of the gene (Mullis & Faloona, 1987). E e 

amount can be semi-quanti= ed with the help of standard (housekeeping gene) ampli= cation.
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Conventionally RT-PCR products are run in an agarose gel and quanti= cation of the ethidium-

bromide stained bands is obtained from scanned gel image aH er analysis soH ware. Real-time 

RT-PCR technique employs F uorescent dye (SYBR Green I format) staining speci= cally double-

stranded DNA. When the dye becomes attached to the product, the emitted F uorescence can be 

measured aH er excitation in each cycle, and the relative mRNA concentrations can be determined 

with the help of soH ware. E e advantage of this approach is that ampli= cation can be followed in 

real-time making it possible to detect the exponential phase of PCR thus permitting the correct 

quanti= cation of the ampli= ed template. Another advantage of LightCycler (Roche), the real-

time RT-PCR platform used in this thesis, is that with melting curve analysis, the melting point 

of each product can be determined, which enables the veri= cation of the ampli= cation speci= city 

(http://www.roche-applied-science.com/lightcycler-online/).
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II PRESENT STUDY

1 AIMS OF THE STUDY

Aims of the present study were to shed light on the current knowledge of molecular genetics in 

squamous cell lung cancer (SCC), partly by comparing it to adenocarcinoma of the lung (AC), 

and in malignant mesothelioma (MM) of the pleura. Particularly,

my objectives were to

•  characterize both the DNA ampli= cation area at 3q25-q27 and the expression pro= les of 

cancer-related genes in SCC and also to compare the gene expression patterns in SCC with 

those in AC 

• characterize the expression pro= les of cancer-related genes and encoded proteins in MM cell 

lines and primary MM 

• characterize the gene expression patterns related to JAK-STAT-dependent and –independent 

signaling pathways in response to IFN-γ in sensitive and resistant MM cell lines. 

Aims of the study
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1 paraX  n-embedded material; 
2 fresh/snap-frozen material; 
3  SD, standard deviation; 
4  NK, not known.

Study I Study II

n=

Female/Male

Age, years 

    

Smoking   

mean

range

non

ex

current

31

0/3

69

58-78

0

0

3

NK4

NK

42

1/3

56.8

48-70

1

0

3

47.6 ± 2.9

44.7 ± 7.1

Pack years  (mean ± SD3)

Smoking years  (mean ± SD)

2 MATERIALS

2.1 Lung specimens (I and II)

2.1.1 Control lung specimens

E ree and four normal lung specimens were used as controls in Studies I and II, respectively. E ey 

were from microscopically normal area of lung tissue of either lung cancer patients (I and II) or 

patients suG ering from tuberculoma or intrabronchial granuloma (II). E e main characteristics 

of the control lung population are shown in Table 4.

Table 4.  Main characteristics of the control lung population.

2.1.2 Primary lung tumors

Sixteen and seventeen SSC specimens were included in Studies I and II, respectively. Study II 

covered also thirteen AC. E e characteristics of lung tumors are shown in Table 5.
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2.2 Mesothelial and MM specimens (III, IV and V)

2.2.1 Control mesothelial cell lines (III, IV)

Primary mesothelial cell cultures, Upl148, Upl167, and Upl151, were used as references in the 

gene expression studies of MM. E ey had been collected from pleural F uids of male patients with 

inF ammatory disease or heart failure and cultured as described by Linnainmaa et al., (1993).

2.2.2 Control mesothelial specimens (IV)

A snap-frozen tissue piece scraped from normal-looking pleural mesothelium was used as a 

control for gene expression. E e specimen consisted of mesothelial cells, submesothelial cells 

and a few leucocytes. It was obtained from a 65-year-old male patient (unknown asbestos 

exposure status) with emphysematous bullae and histologically characterized using CK5/6 and 

CAL staining.

E e protein expression in normal mesothelium was evaluated using = ve paraX  n-embedded 

specimens of peripheral lung covered with pleural mesothelium as controls. E e mesothelium 

partly included reactive-looking mesothelial cells with swollen nucleus.

2.2.3 MM cell lines (III, V)

Four MM cell lines (M14K, M24K, M25K, and M38K), established from primary MM of male 

patients  were included in Study III. E e origin of M14K was epithelial type whereas the other 

1 paraX  n-embedded material; 2fresh/snap-frozen material; 3used in cDNA arrays and RT-PCR analyses; 4used in RT-PCR 

analyses only, histological grade and smoking data available only from two cases;. 5NK, not known; 6 SD, standard deviation.

Study I1

SCC

16

Study II2

SCC3

13

SCC4

4

AC

13n=

Female/Male

Age, years    

   

Histological grade

                               

                              

Clinical stage 

               

Smoking   

Pack years  

Smoking years  

mean

range

I

II

III

I

II

III

non

ex

current

(mean ± SD6)

(mean ± SD)

0/16

66

46-78

NK5

NK

NK

10

2

4

0

0

16

NK

NK

2/11

60.8

46-77

1

5

7

6

5

2

0

5

8

39.6 ± 20.8

39.7 ± 12.1

2/2

68.0

56-74

1

1

0

3

0

1

0

0

2

43.5 ± 10.6

61.5 ± 14.8

1/12

59.3

35-69

8

2

3

0

4

9

1

0

12

46.0 ± 15.7

39.4 ± 12.1

Table 5.  Main characteristics of the study population and lung tumor specimens.
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three cell lines originated from mixed type MM. M14K has previously been studied using 

karyotype analysis and CGH whereas M38K has been characterized only by karyotype analysis 

(Kivipensas et al., 1996; Pelin-Enlund et al., 1990).

In Study V, four MM cell lines (HB, BT, CR, and FR) were studied. E ey have been established 

from pleural eG usions of MM (Buard et al., 1998; Zeng et al., 1993). E ese cell lines displayed 

diG erent sensitivity to the growth inhibition eG ect of IFN-γ: HB and BT were sensitive to the 

growth inhibition eG ect of IFN-γ, whereas CR and FR were resistant to that eG ect. BT, CR, and FR 

were of epithelial origin while HB, being less diG erentiated, consisted of mixed types with spindle 

shaped cells. Nevertheless, HB exhibited reactivity with cytokeratin antibodies. E e molecular 

features of FR diG ered from others: the JAK/STAT signaling pathway in FR was impaired due 

to absence of JAK2 (Buard et al., 1998). MM cell lines were routinely cultured in RPMI 1640 

medium with L-glutamine (Life Technologies, Inc. Cergy Pontoise, France). E e medium was 

supplemented with 8% fetal bovine serum, 10 mmol/l HEPES buG er (Life Technologies, Inc.), 

50 U/ml penicillin and 50 mg/ml streptomycin (ATGC Biotechnologie, Noisy le Grand, France). 

Culture medium was replaced every three days. When cells were conF uent, they were detached 

with a mixture of trypsin-EDTA (0.25% trypsin, 0.02% EDTA in Ca2+, Mg2+ free phosphate 

buG ered saline, PBS). During the culture, the cells were treated with 500 IU/ml of r-hu-IFN-γ for 

6 and 72 hours. R-hu-IFN-γ was a kind giH  from Boehringer Ingelheim, France (speci= c activity 

3x107 IU/mg). Untreated cells were used as reference.

2.2.4 Primary MM (IV)

29 MM specimens had been collected at the Royal Brompton Hospital during the years 

1997-2001 and the diagnosis was con= rmed using histological appearance and clinical and 

immunohistochemical data. E ree mesothelial (CK5/6, calretinin (CAL) and thrombomodulin) 

and two epithelial (BerEP2 and CEA) markers were used in immunohistochemistry, together 

with negative staining of neutral mucins (diastase-periodic acid SchiG , D-PAS stain). E e Ethical 

Review Board of the Royal Brompton and Hare= eld Hospitals NHS Trust had approved the study 

protocol. Adjacent sections to those used in RNA extraction were examined microscopically 

by a pathologist. Sixteen MM specimens were chosen from the original 29 cases to be screened 

for the gene expression patterns in primary MM. Additional 47 primary MM were studied as 

paraX  n-embedded tissues using immunohistochemistry. E e characteristics of all primary MM 

are shown in Table 6.

Table 6.  F e characteristics of primary MM patients included in cDNA array and 

immunohistochemistry studies.

1exp, exposed; 2exposure data missing for 1 MM-M and 1 MM-S; 3exposure data missing for 8 MM-E, 1 MM-M and 5 MM-S.

cDNA array: Epithelial MM Mixed MM Sarcomatoid MM

No of patients (male/female) 8 (7/1) 5 (4/1) 3 (2/1)

Age/years: mean (range) 57 (49-75) 61 (41-76) 67 (55-79)

Asbestos exp / non-exp1, 2 5/3 3/1 1/1

Immunohistochemistry :

No of patients (male/female) 26 (21/5) 6 (4/2) 15 (13/2)

Age/years: mean (range) 61 (49-82) 69 (51-77) 69 (51-91)

Asbestos exp / non-exp1,3 14/4 4/1 10/0
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2.3 Other neoplasms

Eleven tumors of entities other than mesothelioma were included in the tissue microarray 

(TMA) block. E ese were four pulmonary adenocarcinomas, = ve peritoneal serous carcinomas, 

a pleural pleomorphic liposarcoma, and a malignant solitary = brous tumor of the pleura.

3 METHODS

3.1 Interphase FISH (I)

Nuclei for interphase FISH study were extracted as described in (Hyytinen et al., 1994), with minor 

modi= cations. BrieF y, formalin-= xed paraX  n-embedded tissue sections were deparaX  nized and 

incubated in 1 ml of Carlsberg solution (0.1% protease XXIV [Sigma, St. Louis, MO, USA], 0.1 

M Tris, 0.07 NaCl, pH 7.2) at 37°C for 1 hour. AH er vigorously vortexing for 20 minutes, the 

nuclei suspension was = ltered through a nylon membrane, centrifuged, diluted in 0.1 M Tris, 

and spread on slides. 

Yeast arti= cial chromosomes (YACs) were from Centre d´Etude du Polymorphisme Humain 

(CEPH), Paris, France). Four YACs (896D7, 762D2, 926G7, 859A5) were located at 3q25 and 

seven YACs (783F11, 858C1, 886H3, 966D7, 803G3, 889A7, 848B11) at 3q26~q27.  E e assigned 

positions of YACs were con= rmed using metaphase slides. According to NCBI, Bethesda, MD, 

USA, the genetic distances from pter were estimated to be 168-173 cM for YACs at 3q25 and 

183-218 cM for YACs at 3q26~q27. E e average genetic distance between the YACs was 1.7 cM 

(range 1-2; at 3q25) or 5.8 cM (range 3-10; at 3q26~q27). DNA was extracted from YACs as 

described in (HoG man & Winston, 1987).

E e YAC DNA was labeled with biotin-14-dATP (GIBCO BRL, Gaithersburg, MD, USA) 

by nick-translation. DNA was precipitated with herring sperm DNA (0.62 µg/µl; Sigma) and 

human Cot-1 DNA (0.62 µg/µl; GIBCO BRL) and dissolved in a hybridization buG er containing 

50% formamide, 20% dextran sulphate, and 2 X SSC. As the reference, we used a biotinylated α-

satellite chromosome 3 centromere speci= c probe (Oncor, Gaithersburg, MD, USA).

Pretreatment of slides was done with 1 M sodium thiocyanate for 15 minutes at 70°C. E e 

slides were incubated in 0.05 N HCl at 37°C for 10 minutes and digested with 5 mg/ml pepsin 

(Sigma) in 0.05 N HCl at 37°C for 15-20 minutes according to Knuutila (1994). E e slides were 

dehydrated in alcohol series (70%, 85%, and 99%), denaturated in 70% formamide / 2 X SSC, 

pH 7.0 at 75°C for 5 minutes, and rehydrated in cold alcohol series. AH er denaturation of the 

YAC probes at 75°C for 5 minutes, they were applied onto nuclei slides. Hybridizations were 

performed for two days at 37°C. AH er hybridization, the slides were washed in 50% formamide, 

2 X SSC, pH 7.0 three times for 5 minutes each, once in 2 X SSC, pH 7.0 for 5 minutes, twice in 

0.1 X SSC, pH 7.0 for 5 minutes each at 45°C. E e last wash was with 4 X SSC, 0.2 %Tween, pH 

7.0 (Sigma) for 5 minutes at room temperature.

For detection, we used F uorescein isothiocyanate (FITC) conjugated avidin (Vector 

Laboratories Inc., Burlingame, CA, USA). E e signals were further ampli= ed with anti-avidin 

D / avidin-FITC (Vector Laboratories Inc.). For counterstaining, we used 4´,6´-diamidino-2-

phenylindole (DAPI, Sigma) and propidium iodide (Sigma). E e preparations were mounted 

with an antifade solution (Vector Laboratories Inc.). Hybridization signals were evaluated from 

200 nuclei using a Zeiss Axiophot F uorescence microscope (Zeiss, Germany). Small, round 

nuclei, used as internal controls, were excluded from the count as in= ltrating lymphocytes. Split 
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signals were considered as one. Four categories of signals were established: 2 signals, 3-5 signals, 

6-10 signals and more than 10 signals. For each YAC, the mean number of signals was calculated 

and compared with the mean number of signals of the centromeric probe.

3.2 RNA extraction (II, III, IV, V)

Total RNA was extracted using either Qiagen´s RNeasy kit (Qiagen, Hilden Germany) (III, IV, 

V) or UltraspecTM RNA isolation system (Biotecx Laboratories Inc., Houston, TX, USA) (II) 

and treated with Dnase I for 30 min to 1 hr (Boehringer-Mannheim, Mannheim, Germany; III, 

V) or for 15 min (Qiagen; IV). For tissue specimens, adjacent sections to those used in RNA 

extractions, were examined when available [not in SCC cases 133, 139, 164, and 264 (II)]. Only 

samples containing enough tumor tissue were chosen for these experiments.

E e integrity and the quality of RNA were veri= ed using a spectrophotometer and ethidium 

bromide agarose gel electrophoresis.

3.3 cDNA array technique (II, III, IV, V)

3.3.1 cDNA array hybridizations

In the cDNA experiments, Atlas Human Cancer gene = lters (III, IV, V) with 588 genes or Atlas 

Human Cancer gene = lters 1.2 (II) with 1176 genes (Clontech, Palo Alto, CA) were used. E e 

gene lists can be found at http://atlasinfo.clontech.com/atlasinfo. E e amounts of total RNA used 

in the cDNA synthesis were: 3.5 µg  (II); 2.7 µg  (III); 1.3 to 2.5 µg (IV); and 1.6 to 4.2 µg (V).

[α33P]-dATP [NEN Life Science Products, Boston, MA (III) or Amersham Pharmacia Biotech, 

Buckinghamshire, UK (II, IV, V)] was incorporated into the synthesized cDNA. Clontech´s 

protocol was followed during the labeling, probe puri= cation, overnight hybridizations and 

washing procedures. Each = lter was used a maximum of three times. Some hybridizations were 

repeated because of threshold value set-up (III, V). E e = lter images were obtained through 

exposure onto a phospho imaging plate (Fuji, Kanagawa, Japan) for two to four days and aH er 

that scanning 16-bit images with Bio-Imaging Analyzer BAS-2500 (Fuji). 

3.3.2 Analysis methods (II, III, IV, V)

Scanned raw data with adjusted background value were imported either to isis digital image 

analysis system (MetaSystems, Altlussheim, Germany) (III) or to AtlasImage 2.0/1.5 (Clontech) 

(II, IV, V). E e isis results were validated using AtlasImage for two cases and two references. E e 

background value was subtracted from the intensity value of each spot to obtain the adjusted 

intensity value. We used a background-based signal threshold value of 200%. E e background 

value was the lowest value used, if either of the paired adjusted intensity values compared at 

each time was lower than the signal threshold (V). For normalization of the array data, we 

used expression levels of genes included in the = lter: either utilizing two housekeeping genes 

glyceraldehyde 3-phosphate dehydrogenase (G3PDH) and β-actin (III) or the expression levels 

of all genes (V). E e adjusted data were either studied using statistical methods (II, IV) (presented 

in a separate chapter) or the intensity of each cDNA spot was compared with the corresponding 

intensity of the reference cDNA spot, to obtain the ratio value for each gene (III, V).

E reshold levels for study III were determined as follows: Images of two references were 

compared with each other as were two images of MM cell line M38K. E e average intensity ratio 
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was 1.20 for references and 0.98 for M38K.  Eighty percent of the ratio values ranged between 

1.7 and 0.7. Results with two- to = ve-fold diG erences are known to show 70% reproducibility in 

RT-PCR (http://www.clontech.com/techinfo/faqs/atlas.html). Strict threshold values of 3.0 for 

upregulation and 0.4 for downregulation were used to detect signi= cant expression changes. 

E reshold levels for study V were determined as follows: Two repeated hybridizations of 

samples CR-C6h and BT-C72h were compared with each other, reaching the Pearson correlation 

coeX  cient value of 0.8 between the hybridizations. Eighty-six percent of the ratio values ranged 

between 1.7 and 0.7. To determine up- or downregulation of a gene, we applied the threshold 

values of 2.0 and 0.5. Additionally, genes = ltered in our data set had to have an expression 

intensity diG erence exceeding 4000 between the compared cDNA spots.

3.4 RT-PCR

For veri= cation of array results, semi-quantitative RT-PCR was used.

3.4.1 Conventional RT-PCR (III)

RNA was reverse transcribed (RT) using the Advantage RT-for-PCR Kit (Clontech), employing 

random primers. Clontech provided the gene speci= c PCR primer sequence information. PCRs 

consisted of 1.0 unit of Perkin-Elmer AmpliTaq Gold (Roche, Branchburg, NJ), 10 mmol/l 

Tris-HCl (pH 8.3), 50 mmol/l KCl (GeneAmp 10X PCR BuG er II, Roche) and 1.5 mmol/l 

MgCl (Roche) in a total volume of 25 μl. E e reaction contained 0.25 mmol/l each of dNTPs 

(Finnzymes, Espoo, Finland) and 0.56 μmol/l of each sequence speci= c primer, except G3PDH, 

for which 0.2 or 0.4 mmol/l each primer was used.

PCRs were performed in the MJ Research Peltier E ermal Cycler PTC-200 (Watertown, MA, 

USA). E e PCRs included an initial denaturation at 95°C for 10 min, 25-30 cycles of 45s at 95°C, 

30 s at 58°C and 75 s at 72°C and = nally 5 min extension at 72°C. E e products, separated in 2% 

agarose gel electrophoresis, were stained with ethidium bromide and visualized with UV light and 

photographed. AH er scanning, the intensities of the product bands were normalized to the intensity of 

G3PDH product, and compared with each other by the isis digital image soH ware (MetaSystems).

3.4.2 Real-time RT-PCR (II, IV, V)

In RT reactions, 0.4 to 0.8 μg RNA was reverse transcribed using the 1st Strand cDNA Synthesis 

Kit for RT-PCR (AMV) with oligo dT primers (Roche Molecular Biochemicals, Indianapolis, 

USA). E e gene speci= c primers were designed for the non-homologous genomic regions. E ey 

were screened using the GCG soH ware (E e Wisconsin Package of the Genetics Computer 

Group, Inc.) (V). Primers were synthesized by TIB-MOLBIOL, in Berlin, Germany. E e product 

lengths varied from 114 to 363 bp. PCR reactions were performed in a total volume of 10 μl. 

E ey consisted of 1.0 μl of LightCycler FastStart DNA Master SYBR Green I (Roche Molecular 

Biochemicals, Mannheim, Germany), 1.625 to 2.625 mmol/l of MgCl2 (II,V, except for CDC6 

4.0 mmol/l) and 0.4 to 0.5 mmol/l primers. LightCycler FastStart DNA Master SYBR Green I 

contained FastStart Taq DNA polymerase, reaction buG er, dNTPs, and SYBR Green I dye.

E e PCRs consisted of an initial denaturation at 95°C for 7 min and 34-45 cycles consisting of 

three steps. E e = rst step was 0 to 15 s denaturation at 95°C. E e next step was 5 to 9 s annealing 

of the primers at speci= c temperature (58°C, ITGB8; 60°C, COPEB, CCNB1, CDH11, COL3A1, 

ITGB5; 62°C, PL2A, CAV1, tPA, SEMA3C, CD9, CDH3, CDC6, VEGF; 64°C, DSC3, PLK1; 
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65°C, K7, SARP1, Ephrin-A5, MMP9, BAX, IGFBP4). E e last step in the cycle was 8 to 10 s 

elongation at 72°C. All PCR reactions were run in duplicate (IV, V). To con= rm the ampli= cation 

speci= city, melting curve analysis followed the ampli= cation step.

E e relative concentrations were calculated either from a relative standard curve plotted 

according to the sample which had the highest intensity value in the array (II, V; (Rajeevan et 

al., 2001)) or from a standard curve obtained by serial dilutions of β-globin gene (IV). E e PCR 

results were normalized using the relative concentration of PL2A in each sample.

3.5 Immunohistochemistry

3.5.1 Tumor tissue microarray (TMA)

Formalin-= xed paraX  n-embedded material from Finnish MM patients (all veri= ed in the Finnish 

national mesothelioma panel) was used to produce TMA (Kononen et al., 1998). E is TMA also 

included other either mesenchymal or epithelial, primary or secondary pleural or peritoneal 

neoplasms. A manual TMA instrument (Beecher Instruments, Silver Springs, MD, USA) was 

used in the production of TMA blocks: cylinders of either 1.0 mm or 0.6 mm in diameter were 

obtained from donor block and punched in four replicates (0.6 mm) or in duplicate (1.0 mm) to 

a recipient block.

3.5.2 Immunohistochemistry

Sections 0.4 µm thick were cut from the TMA block. E ey were deparaX  nized and rehydrated 

by a standard protocol. For antigen retrieval, the slides were microwaved for 20 min using either 

Dako Target Retrieval Solution (DakoCytomation, Glostrup, Denmark), for antigens INP10, 

tPA and L1CAM, or Tris-EDTA buG er, pH 9, for antigens ITGB4 and CDH3. Primary antibody 

incubations lasted for 30 min at room temperature. E e staining procedure was carried out using 

DAKO TechMate™ Horizon Instrument (Dako). Two diG erent detection kits were in use: Dako 

ChemMate™ Detection Kit Peroxidase/AEC for INP10, tPA, and L1CAM and Dako ChemMate™ 

EnVision™ Detection Kit, Peroxidase/DAB as a chromogen, for ITGB4 and CDH3. All were 

counterstained with hematoxylin. E e antibodies, dilutions and scoring used are listed in Table 

7. E e immunoreactivity was evaluated by three authors independently. If the scores between the 

spots of each tumor diG ered, the highest score was chosen.

Table 7.  F e antibodies, dilutions and scoring used in immunohistochemistry (IV).

1-,negative;+, weak or moderate positive;++, strong positive staining pattern;
2-, negative;+, positive staining pattern.

Antibody Source of antibody Dilution Scoring

INP10 rabbit polyclonal anti IP-10; PeproTech EC Ltd, London, UK

mouse monoclonal anti-CDH3; NeoMarkers, Fremont, CA, USA

rabbit polyclonal anti-L1CAM; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA

rabbit polyclonal anti-ITGB4; Santa Cruz Biotechnology, Inc.

goat anti-tPA; Calbiochem, San Diego, CA, USA

1:15

1:5

1:15

1:150

1:50

-/+/++1

-/+/++

-/+/++

-/+2

-/+

CDH3

L1CAM

ITGB4

tPA
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3.6 Statistical analysis methods (II, IV, V)

3.6.1 Cluster and TreeView (V)

Cluster soH ware (Michael Eisen, Stanford University, USA) was used for = ltering and 

hierarchical clustering of the genes in the IFN-γ-resistant MM cell line FR. E e ratio values from 

comparisons of treated and untreated cells were imported to the Cluster as logarithmic values 

(log
2
). Uncentered correlation was used as a similarity metric. E e gene expression patterns were 

visualized using TreeView (Michael Eisen).

3.6.2 Principal component analysis (PCA) (II, IV)

Principal component analysis (PCA) is a linear signal decomposition technique that has been 

applied in cDNA array studies (Armstrong et al., 2002; Wikman et al., 2002; Wikman et al., 

2004). E is technique identi= es in the data space a set of components that explain the maximal 

variance of the data along the directions of the components. E e = rst principal component (PC) 

projection shows the direction of the greatest variance in the space of expression, the second PC 

reveals the direction of the largest part of the remaining variance etc.(Hand et al., 2001). PCA 

can thus transform the array data to a lower-dimensional representation using basis vectors.

Here the mean expression value of the reference samples was subtracted from that of tumor 

samples for each gene. E ese data were normalized to obtain the zero mean and the unit variance 

and the principal components were estimated. E e data were then projected onto the = rst PC 

which is referred to here as a PCA score. E e magnitude of the absolute PCA score values describes 

how much the gene expression diG ers consistently among the tumor specimens compared with the 

references. E e sign of the PCA score reveals if the gene is downregulated (-) or upregulated (+).

3.6.3 G-score (Permutation test) (II, IV)

E e g-score was used to quantify how diG erent two groups of measurements are: a test statistic 

(diG erence of the means) is computed for both the actual data and for several (in our case, 

10 000) permuted versions (i.e. new random groups) of the data. A similar or higher degree of 

diG erence is observed for most of the permuted data when the diG erence between the groups 

occurs by chance. However, when the diG erence is statistically signi= cant, the randomized groups 

will usually exhibit a lower degree of diG erence, which provides an overall measure of con= dence 

in the results. E e g-score thus assesses the probability that each set of measurements would 

have arisen from a normal distribution that is estimated from the opposite set. For validation, 

an actual permutation test was then performed on these scores and empirical p-values were 

estimated. E e mathematical formula of the g-score is presented by Wikman et al. (2002). For 

studies II and IV, to de= ne true up- and downregulated genes, an arbitrarily chosen cut-oG  level 

of 25 genes was used for both the PCA- and g-score-applied data.

3.6.4 Relative operating characteristic (ROC) (II, IV)

E e area under the Relative Operating Characteristic (ROC) curve is evaluated by AUROC 

statistics (Hanley & McNeil, 1982; Swets, 1988). In an ideal case, i.e., the threshold allows 100% 

accuracy, the area is 1. If no diagnostic value exists (the curve is a straight line), the area under 

the ROC curve is 0.5.
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ROC was used in two diG erent approaches. Firstly, it was used as a measure of the diagnostic 

accuracy between SCC and non-SCC cases. Secondly, we used ROC to study the correlation between 

proportional tumor content and gene expression level of a MM tissue specimen. E e associated 

area under the ROC curve was calculated with two groups of diG erent tumor proportions based 

on the gene expression. E e area gave then the probability that, given two samples, one with high 

tumor content and one with low tumor content, we would correctly identify the groups, that is the 

tumor contents, based on gene expression (Hanley & McNeil, 1982). A non-random association 

between the two groups was established, repeated for each of the 588 genes. To verify the = ndings, 

a permutation test with 10 000 repetitions was applied (Good, 2000). Corresponding p-values were 

estimated for each gene from the empirical distribution.

3.6.5 Permutation test (V)

Statistical signi= cance of diG erences in RT-PCR results between groups consisting of diG erent 

histological types of MM or references was evaluated using the permutation test, with 10,000 

repetitions. A hypothesis test of proportions (i.e. negative cases vs. positive cases) was performed 

using permutation testing, to detect diG erences in IHC results between groups consisting of 

diG erent histological types of MM or between groups of MM compared with other neoplasms. 

For testing, the weak/moderate and highly positive cases were grouped together.

4 RESULTS

4.1 DNA ampli% cation pattern at 3q in squamous cell lung cancer (SCC) (I)

DNA copy numbers in chromosome 3 (#3) centromere and eleven loci at 3q25~q27 were studied 

using FISH in interphase nuclei in the paraX  n-embedded SCC and control specimens. In control 

specimens, 90% of the cells displayed two hybridization signals for the #3 -speci= c centromeric 

probe, whereas 9% of the cells showed three or more hybridization signals for that probe. For 

the YAC probes, one signal was shown in 1.4%, two signals in 90%, and more than two signals 

in 8.6% of the controls. E e mean of YAC signals per nucleus was 2.2, mean ranging of 2-2.3. 

Based on the YAC/centromeric signal ratio of controls, which was 1.1, the subsequent thresholds 

were chosen: a ratio of 1.5 for a disproportionate increase and 3.0 for a highly disproportionate 

increase of YAC signals compared with the centromeric signals.

E e mean signal number of centromeric probe varied in SCC from 2.2 to 5.7. E e range 

for YAC signals varied from 2 to more than 20. E e signals were evenly dispersed in the nuclei. 

An increase in the DNA copy number at 3q with 9-11 YAC probes was shown in all 16 SCC 

specimens, though this did not have any correlation with the tumor stage. In 5 SCC samples 

(31%), the number of the centromeric probe varied from 3 to 5 with the YAC/centromeric signal 

ratio of 1.0 for all YACs which suggested polysomy of #3, whereas in 11 SCC samples (69%), the 

signal ratio varied from 1.5 to 4.7, indicative of an intrachromosomal gain at 3q. Speci= cally for 

3q25 and for 3q26~q27, 63% and 69% of the tumors had an increased YAC/centromeric signal 

ratio. Two SCCs had an increased signal ratio with all studied YACs and the other one of them 

displayed also highly increased ratio (≥3.0) with all but one YACs at 3q26~q27. One tumor 

showed an increased signal ratio only for YAC 783F11 (183 cM) with which also the highest 

number of tumors displaying an increased signal ratio was detected. As a result, the ampli= ed 

region at 3q was broad in SCC.
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Since CGH pro= les for each SCC had been determined previously (Björkqvist et al., 1998a), 

we compared the YAC/centromeric signal ratio with the CGH result. In three SCC samples, 

no DNA copy number changes at 3q were revealed by CGH but they had been found in the 

other SCC cases (Björkqvist et al., 1998a). According to our FISH, two of these three cases were 

tetrasomic with a YAC/centromeric signal ratio 1.0. An increased YAC/centromeric signal ratio 

was detected in 9 out of 11 YACs in the third SCC without 3q gain found at CGH.

4.2 Gene expression pro% ling of cancer-related genes in SCC (II)

E e gene expression levels in 13 SCC were compared with those in four normal lung specimens 

and, to reveal SCC speci= c patterns, with those in 13 AC in addition to normal lung samples. E e 

gene expression patterns in these AC cases had previously been characterized (Wikman et al., 

2002). In these analyses, PCA, g-score and ROC methods were used.

A total of 79 genes were revealed, using both PCA and g-score, and Table 8 shows the 25 

most up- and downregulated genes that were expressed diG erentially in SCC vs. normal lung. 

Some deregulated genes in SCC were located at distinct chromosomal areas of loss or gain (Table 

8) that were detected previously by CGH in the same = ve SCC cases (Björkqvist et al., 1998a). 

E is may point to their involvement in the ampli= cation or loss and subsequent mRNA over- or 

underrepresentation.
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When compared separately with normal lung tissue, SCC (in this study) and AC (Wikman et 

al., 2002) showed a similar expression pro= le, i.e. 39% of the deregulated genes were common to 

SCC and AC, i.e., 43 out of 111 genes that appeared on either list of the deregulated genes in SCC 

and AC using PCA and g-score (data not shown). HMGIY, 14-3-3 sigma, TN, DSP, CCNB1, 

PLK1, MIF, TIMP1, MMP12 and MMP11 were among the genes commonly upregulated in 

NSCLC. Genes commonly downregulated in NSCLC included AKAP12, BMPR2, COPEB, 

SOCS3, BENE, TIMP3, CAV1, CAV2 and TYROBP.

SCC was also compared to AC and normal lung simultaneously (“non-SCC”), in order to 

de= ne by ROC the positive SCC-speci= c genes. Using threshold values of ≥0.8 for AUROC and 

<0.05 for P, thirteen SCC marker genes were identi= ed as being upregulated in SCC vs. non-SCC. 

AUROC value ranged from 0.95 to 0.80. Two chromosomal areas which harbor these marker 

genes were overrepresented. E e region 17q21-q22 harbors integrin beta 4 (ITGB4) and low-

aX  nity nerve growth factor receptor (NGFR) in addition to cytokeratins CK10 and CK14 which 

are expressed in normal epidermis (Milisavljevic et al., 1996). Basic cytokeratin CK2E, integrin 

alpha 7B (IGA7B), retinoic acid receptor gamma 1 (RAR-γ1) and procollagen 2 alpha 1 subunit 

precursor (COL2A1) were located in close proximity to each other at 12q11-q13. SCC marker 

genes included also desmocollin 3A/3B precursor (DSC3), macrophage migration inhibitory 

factor (MIF), IGF-binding protein 5 (IGFBP5), Jagged 1 (JAG1), and integrin alpha 6 precursor 

(ITGA6). Although MIF was upregulated in AC vs. normal lung (Wikman et al., 2002), in the 

present study it was given a diagnostic value in diG erentiating SCC from AC and normal lung 

and classi= ed as a SCC marker.

DiG erential gene expression patterns of CCNB1, CAV1, COPEB, and DSC3 were con= rmed 

using semi-quantitative real-time RT-PCR. E ey were studied in four normal lung specimens as 

separate samples as well as pooled cDNA and in 17 SCC. DSC3 were studied additionally in = ve 

AC. E e signi= cant cases were de= ned to have an intensity diG erence > 5000 and a normalized 

ratio value >2 in arrays, and a normalized ratio value > 5 in RT-PCR. For SCC, the number 

of signi= cant cases were: 6 of 13 cases (arrays) and 13 of 17 cases (PCR) for CCNB1, 11 of 13 

(arrays) and 11 of 17 (PCR) for CAV1, 10 of 13 (arrays) and 12 of 17 (PCR) for COPEB, and 8 

of 13 (arrays) and 16 of 16 (PCR) for DSC3. Compared to the numbers for DSC3 in AC (1 of 5 

and 0 of 5, in array and RT-PCR, respectively), signi= cant cases were much more frequent by 

encountered in SCC and RT-PCR con= rmed the DSC3 upregulation exclusively in SCC.

4.3 Gene expression pro% ling of cancer-related genes in MM cells (III, IV)

A set of 588 cancer–related genes were studied in MM using cDNA array technique. Gene 

expression patterns were = rst described in four MM cell lines compared with two reference 

mesothelial cell lines. E e intensity ratio between the tumor cell lines and reference were 

calculated and we used thresholds (calculated by comparing two diG erent hybridizations of the 

similar sample) to de= ne the deregulated genes. Twenty-six genes were upregulated (ratio ≥ 3 in 

3 or 4 cell lines) and 13 genes downregulated (ratio ≤ 0.4 in 3 or 4 cell lines). Upregulated genes 

consisted of the following: NIK, TRAF2, PAK1, FGF3, JAG1, CASP10, and CK4 in four MM cell 

lines; JNK1, ERK5, JUNB, ERBB4, PDGFRB, ING1, CCND3, CCND1, CDC25B, FZD2, SARP1, 

XRCC5, IL-14, FGF12, NGF2, ARHGDIB, ARHGAP4, L1CAM, and FLT3 in three MM cell lines. 

E e averaged ratio of the normalized signal intensities of tumor vs. reference varied from 4.1 to 

28,with JAG1 and FZD2 showing the highest ratios. E e most downregulated genes comprised 

TGF-β3, FGF-7, PDGFRA, KDR, and TN in four MM cell lines; FGF-1, IGFBP4, RARβ, ITGβ3, 

DSC3, CCND2, MGST1L1, and ARHGDIG in three MM cell lines. E e averaged ratio of the 
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normalized signal intensities of tumor vs. reference varied in downregulated genes from 0.3 

to 0.1. Additionally, in MM cell lines M14K and M25K, genes encoding transforming growth 

factor β1 (TGF-β1) and JAG2 were upregulated, whereas in M24K TGF-β1 was downregulated. 

NF2 was downregulated in M14K and M38K. E e gene encoding the human homolog of mouse 

double minute 2 (MDM2) was upregulated in M25K and M24K but downregulated in M14K.

E e expression pro= les of these 588 genes were then analysed in 16 primary MM, = rst using 

ROC method since the contents of stromal cells varied in diG erent MM specimens. Specimens 

with a tumor volume of 60% or more (ten cases) were compared with those with a tumor volume 

less than 60% (six cases) and the correlation between proportional tumor content and gene 

expression level of a tissue specimen was studied. E e following threshold values were used: 0.75 

as a probability threshold and 0.1 as a p-value measuring the con= dence of the = nding, which 

is more likely to include rather than exclude genes. In general the gene expression pattern of 

a specimen was not biased by the varying proportions of tumor tissue in the specimens. Only 

IGFBP6 and CAV2 showed signi= cant p-values for lack of con= dence (data not shown). AH er 

excluding IGFBP6 and CAV2 from further analysis, the gene expression patterns in primary 

MM were compared, using PCA, to those in references: 1) three mesothelial cell lines, and 2) a 

specimen of pleural mesothelium. E e references were evaluated by examining the expression 

patterns of cytokeratins from which CK2E, CK8, CK10, CK18, and CK19 were overexpressed 

in MM compared to pleural mesothelium (PCA score values not shown), referring to a lower 

amount of mesothelial cells in pleural specimen.

E e top 25 genes, that were over- or underexpressed in MM are shown in Table 9. Genes 

were either deregulated in MM vs. mesothelial cell lines (genes possibly related to cell reactivity) 

or also vs. pleural mesothelium (genes possibly related to malignancy). A third group of genes 

was underexpressed in MM vs. normal mesothelial cell lines but overexpressed vs. pleural 

mesothelium, or vice versa (Table 9). Additionally, some genes were deregulated in MM only 

when compared with the pleural mesothelium (PCA score values not shown). E ese included 

25 deregulated genes that encode proteins involved in cell adhesion and motility and invasion 

regulators, cell-cell interactions and growth factors, cytokines and chemokines. From those 

COL2A1, COL3A1 and TIMP1 were overexpressed in MM, whereas CD9, MMP2, MMP11, 

and TIMP3 were underexpressed. Five genes involved in apoptosis, cell fate and development, 

and angiogenesis regulation (such as PIG7 and PDGFRA) as well as FOS, KIT and C-fgr were 

underexpressed in MM while CCNB1 and four genes encoding cytokeratins were overexpressed 

in MM. Also GAPDH and 23-kDa highly basic protein (housekeeping genes) were upregulated 

in MM compared to pleural mesothelium.
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1 Positive and negative PCA score value refer to overexpression and underexpression, respectively, of a gene in MM.
2 E e gene names can be found in the list of abbreviations.

Table 9.  Genes deregulated in MM vs. normal mesothelial cell lines and vs. 

pleural mesothelium.

Genes overexpressed in MM vs. both ref1 and ref2 Genes deregulated in opposite manner vs. 
ref1 and ref2

Gene symbol PCA score value in MM1 Gene symbol PCA score value in MM1

vs. cell lines 
(ref1)

vs. pleural 
mesothelium 

(ref2)

vs. cell lines 
(ref1)

vs. pleural 
mesothelium 

(ref2)

COL1A22 7.0 6.1 CK19 -6.9 8.3

ITGB4 5.7 6.9 TRAIL 4.9 -5.7

INP10 8.5 6.5 WNT2B -10.0 5.0

GARP 5.2 -4.8

PGS2 14.4 -6.4

ITGA3 -9.5 5.4

PAI-1 -18.0 6.9

α-2-M 8.4 -13.2

Genes deregulated in MM vs. ref1

Gene symbol Genes underexpressed in MM Gene symbol Genes overexpressed in MM

PCA score value in MM1 PCA score value in MM1

CDKN1A -10.0 SARP1 11.6

CK7 -17.7 CSF1R 10.4

GST homolog -7.0 STAT2 4.9

PIG10 -10.4 IGFBP5 6.3

PIG12 -10.4 PDGFRB 4.7

RAD23A -7.5 PGS1 12.8

NOTCH2 -8.5 COL6A3 11.1

IGFBP4 -7.8 ITGAE 5.5

TN/HXB -10.9 MMP9 7.0

ITGA5 -8.8 uPA 4.6

PXN -7.4 tPA 6.2

ZRP-1 -8.1 ARHGAP4 10.2

EZRIN -10.7 RHO GDI2 7.1

PAI-2 -9.5 CDH3 4.8

ARHC -7.2 SDF1A 4.7

ARHE -12.2 TGF-β3 5.4

NCAD -9.8 HLAC 6.4

CDH11 -7.6

BFGF -14.4

LIF -9.6
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E e levels of gene expression in MM types (MM-E, MM-S, and MM-M) were compared 

with each other and with the references. E e analyses were done using PCA and g-score to 

obtain the top 25 over- or underexpressed genes. In the 18 comparisons a total of 213 genes were 

demonstrated (data not shown). A type-speci= c expression pattern for a group of genes was 

observed. Semaphorin E (SEMA3C), integrin β4 (ITGB4), p-cadherin/CDH3, and COL6A1, 

were the most overexpressed genes in MM-E. L1CAM, INP10, and CK14 had the highest 

overexpression in MM-M whereas matrix metalloproteinase 9 (MMP9) and plexin 3 (PLXN3) 

were expressed especially in MM-S, and tissue type plasminogen activator (tPA) both in MM-M 

and MM-S.

E e cDNA array results were further veri= ed using RT-PCR (III). In MM cell lines and in 

reference Upl148 cells, eight genes were studied by conventional RT-PCR which con= rmed the 

expression patterns of those genes seen in cDNA array studies. For the genes encoding ser/thr 

protein kinase NIK and JAG2, the normalized band intensities of MM cell lines compared to 

those of Upl148 cells showed ratio values from 8.9 to >20 (NIK) and from 7.4 to >20 (JAG2). 

For junB transactivator, JAG1, XRCC5, TN, TGF-β3 and CCND2 the band intensities in MM 

cell lines for downregulated genes and in Upl148 for upregulated genes were too weak to be even 

semiquanti= ed.

Using semi-quantitative real-time RT-PCR (IV), the expression levels of eleven genes were 

veri= ed in primary MM, compared to Upl151 and Upl167 and the pleural mesothelium. MMP9, 

tPA, SARP1, SEMA3C, CDH11, CDH3, ephrin A5 (eph) and IGFBP4 were overexpressed, 

whereas BAX, CK7 and CD9 were underexpressed in MM. E e statistical signi= cance of the 

diG erence of average relative expression levels between diG erent MM types and reference samples 

was calculated using permutation testing with n=10000 repetitions. For MM-E, Eph, Bax, and 

CK7 showed signi= cant diG erence vs. references. For both MM-M and MM-S, MMP9, tPA, and 

CK7 showed a diG erence that was signi= cant. In addition, CDH3 expression was signi= cantly 

diG erential in MM-M vs. references.

4.4 Expression patterns of % ve proteins encoded by the upregulated genes in MM types (IV)

Proteins encoded by = ve genes that displayed type-speci= c upregulation in MM were further 

studied by immunohistochemistry on TMA. One to four specimens per MM were evaluated 

for antigens ITGB4, CDH3, tPA and L1CAM whereas a minimum of two spots per tumor were 

evaluated for INP10 due to the non-homogeneous staining of the antigen. E e staining results in 

47 MM specimens are shown in Table 10. From the other epithelial and mesenchymal neoplasms 

on TMA, 43% to 78% were positive for these antigens. Normal mesothelium was negative but 

reactive pleura showed weak immunoreactivity for ITGB4, INP10 and tPA.

E e protein immunohistochemistry results were analyzed with permutation testing (positive 

cases vs. negative cases) to indicate group diG erences in the data. When each MM type was 

compared with a group of other neoplasms, INP10 showed a P-value of <0.0001 for every MM 

type, indicating a signi= cant diagnostic value for MM. However, the analyzed sample sizes were 

small (22 MM vs. 5 other tumors). Signi= cant p-values (not shown here) were detected also 

for L1CAM, tPA and ITGB4 in MM-E, whereas tPA was the only antigen showing signi= cant 

overexpression in MM-M, in addition to INP10, compared with other neoplasms. For MM-

S, INP10 was the only signi= cant discriminator compared to the other tumors studied. When 

antigen expression levels of MM-E were compared with that of MM-S, signi= cant P-values were 

shown by four antigens: ITGB4, tPA, L1CAM and CDH3. CDH3 expression discriminated 

signi= cantly MM-E and MM-M from each other.
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Table 10.  Immunohistochemically studied expression of 9 ve antigens in MM types and 

other neoplasms.

1 For ITGB4 and tPA two-step scoring was used. 
2 For CDH3, one unclear MM-S case showed weak staining but also CDH3 positive small islands of round cells which exhibited 

epithelial-like morphology. 
3 Other neoplasms were 4 pulmonary adenocarcinomas, 5 peritoneal serous carcinomas, a pleural pleomorphic liposarcoma, 

and a malignant solitary = brous tumor of the pleura.

4.5 Gene expression pro% les in MM in response to IFN-γ-treatment (V)

To characterize the responses to IFN-γ-treatment aH er 6 h and 72 h on the gene expression 

level, four MM cell lines were studied by cDNA array. E e cell viability remained unchanged 

aH er 72 h. E ese four cell lines display diG erential sensitivity to the growth inhibition eG ect 

of IFN-γ: HB and BT are sensitive whereas CR and FR are resistant. In addition, in FR, a cell 

line that has a defect in JAK2, the IFN-γ-induced gene expression is regulated in a JAK-STAT-

independent manner. E e gene expression level of 6 h and 72 h treated cells was compared with 

that of untreated cells, to yield a ratio value from the signal intensities. Genes with ratio values 

greater than or equal to 2.0 were considered to be upregulated and less than or equal to 0.5 were 

considered as being downregulated.

E ree clusters of genes regulated by IFN-γ in JAK-STAT-independent pathway were 

distinguished (Table 11). 

Histologic 
type

Immuno-
reactivity 
grade

ITGB41 tPA1 L1CAM INP10 CDH3

No. of cases

MM-E n=16 n=18 n=22 n=11 n=20

++
+
-

5 7 3

16 13 15 4 15

0 5 2 0 2

MM-M n=6 n=4 n=6 n=4 n=5

++
+
-

1 1 0

4 4 4 3 2

2 0 1 0 3

MM-S n=13 n=13 n=13 n=7 n=15

++
+
-

1 0 0

6 4 7 7 12

7 9 5 0 14

Other 
neoplasms3

n=8 n=7 n=11 n=5 n=9

++
+
-

2 2 1

4 3 6 1 6

4 4 3 2 2
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Table 11.  Genes regulated by IFN-γ in JAK-STAT-independent pathway.

1  d, downregulated; u, upregulated;
2 C, control; FR, an MM cell line resistant to growth inhibition eG ect of IFNγ
3  (ud) up at 6 h and down at 72 h; (du) down at 6 h and up at 72 h; (dd) down at 6 h and 72 h
4 E e gene names can be found in the list of abbreviations.

Gene symbol IFN-γ6h vs. 
C6h
FR1,2

IFN-γ72h vs. 
C72h
FR1,2

MM cell lines that are using JAK-STAT; 
with similar deregulation patterns3

Cluster 1.1:

IL-134 d

DCC d

RhoHP1 u CR (ud), (BT at 72h)

TNFRSF10A d

NOTCH2 u

IGA7B u CR (ud), (BT at 72h)

CDC6 u CR (ud)

NDKA u CR

RARG u

RAD23A u CR (ud), (BT at 72h)

CCNH u

Cluster 1.2:

LAMB2 d CR, (BT at 72h)

A2MRAP d CR, (BT at 72h)

ITGB5 d CR

ITGAE d CR (du)

JUP/DP3 d CR (du), (BT at 72h)

ITGB8 d CR

FADK2 u

Cluster 1.3:

CD30L d HB, BT

p73 d BT, (CR at 6h)

CDK3 d

RXRB d

MMP11 d HB, BT

TRAF6 d

G1P3 d

BAD d BT

Tenascin-R d

WNT8B d

COL6A2 d HB, BT

CSPCP d

STAT5B-5A d

NOTCH1 d

PLGF1 and 2 d HB (dd), BT

RBBP5 d

MMP17 d

PDCD2 d
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When the gene expression pro= le induced by IFN-γ in the JAK-STAT-dependent pathway 

was observed, 35 genes showed alterations in their regulation i.e. were deregulated aH er 6 h 

culturing (Table 12). E ree gene clusters could be distinguished. STAT1, interferon regulatory 

factor (IRF1) and IFN-γ-induced protein (INP10) were clustered together, being upregulated in 

CR, HB and BT (except STAT1 in BT and IRF1 and INP10 in CR). E ere were two other large 

gene clusters, representing IFN-γ-inducible changes that happened exclusively in CR: 21 genes 

were downregulated and 11 genes were upregulated in CR at 6 h (Table 12). In HB and BT the 

expression of those genes at 6 h remained unchanged or could not be detected since they were 

below the signal threshold.

Fewer genes, namely 17, were deregulated at 72 h (Table 12). E e following genes were 

exclusively downregulated in CR; CCNC, RIP, KIT, COL3A1, BDNF, and IFNAR1, whereas 

PLK1 and PPBP were downregulated in HB and BT. Upregulated genes at 72 h could be clustered 

as follows: 1) CASP10, IL-6 and HLA-C upregulated in all or some, in both sensitive and resistant 

MM cells, except IL-6 which was downregulated in BT; IGFBP4, ZYX and MT3 upregulated 

exclusively in CR, additionally IGFBP4 was downregulated in BT; and 3) VEGF, IRF1, and 

INP10 were upregulated only in HB and BT.

Table 12.  Gene expression patterns induced by IFN-γ in JAK-STAT-dependent pathway.

1 Deregulation of a gene by IFN-γ is indicated: u, upregulated; d, downregulated; nd, not determined (i.e., the gene intensity 

was below the signal threshold); unless mentioned above, the gene expression level remained unchanged.
2 CR, MM cell line resistant to growth inhibition eG ect of IFNγ; HB and BT, MM cell lines sensitive to growth inhibition 

eG ect of IFNγ
3 E e gene names can be found in the list of abbreviations.

IFN-γ vs. Control1 IFN-γ vs. Control1

Gene symbol
CR2 HB2 BT2

Gene symbol
CR2 HB2 BT2

6h 72h 6h 72h 6h 72h 6h 72h 6h 72h 6h 72h

CDC23 U d nd IGFBP4 d u nd nd d

CDK2 d nd nd nd nd nd PLXN4 d

CCNC u d nd NTRK1 d nd d

CCND3 d nd nd COL3A1 u d nd nd nd nd

PLK1 d d FN u nd nd

TP53BP2 u ITGA6 u nd nd

CFLAR u ZYX u

RIP u d nd MMP15 d nd nd nd nd

CASP8 u TIMP2 d

CASP10 u u PPBP nd nd d d nd d

KIT d nd nd nd nd NME4 d

TP53 d nd nd BDNF d nd nd

MDM2 u nd nd VEGF u u

STAT1 u u u QSCN6 d nd nd nd nd

ERCC2 d nd nd nd MT3 d u nd

MGMT d nd nd EGR1 d

MLH1 d IL6 d u nd u nd d

RFC2 d d IRF1 u u u u

PURA d nd IFNAR1 u d nd nd

FZD2 d nd nd INP10 nd u u u u

PTCH d nd nd nd nd HLA-C d u u
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 Taken together, two groups of genes that may be associated with the diG erential 

responsiveness at 6 h and 72 h could be distinguished. PLK1, PPBP, VEGF, IRF1, and IGFBP4 

comprised one cluster of genes possibly linked to the cell sensitivity to IFN-γ. PLK1 and PPBP 

were downregulated and VEGF and IRF1 upregulated exclusively in the sensitive cell lines HB 

and BT, whereas IGFBP4 was deregulated in an opposite manner in the sensitive vs. resistant 

MM cell line. E e other group of genes represented those whose expression level in HB and BT 

was either unchanged or under the signal threshold, whereas in CR these genes were either 1) 

downregulated (CDK2, CCND3, KIT, TP53, ERCC2, MLH1, PURA, FZD2, PTCH, PLXN4, 

MMP15, TIMP2, NME4, BDNF, QSCN6, and EGR1); 2) upregulated (TP53BP2, CFLAR, 

CASP8, MDM2, FN, ITGA6, and ZYX); 3) exhibited biphasic changes –upregulation at 6 h and 

downregulation at 72 h (CCNC, RIP, COL3A1, and IFNAR1) or 4) vice versa (MT3).

To con= rm the cDNA screening result obtained in this study, six genes were further studied 

using real-time RT-PCR. According to cDNA array, PLK1, VEGF, and COL3A1 were regulated 

by IFN-γ in CR, HB, and BT, whereas CDC6, ITGB5, and ITGB8 were regulated in the JAK-STAT 

independent pathway, thus were studied in FR. Values of 2.0 and 0.5 were used as the thresholds 

for up- and downregulation. E e cDNA array results of VEGF, PLK1, ITGB5, and ITGB8 were 

veri= ed by RT-PCR whereas the deregulation of COL3A1 in CR and upregulation of CDC6 in 

FR could not be con= rmed. However, COL3A1 did show a trend towards downregulation in CR 

at 6 h and CDC6 was underexpressed in FR at 6 h.

5 DISCUSSION

5.1 Characterization of DNA ampli% cation at 3q in SCC (I)

E e gain at 3q has been shown to be a typical feature of SCC (in 81-94% of SCC compared 

with 24-31% of AC) (Björkqvist et al., 1998a; Pei et al., 2001). To characterize more precisely 

this amplicon, we performed interphase FISH on SCC. In 31% of 16 SCC samples the gain 

at 3q resulted from polysomy of chromosome 3 which is in accordance with the = nding that 

chromosomal duplication accompanies oH en the 3p allelic loss, one of the most common 

changes seen in NSCLC (Varella-Garcia et al., 1998). Nevertheless, the majority (69%) of SCC 

cases displayed an intrachromosomal gain of DNA sequences at 3q. E e gained area of DNA 

sequence at 3q25~q27 was relatively large in all 16 SCC samples, without any single YAC probe 

showing a high-level DNA copy number gain. E us the involvement of multiple genes must be 

presumed.

YAC 783F11, showing the highest number of tumors with increased YAC-centromeric signal 

ratio, was positive for markers mapped to 3q26. Although a driver gene region at 3q amplicon 

has not been identi= ed, 3q26 may be a hot spot in SCC since also the butyrylcholinesterase 

(BCHE) and the solute carrier family 2 (SLC2A2, alias GLUT2), noted to be ampli= ed in 40% of 

SCC, have been mapped in this area (Brass et al., 1997b). Other genes mapped to 3q and showing 

ampli= cation in SCC include membrane-metallo-endopeptidase (MME), sucrase-isomaltase 

(SI), kininogen (KNG), histidine-rich glycoprotein (HRG), tumor protein p73-like (TP73L  alias 

p63 alias AIS), the eukaryotic translation initiation factor eIF-4-gamma, the human telomerase 

RNA gene (hTR), ribosomal protein L22 (RPL22), transferrin receptor (TFRC), thrombopoietin 

(THPO), and the phosphatidylinositol 3-kinase catalytic alpha polypeptide (PIK3CA) (Brass et 

al., 1997b; Hibi et al., 2000; Brass et al., 1997a; Massion et al., 2002; Rácz et al., 1999; Soder 

et al., 1997). E e majority of the studied SCC samples also expressed BCHE, RPL22, TFRC, 

Discussion



54

THPO, PIK3CA and hTR mRNAs whereas SLC2A2 was expressed only in 17% of SCC (Rácz 

et al., 1999; Soder et al., 1998).  p63 ampli= cation and mRNA and protein overexpression have 

been shown as an early event, associated with better survival, occurring predominantly in SCC: 

p63 was ampli= ed in 88% of SCC, in comparison with 42% of LCLC and 11% of AC (Massion et 

al., 2003). In addition, a number of other genes have been mapped within the 3q region, some 

of them suggested to have a role in tumorigenesis or anticancer drug resistance (ECT2, DVL3, 

EVI1, SMRP, eIF-5A2, and CCNL) (Guan et al., 2001; Massion et al., 2002; Redon et al., 2002; 

Suzuki et al., 1997; Takai et al., 1995; Uematsu et al., 2003a).

Although 3q24-qter amplicon discriminates diG erent NSCLC types from each other, it is 

not unique for SCC. E e DNA copy number gain at 3q has also been shown in several other 

tumor types, including SCLC (in 66% of samples), prostate cancer, cervical cancer, esophageal 

squamous cell carcinoma, head and neck squamous cell carcinoma and mantle cell lymphoma 

(Balsara & Testa, 2002; Hashimoto et al., 2001; Monni et al., 1998; Noguchi et al., 2003; Rao 

et al., 2004; Sattler et al., 2000; Sugita et al., 2000). E e 3q gain seemed to be more relevant for 

progression of squamous cell carcinoma than for adenocarcinoma. It has been suggested that 

the increase in DNA copy number at 3q may contribute to the development of SCC since 77% 

of tumors of below 3 cm in size already displayed this gain (Chujo et al., 2002). E e early p63 

ampli= cation is also in line with early involvement of 3q within SCC (Massion et al., 2003).

E e FISH signals were evenly dispersed in the nuclei, this probably being due to the DM 

rather than HSR as a potential manifestation of gene ampli= cation in SCC. Moreover, DM is 

frequently demonstrated in NSCLC, supporting the important role of gene ampli= cation in 

NSCLC (Nielsen et al., 1993). On the other hand, the non-continuous but expanded region of 

DNA copy number gain detected in some SCC samples may result from multiple translocations. 

Resolution of interphase FISH has been suggested to be ~50kb-1Mb (Trask, 1991b) which is 

clearly inferior to the resolution achievable with the more advanced FISH techniques, such as 

= ber-FISH (~1 kb-500kb) (Heiskanen et al., 1994). Nevertheless, the sensitivity of interphase 

FISH is higher than that of CGH. E is might explain some of the discrepancies between the 

results obtained using these two methods, e.g. tumors with normal CGH pro= le displaying 

an increase in FISH signals. In addition to the unequal sensitivity, clonal evolution and tumor 

heterogeneity might lead to some of these discrepancies. E e signal number varied in FISH on a 

single sample, highlighting the extent of tumor heterogeneity.

5.2 Expression patterns of cancer-related genes in SCC (II)

Gene expression patterns of SCC were compared with that of normal lung, using two 

complementary statistical analysis methods, and also with that of non-SCC (i.e., normal lung and 

AC), using ROC as a measure of the diagnostic accuracy. In cDNA array approaches, the choice 

of optimal reference for each tumor type is a critical factor. As reference we used normal-looking 

lung specimens from four diG erent individuals, to minimize the eG ect of sample heterogeneity 

and to = nd characteristics that reF ect the tumorigenicity. All reference patients were as similar 

as possible (age, gender and smoking status) with the test patients. With regard to the similarity, 

also our cancer specimens had some numbers of stromal cells present among the tumor cells. 

Another possible option for reference could have been pure primary epithelial lung cells. At that 

time, however, it would have not been possible to obtain adequate amount of RNA from such 

specimens.

Various analysis methods have been utilized in diG erent published works, but no single 

method appears to be clearly superior to the others. We chose to combine two complementary 
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methods (PCA and g-score) that mostly gave similar results but also revealed some genes that 

may have been overlooked by the other method. E ese methods have been used in cDNA array 

studies (Armstrong et al., 2002; Hilsenbeck et al., 1999; Wikman et al., 2002; Wikman et al., 

2004). Since application of the standard t-test is problematic when the sizes of two groups diG er 

signi= cantly (e.g. 13 patients and 4 references), we chose to use g-score. Furthermore, con= rmation 

of the results by RT-PCR was successful, supporting our statistical analysis approaches.

In general, when the expression patterns of SCC and AC were compared separately with 

normal lung they were rather similar. Similar = ndings on SCC and AC gene expression pro= ling 

have been published by other workers (McDoniels-Silvers et al., 2002). Novel genes in NSCLC 

were identi= ed. COPEB, AKAP12, SOCS3, CAV1 and CAV2 were downregulated and HMGIY 

upregulated in both SCC and AC.

SOCS3 encodes a suppressor of cytokine signaling which inhibits transcriptional activation 

caused by the JAK-STAT-signaling cascade. Promoter hypermethylation may cause the 

downregulation of SOCS3 and subsequent constitutive activation of JAK-STAT-pathway as has 

been reported not only in NSCLC but also in MM and breast cancer cell lines. Suppression of 

growth by induced apoptosis was seen in a human LC cell line transfected with SOCS3, indicating 

that SOCS3 has potential as a therapeutic drug (He et al., 2003). COPEB (alias CPBP, also KLF6) 

encoding a transcriptional activator kruppel-like factor 6 is likewise implicated as a TSG in other 

tumor types (Muhlbauer et al., 2003; Reeves et al., 2004).

AKAP12 (alias gravin) encodes a scaG old protein for protein kinases A and C. It has 

previously been shown as being downregulated in papillary thyroid carcinoma and prostate 

tumors in addition to AC, suggesting that its downregulation may be related to tumorigenesis 

(Wasenius et al., 2003; Wikman et al., 2002; Xia et al., 2001). Also two genes encoding other 

scaG old proteins, caveolae components, caveolins CAV1 and CAV2, were downregulated in 

NSCLC. An extensive study of caveolin expression in LC has been performed, in addition to 

some other studies, showing negative immunostaining for CAV1 and CAV2 antigens in 48% 

and 28% of LC, respectively (Racine et al., 1999; Wiechen et al., 2001; Wikman et al., 2004). 

E e downregulation was common to all LC types suggesting that caveolins could serve as 

candidate tumor markers. On the other hand, CAV1 has also been shown to have an opposite 

role, upregulation in association with poor prognosis in SCC (Yoo et al., 2003).

HMGIY (alias HMGA1) was upregulated in NSCLC. Until this study similar = ndings had 

been restricted to benign pulmonary tumors (chondroid hamartomas) (Kazmierczak et al., 1999; 

Tallini et al., 2000). HMGA1 is located in a chromosomal region which is gained in some SCC 

cases (Björkqvist et al., 1998a) but chromosomal rearrangements rather than gene ampli= cation 

involving this gene have been shown in pulmonary chondroid hamartomas. Upregulation 

of HMGA1 protein has been reported in other epithelial tumors as well as an association of 

HMGA1 expression with metastasis (Abe et al., 1999; Chiappetta et al., 2001; Tarbe et al., 2001). 

A few other deregulated genes coincided with chromosomal regions ampli= ed in SCC although 

the resolution of CGH is considerably lower that achievable by cDNA array. Nevertheless, one of 

the most frequently gained areas harbors IGFBP3. Also in AC, IGFBP3 mRNA and its encoded 

protein were overexpressed, as was its mRNA also in LC cell lines (Beer et al., 2002; Hellmann et 

al., 2001; Hibi et al., 1998). IGFBP3 expression may support apoptosis (Lee et al., 2002),  since it 

was induced by p53 in an LC cell line (Song et al., 1999). It was also found that hypermethylation 

of the IGFBP3 promoter correlated with poor prognosis in stage I NSCLC (Chang et al., 2002). 

Another p53-inducible gene, strati9 n (alias 14-3-3σ) is involved in a p53 regulatory loop and it 

is known to have tumor growth suppressing properties (Song et al., 1999; Yang et al., 2003b). In 

our SCC cases, strati9 n was upregulated, in line with type speci= c regulation demonstrated in 
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LC. Inactivation of strati9 n through hypermethylation occurred mostly in SCLC and LCLC but 

not in other NSCLC (Osada et al., 2002).

Due to the higher frequency and larger areas of 3p loss in SCC and diG erences in allelotyping 

between SCC and AC, it has been suggested that more genetic changes accumulate during SCC 

tumorigenesis than during AC development (Sato et al., 1994; Wistuba et al., 2000). On the 

other hand, AC can further be divided into subtypes with marked diG erences in their expression 

pro= les whereas in SCC the expression patterns are less heterogenous (Bhattacharjee et al., 2001; 

Garber et al., 2001). Indeed, despite the highly similar expression pro= les in SCC and AC, unique 

patterns were also found in our analysis. With 80% probability, 13 genes were named as SCC 

markers using ROC. E e ROC area (Swets, 1988) equates the probability that the expression level 

of the given gene allows classifying a randomly chosen SCC patient and a randomly chosen non-

patient correctly. SCC marker genes included those encoding epithelial cell-speci= c proteins, 

such as cytokeratins 2E, 10 and 14 and epithelial cell adhesion molecules, such as integrins beta 

4, alpha 7, and alpha 6. E ese hemidesmosomal proteins form heterodimeric α6 β4 integrin 

which localizes in a distinct cell-extracellular matrix contact region, hemidesmosome. At the 

protein level, similar results have been reported, integrin α6β4 being overexpressed speci= cally 

in SCC compared with AC (Patriarca et al., 1998). Desmocollin 3 (DSC3) is expressed in the 

epithelium of trachea but its expression has not been reported in LC before (Nuber et al., 1996). 

Desmosomal proteins form “bridges” between cells that are typical for SCC but not for AC. E e 

concept that DSC3 could represent a marker gene for SCC appears in line with this hypothesis.

In this study we were unable to make any observations about gene expression patterns in 

diG erent stages of the disease. E is was due to the inadequate number of specimens in each 

stage groupings. However, it will be necessary to examine these novel markers not only in 

diG erent stages and grades of tumors but also at diG erent levels (mRNA –protein) before any 

= nal conclusions can be drawn about their prevalence and diagnostic value. E e fact that some 

genetic changes are visible in smokers´ lungs already in morphologically normal-looking 

epithelium, emphasizes the necessity of testing all candidate markers in diG erent developmental 

stages. Ideal tumor markers would recognize the early neoplastic changes, potentially even in 

their preneoplastic phase.

5.3 Expression patterns of cancer-related genes and proteins in MM (III, IV)

E e gene expression pattern of a given tumor is greatly dependent on the chosen reference type. 

E us, diG erent reference options were considered for the MM cDNA array. We chose mesothelial 

cells that were obtained from non-cancer patients. We had both short-term primary cell cultures 

(III, IV) and one specimen studied within its own microenvironment (IV). Other options would 

have been the microdissection of one-cell-layer of mesothelial cells and ampli= cation of RNA as 

has been done by Mohr et al. (2004a). Another possibility, also used in a few array studies is the 

non-tumorigenic SV40-transformed mesothelial cell line Met-5A (Mohr et al., 2004b; Rihn et 

al., 2000). We decided not to use these reference options because the RNA ampli= cation method 

was inadequately established at that time. Additionally, we thought that the gene expression 

pattern of Met-5A may not be “normal” due to its transformed nature and long-term culture.

Several signaling cascades were implicated in MM cell lines. JNK1, NIK, TRAF2, PAK1, 

and ERK5 involved in MAP kinase cascades were upregulated. Furthermore, Notch signaling 

ligands JAK1 and JAK2 as well as Frizzled and SARP1, associated with Wnt signaling, were 

overexpressed in MM cell lines. In primary tumors, however, only SARP1 was upregulated. 

E is suggests that the expression of the other above mentioned genes might be related to cell 
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culture conditions, although, it has to be stated that for gene expression patterns in general there 

appears to be a consistent association between cancer cell lines and original tumor tissues (Ross 

et al., 2000). Instead, the TNF-related ligand-encoding TRAIL was upregulated in primary MM 

compared with mesothelial cells (but downregulated vs. pleural mesothelium) and the frizzled 

ligand WNT13 vice versa. AH er binding to the cognate pro-apoptotic receptor, TRAIL triggers 

the activation of JNK which synergistically induces p53-independent apoptosis preferentially 

in transformed and tumor cells (including MM) (Vivo et al., 2003). In normal cells, TRAIL 

function possibly is modulated by decoy (potentially anti-apoptotic) receptors; in fact promoter 

regions of TRAIL decoy receptor genes were found to be aberrantly methylated (downregulated) 

in multiple tumor types, including primary MM (63%) (Shivapurkar et al., 2004). Another study 

showed that apoptosis induced by TRAIL demanded a co-operational drug function in MM (Liu 

et al., 2001a).

In speculating on the signi= cance of the deregulation of WNT13, upregulation of the Wnt 

signaling pathway has been shown in MM: Dishevelled (Dvl) overexpression and subsequent 

transcriptional activation of β-catenin contributing to tumor growth has been reported (Uematsu 

et al., 2003b). However, also the opposite result, i.e. a growth inhibiting eG ect of β-catenin 

in MM has been suggested (Usami et al., 2003). E e role of WNT13 (alias WNT2B) in this 

cascade is unclear. In addition to β-catenin, γ-catenin (alias plakoglobin, JUP) as an independent 

activator of Wnt signaling has been implicated in MM but at least in a subset of NSCLC, JUP has 

been suggested to act as a TSG (Maeda et al., 2004; Winn et al., 2002). Interestingly, JUP was 

downregulated by IFN-γ in a JAK-STAT-independent pathway in the MM cell lines.

 Cadherins and catenins are interaction partners. Loss of E-cadherin occurs during 

epithelial-mesenchymal transition, a phenomenon typical not only of development but also 

of cancer progression and metastasis. While expression of other cadherins (E-, N-) has been 

well documented in MM (Abutaily et al., 2003; E irkettle et al., 2000), P-cadherin (CDH3) 

has not been studied, to our knowledge, in MM. In our study of primary MM tumors, the 

increased immunoreactivity for P-cadherin antibody was speci= c to MM-E. CDH3, which is the 

predominant cadherin type in the peritoneum, is expressed in the basal cell layers of strati= ed 

epithelia (Patel et al., 2003; Shimoyama et al., 1989). Cadherin switching from E- to P-cadherin 

was related to progression in ovarian tumors and had an prognostic signi= cance in endometrial 

cancer, among others (Patel et al., 2003; Stefansson et al., 2004). We did not study diG erent stages 

of MM tumors. Nevertheless, P-cadherin may have a role in MM tumor development.

We were surprised to note the absence of downregulation of p16 (alias CDKN2A/MTS1) 

in both MM cell lines and primary MM, since this gene is frequently lost in MM (Cheng et al., 

1994). E is may be explained by the overlapping transcripts of p14 (p19) and p16, with two exons 

shared at INK4a, and the concomitant covering of the p16 target spot on the array by p14 cDNA. 

When p16 transcripts of MM cell lines were ampli= ed by RT-PCR, the product was undetectable, 

supporting this hypothesis. Aberrations in NF2 and/or decreased expression of NF2 product 

merlin and NF2 transcript have been reported in a subset of MM (Bianchi et al., 1995; Cheng et 

al., 1999; Deguen et al., 1998; Sekido et al., 1995). Consistent with this, in the MM cell lines that 

we studied with the  cDNA array, NF2 was downregulated in two of the four cell lines. In primary 

tumors, the average gene intensity value was approximately half of that reported in averaged 

references and this gene did not show up in the list of top 25 genes according to PCA.

Several other genes involved in the cell cycle and growth were upregulated in MM cell 

lines but not in primary MM, such as CCND1 and CCND3, and FGF3, all three mapped to 

chromosomal regions that have shown gain in MM (Kivipensas et al., 1996; Tiainen et al., 1989). 

Nevertheless, we found several common deregulated genes for MM cell lines and primary MM 
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samples, including those encoding two RHO family GTPases, the above mentioned SARP1, 

PIG12, TN (HXB), PDGFRB and L1CAM. PDGFRB mRNA and protein upregulation in MM 

has previously been described (Versnel et al., 1991). TN expression was weak in MM cell lines 

but strongly induced by TGF-β (Kinnula et al., 1998), however, TN overexpression has been 

demonstrated in MM tumors, in line with other tumor types (Kaarteenaho-Wiik et al., 2003). 

Instead, L1CAM upregulation was a novel = nding in MM: Antigen levels were signi= cantly 

increased in MM-E compared with MM-S or other pleural or peritoneal tumors whereas the 

L1CAM immunoreactivity level could not diG erentiate MM-E and MM-M. Since L1CAM (neural 

cell adhesion molecule L1) has recently been implicated in cell proliferation and as a potential 

novel anticancer drug target (Primiano et al., 2003), it is very interesting that upregulation occurs 

in MM since this cancer type is typically very resistant to current therapies.

DiG erent issues must be considered to explain why only one-third of the deregulated 

genes were common to MM cell cultures and primary tumors. E e diG erences may arise from 

the diG erent analysis methods, the partly diG erent reference material or simply from the cell 

culturing. In addition, the type distribution of primary tumors diG ered from that of the origins 

of the MM cell line, i.e., 3 of 4 cell lines originated from MM-M tumors and only one from 

epithelial MM, whereas the majority of primary MM cases exhibited epithelial morphology. In 

general, discrepancies were not found in the analyses. Only TGF-β3 was regulated in an opposite 

way in MM cell lines and primary MM. When other gene expression pro= ling studies were 

compared with ours, some similarities were found, both for distinct genes and for functional 

groups of genes. Upregulation of COL1A2, ITGB4, and IGFBP5 in MM has been recorded by 

others as well (Hoang et al., 2004; Mohr et al., 2004b; Singhal et al., 2003).  E e latter gene also 

was proposed to represent a novel predictive tool in MM based on gene expression patterns (Pass 

et al., 2004). SEMA3C overexpression seen by us in MM-E was regarded as a good-outcome 

phenomenon by Gordon et al. (Gordon et al., 2003a). Altogether, the modi= cations of cell 

adhesion and cytoskeletal remodeling pathways, glucose metabolism pathways (GAPDH) and 

cell protection and resistance (α-2-M) in MM have been commonly reported in diG erent array 

studies and con= rmed in this thesis.

Immunoreactivity for ITGB4, L1CAM, tPA, MMP9 and INP10 antibodies was studied 

in 47 primary MM, demonstrating the overexpression of these antigens in MM, especially in 

MM-E. Despite the fact that tPA and MMP9 mRNA were expressed especially in MM-S and 

MM-M, at the protein level MM-E showed the highest immunoreactivity for tPA antibodies, 

with the strongest immunoreactivity being demonstrated in veins. tPA antibody is known to 

react with both unbound and inhibitor-complexed antigen. MMP9 protein levels in MM have 

been studied elsewhere, using either gelatin zymography assay or IHC  (Hirano et al., 2002; 

Liu et al., 2001b). A recent paper revealed that individual pleural MM tumor cells did not 

react with MMP9 antibody. Instead, stromal = broblasts and histiocytes stained weakly positive 

(Lumb & Suvarna, 2004). Nevertheless, the coexpression of MMP9 and tPA mRNA in MM-

S and MM-M was interesting, since recombinant human tPA has been shown to upregulate 

MMP9, mediated by low-density lipoprotein receptor-related protein, LPR (Wang et al., 2003). 

E e immunoreactivity of all = ve antigens was also studied in eleven other neoplasms that might 

reveal a pattern for diG erential diagnostics vs. MM. E ese were either pulmonary, pleural or 

peritoneal, mesenchymal or epithelial tumors. Between 43% to 78% of the other neoplasms 

showed immunoreactivity, demonstrating that no expression patterns unique to MM were found. 

However, when MM types were compared with other tumors (positive cases vs. negative cases) 

using the permutation test, INP10 that stained positive in all MM cases exhibited diagnostic 

signi= cance in diG erentiating MM from other tumors. Although sample sizes were very small, 
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INP10 may have some potential as a MM marker and it deserves further evaluation. INP10 

encodes a chemokine that is capable of modulating the expression of adhesion molecules. E is 

point is remarkable since so many of the upregulated genes in MM encode adhesion molecules 

that have been implicated in metastasis in some tumor types. In particular, INP10, in conjunction 

with ITGB4 and COL1A2, was considered to be a malignancy-related gene since its expression 

was upregulated in comparison with both mesothelial cell lines and pleural mesothelium.

5.4 Gene expression patterns in MM in response to IFN-γ-treatment (V)

Due to the promising growth inhibition eG ect of IFN-γ in MM cells, gene expression levels were 

explored aH er IFN-γ treatment. Since we had access to the FR cell line with JAK2 defect and CR 

cell line with impaired STAT function as well as IFN-γ sensitive MM cells, we could study the 

expression patterns activated through both JAK-STAT-dependent and –independent pathways 

and in sensitive and resistant MM cells.

Even though STAT1-independent transcriptional activation of c-myc and c-fos by IFN-γ has 

previously been shown (Asao & Fu, 2000; Ramana et al., 2000), other JAK-STAT independent 

pathways have remained unidenti= ed in JAK2-negative human = brosarcoma-derived cells 

(Aberger et al., 2001). In contrast, although the expression of classical IFN-γ stimulated genes 

(STAT1, HLA-C, IL6, INP10, and IRF1) remained unchanged in FR, numerous other genes were 

deregulated in our study, suggesting other pathway(s) may indeed be activated in JAK2 defective 

cells. Upregulated genes aH er 6 h treatment in FR included those involved in proliferation, 

diG erentiation or apoptosis (CDC6, NOTCH2, TNFRSF10A, and RARG) and downregulated 

genes included especially those involved in cell adhesion and cell-cell interaction (ITGB5, ITGB8, 

ITGAE, LAMB2, and JUP). Downregulation of these adhesion-related genes may be associated 

with an alternative signaling pathway that is activated possibly in JAK-STAT-de= cient cells since 

they were downregulated also in the CR cell line. Interestingly, although FR is resistant to the 

growth inhibition eG ect of IFN-γ, it has been observed that the tumor growth in FR- inoculated 

nude mice is reduced by Ad-IFN-γ treatment (Gattacceca et al., 2002). Downregulation of genes 

such as those encoding the retinoic acid or TNF receptor or ligand (TRAF2, CD30L, RARG, and 

RXRB) at 72 h in FR may, in part, be responsible for this growth reduction.

STAT1 was upregulated in HB (sensitive) and CR (resistant) cell lines at 6 h by IFN-γ, 

demonstrating the activation of the JAK-STAT-pathway. In accordance with the upregulation 

of IRF1 and INP10 in BT, it seemed that this pathway is active also in BT, and the existing STAT 

level was suX  cient to induce IRF1. In CR, however, the upregulation of STAT did not persist for 

72 h, highlighting the diG erence between the IFN-γ-sensitive and -resistant cells. Other genes 

diG erentially regulated in HB and BT compared with CR were CDC2, PLK1 and IGFBP4, CDC2 

is known to be involved in the cell cycle and PLK1 in cell division whereas IGFBP4 encodes a 

modulator of IGF action. While PLK1 may be involved in tumor progression, it was interesting 

to note that it was downregulated at 72 h in both IFN-γ-sensitive cell lines as was also CDC2 

in HB. E e role of JAK-STAT-independent signaling that is active also in CR may be growth 

promoting since a dual role of IFN-γ has been revealed, depending on the availability of STAT 

(Asao & Fu, 2000).

Since no cell death was seen in any of these cell lines, upregulation of genes involved in 

apoptosis seemed to be inadequate to induce cell death. Accordingly, IFN-γ was reported to 

upregulate CASP8, one of these apoptosis-related genes, but combined treatment with some 

cytotoxic drug or agent was needed for apoptosis (Fulda & Debatin, 2002). Another puzzling result 

concerns the upregulation of VEGF in sensitive MM cells. VEGF is considered to be an autocrine 
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growth factor for MM and was found to be overexpressed in MM-E and MM-M (König et al., 

1999; Strizzi et al., 2001). Similarly to the results in our study, VEGF was induced by IFN-γ in 

glioma and airway epithelial cells and melanoma cells during long-term treatment (Bölling et al., 

2000; Hot= lder et al., 2000; Koyama et al., 2002). In contrast, during short-term (6 h) Ad-IFN-γ 

treatment in an IFN-γ-sensitive MM cell line VEGF was downregulated (Gattacceca, manuscript 

in preparation). E e upregulation shown here at 72 h might thus be a secondary eG ect of IFN-

γ. E e increased expression of VEGF in MM-E and MM-M has been shown to correlate with 

increased microvessel density which in turn correlated with the histological pattern: the density 

decreased towards biphasic and sarcomatoid MM (König et al., 1999). In view of the fact that 

sarcomatoid, less-diG erentiated MM, oH en appearing with necrosis, has a poorer outcome than 

its epithelioid counterpart, the increased VEGF expression aH er IFN-γ-treatment may reF ect an 

attempt to restore a more diG erentiated growth pattern to the tumor. In glioma and melanoma 

cell lines, VEGF overexpression was shown to be related to cell growth inhibition (Bölling et al., 

2000; Hot= lder et al., 2000). E en again, a trend (statistically insigni= cant) between high VEGF 

expression and poorer prognosis in MM has been shown (Kumar-Singh et al., 1999).

Some discrepancies between cDNA array and RT-PCR results were revealed, these being 

partly explained by the diG erent sensitivities of these two methods for which we used diG erent 

normalization procedures. Gene expression was normalized to the average of all of the cDNA 

spots for the cDNA array and to the relative concentration of house-keeping gene mRNA in the 

RT-PCR. DiG erent primer sequences were used in the diG erent techniques. Despite these few 

discrepancies, we trust these results as an intermediate goal in screening studies, since IFN-γ 

stimulated genes were displayed in HB, BT, and partly CR and on the other hand were absent 

in FR.

5.5 Methodological aspects of novel techniques

E e cDNA array technique was newly established at the time that this work was started. Soon 

it became clear that bioinformatics and suitable statistical methods are needed for analyzing 

the growing number of data points obtained by high-throughput methods. Nevertheless, the 

statistical methods as well as array platforms have varied extensively in the published papers, but 

none of them seems to be superior to the others.

E e advantage of the = lter-based cDNA array technique is that the image of the reference 

specimen can, aH er normalization, be used repeatedly for comparisons with test specimens, thus 

lowering the amount of reference RNA needed for the study. Alternative approaches include 

standardized pooled reference material (Novoradovskaya et al., 2004). In this work, both 

housekeeping genes and all array spots were used as normalization reference. E e expression 

levels of housekeeping genes were carefully evaluated since it has been reported that their 

expression may vary in diG erent conditions (Savonet et al., 1997).

A limitation of the cDNA array technique is that genes expressed at lower levels may be 

dominated by genes expressed at abundant levels. Nevertheless, the use of 32P (or 33P) in the 

cDNA labeling reduces the background suX  ciently to enable the detection of mRNAs with low 

copy numbers as well (as low as 10-20 copies per cell). It is possible to quantify transcript levels 

as low as 0.005% of the total population. E e sensitivity of 33P isotope that was used in our 

studies is lower than that of 32P (generally one-fourth of 32P) but adequate for detecting highly 

abundant transcripts. One advantage of 33P is the higher-resolution signal generated. Further 

ways of increasing the sensitivity of cDNA array platform (Clontech´s Atlas nylon = lter arrays) 

used in these studies were the gene speci= c primers, resulting in lower background level in 
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hybridization. A more problematic concern is that, in every multiplex reaction, one should have 

optimization of cDNA synthesis for several hundred genes simultaneously.

Real-time PCR showed many advantages over the conventional PCR in verifying the cDNA 

array results. E e real-time method was less time-consuming, the exponential phase of PCR was 

easily detected and the veri= cation of ampli= cation speci= city was achieved by melting curve 

analysis.

6 SUMMARY AND CONCLUSIONS

Complex cytogenetic and molecular genetic = ndings are characteristic for pulmonary and 

pleural tumors. E ese descriptive studies aimed at shedding light on the genetic background of 

SCC and MM of the pleura and at revealing potential novel marker genes for these tumors types. 

To achieve this target, we utilized FISH and the relatively novel cDNA array technique for studies 

of DNA copy numbers in SCC and gene expression patterns in both SCC and MM. RT-PCR and 

IHC were used to verify the cDNA array screening results. Additionally, the gene expression 

patterns in response to IFN-γ treatment were explored in MM.

In SCC, the previously revealed gain at 3q was characterized using FISH. E e ampli= ed area 

at 3q25-3q27 in SCC was shown to be broad. In one third of the cases, the gain resulted from a 

polysomy of chromosome 3 and in two thirds from intrachromosomal gain, that could be best 

described to result from the phenomenon of DM. As reported by others, several genes that have 

been mapped to the 3q25-3q27 region have been implicated in SCC. We could not pinpoint a 

single locus in this area but probably several genes were involved -not only in this broad DNA 

ampli= cation -but also in tumorigenesis of SCC. Our YAC probes were not in contig, thus, the 

continuity of the 3q amplicon remained unknown in those SCC that showed ampli= cation with 

all YACs.

Gene expression pro= ling was performed in a genome-wide manner for 1176 tumor-related 

genes on SCC and for 588 tumor-related genes on MM. Both novel and previously known altered 

genes in SCC and in MM were revealed. Findings similar to those published before supported 

our approaches with this newly established technique. Our results also veri= ed several previous 

= ndings. Novel genes in SCC and MM may provide insight into the knowledge of molecular 

background that might help in understanding the pathogenesis of these neoplasms.

SCC shared a similar expression pro= le with AC compared with normal lung. Potential novel 

markers were identi= ed that deserve further studies. E ese genes with similar expression pattern 

in NSCLC included COPEB, AKAP12, SOCS3, CAV1, CAV2 and HMGIY. Despite the similar 

patterns, also SCC markers could be designated. Remarkably, several of these genes either fell 

into two distinct chromosomal regions (17q21-22 and 12q11-q13) or were also members of 

two distinct protein families, either intermediate = laments or involved in the hemidesmosome 

function. SCC markers included IGFBP5, ITGA6 and DSC3, the diG erential expression of the 

last mentioned being veri= ed by RT-PCR.

In MM, the thorough use of reference material oG ered us the possibility to evaluate the 

relatedness of genes either with malignancy or reactivity or both. Also several deregulated genes 

may be associated with mesothelial characteristics since they were overexpressed in MM and 

in mesothelial cell lines compared with normal-looking pleural mesothelium that included 

some submesothelial cells and a few leucocytes. In MM cell lines, several signaling pathways, 

such as MAP kinase-, Notch- and Wnt-cascades, were implicated. However, only one-third of 

the deregulated genes were common with primary tumors. E e diG erence may result from the 
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reference material, analysis methods, or subtype distribution of tumors that all diG ered somewhat 

between these two studies or simply from the cell culture eG ect in one of these twostudies.

COL1A2, SEMA3C, ITGB4, CDH3, COL6A1, L1CAM, K14, INP10, tPA, MMP9, and 

PLXN3 were shown as the most diG erentially expressed genes in primary MM or in speci= c 

MM types as compared with mesothelial cell lines and normal-looking pleural mesothelium. 

Importantly, all of these genes are related to either cell adhesion or its regulation or are implicated 

in metastasis in other tumor types. Overexpression of = ve proteins, namely INP10, ITGB4, 

CDH3, L1CAM and tPA was demonstrated using IHC in MM. None of the protein expression 

patterns were unique for MM. However, we found that all MM expressed INP10. Furthermore, 

statistical testing evaluated INP10 immunoreactivity as signi= cantly diG erentiating MM from 

other pulmonary, pleural or peritoneal neoplasms or reactive pleural disorders. Nevertheless, 

this potential MM marker needs to be further studied using larger sample sizes.

Our results showed that MM cell lines possessing diG erent sensitivities to the growth 

inhibition eG ect of IFN-γ exhibited diG erent gene expression pro= les aH er IFN-γ treatment. 

Especially the genes involved in cell proliferation and growth, cell adhesion and cell-cell 

interactions were diG erentially expressed in sensitive and resistant cells. We found evidence that 

even in resistant JAK2-negative MM cells, IFN-γ can induce expression of numerous genes that 

may explain some of the growth reduction displayed in a mouse model. Even though IFN-γ is 

known to have a very complex dual role, this agent may provide some therapeutic bene= t even 

in resistant JAK-STAT de= cient MM cells, due to the increased expression of apoptotic genes 

and the decreased expression of genes related to cell proliferation. Overall, one distinctive feature 

of MM was overexpression of several adhesion-related molecules and since the genes encoding 

similar molecules also responded to IFN-γ treatment, this points to the importance of adhesion 

molecules in MM.

cDNA array technique was shown to be a suitable screening method for detecting new 

candidate marker genes and, furthermore as providing biological clues to some of the pathogenic 

pathways that might be active in SCC or MM. E e newly established CGH array technique with 

improved sensitivity will undoubtedly provide some clues about the copy number status of 

deregulated genes which could explain their up- or downregulation. Nevertheless, one must be 

aware that the complex regulation of gene expression does not merely depend on the gene copy 

number.
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