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ABSTRACT 

Head and neck cancer is the fifth most common cancer worldwide with an estimated annual 
global incidence of over 500 000 cases. These malignant tumours develop in the mucosal 
linings of the upper respiratory tract or in the salivary glands. The most common sites are in the 
oral cavity and larynx. Treatment modalities comprising surgery and chemoradiotherapy have 
improved significantly during the last 20 years, but not the long-term survival of patients. The 
aim of this thesis was to study the different factors affecting tumour growth in head and neck 
cancer that may have clinical implications in the future. Factors involving apoptosis, cell cycle 
activity, inflammation, and enzyme activity were of special interest.  

The results of the thesis indicate that patients with malignant salivary gland tumours having the 
lowest level of actively replicating cells have the best prognosis. The largest amount of 
replicating cells in tongue cancer specimens was found in the peripheral areas of tumour nests. 
Metallothionein, a protein that can hinder apoptosis, was found in excess in the same areas, 
whereas apoptosis activity was considerably lower. Taken together, these results indicate that 
the most aggressive cancer cells are found in the peripheral areas of tumours where apoptosis 
may be hindered.  

The expression of the death receptor Fas was higher in tongue cancer specimens than in normal 
mucosa. The expression of this receptor was studied further in two cell lines established from 
oral cancers. When a low dose of cisplatin was added to cell cultures, the Fas expression was 
enhanced in both cell lines and, furthermore, the Fas-induced apoptosis was increased in one of 
the cell lines. The results show that a common chemotherapeutic drug given in a low, less toxic 
dose may enhance receptor-mediated apoptosis of cancer cells.  

Malignant solid tumours are often distinguished by an increased proteolytic activity resulting in 
invasive growth, neo-angiogenesis, and metastases. This activity is conducted by enzymes that 
are secreted from tumour cells, or from normal cells in the tumour microenvironment. The 
regulation of enzyme secretion may be mediated by cytokines, small signalling molecules also 
present in cancer tissue. The results of this thesis show that two cytokines can synergistically 
induce enzyme secretion (matrix metalloproteinase-1 and -9) from oral cancer cells. Cytokine 
tumour necrosis factor-alpha and hepatocyte growth factor added alone to cell cultures strongly 
stimulated secretion of these enzymes. Thus, the tested cytokines, which are commonly secreted 
by fibroblasts and immune cells, may promote tumour growth.  

This thesis has contributed to an increased understanding of factors affecting tumour growth in 
head and neck cancer. The upcoming cancer therapies will be based on the increasing 
knowledge of these and other aberrant cellular mechanisms that may vary between different 
cancer forms. 
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1 INTRODUCTION 

1.1 CANCER IN THE HEAD AND NECK  

Head and neck cancer is the fifth most common cancer worldwide, with an estimated annual 
global incidence of over 500,000 cases (Parkin et al 2001). According to the Swedish Cancer 
Registry of 2005, 1145 new cases of head and neck cancer were diagnosed, representing 2.2% 
of the total cancer incidence in Sweden. Cancer in the head or neck region includes the nasal 
cavity, sinuses, lip, mouth, salivary glands, throat, and larynx. The most common form of 
malignancy is squamous cell carcinoma, which develops in the mucosal linings of the upper 
respiratory and digestive tracts. This area is further divided into sub-entities of which the oral 
cavity (including lips) and larynx are the most common sites of cancer. Salivary gland lesions 
are a relatively rare and morphologically diverse group of neoplasm and about 80% are benign 
(Speight and Barrett 2002). The major histopathological types of salivary gland carcinomas 
comprise mucoepidermoid carcinoma, adenoid cystic carcinoma, acinic cell carcinoma and 
malignant mixed tumours. It is worth noting that even though the salivary gland malignancies 
comprise approximately 5% of cancers of the head and neck worldwide, the frequency in 
Sweden is twice as high according to the Swedish Cancer Registry 2005.  

Early head and neck cancers (stage I and II) are highly curable by surgery or radiotherapy 
combined with chemotherapy. The choice of treatment is dictated by the anticipated functional 
and cosmetic results of treatment, and by the availability of the particular expertise required of 
the surgeon or radiation oncologist for the individual patient. More advanced cancers (stage III 
and IV) are commonly treated by a combination therapy of surgery and chemoradiotherapy. 
Still, despite significant improvements in head and neck cancer treatment, long-term survival of 
head and neck cancer patients has only moderately improved during the last 20 years (Forastiere 
et al 2001). Up to 40% of patients with squamous cell carcinoma in the head and neck region 
present with metastatic disease and survival is dependent on the disease stage (Lefebvre 2005).  

1.2 MALIGNANT TRANSFORMATION 

The process of cancer development has been addressed in innumerable studies documenting its 
molecular basis and proposing genetic progression models for various tumour types. It is now 
well established that an accumulation of genetic and epigenetic alterations forms the basis of the 
transformation from a normal cell to a cancer cell, and is referred to as the process of multi-step 
carcinogenesis (Fearon and Vogelstein 1990). Two key genes were identified in a review of the 
most common genetic alterations in the head and neck carcinogenesis, namely the p53 and p16 
genes (Gollin 2001). Furthermore, chromosomal losses at 3p21, 9p21, 13q21 and 17p13, and 
gains at 3q26 and 11q13 are frequently detected in large panels of head and neck carcinomas 
(Gollin 2001). These genetic alterations may result in activation of proto-oncogenes and growth 
factor receptors, inactivation of tumour suppressors and uncontrolled cell proliferation (Perez-
Ordonez et al 2006). Although the initial genetic mutations are critical, the ultimate success of 
the cancer cell depends on the acquisition of several of the following alterations: autocrine 
growth signals, insensitivity to anti-growth signals, angiogenesis, ability to evade apoptosis, 
capacity for invasion and metastasis, and unlimited replicative potential (Hanahan and 
Weinberg 2000). Several aspects of these general characteristics of cancerous lesion will be 
discussed in the present context of head and neck cancer.  
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1.3 APOPTOSIS  

1.3.1 General considerations 

Apoptosis (programmed cell death) is a physiological process of cell elimination, which is 
important for both maintenance of cellular homeostasis, cell proliferation and differentiation. 
Disturbances in the cell death process may lead to uncontrolled cell growth and result in tumour 
formation. Apoptosis is morphologically characterized by cytoskeletal and organelle disruption, 
cell shrinkage, membrane blebbing, chromatin condensation and fragmentation of the cell into 
small membrane bound apoptotic bodies, which are phagocytosed by macrophages or 
neighbouring cells (Kerr et al 1972). 

The process of apoptosis is thought to occur in three distinct stages: initiation, effector phase 
and degradation (Kroemer et al 1995). The initiation phase is induced by a variety of damaging 
events, including DNA damage, hypoxia, withdrawal of nutrients, growth factors or hormones, 
and activation of death receptors (Thompson 1995). The pathways that regulate and initiate the 
downstream effects and degradation phases of apoptosis are less diverse and are shared by 
many cells undergoing apoptotic cell death. 

Two principal apoptosis pathways have been recognized, both of which result in activation of 
the caspase cascade. Caspases are proteases that are synthesized as inactive precursors (pro-
caspases) that must be activated by proteolysis, performed by self-cleavage (Nicholson and 
Thornberry 1997) or by other caspases (Cohen 1997, Salvesen and Dixit 1997). The extrinsic 
pathway is mediated by activation of transmembrane death receptors of the TNF (tumour 
necrosis factor) receptor superfamily leading to activation of caspase-8 (Figure 1, see also 
section 1.3.3). 

The other principal death-signalling pathway, the intrinsic pathway, is induced by cellular stress 
and involves release of mitochondrial apoptogenic factors, such as cytochrome c, apoptosis-
inducing factor (AIF), and Smac/Diablo (Wang 2001) (Figure 1). When released into the 
cytosol, cytochrome c forms together with, ATP, apoptosis protease-activating factor-1 
(Apaf-1) and pro-caspase-9 a complex called the apoptosome, which triggers the activation of 
the caspase cascade (Tsujimoto and Shimizu 2000). Caspase activation results in degradation of 
intracellular constituents and ultimately cell death, apoptosis (Kitson et al 1996). Fragmentation 
of DNA is one of the degrading processes that may distinguish apoptosis. 

The extrinsic and intrinsic pathways to apoptosis can act independently, but under certain 
circumstances the extrinsic, pathway must rely on the amplification of the death signal provided 
by the mitochondrial pathway to induce apoptosis (see further section 1.3.3) (Li et al 1998, Luo 
et al  1998). Since the caspases play an important role in execution phase of apoptosis, it is 
conceivable that low expression or dysregulation of caspase function might influence the 
apoptotic process and result in inappropriate cell proliferation. The inhibitors of apoptosis 
(IAPs) are a family of cytosolic proteins that block cell death by binding to and inhibiting the 
action of caspases (LaCasse et al 1998). They function downstream of both the intrinsic and 
extrinsic pathways of cell death (Holcik et al 2001). 

1.3.2 p53 

The tumour suppressor p53 is known as the “guardian of the genome” due to its ability to 
integrate many signals that control life and death (Vogelstein et al 2000). Activated by various 
types of cellular stress, including DNA damage and oncogenic stress, p53 initiates gene 
transcription that ultimately arrests proliferation and prevents establishment of genetically 
altered genes. The selective elimination of stressed or damaged cells by apoptosis protects the 
organism from development of cancers. p53 can mediate apoptosis by both transcription-
dependent and transcription-independent mechanisms. 
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A number of apoptosis related genes of the Bcl-2 superfamily (Balint and Vousden 2001) and 
TNF receptor superfamily (Bates and Vousden 1999) are transcriptionally regulated by p53. 
Futhermore, p53 binding sites have been detected in promoter regions of pro-caspase-6 and 
Apaf-1 genes (reviewed in Bossi and Sacchi 2007), and cathepsin D (Wu et al 1998). p53 is also 
known to directly stimulate apoptosis in a transcription-independent manner, by up-regulation 
of receptors such as Fas (Balint and Vousden 2001), or by regulation of mitochondrial 
membrane permeabilisation (Vousden 2005) indicating induction of  cytochrome c release from 
the mitochondria (Vousden 2006). Loss of p53 function occurs in a high proportion of human 
malignancies (Hollstein et al 1991) and in oral cancer, the frequency of p53 gene mutations is 
more than 60% (Sakai et al 1992). The prognostic value of p53 in head and neck cancer remains 
controversial (reviewed in Lothaire et al 2006).  
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Figure 1. The apoptotic pathways. The extrinsic pathway is triggered by the activation of death receptor 
(Fas/CD95) upon its interaction with the ligand (FasL). Once activation occurs, death receptors form the 
“Death inducing Signalling complex” (DISC) that recruits, via the adaptor molecule Fas Associated Death 
Domain protein (FADD), multiple pro-caspase-8 molecules resulting in caspase-8 activation. This signal 
may be sufficient to trigger apoptosis (type I cells) but sometimes a caspase-8 mediated activation of Bid 
and mitochondrial pathway is needed for reinforcement of apoptosis signalling (type II cells).  The intrinsic 
pathway is activated in response to extracellular stimuli (hypoxia, lack of nutrients, e.g.) and internal insults 
(DNA damage, e.g.). These diverse response pathways converge on the mitochondria altering the balance 
between pro-apoptotic (Bax/Bak) and anti-apoptotic (Bcl-2/BclXL) proteins. The dominance of pro-
apoptotic proteins increases the mitochondrial membrane permeability resulting in release of the 
apoptogenic factor cytochrome c. Once in the cytoplasm cytochrome c forms the apoptosome with Apaf-1 
(apoptosis protease-activating factor-1) and ATP, which activates caspase-9. Diablo/Second mitochondria-
derived activator of caspase (Smac) inhibits the cytosolic inhibitor of apoptosis proteins (IAPs). The 
extrinsic and intrinsic pathways converge at the level of caspase-3 activation resulting in apoptosis. 
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1.3.3 Fas-receptor  

 

The Fas-receptor, CD95, is a 45 kDa transmembrane death receptor expressed in both normal 
and tumour tissue (Trauth et al 1989, Owen-Schaub et al 1994). It belongs to the TNF-receptor 
super family that comprises almost 20 members, including the nerve growth factor receptor, 
CD27, CD30, CD40, OX40 (Smith et al 1994) and the death receptors TNFR1and TNFR2 
(Milatovich et al 1991). The Fas ligand binds to the Fas-receptor leading to trimerization of the 
receptors. The death domains of the clustered intracellular receptors interact with the adaptor 
molecule FADD/MORT1, which is recruited to Fas upon activation (Kischkel et al 1995, 
Algeciras-Schimnich et al 2002) (Figure 1). Pro-caspase-8 (FLICE) also binds to the 
intracellular death domain of activated Fas and the formed complex is called the death-inducing 
signalling complex (DISC). In DISC caspase-8 molecules are brought in close proximity so that 
they can transactivate one another.  

Two Fas signalling pathways (types I and II) have been identified in cell lines (Houston and 
O´Connell 2004). In type I, the induction of apoptosis is accompanied by production of large 
amounts of caspase-8, followed by rapid activation of caspases-3, -6, -7. Caspase-3 activation 
occurs before the loss of mitochondrial transmembrane potential, suggesting activation of a 
direct apoptosis cascade (Scaffidi et al 1998). 

In type II signalling, there is a reduced DISC formation and activation of caspases occurs after 
loss of mitochondrial transmembrane potential (Scaffidi et al 1998). In type II signalling, 
caspase-8-cleaved Bid mediates release of mitochondrial apoptogenic factors that amplify the 
caspase cascade (Schendel et al 1999). Although many cancer cell lines express Fas death 
receptor on their plasma membrane, not all cell lines are sensitive to anti-Fas. FLIP (FLICE-
inhibitory protein) is a dominant negative caspase-8 that suppresses the caspase cascade and 
apoptosis. Furthermore, intracellular sequestration of Fas receptor may cause resistance to 
apoptosis. Fas-associated phosphatase-1 can hamper Fas expression by binding to receptors in 
the cytosol and thereby inhibiting export of Fas to the cell surface (Ivanov et al 2003). Bennett 
et al (1998) showed that p53 activation caused redistribution of Fas from the Golgi complex to 
the cell membrane and induced apoptosis after incubation with a Fas-agonistic antibody CH-11. 

Fas-mediated apoptosis is commonly involved in regulation of the immune system. The Fas-Fas 
ligand interaction plays a critical role in killing by cytotoxic T cell and negative regulation of 
several immune processes (Nagata and Golstein 1995). The receptor ligand (FasL) is found both 
in soluble and membrane bound form and is expressed on the surface of activated lymphocytes 
and NK cells (Nagata and Golstein, 1995). Gastman et al (1999) show expression of FasL on 
squamous cell carcinoma of the head and neck cell lines and on tumour cells in biopsy material. 
The highest expression for FasL was found closest to tumour-infiltrating lymphocytes and in 
tumours with substantial lymphocytic infiltrates. 

1.3.4 The Bcl-2 protein family 

Early evidence supporting the hypothesis that genes and proteins that play a role in 
tumorigenesis may be involved in the inhibition of cell death came from the observation that 
Bcl-2, which was originally cloned from the t(14;18) translocation breakpoint found in 
follicular B-cell lymphomas, was able to rescue lymphoid and myeloid cells from an otherwise 
inevitable death caused by withdrawal of the cytokine, interleukin-3 (Vaux et al 1988, Vaux et 
al 1992). Moreover, it was shown that mutations in bcl-2 can, in turn, promote 
lymphomagenesis and influence the sensitivity of tumour cells to chemotherapy and 
radiotherapy. 
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At present, the Bcl-2 family of proteins comprises more than 30 members with either pro-
apoptotic (e.g. Bax, Bid, Bak, Puma and Noxa) or anti-apoptotic functions (e.g. Bcl-2, Bcl-XL 
and Mcl-1) (Cory et al 2003). The various members in the family show sequence similarities in 
the BH (Bcl-2 homology) domains and can form various types of homo- and heterodimers with 
each other. The proteins control apoptosis by regulating the release of apoptogenic factors from 
the mitochondria by a mechanism not yet fully resolved. Thus, high levels of the Bcl-2 protein 
will prevent apoptosis (Chiou et al 1994), while higher levels of Bax will have an opposite, pro-
apoptotic effect (Korsmeyer 1995). It seems reasonable that the ratio between these pro- and 
anti-apoptotic proteins, rather than over-expression of one particular member, might influence 
tumour formation and/or the susceptibility of the tumour cells to undergo apoptosis. 
Interestingly, recent investigations show that some of the pro-apoptotic members of the Bcl-2 
family (the BH3-only proteins Noxa and Puma) are regulated by p53 and may act as tumour 
suppressors (Oda et al 2000, Nakano and Vousden 2001). Bcl-2 overexpression has not been 
consequently associated with either poor or favourable prognosis in head and neck cancer. A 
better overall survival was reported for bcl-2-positive patients that were treated with 
radiotherapy compared to bcl-2-negative patients (Wilson et al 2001), although the opposite 
results were shown in a study by Gallo et al (1996).   

1.3.5 Metallothionein  

Metallothioneins (MT) are low molecular mass cystein-rich proteins with capacity to chelate 
several heavy metal ions (e.g. copper, silver, mercury, zinc and cadmium) (Theocharis et al 
2004). These proteins regulate copper and zinc homeostasis and act as detoxification stations for 
heavy metals. Most adult mammalian tissues contain low basal levels of MT and they are 
mainly detected in the cytoplasm (Cherian et al 2003). However, a transient localization of MT 
into the nucleus in cell proliferation and differentiation has been reported (Apostolova and 
Cherian 2000). Four isoforms (MT-I, -II, -III and -IV) have been identified in mammals 
(Theocharis et al 2004) and they are inducible by several agents and conditions both in vitro and 
in vivo. The biosynthesis is primarily raised at the transcriptional level after, for example, 
injection or oral administration of heavy metals, exposure to inflammatory agents and cytokines 
as well as stress-producing conditions and hormones including glucocorticoids, glucagon and 
adrenalin (Kägi 1991). Thus, expression of MTs is suggested as a pro-survival factor. By 
exposing squamous cell carcinoma cell lines to IFN (interferon)-�-2a for 24 hours Gupta et al 
(1995) showed 30-40% higher levels of MT-IIA mRNA in IFN-�-2a treated cells compared to 
controls. Leyshon-Sorland et al (1993) showed nuclear distribution in human epithelial and 
fibroblast cell lines and a possible antagonistic role in tumour necrosis factor-induced cell death. 
The role of metallothionein in apoptosis has been further studied by Abdel-Mageed and 
Agrawal (1997), who showed that down-regulation of MT in breast adenocarcinoma cell lines 
with an 18-mer antisense phosphorothioate inhibited proliferation and also initiated apoptosis. 

Thornalley and Vasak (1985) demonstrated that MTs are effective antioxidants able to quench 
free hydroxyl radicals and superoxide radicals due to their high content of cystein. This capacity 
to scavenge free radicals can protect tumour cells during radiotherapy (Thornalley and Vasak 
1985). Many solid tumours have regions of hypoxia because of an impaired blood supply. 
When squamous carcinoma cells were subjected to 14 hours of hypoxia, significant 
accumulations of MT were found compared to aerobic controls (Murphy et al 1994). In the 
same study, high MT levels were maintained for up to 8 hours of reoxygenation. 
Metallothionein over-expression is also related to cisplatin resistance and poorer prognosis in 
squamous cell carcinoma of the esophagus (Hishikawa et al 1997). Studies on ovarian cancer 
cells show that only nuclear, not cytoplasmic MT expression is correlated with cisplatin 
resistance and poor clinical outcome (Surowiak et al 2007). Smith et al (2006) treated prostate 
cancer cells with zinc and demonstrated activation of MT gene expression and enhanced protein 
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expression. As could be expected, these cells showed a significantly decreased sensitivity to 
cisplatin and radiotherapy compared to controls. In a study including over 1000 patients with 
primary cutaneous melanoma, MT overexpression was a highly significant and independent 
factor for disease progression and reduced survival. (Weinlich et al 2006).  However, the 
expression of MT is not universal to all tumours and the biological functions of MT during 
tumorigenesis need to be further elucidated.  

1.4 CELL PROLIFERATION AND TUMOUR PROGRESS 

1.4.1 General considerations  

Proliferation is one of the most fundamental of biological processes because of its role in 
growth and in maintenance of tissue homeostasis (Figure 2). The cell cycle machinery is 
generally governed by the cyclical activation of the cyclin-dependent kinase complexes 
(CDKs). CDKs are a family of hetero-dimeric serine/threonine kinases that are essential for the 
progression of the cell cycle at every phase transition of the division process. In addition, they 
have distinct roles in regulating transcription. CDKs need to be complexed with their activating 
partners, cyclins, to exert their role on cell proliferation. CDKs, associated cyclins and CDK 
inhibitors act in a coordinated manner to achieve cellular homeostasis. Dysregulation of the 
CDKs and/or associated cyclins have been often found in tumours (Tashiro et al 2007). Cyclin 
D1 is a proto-oncogene that responds to extracellular mitogens and is a controller of G1 phase 
progression (Thomas et al 2005). The most commonly reported alteration of cyclin D1 is gene 
amplification (11q13). This results in the expression of a structurally normal protein, but at 
abnormally high levels, which leads the cell to a state of uncontrolled proliferation. 

The prognostic significance of cyclin D1 overexpression/amplification has been showed in 
studies on laryngeal cancer (Bellacosa et al 1996), anterior tongue cancer (Bova et al 1999) and 
oral cancer (Miyamoto et al 2003). Ki-67 (MIB-1) is a monoclonal antibody that binds to a 
protein that is expressed during the G1, S and G2 phases of the cell cycle. A high percentage of 
immuno-labelled cancer cells for Ki-67 has been significantly associated with neck metastases 
and inversely correlated with the degree of cancer cell differentiation (Liu et al 2003). In order 
to continue cell cycling to the next phase, the prior phase must be properly completed; 
otherwise, safety mechanisms, also known as “cell cycle checkpoints” are activated (Paulovich 
et al 1997). Oncogenic transformation leads to cell cycle aberrations. When assessing tumour 
growth, notice should be taken such that the net growth is a result of cell gain by proliferation 
and cell loss by apoptosis or necrosis. Aberrations in the regulation of both cell death and cell 
cycle control may lead to tumour progression. 
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1.4.2 Epidermal growth factor receptor 

A characteristic of cancer cells is their ability to undergo extensive proliferation through 
overproducing growth factors and/or over-expressing receptors for growth factors. Furthermore, 
negative regulators of cell cycle progression can be non-functional in cancer cells, further 
enhancing tumour development. The epidermal growth factor receptor (EGFR) is a tyrosine 
kinase receptor that plays a vital role in cell growth, migration, metabolism differentiation, and 
survival. The family of tyrosine kinases receptors also includes erbB2/HER-2, erbB3/HER-3 
and erbB4/HER-4. These receptors are anchored in the cell membrane and share a similar 
structure that is composed of an extracellular ligand-binding domain, a short hydrophobic 
transmembrane region, and an intracytoplasmic tyrosine kinase domain (Harari et al 2007). 
There are six known ligands that bind to EGFR, including EGF itself and transforming growth 
factor-� (TGF-�). Ligand binding induces a conformational change of the receptor ectodomain 
that allows for receptor dimerization and autophosphorylation of several tyrosine residues 
within the COOH-terminal tail of receptors (Burgess et al 2003). The resulting 
phosphotyrosines recruit the SH2 domains of multiple downstream signalling molecules and 
initiate an array of intracellular signalling pathways. The receptor signal is terminated by 
endocytic internalisation, the ligand is then degraded and the receptor recycled to the plasma 
membrane.  

Figure 2. Synthesis of DNA (genome duplication), also known as S phase, is followed by separation into two 
daughter cells (M phase) in cell cycle. During the time between these phases (G2 phase) cells can repair errors 
that occur during DNA duplication. The G1 phase (time between M and S phase) represents the period of 
commitment to cell cycle progression. 
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Many studies have demonstrated that EGFR is over-expressed in a number of human solid 
tumours including head and neck cancer (Santini et al 1991). The receptor is activated by 
ligand-dependent and ligand-independent mechanisms, as well as receptor over-expression 
(Yarden and Sliwkowski 2001). EGFR-related cell proliferation may be regulated by the 
tumour suppressor p53 since there is a p53-responsive site in the promoter of EGFR gene 
(Sheikh et al 1997). However, a p53 independent delay in cell cycle progression and a G1 arrest 
was demonstrated when oral cancer cells were treated with epidermal growth factor receptor 
tyrosine kinase inhibitor ZD1839 (Iressa) (Lee et al 2007). Deletion of the extracellular receptor 
domain may result in constitutive, ligand-independent receptor activation (Ekstrand et al 1994). 
Cellular stress, such as radiation, may induce auto-activation of EGFR resulting in cell 
proliferation (Todd et al 1999). In addition, EGFR may escape internalization and lysosomal 
degradation and translocate to the nucleus, where it functions as a transcription factor of the 
cyclin D gene (Lin et al 2001). There is some evidence that cleavage of membrane-anchored 
ligands (e.g. TGF-�), results in autocrine/paracrine activation of EGFR, which can be prevented 
by matrix metalloproteinase inhibitors (O-charoenrat et al 2002). The link between EGFR and 
proteases was also demonstrated by Schenk et al (2003) who showed that activation of EGFR 
occurred through metalloproteinase-cleaved extracellular matrix particles such as laminin-5. 
The prognostic value of EGFR over-expression has been studied in several combination therapy 
trials reviewed by Lothaire et al (2006).  Seven of eight trials showed a poorer outcome for 
patients with EGFR overexpression in multivariate analysis compared to those patients without 
EGFR overexpression.  

1.4.3 Matrix metalloproteinases  

Extracellular proteinases are required for numerous developmental and disease-related 
processes. Matrix metalloproteinases (MMPs) are a family of structurally related zinc-
dependent endopeptidases collectively capable of degrading essentially all components of 
extracellular matrix (ECM). They share a common catalytic core with a zinc molecule in the 
active site. The general structure of MMPs consists of five domains as shown in Figure 3. 
MMPs are highly regulated and are expressed at low levels in normal tissue. They play an 
important role in the physiological degradation of ECM, such as tissue morphogenesis, tissue 
repair and angiogenesis. When an active tissue remodelling is needed, their production and 
activation is rapidly induced (Nagase and Woessner 1999). Regulation occurs at multiple levels, 
including transcription, modulation of mRNA half-life, secretion, relocalization, zymogen 
activation and inhibition of proteolytic activity (Sternlicht and Werb 2001). The majority of 
MMPs are secreted as zymogens that require extracellular activation in order to cleave their 
substrates. Currently, over 20 members of the human MMP gene family are known and have 
been classified into subgroups based on their structure and substrate specificity (Table 1). 
Endogenous inhibitors of MMPs are termed tissue inhibitors of matrix metalloproteinases 
(TIMPs, Mannello and Gazzanelli 2001), and certain non-specific proteinase inhibitors, such as 
alpha2-macroglobulin inhibit MMP activity (Sottrup-Jensen and Birkedal-Hansen 1989).  

1.4.3.1 MMPs in tumour progression 

In addition to the physiological function of MMPs described above, MMPs also have important 
functions in pathologic conditions characterised by excessive degradation of ECM, such as 
rheumatoid arthritis, osteoarthritis, periodontitis, autoimmune blistering disorders of the skin 
and in tumour invasion and metastasis (Nagase and Woessner 1999, Shapiro 1998, 
Westermarck and Kähäri 1999, Stamenkovic 2003). MMPs are abundantly expressed in various 
malignant tumours but several reports demonstrate that neighbouring stromal cells could be 
induced by the tumour cells to produce proteases (such as MMPs) that contribute to the tumour 
growth (MacDougall and Matrisian 1995). Moreover, the tumour microenvironment may drive 
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the onset of cancer. Radisky et al (2005) provide a detailed mechanistic insight into the 
oncogenic activity of MMP-3 when the enzyme induces production of reactive oxygen species 
in normal mammary epithelial cells and ultimately leads to development of squamous cell 
carcinomas. Ishikawa et al (2004) showed that MMP-2 status in stromal fibroblasts, not in 
tumour cells, was a significant prognostic factor associated with angiogenesis in non-small-cell 
lung cancer. Conversely, the basal MMP expression observed in cultured tumour cells can be 
modified by stromal constituents, such as growth factors, and cytokines. The cross-talk between 
different cell types in the tumour micro-environment is evident as MMPs participate in the 
release of matrix sequestered angiogenic and mitogenic factors that affect both tumour cells and 
cells in the microenvironment (Egeblad and Werb 2002). 

In many tumours, infiltration of inflammatory cells is a prominent feature and these cells secrete 
both MMPs and cytokines, which in turn may enhance expression of MMPs in tumour and 
stromal cells. Proteases also participate in the regulation/dysregulation of the immune system by 
activating TGF-�, releasing TNF-� and degrading chemokines, cytokines and cytokine 
receptors, such as IL-2R� (Sheu et al 2001). There is also evidence that receptors, e.g., c-erbB-
2, TNF-� receptor, and FGFR1 (fibroblast growth factor receptor type 1), can be cleaved by 
matrix metalloproteinases (Molina et al 2001, Williams et al 1996, Levi et al 1996). The 
involvement of MMPs in degradation of receptors important for apoptosis and tumour growth, 
such as Fas and EGFR, is not largely investigated.  
 

 
Figure 3. Prototype of MMPs (modified from Birkedal-Hansen et al, 1993). The enzyme contains a signal peptide 
for secretion, a pro-peptide, a catalytic domain, a hinge region and a hemopexin-like domain. 
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Table I. Human matrix metalloproteinases, their chromosomal localization and substrates 

Enzyme 
Chromosomal 

location Substrates 
      
MMP-1 
Collagenase-1  

11q22.2-22.3 Collagen I, II, III, VII, VIII, X, aggregan, serpins, 2M 

MMP-2 
Gelatinase A 

16q13 Gelatin, collagen I, IV, V, VII, X, FN, tenascin, fibrillin, 
osteonectin, monocyte chemoattractant protein 3 

MMP-3 
Stromelysin-1 

11q22.2-22.3 Collagen IV, V, IX, X, FN, elastin, gelatin, laminin, aggrecan, 
osteonectin, 1PI, myelin basic protein, OP, E-cadherin 

MMP-7 
Matrilysin 

11q22.2-22.3 Elastin, FN, laminin, nidogen, collagen IV, tenascin, versican, 
1PI, O E-cadherin, TNF 

MMP-8 
Collagenase-2  

11q22.2-22.3 Collagen I, II, III, aggregan, serpins, 2M 

MMP-9 
Gelatinase B 

20q12-13 Gelatin, collagen IV, V, VII, XI, XIV, elastin, fibrillin, 
osteonectin 2 

MMP-10 
Stromelysin-2 

11q22.2-3 As MMP-3 

MMP-11 
Stromelysin-3 

22q11.2 Serine proteinase inhibitors, 1PI 

MMP-12 
Metalloelastase 

11q22.2-22.3 Collagen IV, gelatin, FN, laminin, vitronectin, elastin, fibrillin, 
1-PI, myelin basic protein, apolipoprotein A 

MMP-13 
Collagenase-3 

11q22.2-22.3 Collagen I, II, III, IV, IX, X, XIV, gelatin, FN, laminin, large 
tenascin aggrecan, fibrillin, osteonectin, serpins 

MMP-14 
MT1-MMP 

14q12.2 Collagen I, II, III, gelatin, FN, laminin, vitronectin, aggrecan, 
perlecan, fibrillin, 1PI, 2M, fibrin 

MMP-15 
MT2-MMP 

16q12.2 FN, laminin, aggrecan, tenascin, nidogen, perlecan 

MMP-16 
MT3-MMP 

8q21 Collagen III, FN, gelatin, casein, cartilage proteoglycans, 
laminin-1, 2M 

MMP-17 
MT4-MMP  

12q24 Fibrin, fibrinogen, TNF precursor 

MMP-19 12q14 Gelatin, aggrecan, COMP, collagen IV, laminin, nidogen,  
MMP-20 
Enamelysin 

11q22 Amelogenin, aggrecan, COMP 

MMP-21 
stromelysin 

    

MMP-23 1p36 McaPLGLDpaARNh2 (synthetic MMP substrate) 
MMP-24 
MT5-MMP  

20q11.2 Proteoglycans 

MMP-25 
MT6-MMP 

16p13.3 Collagen IV, gelatin, FN, fibrin 

MMP-26 
matrilysin 

    

MMP-28 17q11.2 Casein 

  

 FN, fibronectin; 2M, 2-macroglobulin; 1PI, 1-proteinase 
inhibitor; COMP, cartilage oligomeric matrix protein;  
TACE, TNF-converting enzyme; OP, osteopontin. 
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1.4.3.2 Importance of matrix metalloproteinases in head and neck cancer 

Several studies show an increased expression and/or secretion of MMP in head and neck cancer 
(reviewed in Rosenthal and Matrisian 2006). High expression of MMP-2 and -9, which degrade 
type IV collagen, are related to tumour invasion capacity in oral carcinoma in vivo (Ikebe et al 
1999, Kurahara et al 1999). MMP-1 was detected in fibroblastic cells of tumoral stroma and in 
peripheral cells of neoplastic islands in oral SCC and lymph node metastasis; meanwhile the 
level of MMP-1 was consistently low in normal mucosa (Sutinen et al 1998). Significantly 
higher levels of MT1-MMP and MMP-2 mRNA were found in HNSCC compared to control 
tissue (Imanishi et al 2000), and MMP-13 was only expressed in HNSCC-derived cell lines and 
tumour samples and not in normal skin or oral mucosa (Johansson et al 1997). Several 
molecules, including cytokines, may enhance MMP expression and activity. Addition of c-erbB 
ligands to squamous cell carcinoma cultures induced a short-term increase of MMP-1 mRNA 
that declined within 24 hours (O-charoenrat et al 1999). Moreover, incubation with EGF-like 
ligands up-regulated MMP-9 mRNA expression and gelatinase activity (O-charoenrat et al 
2000).  

MMPs might have prognostic significance in squamous cell carcinoma of the head and neck. 
Microarray studies have revealed that increased expression of MMP-1 and MMP-3 in oral SCC 
correlate to lymph node metastasis (Nagata et al 2003). Increased MT1-MMP and MMP-2 
protein expression was correlated to metastasis and poor prognosis in SCC of the tongue 
(Yoshizaki et al 2001). In a study of 106 patients with advanced head and neck cancer, poor 
overall survival correlated with over-expression of MMP-2 protein (Ondruschka et al 2002). In 
addition, patients with increased secretion and activity of MMP-2 and MMP-9 had a shorter 
disease-free survival following treatment of oral SCC compared to patients with tumours 
exhibiting low MMP activity (Yorioka et al 2002). Expression of MMP-9 has also been shown 
to correlate with advanced T stage, lymph node involvement in a study on 54 patients with 
HNSCC (O-charoenrat et al 2001), and similar results were found by Dunne et al  (2003). Poor 
survival correlated with increased MMP-9 staining in a study on 52 HNSCC patients (Riedel et 
al 2000). Taken together, increased active MMP-2 and MMP-9 seem to have prognostic 
importance in laryngeal and oral cancer (Bogusiewicz et al 2003, Yorioka et al 2002). However, 
recent observations have changed our understanding of how MMPs function in tumorigenesis. 
MMPs in general have both tumour promoting and inhibitory effects (DeClerck et al 2004), 
which underlines the complexity of factors involved in tumour progress. 
 
1.5 INFLAMMATION AND CANCER 

While inflammatory processes are usually evoked to destroy pathogens or initiate repair, they 
have also been reported to be in close association with the invading edges of aggressive 
neoplasias contributing to the idea that tumours are “wounds that do not heal” (Dvorak 1986). 
Several pro-inflammatory gene products have been identified to mediate a critical role in 
apoptosis suppression, proliferation, angiogenesis, invasion, and metastasis. Among these are 
interleukins (IL-1�, IL-1�, IL-6, IL-8, IL-18), chemokines, TNF (tumour necrosis factor) and 
members of its superfamily, as well as MMP-9, VEGF, COX-2 and 5-LOX (Aggarwal et al 
2006).  

1.5.1 The intratumoral milieu 

The stromal microenvironment is complex and contains several cell types including fibroblasts, 
smooth muscle cells, immune and inflammatory cells, lipocytes and endothelial cells. The 
extracellular matrix (ECM) behaves as a reservoir of soluble and insoluble signalling molecules 
as well as a mechanical platform for cell attachment and movement. Tumorigenesis has been 
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regarded as an autonomous process in which progressive genetic derangement renders cells 
independent of the external context. However, there is accumulating evidence for a critical 
participation of tumour stroma in carcinoma development and progression (Beacham and 
Cukierman 2005). A complex interplay between soluble and insoluble mediators such as 
ECM/stroma plays a pivotal role in the control of the biological phenotype of a cell, both in 
normal development and function, and in pathological responses. Thus, the tumour cells and 
their surrounding stromal components constitute an actively communicating environment. The 
subsidizing role of tumour micro-environment is further questioned since there is new 
compelling evidence on the active role the micro-environment plays in the initial steps of 
epithelial tumorigenesis (Radisky et al 2005, List et al 2005). Radisky et al showed that MMP-3 
enhanced the production of reactive oxygen species in normal mammary epithelial cells 
resulting in genomic instability. Moreover, an epithelial junctional adhesion molecule, E-
cadherin, was transcriptionally down-regulated, which caused disruption of cell-cell contacts 
and results in a more aggressive phenotype. Moreover, there is substantial evidence for the 
contention that tumour-associated fibroblasts (TAFs) produce a tumour-supportive ECM, which 
promotes the growth, expansion and dissemination of the pre-neoplastic epithelial cell 
population, creating a permissive “pasture” for the emerging malignant cells (Kunz-Schughart 
and Knuechel 2002). 

1.5.2 Cytokines as signal mediators   

Cytokines are a family of peptides that are responsible for direct cell-to-cell communication. 
They provide a communication system between adjacent cells (paracrine effect), between cells 
at distant sites (endocrine effect), and self-stimulating effects (autocrine effect). One of the 
crucial aspects of the tumour micro-environment is the cytokine-mediated communication 
between tumour and stromal cells/components. Cytokines may contribute to the therapeutic 
benefit by stimulation of immune effector cell proliferation, augmentation of lymphocyte 
toxicity, and enhancement of antigen presentation of tumour-associated antigens as well as 
direct anti-proliferative effects (Feliciani et al 1996). The cytokine profile of cancerous tissue is 
commonly deranged resulting in tumour progress. Secreted pro-inflammatory chemokines and 
cytokines began a cycle of angiogenesis stimulation, sustained tumour growth and facilitated 
metastasis (Yan et al 2006). Among cytokines of central importance are interleukins-6 and -8, 
TNF and HGF, as described below. 

1.5.2.1 Interleukin-6 

Interleukin-6 (IL-6) is a multifunctional acute phase protein that is produced in response to 
inflammation, stress, injury and infection. It is expressed by many cell types and can co-
stimulate T-cells and NK cells, and activate B-cells (Feliciani et al 1996). IL-6 is overexpressed 
in many types of cancer (Trikha et al 2003), and is able to promote tumour growth by up-
regulating anti-apoptotic and angiogenic proteins. High levels of serum IL-6 is associated with 
worse survival in metastatic breast cancer (Salgado et al 2003), and in renal cell carcinoma 
(Costes et al 1997). Furthermore, IL-6 has been shown to have a different impact on melanoma 
cell proliferation based on the stage of tumour cell of development (Lu et al 1992).  

The IL-6 receptor (IL-6R) consists of a signal-transducing molecule (gp130) and a specific 
ligand-binding protein. The latter molecule can be membrane-bound or soluble (sIL-6R), and 
both forms interact with IL-6 and associate with gp130 (Barille et al 2000). The soluble form of 
the receptor is suggested to arise via proteolytic cleavage or alternative splicing (Mullberg et al 
1993, Mullberg et al 1994, Oh et al 1996, Horiuchi et al 1994). Unlike other soluble cytokine 
receptors, which are generally antagonists, sIL-6R is an agonist molecule, promoting IL-6 
activity (Trikha et al 2003). There is some evidence that IL-6, acting through the gp130 
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receptor, can promote aberrant growth in HNSCC cell lines in an autocrine/paracrine loop 
(Sriuranpong et al 2003).  

1.5.2.2 Tumour necrosis factor-� 

Tumour necrosis factor-� (TNF-�) is a soluble 17 kDa molecule that binds to tumour necrosis 
factor-receptor-I or -II (TNFRI and TNFRII) localised on the cell surface (MacEwan et al 
2002). TNF-� is synthesised as a membrane-bound pro-peptide and is secreted upon cleavage 
by TNF-� converting enzyme (TACE). Additionally, the membrane-bound form of TNF-� is 
functional and binds to the receptor via direct cell-to-cell contact. Activated macrophages are a 
major source of TNF-�, although it can also be made by a variety of other cells, including 
fibroblasts, keratinocytes and tumour cells (Feliciani et al 1996). Evidence for a role of TNF-� 
in human cancer has been provided by several studies (referenced in Szlosarek and Balkwill 
2003). TNF-� acts as a growth factor in certain tumour types increasing concentrations of 
positive cell-cycle regulators (and decreasing levels of CDK inhibitors) and components of 
growth-factor receptor signalling pathways such as RAS or c-MYC (Tselepis et al 2002, Gaiotti 
et al 2000). TNF-� promotes DNA damage and inhibits DNA repair by up-regulating nitric 
oxide-dependent pathways (Jaiswal et al 2000). TNF-� can induce collapse of tumour 
vasculature by increasing angiostatin (Weichselbaum et al 2002), but it can also promote 
angiogenesis (Leibovich et al 1987). TNF-� promotes further tumour remodelling by 
stimulating fibroblast activity, tumour-cell motility and tumour invasion via the induction of 
matrix metalloproteinases (reviewed in Szlosarek and Balkwill 2003). 
1.5.2.3 Hepatocyte growth factor  

Hepatocyte growth factor (HGF) was originally identified in hepatocytes but expression has 
been demonstrated in several tissue types including monocytes and fibroblasts, but not epithelial 
cells (Zarnegar and Michalopoulos 1995). The HGF receptor (C-met proto-oncogene), however, 
is mainly found on epithelial cells (Zarnegar and Michalopoulos 1995). HGF, secreted by 
fibroblasts, has a paracrine effect on epithelial cells, and stimulate re-epithelialisation in wound 
healing (Trusolino et al 1998). The binding to its receptor results in loss of adhesion, increased 
cell motility and invasiveness (Rubin et al 2001, Atabey et al 2001). HGF has been found to 
protect a variety of epithelial and other cancer cell types against cytotoxicity and apoptosis 
induced by DNA damage (Gao et al 2001, Skibinski et al 2001, Liu et al 1998). The mechanism 
of this action has been proposed to involve interaction between the HGF receptor and the Fas 
death receptor that hampers apoptosis. Wang et al (2002) showed that the HGF receptor was 
able to bind and sequester FasR in hepatocytes. Furthermore, mice lacking the c-met gene in 
hepatocytes were hypersensitive to Fas-induced apoptosis (Huh et al 2004) indicating an anti-
apoptotic function of HGF/c-met signalling. Over-expression of HGF-receptor has been 
reported in oral squamous cell carcinoma, and HGF concentration in metastatic cancer tissues 
was significantly higher than in non-metastatic cancer tissues (Morello et al 2001, Uchida et al 
2001). Interestingly, serum levels of HGF were significantly higher in oral cancer patients than 
in healthy volunteers (Uchida et al 2001). 

1.5.2.4 Interleukin-8 

Interleukin-8 (IL-8) is an 8 kDa chemokine with endothelial cell chemotactic and proliferative 
activity (Koch et al 1992) that promotes angiogenesis. It activates lymphocyte function-
associated antigen-1 (LFA-1) on lymphocytes and lymphocyte binding to ICAM-1 on 
endothelium through the IL-8 receptor. Interleukin-8 is mainly secreted by monocytes and 
macrophages, but also fibroblasts and keratinocytes. Watanabe et al (2002) demonstrated 
secretion of IL-8 from oral SCC cell lines, whose production was significantly enhanced after 
addition of TNF-�. However, TNF-� did not exert any effects on IL-8 receptors. Expression of 
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IL-8 by human melanoma cells correlates with their metastatic potential (Ugurel et al 2001). 
Bancroft et al (2002) showed that IL-8 and vascular endothelial growth factor (VEGF) 
expression in HNSCC cell lines was inhibited by antagonists to EGFR. Taken together, high IL-
8 expression levels render tumour cells highly tumorigenic, angiogenic and invasive (Kitadai et 
al 1999, Singh and Varney 2000), which makes IL-8 an attractive target for treatment of cancer 
(Xie et al 2001). 

1.5.3 Intercellular adhesion molecule-1  

Intercellular adhesion molecule-1 (ICAM-1) is an intercellular adhesion molecule that is widely 
distributed on many cell types of both hematopoietic and non-hematopoietic lineage. ICAM-1 is 
commonly expressed on vascular endothelium, lymphoid follicle germinal centres and tissue 
macrophages (Holtzmann et al 1988), while under normal conditions, the constitutive 
expression of this antigen is low. In areas of inflammation, however, cell-surface expression of 
ICAM-1 is dramatically increased (Rothlein et al 1988, Lisby et al 1989). LFA-1 and Mac-1, 
members of the leukocyte integrin family, bind to ICAM-1 (Wawryk et al 1989). This 
constitutes the first step of cell-to-cell interactions that is an antigen-independent adhesion 
between lymphocytes and antigen-presenting cells (APC), other cells or tumour targets. 
Expression of ICAM-1 has also been identified in human cancers, both in tissue cultures and 
tumour cells in situ (Melendez et al 2003, Esposito et al 2002). Wang et al (2006) recently 
showed that blocking ICAM-1 by a monoclonal antibody against this adhesion molecule growth 
of uveal melanoma in a SCID mouse model was inhibited. Head and neck cancer biopsies have 
shown positive membrane staining for ICAM-1 on tumour cells with the strongest expression in 
areas proximal to inflammatory cells (Lang et al 1999).  

1.6 NEW TREATMENT MODALITIES 

Despite aggressive cancer treatment regimens, primary or acquired resistance still constitutes a 
major clinical problem in medical oncology. Generally upon tumour relapse, patients usually 
have tumours that are more resistant to therapy than their primary tumours. The 
chemotherapeutic arsenal in the treatment of head and neck cancer is quite limited, which 
makes development of new therapeutic agents desirable.     

1.6.1 Therapeutic agents affecting cell cycle control and apoptosis 

Inhibition of cyclin-dependent kinase complexes (CDKs) may promote different phenotypes 
including cell cycle arrest, induction of differentiation, apoptosis and inhibition of transcription 
(Senderowicz 2003). CDK inhibitors have been tested in clinical trials (Senderowicz 2003). In 
order to sensitize cells to apoptosis, stimulation of pro-apoptotic or inhibition of pro-survival 
pathways could be accomplished. Modulation in pro-survival pathways includes inhibition of 
growth receptors. The involvement of growth receptors such as EGFR in epithelial tumour 
growth signalling has opened possibilities for new biological strategies that target EGFR and its 
downstream signal transduction pathways. Such therapeutic agents include ligand-linked toxins, 
antibodies to EGFR, tyrosine kinase-specific inhibitors, and antisense approaches to block 
EGFR expression. Several EGFR-specific monoclonal antibodies have been developed that 
bind to the extracellular domain of the receptor and have increased specificity compared with 
the natural ligand (TGF-�). Tumour regression has been shown after injecting HNSCC tumours 
with anti-EGFR or anti-Her-2-neu Pseudomonas exotoxin in vivo (Azemar et al 2000). 

Interestingly, a potential synergism with radiation therapy and anti-EGFR chemotherapy has 
been reported (Harari et al 2001, Burtness et al 2005). Tyrosine kinase-specific inhibitors 
competitively inhibit autophosphorylation of the catalytic domain of EGFR leading to increased 
apoptosis (Partik et al 1999). Antisense strategy targeting the translation start site of EGFR in 
vitro inhibited the growth of HNSCC cell lines (Rubin Grandis et al 1997). Bonner et al (2006) 
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showed in a prospective randomised study that the addition of EGFR inhibitor cetuximab 
(Erbitux) during radiotherapy resulted in a significant improvement of both loco-regional 
tumour control and overall survival. Importantly, they did not report a higher incidence of grade 
3 or higher radiation-induced side effects, such as mucositis. However, incidences of acneiform 
rash and infusion reactions were significantly higher among patients that received cetuximab in 
addition to radiotherapy. Another strategy for sensitizing tumours to apoptosis induction is to 
decrease the expression of anti-apoptotic proteins of the Bcl-2 family. First clinical trials with 
the antisense therapy agent Oblimersen (Genasense, G3139) targeted against Bcl-2 have been 
conducted in advanced renal cancer (Margolin et al 2007), colorectal cancer (Mita et al 2006), 
myeloma (Badros et al 2005), prostate cancer (Tolcher et al 2005) and lung cancer (Rudin et al 
2004). 

The specific targeting of death receptors to trigger apoptosis in tumour cells is an attractive 
cancer therapy since death receptors have a direct link to the death machinery of the cell 
(Ashkenazi 2002). Furthermore, apoptosis triggered by death receptors is considered to occur 
independent of the cellular p53 status, which is impaired in the majority of human tumours (El-
Deiry 2001). Still, tumour cells might acquire treatment resistance by multiple mechanisms, 
which interfere with the death receptor pathway, e.g., by an increase in anti-apoptotic molecules 
or by a decrease in pro-apoptotic proteins. Modulation of pro-apoptotic pathways includes 
restoration of p53 function (Wiman et al 2006) and utilizing of TNF-� and other death receptor 
agonists (van Horssen et al 2006).  

1.6.2 Immune therapy 

The goal of immunotherapy is to enhance the natural immune response to neoplasms. 
Continued research in the immunobiology of solid tumours has yielded hope that the body´s 
immune-defense mechanisms may contribute to the available therapeutics for cancers through 
the use of tumour vaccines, immune response modifiers, cytokine gene therapy, and the use of 
specific tumour antigens (Whiteside 2006). 

The complex of humoral factors and immune cells comprises two interwoven systems, innate 
and acquired. Immune cells scan the occurrence of any molecule that could be considered as 
non-self. Transformed cancer cells expressing tumour-associated proteins acquire antigenicity 
that is recognized as non-self by the immune system. A specific immune response is generated 
that results in proliferation of antigen-specific lymphocytes. Immunity is acquired when 
antibodies and T-cell receptors are expressed and up-regulated through the formation of 
lymphokines, chemokines, and cytokines. Both innate and acquired immune systems interact to 
initiate antigenic responses against carcinomas. The micro-environment of the developing, and 
especially of the advanced, tumour is, however, not supportive of immune effector cells and 
may favour their demise, resulting in immune suppression. 

There are many obstacles in the development of effective immunotherapy in solid cancers, 
including head and neck cancer. The fact that a neoplasm has grown to become clinically 
evident implies that the tumour cells have found a way to evade the normal protective action of 
the immune system. There are three principles of escaping the immune surveillance: (i) escape 
by loss of recognition, (ii) escape by loss of susceptibility and (iii) escape by induction of 
immune suppression (Malmberg and Ljunggren 2006). Strategies for restoring immune 
competence in patients with head and neck cancer and for preventing tumour escape are 
necessary for more effective control of tumour progression. New immunotherapeutic 
approaches include cytokine- and dendritic cell-based vaccines. These are aimed to restore 
tumour-specific responses and to protect immune cells from tumour-induced apoptosis 
(Whiteside 2005).  
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1.6.3 Cytotoxic and immuno-modulatory agents 

Initially, anti-tumour chemotherapies were thought to produce solely anti-proliferative or 
cytotoxic effects on the dynamically dividing cells, among which tumour cells were the desired 
targets. However, more recent studies have shown that chemotherapeutic agents are capable of 
sensitizing the immune response in a dose-dependent manner (Maguire and Ettore 1967, 
Schwartz and Grindey 1973). In cancer patients, most of the anti-tumour chemotherapeutics are 
applied at maximum tolerated doses (MTD), which can cause immuno-suppression.  Instead, 
there is increasing evidence that low to moderate doses of cisplatin induce immuno-
augmentation (Spreafico and Vecchi 1985, Kleinerman and Zwelling 1984, Schlaefli et al 
1983). Cisplatin is also known to make the tumour cells more susceptible to immune cell attack 
(Noguchi et al 1997). One of the mechanisms proposed is sensitization of tumour cells to 
apoptotic signal transduced through the Fas-FasL-mediated pathway (Michaeu et al 1997, Uslu 
et al 1996). 

Cisplatin is an effective chemotherapeutic agent widely used in the treatment of many varieties 
of malignancies (Lebwohl and Canetta 1998). Cisplatin is a potent radiosensitizer and the drug 
most commonly used for chemoradiotherapy in head and neck cancer (Seiwert et al 2007). The 
cytotoxicity of cisplatin is thought to be a result of formation of inter- and intra-strand DNA 
cross-links (Eastman et al 1990).  However, more recent studies show that cisplatin induces 
caspase-3 activation and apoptosis by activation of ASK1 and the stress-induced protein kinase 
(SAPK) pathway (Chen et al 1999). Furthermore, cisplatin was reported to stimulate apoptosis 
by inhibiting XIAP, a direct inhibitor of caspase-3, -6 and -7 (Matsumiya et al 2001).  Yang et 
al (2006) showed that cisplatin binding to nuclear DNA is not necessary for induction of 
apoptosis in squamous cell carcinoma of the head and neck, which can instead result from the 
direct action of cisplatin on mitochondria. They showed that cisplatin binds preferentially to 
mitochondrial membrane proteins, particularly the voltage-dependent anion channel. A release 
of cytochrome c was observed after cisplatin treatment. 

1.6.3.1 Interferon 

Interferons (IFN) were isolated in 1970 and named IFNs because they interfered with viral 
infection. Interferon-� (IFN-�) is a family of molecules comprising at least two types, and they 
have profound and diverse effects on gene expression. IFN-� may be very important in linking 
innate-immune response with sustained adaptive-immune response (Biron et al 1998). The 
innate-immune response usually consists of the cell-mediated response of NK-cells to non-self 
(e.g. neoplastic) or foreign (e.g. viral) antigen. Although important for initial defence of the 
host, the innate-immune response must transition to the more efficient and specific adaptive-
immune response to clear the non-self or foreign antigen effectively. In this process, IFN-� is 
considered critical in the regulation of the immune response transition by direct or indirect 
regulation of activity of cytokines and chemokines (Taylor and Grossberg 1998, Biron et al. 
2001), and by regulation of cytokine- and chemokine-receptor expression at the cell surface 
(Rogge et al 1997). Other actions ascribed to IFN-� is an anti-angiogenic effect, activation of B- 
and T-cells and antigen-presenting cells, and increased expression of class I MHC antigens 
(Harris and Gill 1986), tumour antigens and adhesion molecules,  The efficacy of IFN-� has 
been well established for the treatment of patient having advanced malignant melanoma and 
renal cell carcinoma (Bukowski et al 2002).  
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1.6.3.2 Retinoids  
 
Retinoids are natural and synthetic derivates of vitamin A. The natural retinoids exert a 
hormone-like activity and function in several processes including vision, reproduction, 
metabolism, growth, differentiation, hematopoiesis, immunological processes, bone
development, and pattern formation during embryogenesis (Sporn et al 1994). 

Epidemiological studies have addressed the relationship between retinoids and cancer 
incidence. Serum levels of �-carotene (pro-vitamin A) and vitamin A (retinol) were 
significantly higher in control subjects than in oral cancer patients (Kune et al 1993, de Vries 
and Snow 1990). There is considerable evidence that retinoids have potent growth inhibiting 
effects on cancer in vitro and in vivo (Gudas et al 1994). They have been used in treatment of 
oral leukoplakia, a premalignant mucosal lesion that frequently develops into invasive oral SCC 
(Hong et al 1986). Despite that significant response to high-dose therapy was observed, a 
substantial toxicity expressed as mucocutaneous reactions, liver toxicity and myalgia was 
found. Moreover, a high rate of relapse after discontinuation of the treatment hampered the 
clinical use of this drug. Head and neck cancer patients have a 2-4% risk of developing second 
primary tumours every year. Patients that were treated with an adjuvant 12-month 13-cis 
retinoic acid (13-cis RA) therapy after curative surgery and/or radiation therapy developed 
significantly fewer second primary tumours after 32 months of follow-up (Hong et al 1990). 
Upon re-analysis after a median 4.5 years, 13-cis RA-patients continued to have significantly 
fewer total second primaries, suggesting that the protective effect lasted for several years after 
completion of the therapy (Benner et al 1994). The effect may be dose-dependent since a 
recently reported randomized phase III trial of low-dose 13-cis retinoic acid for prevention of 
second primary tumours in stage I and II head and neck cancer patients did not show any 
reduction of the rate of second primary tumours or death (Khuri et al 2006). Interestingly, 
Hoffmann et al (2007) showed that 13-cis retinoic acid inhibited angiogenesis and tumour 
growth in thyroid cancer cells. In addition, retinoids may be effective in cancer therapy by 
blocking MMP synthesis and decreasing tumour invasiveness (Schoenermark et al 1999).  

1.6.4 MMP-inhibitors 

In preclinical studies, broad spectrum synthetic MMP inhibitors have shown significant anti-
tumour activity. The large-scale randomized phase III trials have, however, failed to confirm the 
effects, reviewed in Coussens et al (2002). Although the development of specific MMP 
inhibitors may result in more effective anticancer compounds, the MMP system is extremely 
complex and it is not yet clear which subtypes that should be targeted to achieve therapeutic 
anti-tumour effect (Hojilla et al 2003). 

1.6.5 Other treatment agents 

Numerous biological and small-molecule compounds capable of modulating TNF function are 
either available commercially, or are under clinical evaluation. Several of the TNF antagonists 
are approved for other indications than cancer and are under investigation for supportive care or 
treatment of various malignancies (reviewed in Yan et al 2006). Furthermore, studies on anti-
IL-6 therapies have been performed on patients with multiple myeloma, renal cell carcinoma 
and B-lympho-proliferative disorders (reviewed in Trikha et al 2003). The anti-IL-6 mAb 
therapy decreased C-reactive protein levels in all patients, the antibodies were well tolerated, 
and since the incidence of cancer-related anorexia and cachexia was decreased the antibodies 
may be useful in palliative treatment of cancer patients. In pre-clinical models human anti-IL-8 
antibody inhibited angiogenesis, tumour growth and metastasis of human melanoma (Huang et 
al 2002), but the therapeutic value of blocking IL-8 has yet to be assessed in cancer patients. 
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2 AIMS OF THE STUDY 

The general comprehensive aim of this thesis was to study different aspects of tumour progress 
including apoptosis, cell proliferation and inflammation in head and neck cancer.  

The specific aims of the study were as follows: 

Paper 1: 
To study and evaluate the prognostic values of three parameters related to apoptosis and 
proliferation in a group of malignant salivary gland tumours (acinic cell cancer). Expression of 
Bcl-2 expression, proliferation and apoptosis frequency were assessed. 

Paper 2: 
To investigate and evaluate the prognostic values of three parameters related to apoptosis (Bcl-
2, MT, Fas) in tongue cancer. A secondary aim was to assess cell proliferation and apoptosis 
frequency in the same tumours.  

Paper 3: 
To investigate the effect of low-dose chemotherapeutic agents (cisplatin, interferon-alpha, 13-
cisRA) on expression of receptors Fas, EGFR and ICAM-1 in two oral squamous cell 
carcinoma cell lines.  

To investigate how effects induced by low-dose cisplatin influences Fas-mediated apoptosis. 

Paper 4: 
To study secretion of matrix metalloproteinases (MMP-1, MMP-2 and MMP-9) from oral 
cancer cell lines and secondly, to study if different cytokines (IL-6, sIL-6R, TNF-alpha, HGF, 
IL-8 or their combinations) stimulate MMP secretion in these cell lines. 
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3 MATERIAL AND METHODS 

Study population (paper 1) 
32 cases with acinic cell cancer were studied, 16 from Germany and 16 cases from University 
Hospital in Linköping. All patients were followed for a minimum of 5 years following 
treatment.  

Study population (paper 2) 
24 consequent patients with tongue cancer (T1-T2N0M0) treated at the University Hospital in 
Linköping were studied. None of the patients had been exposed to any prior anti-tumour 
treatment , and they were followed for a minimum of 3 years.  

Cell proliferation assessment (paper 1 and 2) 
In the present papers, Ki-67 was detected by immunohistochemistry. First, endogenous 
peroxidase activity was inhibited by hydrogen peroxidase, and the sections were immersed in 
boiling citrate buffer in a microwave oven two times (5 minutes each). After washing, the 
sections were subsequently incubated with 1:100 dilution of monoclonal antibodies to Ki-67 
(MIB-1, Immunotech, France) overnight at +4°C; a 1:200 dilution of biotinylated rabbit 
antiserum to mouse immunoglobulins for 30 min at room temperature; and a 1:100 dilution of 
the streptavidin-biotinylated peroxidase complex for 30 min. Peroxidase activity was developed 
in diaminobenzidine chromogen substrate. The MIB-1 immunoreactivity in tumour cells was 
evaluated either as less than 10 percent positive (=negative) or as more than 10 percent positive 
(=positive). Negative control sections, where the specific monoclonal antibody was replaced 
with the immunoglobulin fraction of non-immune mouse sera, remained unstained. 

When studying cell proliferation, markers of proliferation can be classified into three main 
categories: growth fraction markers, markers of specific phases in cell cycle and cell cycle time 
markers (Pich et al 2004). The oldest way of assessing proliferation is counting mitotic cells on 
a light microscopy. Cells in the M phase can be identified but cells in the largest part of the cell 
cycle (G1, S and G2) cannot be morphologically recognized. The Ki-67 antigen, which is coded 
by a gene on chromosome 10, is expressed in the G1, S and G2 phases in cycling cells (Gerdes et 
al 1992, Guillaud et al 1989). Immunohistochemical staining of Ki-67 by MIB-1 antibody is 
regarded as a reliable marker of proliferating cells. There are additional proliferation associated 
antigens that can be visualized by immunohistochemistry, proliferating cell nuclear antigen 
(PCNA) and DNA topoisomerase II. Other methods to assess cell proliferation include 
incorporation techniques (incorporation of labelled nucleotide analogues in vivo or in vitro), 
DNA cytometry (percentage of cells in S phase), and silver staining of nucleolar organiser 
regions (AgNORs). Growth is the overall increase in cell number, so is the net result of cell gain 
by proliferative activity and cell loss by apoptosis or necrosis. It is recommended to assess both 
parts that influence growth. 

Immunohistochemistry in tissue sections (Bcl-2, Fas, MT), paper 1 and 2 
4-5 μm thick sections were cut from representative blocks of the original surgical specimen and 
deparaffinized. Next, endogenous peroxidase activity was inhibited by hydrogen peroxidase, 
and the sections were immersed in boiling citrate buffer in a microwave oven two times (5 
minutes each). After washing, the sections were subsequently incubated with 1:20 dilution of 
normal rabbit serum, followed by either 1:50 dilution of monoclonal antibodies to Bcl-2; 1:25 
for anti-Fas, or 1:25 for anti-MT overnight at +4°C.  Sections were incubated with a 1:200 
dilution of biotinylated rabbit antiserum to mouse immunoglobulins for 30 min at room 
temperature followed by a 1:100 dilution of the streptavidin-biotinylated peroxidase complex 
for 30 min, also at room temperature. Peroxidase activity was developed in diaminobenzidine 
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(DAB) chromogen substrate. For all antigens, tumour positivity was graded as 3+ if more than 
75% of tumour cells were stained, 2+ if 25-75% of cells were stained, 1+ if <25 % of cells were 
stained, unless all were negative. A formalin-fixed, paraffin-embedded follicular lymphoma 
carrying the t(14;18) chromosomal translocation was applied as a positive Bcl-2 control. 
Sections of cultured human T-Jurkat cells were used as a positive control for Fas, breast tissue 
(containing myoepitelial cells) and a normal and malignant parotid gland were used as a 
positive control to MT. Negative control sections, where the specific monoclonal antibody was 
replaced with the immunoglobulin fraction of non-immune mouse sera, remained unstained. 

Apoptosis detection (TUNEL), paper 1 and 2 
After deparaffinization, sections for the TUNEL reaction were digested by 20 μg/ml proteinase 
K for 15 minutes. After four washes in distilled water and quenching in 2% H2O2, the Apoptag 
kit was applied according to manufacturer´s instructions. Briefly, the TUNEL method is a 
tailing reaction where terminal deoxynucleotidyl transferase (TdT) catalyses a template-
independent addition of deoxyribonucleotide triphosphate to the 3´-OH ends of single- or 
double (blunt ends) –stranded DNA. The incorporated nucleotides form a random 
heteropolymer of digoxigenin-11-dUTP and dATP, in a ratio that has been optimized for anti-
digoxigenin antibody binding. The anti-digoxigenin antibody fragment carries a conjugated 
reporter enzyme (peroxidase) to the reaction site. TUNEL positivity was evaluated as 1+ when 
less than 5 percent of tumour cells showed distinctive nuclear staining, with an intensity 
equalling or almost equalling that of control, 2+ if more than 5 percent but less than 25 percent 
of tumour cells were positive, and 3+ when more than 25 percent of tumour cells were positive. 
Tumours with no positive cells, or the occasional positive cell only, were recorded as negative. 
TdT was replaced with water in negative controls. For positive controls, DNase I was added (20 
min, 37°C) after quenching in H2O2, thus producing DNA breaks in virtually all cells (Gavrieli 
et al 1992). 

The TUNEL reaction is widely accepted and sensitive indicator of apoptosis at the single cell 
level. Its full specificity remains to be clarified, as TUNEL is a tailing reaction and theoretically 
could incorporate dUTP to any DNA nick break and not only those occurring during apoptosis. 
Combination with assessing apoptotic morphology, e.g. by visualizing nuclear condensation by 
DAPI staining, is recommended. The appearance on the surface of apoptotic cells of 
phosphatidylserine is exploited using the Annexin V assay. This is particularly effective when 
analysing single cell populations of tumour cells by flow cytometry (e.g., haematological 
malignancies). 

Cell lines and culture conditions (papers 3-4) 
Two recently established squamous cell carcinoma cell lines (UT-SCC-20A, UT-SCC-24A) 
were studied in paper 3 and 4 (Lansdorf et al, 1999), Figure 4. UT-SCC-20A has one missense 
mutation in exon 7 (codon 248) of the p53 gene (Pekkola-Heino et al, 1996). UT-SCC-24A has 
one normal p53 allele and one allele with splice mutation in exon 7 (Hauser et al, 2002). The 
cell lines were established from primary squamous cell carcinomas of the mobile tongue (UT-
SCC-24A) and the floor of the mouth (UT-SCC-20A), and passages 10-20 were used for 
experiments in the present studies. The cells were cultured in Dulbecco´s modification of 
Eagle´s medium (DMEM) supplemented with 2 mM L-glutamine, non-essential amino acids, 
antibiotics (streptomycin 50 μg/ml, penicillin 100 IU/ml) and 10% foetal calf serum (FCS), all 
from Gibco, Life Technologies. All cells were incubated at 37°C in a humidified air atmosphere 
with 5% CO2. 
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Cell detachment procedure (paper 3) 
The cells were harvested at sub-confluent growth in flasks, and trypsinization or mechanical cell 
detachment with a cell scraper was performed in parallel flasks. A solution with 0.01% trypsin 
(Sigma-Aldrich, Gillingham, UK) and 0.02% K-EDTA was used for enzymatic detachment. 
Both trypsinized and scraped cells were prepared on cytospin glasses (7 minutes at 8.5 g), or, 
alternatively, the cells were cultured on glass chamber slides for 72 hours then directly dried 
and stored at –70°C until staining. 
 

cell line primary tumour  specimen  TNM 
 location origin  

    
UT-SCC-20A base of mouth Primary 

tumour 
T1N0M0 

UT-SCC-24A tongue Primary 
tumour 

T2N0M0 

 
Figure 4. Characteristics of the studied cell lines. 

 
Drug modulations (paper 3) 
After trypsinization the cells were seeded onto glass chamber slides, UT-SCC-20A at 40 000 
cells/ml and UT-SCC-24A at 50 000 cells/ml. After 24 hours, the culture medium was changed 
and CDDP (0.5 μg/ml), INF-� (1000 U/ml), and 13-cisRA (0.003 μg/ml) were added. The cells 
were cultured with or without drugs for 48 hours and then the slides were gently washed with 
PBS solution, dried, and stored at –70°C.  

The toxicity of cisplatin was previously studied in several cell types and the cell death curves 
commonly show a steep increase of cell death/apoptosis at concentrations higher than 1 μg/ml 
(Willliams et al 1997, Song et al 2003, Kinoshita et al 2000). Earlier studies with cisplatin 
treatment at concentration <0.5 μg/ml showed less than 10% cytotoxicity in HNSCC cells 
(Matsuoka et al 1995) whereas treatment of HNSCC cells by higher cisplatin concentration (1-5 
μg/ml) showed 20-50% cytotoxicity (Matsuoka et al 1995, Kuwahara et al 2000). The higher 
concentrations in cell cultures are equivalent with clinical treatment concentrations. The present 
purpose was to study modulating, not toxicity-derived effects on receptors. Different drug 
concentrations were tested on cells and the concentrations of minimal effect on observed cell 
growth were chosen. 

Immunohistochemistry on glass chamber slides (Fas, ICAM-1, EGFR), paper 3 
The cell preparations on chamber slides were fixed with phosphate-buffered 4% 
paraformaldehyde, pH 7.4, for 5 minutes, and then blocked with 10% human AB serum for 15 
minutes. The cells were incubated with primary mouse anti-human antibodies Fas 50 μg/ml 
(clone DX2, Dako Corp, Carpinteria, CA, USA), ICAM-1 8 μg/ml (clone 6.5B5, Dako, 
Glostrup, Denmark), EGFR 1 μg/ml (Labvision, Fremont, CA, USA), and IgG 50 μg/ml (IgG1, 
Dako, Glostrup, Denmark). The antibody dilutions used differed depending on the purpose of 
the staining; the antibodies used in staining after drug modulations (paper 3) were deliberately 
more dilute in order to make it easier to observe any receptor up-regulation (Fas 25 μg/ml, 
ICAM-1 0.125 μg/ml, EGFR 0.125 μg/ml, and IgG 25 μg/ml). All primary antibodies were 
incubated for 30 minutes except for anti-EGFR mAb and the negative control, which were 
incubated for 60 minutes. After incubation with the primary antibodies, the slides were washed 
in BSS and Tris buffered saline (TBS) and incubated with Envision+, Peroxidase, Mouse (Dako 
Corp, Carpinteria, CA, USA) for 30 minutes. The slides were then washed in TBS and 
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incubated with AEC+ substrate-chromogen (Dako Corp, Carpinteria, CA, USA) for 20 minutes. 
The washing was repeated after AEC+ incubation, then the slides were counterstained in 
Mayer’s hematoxylin for one minute and mounted in Glycergel (Dakopatts, Sweden). 

There are a variety of immunohistochemical staining methods to apply. Depending on the 
studied sample (deparaffinized sections, frozen sections, cell samples, smears) and the studied 
epitope (membrane bound, intracellular, nuclear) different methods may be chosen. Staining 
results for a protein can depend on which epitope is chosen as a target of the primary antibody. 
Two methods were used in the present investigations since there were differences between 
samples (deparaffinized sections and cell samples on glass slides) and the time interval between 
analyses. The cells that were detached by trypsin prior to staining showed a stronger staining 
intensity than attached cells. Trypsin may promote unmasking of epitopes, which can explain 
the different intensity. Moreover, microwave treatment of tissue sections may intensify staining 
reaction, and the concentration and incubation time of primary antibodies plays an important 
role in staining results. Since there is plenty of variation in immunohistochemical techniques 
staining results of separate investigations should be compared cautiously.  

Detection of soluble and cell-bound Fas (paper 3) 

The cells were seeded onto 6-well plates (NUNC, Life Technologies); UT-SCC-20A at 9�104 

cells/ml, and UT-SCC-24A at 11�104 cells/ml. After 24 hours of plating, the culture medium 
was changed in all dishes and the different modulating agents (CDDP 0.5 μg/ml, INF-� 1000 
U/ml, and 13-cisRA 0.003 μg/ml) were added. After 48 hours, the cells were gently harvested 
using a cell scraper. The cell suspension consisting of cells and culture medium was collected 
and centrifuged at 420 x g for 5 minutes. The culture medium was collected separately and the 
cells were washed once in PBS.  All samples were stored at –70°C until receptor quantification. 
The amount of Fas receptor in both membrane-bound and soluble form was determined using 
Fas/APO-1 ELISA (Oncogene, Calbiochem). All assays were conducted according to the 
suppliers’ recommendations. The optical density of all samples was determined using a 
microplate reader (Versa max, Molecular Devices Corp, Sunnyvale, California). Protein 
determination of samples was performed using a bicinchoninic acid protein (BCA) assay kit 
(Sigma, Missouri, USA), following the detection protocols recommended by the manufacturers.   

Apoptosis induction (CH11) and detection (DAPI and caspase-3), paper 3 
The cells were seeded onto 6-well plates (Costar) at a density of 12,000/cm2 (UT-SCC-20A) 
and 15,000/cm2 (UT-SCC-24A). After 24 hours, fresh medium was added either with or without 
cisplatin (0.5 μg/ml), and after another 40 hours an apoptosis-inducing Fas antibody (clone 
CH11, Upstate, Lake Placid, NY, USA; 50 ng/ml) was added for 8 hours. Cells were then 
trypsinized and together with detached cells collected in the culture medium and centrifuged 
(420 x g for 5 minutes). The cell pellet was re-suspended in 100 μl phosphate-buffered saline 
(PBS) and subjected to cytospin centrifugation at 8.5 x g for 5 minutes. The cells deposited on 
slides were fixed in 4% neutral buffered formalin for 20 minutes, rinsed in water, and mounted 
in Vectashield® mounting medium supplemented with the fluorescent DAPI (1.5 μg/ml; Vector 
Laboratories, Burlingame, CA, USA), which stains DNA. 

Nuclear morphology was examined in a Nikon microphot SA fluorescence microscope (Nikon, 
Tokyo, Japan) using UV exciting light and a blue barrier filter. Samples were blinded and the 
number of cells with nuclear apoptotic morphology was determined. When an apoptosis-
inducing Fas antibody was added to cell cultures with cycloheximide (1 μg/ml) for the last 8 
hours, apoptotic nuclei were observed. Thereafter, caspase-3 activity was measured in the cell 
samples. Caspase-3 activity was measured using the fluorescent substrate Ac-DEVD-7-amino-
4-methyl coumarin (Ac-DEVD-AMC; Becton-Dickinson, Mountain View, CA, USA), which is 
cleaved by caspases with caspase-3-like activity. Measurements were performed according to 
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the manufacturer’s instructions. After incubation for 1 hour at 37oC, the amount of released 
AMC was analyzed at �ex 380 nm and �em 435 in an RF-1501 Spectrofluorophotometer 
(Shimadzu, Kyoto, Japan). The amount of released AMC was calculated using a standard curve, 
and correlated to total protein determined with the method described by Lowry et al (20). 
Caspase-3 activity was expressed in nmol AMC/mg protein/h. 

Cycloheximide was applied to an apoptosis induction assay and an increased apoptotic activity 
was initially observed after addition of this protein synthesis inhibitor. Mitsiades et al (2000) 
previously showed that Fas-mediated apoptosis did occur in thyroid carcinoma cell lines only in 
the presence of cycloheximide, suggesting the presence of an inhibitory protein. One logical 
candidate for such an inhibitor is the FLICE-like inhibitory protein (FLIP) that associates with 
caspase-8 and caspase-10 at the death-inducing signalling complex (Scaffidi et al 1999). The 
flip gene encodes two principal proteins, a more abundant longer isoform FLIP-L and a less 
prevalent shorter protein FLIP-S. FLIP-S is exclusively a caspase inhibitor but the longer form 
FLIP-L has a dual function as either a caspase inhibitor or activator (Chang et al 2002). 
Mitsiades et al (2000) showed that the agonistic anti-Fas antibody CH-11 induced FLIP-L 
association with Fas in thyroid cancers.   

Cell culture protocol assessing spontaneous MMP secretion (paper 4) 
The cells were trypsinized and seeded onto 6-well plates at a density of 13,000 (UT-SCC-20A) 
and 16,000 cells/cm2 (UT-SCC-24A). They were then allowed to attach for 24 hours in all 
experiments. Thereafter, three different experimental models were used: 1. The cells were 
cultured for another 24 hours in serum-free medium; 2. The cells were cultured for 24 hours in 
serum-containing medium followed by another 24 hours in serum-free medium; 3. The cells 
were cultured in serum-containing medium for 96 hours. 

Cytokine modulations (paper 4) 
After plating for 24 hours, serum-containing medium was changed, and IL-6 (50, 100, 200 
ng/ml), sIL-6R (250, 500, 1000 ng/ml), TNF-alpha (1, 10, 100 ng/ml), HGF (50, 100, 200 
ng/ml) and IL-8 (10, 100, 500 ng/ml, all cytokines were from R&D Systems, Abingdon, UK) 
were added. The conditioned medium was collected 96 hours later.  

Detection of MMP-1, -2 and -9 (paper 4) 
The conditioned media from modulated and non-modulated wells with an equal cell number 
were collected, centrifuged at 420 x g for 5 min to remove cellular debris and frozen at -70˚C 
until further processing. The conditioned media were analysed for total human MMP-1, MMP-2 
and MMP-9 by MMP-1 ELISA (Amersham, Pharmacia, Biotech), MMP-2 ELISA (R&D 
Systems, Abingdon, UK) and MMP-9 ELISA (R&D Systems, Abingdon, UK). Detection 
protocols recommended by the manufacturers were followed. The optical density of all samples 
was determined using a microplate reader (Versa max, Molecular Devices Corp, Sunnyvale, 
California). 

Gelatin zymography (MMP-2 and -9), paper 4 
The cell cultures used in experiments for determination of MMP protein in supernatants after 
120 hours in FCS medium with cytokines (as described above) were continued to determine 
proteolytic activity. After the supernatants were collected at 120 hours, the cells were washed 
with serum-free medium, and fresh serum-free medium without cytokines was added. The cells 
were then cultured an additional 24 hours. The supernatants were collected and frozen at -70oC 
until used for gelatin zymography. Conditioned medium was concentrated approximately ten 
times using Vivapore concentrator (Vivascience AG, Hannover, Germany) prior to gel 
electrophoresis. The samples were mixed with SDS sample buffer without heating or further 
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reduction and applied to 10% polyacrylamide gels copolymerized with gelatin (BioRad 
Laboratories, Hercules, California). After electrophoresis, gels were washed for 30 minutes at 
room temperature in renaturation buffer containing 2.5% Triton-X 100. Gels were then washed 
with development buffer (50 mM Tris-Cl , pH 7.5, 5 mM CaCl2 and 0.02% Brij-35) and further 
incubated in development buffer for 18 hours at 37˚C on a shaker. Thereafter, the gels were 
stained with Coomassie Blue R-250 (0.5%) in 40% methanol / 10% acetic acid for 1 hour, 
followed by de-staining in 40% methanol / 10% acetic acid. Enzyme activity was visualised as 
colourless bands on a blue background.  

The activity of metalloproteinase–2 and -9 (gelatinases) was assessed by gelatine zymography 
which is a semi-quantitative method. An enhanced enzyme activity was not detected in the 
present investigation until there was a considerable increase of MMP concentrations verified by 
ELISA technique. A more sensitive detection method, e.g. fluorescent assay, may be preferably 
applied. 
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4 RESULTS  

Paper 1 
Cell proliferation (Ki-67), apoptosis (DNA fragmentation) and expression of Bcl-2 were studied 
in 32 acinic cell cancers. The clinical staging, histological sub-classification and biological 
behaviour (patient outcome) were correlated with the results. Patients with stage I tumours had 
significantly better survival compared to patients with higher stage tumours.  Bcl-2 
immunostaining was performed in all cases but one. In 21 tumours (of 31), more than 75% of 
cells were positive. In four cases, Bcl-2 positivity was found in 25-75% of cells and two cases 
had less than 25% Bcl-2-positive cells. Four tumours were devoid of Bcl-2 immunoreactivity. 
No significant correlation was observed between Bcl-2 expression, tumour staging, or 
morphological subtype. Four of 16 tumours stained for the proliferation marker MIB-1 were 
found to be positive (more than 10% positive tumour cells). Patients with MIB-1-negative 
tumours had significantly better survival than patients with MIB-1-positive tumours. The 
frequency of spontaneous apoptosis was studied by TUNEL in 27 cases of acinic cell cancer, 
which was most pronounced in stage I compared with stages II, III and IV, probably indicative 
of greater apoptosis. Statistical analysis of correlation between different stages and TUNEL 
positivity failed to reach significance.  

Paper 2 
Metallothionein, Fas, and Bcl-2 expression were assessed in 24 cases of T1N0M0 and T2N0M0 
tongue cancer that clinically represent a relatively homogenous group of tumours. Moreover, 
TUNEL positivity indicating spontaneous apoptosis was studied in these tumours. 
Metallothionein expression in the normal oropharyngeal epithelium (controls) was strictly 
localised to basal and parabasal cell layers. All tumour cases that were considered positive were 
graded as either 2+ or 3+ (> 25% positive cells) for all studied antibodies. A positive MT 
staining was found in 22 of 24 tongue cancer specimens and the staining was generally 
observed in the peripheral cells of tumour nodules mimicking the staining pattern of normal 
epithelium. 

There was some evidence of early invasion in the MT positive tumour cells from basal areas of 
the epithelium. MIB-1 positivity (proliferation activity) was localized to same areas as MT in 
tumours, but TUNEL-positive cells were more prevalent in the central rather than peripheral 
areas. Five tumour specimens showed positive staining for Bcl-2, which was uniformly 
distributed throughout tumour nodules. All tumours were positive for Fas and the distribution 
pattern was similar to that of Bcl-2. MT, Fas and Bcl-2 staining were not significantly 
correlated with survival in the studied group of tongue cancer patients.  

Paper 3 
The investigation of two oral cancer cell lines was preceded by optimizing the cell preparations 
before immunohistochemical staining, and thereafter the cells were exposed to 
chemotherapeutic drugs. Cisplatin enhanced the membrane and cytoplasmic staining of Fas in 
both cell lines as well as the cytoplasmic staining of ICAM-1 in UT-SCC-24A. Interferon-� 
enhanced the staining intensity for EGFR and ICAM-1 in the cytoplasm of UT-SCC-24A cells, 
whereas no effect was found on Fas expression. 13-cis retinoic acid enhanced cytoplasmic and 
membrane staining of ICAM-1 in UT-SCC-20A and a similar effect was observed on Fas and 
EGFR staining in UT-SCC-24A.  

Further investigation of the death receptor Fas was of particular interest in the present study. All 
three modulating drugs increased the amount of soluble Fas in conditioned medium of UT-
SCC-20A whereas the amount of cell-bound receptor was not affected. Drug modulations had a 
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different effect on UT-SCC-24A since no increase of either soluble or cell-bound receptor was 
observed. The effect of low-dose cisplatin on the function of Fas receptor was then investigated. 
A low spontaneous caspase-3 activity indicating apoptosis was found in both cell lines and the 
addition of cycloheximide, a protein synthesis inhibitor, had a slight up-regulating effect on 
spontaneous apoptosis activity. 

Incubation of cells with low-dose cisplatin did not increase caspase-3 activity and the agonistic 
Fas-antibody (CH11) had no particular effect on apoptosis until cycloheximide was added. A 
significant increase in caspase-3 activity was observed in both cell lines when both the 
apoptosis-inducing antibody CH11 and cycloheximide were added to the cell cultures. Cisplatin 
further increased the apoptotic activity in UT-SCC-24A. 
Paper 4 
The spontaneous secretion of MMP-1, MMP-2 and MMP-9 was examined in two oral cancer 
cell lines (UT-SCC-24A and UT-SCC-20A). The three enzymes were found to be secreted by 
both cell lines, however, the enzymatic secretion profile varied. The enzyme secretion induced 
by five cytokines was then investigated and effects were mostly observed for MMP-1 and 
MMP-9 secretion. 

IL-6 had a moderate stimulatory effect on MMP-1 secretion in both cell lines, whereas its 
soluble receptor had no effect. When these cytokines were added together, a dose-dependent, 
synergistic stimulatory effect was observed. MMP-1 secretion was up-regulated after 
stimulation with HGF, especially in UT-SCC-24A. Furthermore, a synergistic effect was 
observed in both cell lines when HGF and IL-6 were added together. TNF-� stimulated MMP-1 
secretion particularly in UT-SCC-24A cells and IL-8 showed a similar, though more moderate, 
effect in the same cell line. An increase in secreted MMP-9 in UT-SCC-24A was observed 
when stimulated with HGF or IL-6 combined with its soluble receptor. TNF-� stimulated both 
cell lines to increase MMP-9 secretion and a more than 10-fold stimulatory effect was observed 
in UT-SCC-24A. A tendency for increased MMP-2 secretion was observed in UT-SCC-24A 
when cells were stimulated with TNF-�, or a combination of HGF and IL-6.  
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5 DISCUSSION 

Paper 1 
Clinical staging and histopathological grading have hitherto been the most reliable prognostic 
indicators for acinic cell cancer and for salivary gland tumours in general. Skalova et al. (1994) 
correlated expression of Ki-67 (MIB-1) with prognosis in acinic cell carcinoma and the present 
investigation confirmed these findings in all tumours where staining was possible. Luukkaa et 
al. (2006) studied 212 patients with salivary gland malignancies and showed that a high volume 
corrected index of Ki-67 staining (Ki-67/mm2 of tumour tissue) was associated with poor 
patient outcome.  Similar results with correlation to prognosis were shown by Lim et al. (2003), 
but results have also been published that do not show Ki-67 as an independent risk factor 
(Okabe 2001). Generally, when immunohistochemical staining is applied and the positive 
staining is assessed, both scales (e.g., <25%, 25-50%, 50-75%, and >75% of cells) and cut-off 
points (e.g., >10% of cells) can be used to present the results and thereby a variety of 
presentations can be seen in the literature. Therefore, some difficulties may be encountered in 
interpreting and comparing results. In the present investigation, the same cut-off point for Ki-67 
(MIB-1) positivity was applied as in the earlier study of Skalova et al. (1994).  

Most tumours in the present study had a high level of Bcl-2 protein, and only a few totally 
lacked immunoreactivity. High levels of Bcl-2 were detected in all tumours from patients that 
died of their cancer. Yin et al. (2000) studied 71 cases with mucoepidermoid carcinoma of the 
oral minor salivary glands and found that patients with high Bcl-2 expression had a higher 
survival rate than the Bcl-2-negative group. With the contemporary knowledge of the Bcl-2 
protein family, both apoptosis inducers (e.g., Bax, Bad, Bid, Bcl-Xs) and blockers (e.g., Bcl-2, 
Bcl-XL) should be analysed in order to estimate whether a pro- or anti-apoptotic protein ratio 
predominates. The Bcl-2 family plays an important role in mitochondrial amplification of 
apoptosis signalling, but the amplification can be by-passed in other apoptotic pathways. It 
seems that the overall status of cell death machinery, rather than just the expression levels of the 
individual proteins, might explain how tumorigenesis is affected. Leivo et al. (2005) carried out 
a cDNA array analysis of gene expression in well-characterized salivary gland tumours and 
showed that only a few genes were deregulated in acinic cell carcinomas. 

An inverse relationship between Bcl-2 and TUNEL positivity was expected, but was not seen. 
As discussed above, a wider perspective of apoptosis regulation and the simultaneous 
investigation of more factors may increase the validity of individual analyses. Eight of 12 
patients with no evidence of disease in the follow-up expressed TUNEL in more than 10 per 
cent of cancer cell nuclei, while three patients who died lacked TUNEL positivity. Although 
these data failed to reach statistical significance, they may indicate that there was a tendency for 
a positive correlation between TUNEL positivity and better survival. These results are 
supported by Yin et al. (2000). Patients with mucoepidermoid carcinoma of minor salivary 
glands that had strong TUNEL positivity showed a higher survival rate than patients with weak 
or no TUNEL staining (Yin 2000). A different result, however, was recently published by Ben-
Izhak et al. (2007) showing that positive TUNEL staining correlated with metastasis, 
extracapsular spreading, high tumour stage and worse prognosis in malignant salivary gland 
tumours, and if an extensive Ki-67 staining also occurred, a reduction of 5-year survival rate 
was observed. Moreover, Tsuchiya et al. (2001) showed that the apoptosis index before 
treatment had no prognostic value for oropharyngeal squamous cell carcinoma. Taken together, 
there is no consensus opinion concerning the prognostic value of pre-treatment apoptosis 
frequency. 
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Paper 2 
Estimating the clinical outcome of patients with squamous cell carcinoma in the head and neck 
is commonly based on tumour stage and localization since no reliable predictive tests have yet 
been applied to clinical use. Therefore, there is a great interest in tools predicting prognosis and 
tests predicting the therapeutic effects of new cancer drugs. In the present investigation, aspects 
of cell proliferation and apoptosis were studied in a relatively homogeneous group of oral 
cancers concerning tumour size and origin. The present investigation revealed that 
metallothionein (MT) was present in practically all tongue cancers. Evidence suggests a role for 
MTs in cancer development, treatment resistance and prognosis (Theocharis et al. 2004). MT 
overexpression is also a highly significant and independent factor for prognosis in malignant 
melanoma (Weinlich 2006) and predictive of worse patient outcome in breast cancer (Bay et al. 
2006); it is also associated with resistance to anticancer drugs (Sunada et al. 2005).  

In the present investigation, no significant correlation of MT to clinical outcome was found 
when the follow-up time was restricted to three years. In addition, the studied tumour group 
comprised the ones that generally have the best prognosis - tumours in the lowest stages. Both 
conditions might have influenced the results. Nakano et al. (2003) showed that MT mRNA 
levels were induced in cisplatin-resistant tongue squamous cell carcinoma cells after cisplatin 
treatment, but not in the cisplatin-sensitive tongue cancer cell line. Moreover, nuclear MT 
expression was found in cisplatin-resistant ovarian carcinoma cells and the nuclear staining 
pattern was specific for ovarian cancers of poor clinical outcome (Surowiak 2007). The p53 
tumour suppressor protein has a DNA binding domain stabilized by a Zn ion, which is 
necessary for a functionally active configuration of wild-type p53 (Cho et al. 1994). Chelation 
of Zn (e.g., by MTs) disrupts the architecture of the p53 DNA binding domain, inducing the 
protein to adopt an immunological phenotype identical to that of many mutant p53 isoforms 
(Meplan et al. 2000). p53 was not studied in the present tongue cancer specimens, but the 
involvement of MT in p53 function is interesting. If cancer cells over-express MT, they may 
also induce a p53-null state in the presence of wt p53 and by that means, promote tumour 
growth and increase survival.  

Both normal epithelium and cancerous lesions showed a similar staining pattern of MT in the 
present investigation. The peripheral expression of metallothionein may reflect the ongoing 
proliferative, rather than apoptotic, capacity in these areas.  Interestingly, most proliferation 
activity (by means of Ki-67/MIB-1 staining) was observed in peripheral tumour cells and an 
opposite pattern was observed for the TUNEL-activity. These results indicate that MT may 
hinder tumour cells from entering apoptosis and thereby contribute to proliferation in these 
areas.  

The Fas receptor was over-expressed in all tongue cancers whereas only half of the controls 
(normal squamous cell epithelium) stained positively in the present study. Recently, Fas 
expression was detected in 90% of esophageal squamous cell carcinomas, and a high expression 
was associated with better survival (Chan et al. 2006). Jackel et al. (2001) showed Fas 
expression in all studied laryngeal squamous cell carcinomas, but the positive staining had no 
impact on patient survival. Similar results were reported by Bayazit et al. (2000). Muraki et al. 
(2000) showed that two thirds of low stage (I and II) oral squamous cell carcinomas stained 
positive for Fas, and when assessed together with high stage tumours, the Fas-positive group 
had a better overall survival. In the present study, Fas expression was not correlated to patient 
outcome, but the inclusion of only stage I-II tongue cancers may have affected these results.  

The difference between intracellular and membrane Fas staining was not taken into 
consideration in the present investigation. The receptors are functional only when anchored to 
the cell membrane. Still, intracellular receptors may play an important, active role in apoptosis 
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initiation. Bennett et al. (1998) showed that stimulation by p53 caused a rapid transport of 
receptors deposited in the Golgi apparatus to the cell membrane.  

In the present study, a few tumour specimens stained positive for Bcl-2 and no significant 
correlation between the expression of Bcl-2 protein and clinical outcome was found. Several 
later studies on oral/oropharyngeal cancer have shown similar results where Bcl-2 
overexpression has not been correlated to survival (Veneroni et al. 1997, Stoll et al. 2000, Yuen 
et al. 2002). In 2006, de Vicente et al. studied squamous cell carcinomas of the tongue with a 
majority of stage III-IV tumours, and found that patients with Bcl-2-negative tumours had 
longer survival. Similar results on oral cancer were also reported by Xie et al. (1999) and 
Popovic et al. (2007), who included mainly advanced tumours (stage III-IV). Recently, a large 
study on head and neck cancer patients showed that positivity in Bcl-2 together with MMP-9 
was significantly related to the overall survival of patients (Smilek et al. 2006).  Taken together, 
no uniform opinion on Bcl-2 as a prognostic marker in head and neck cancer exists. As 
discussed earlier, the biological relevance of Bcl-2 protein is highly dependent on the other 
members of the protein family. The Bcl-2/Bax expression ratio has been used more recently for 
taking into account both pro- and anti-apoptotic proteins in the assessment of apoptosis 
propensity. Nix et al. (2005) demonstrated that resistance to radiotherapy in early stage 
laryngeal cancers (T1-T2) was associated with high Bcl-2 and Bcl-XL expression and loss of 
Bax expression when pre-treatment biopsies were studied retrospectively. Furthermore, Tsuji et 
al. (2007) showed that oral cancer patients with high pre-therapeutic Bax expression in tumours 
had a good effect from cisplatin-based neoadjuvant chemotherapy when the surgical specimens 
were analysed. The overall survival rate in these “effective cases” was significantly higher than 
in “non-effective” cases.  

Paper 3 
Cell surface receptors, such as Fas, EGFR, and ICAM-1, are involved in control or progression 
of malignant tumors. Therapeutic drugs can potentially modulate the expression of these 
receptors and thus modulate the therapeutic efficacy of targeting drugs. Cisplatin, IFN-�, and 
13-cisRA modulated the expression of Fas, EGFR, and ICAM-1 in oral squamous cell 
carcinoma cell lines, but affected receptor expression differently in the two studied cell lines. 
This is similar to results shown by Chen et al. (2000). The cisplatin effects were more uniform 
in comparison to IFN-� and 13-cisRA, which had varying effects on the receptors. The major 
effect of cisplatin was up-regulation of Fas expression. Similar results were reported by Iwase et 
al. (2003). However, Kuwahara et al. (2000) did not find any increase in Fas expression when 
cells were incubated with a ten times higher cisplatin concentration compared to the present 
study. The reason may be that the high concentration of cisplatin is more likely cytotoxic than 
modulating, as reported earlier in several toxicity studies (Kuwahara et al. 2000, Kinoshita et al. 
2000, van Geelen et al. 2003). The platinum-based carboplatin, which is close to cisplatin, was 
shown by Mishima et al. (2003) to induce Fas-dependent apoptosis of tongue carcinoma cells 
earlier, and a specific antisense oligonucleotide against FADD abolished the effect.  

Cisplatin resistance is a common obstacle in the treatment of HNSCC (Ferguson 1995). The 
resistance may be caused by cisplatin-induced phospatidylinositol 3-kinase/Akt pathway 
activation (Winograd-Katz and Lewitzki 2006). Takaoka et al. (2007) elegantly demonstrated 
how combining cisplatin with an anti-EGFR monoclonal antibody (C225) or an EGFR-selective 
tyrosine kinase inhibitor (AG1478) inhibited cell proliferation and induced apoptosis in a 
synergistic manner. 

In the present study, the results from the immunohistochemical staining concerning Fas 
expression were not in accordance with those using the ELISA technique. Incubation with 
cisplatin enhanced the staining intensity in both cell lines, whereas the receptor amount was not 

30



 

 31

increased. When cells are grown as a monolayer on slides and directly stained, the cell 
membrane is intact. Staining of tissue sections, on the contrary, present a cross-section and 
therefore a better exposure of the cytoplasm. This may complicate the assessment of staining 
results on chamber slides since changes in staining intensity of the covering cell membrane may 
be falsely interpreted. Accordingly, a true increase in membrane staining may be assessed as a 
false increase of cytoplasm staining. In the present investigation, this confounding factor cannot 
be excluded. Furthermore, the staining procedure in the present investigation was optimised for 
detection of membrane-bound receptors; no detergent was applied to the staining procedure. 
Taken together, the enhanced Fas staining observed in the present thesis may be a result of 
intracellular movement of Fas receptors from the cytoplasm to the cell membrane without a 
total net increase of receptors. To be more precise with receptor assessment, supplementary 
investigations, such as confocal microscopy, PCR or Western blot, could be considered.  

Both cell lines used in the present thesis were sensitive to apoptosis induction by the presence of 
an agonistic antibody (CH11), irrespective of p53 status, but only one of the cell lines, UT-
SCC-24A, showed an additionally increased caspase-3 activity by cisplatin treatment. Iwase et 
al. (2003) reported a similar effect by a CH11 agonistic antibody on Fas-mediated activation of 
apoptosis after cisplatin treatment of squamous cell carcinoma cells. Low-dose cisplatin 
treatment has previously been shown to induce apoptosis after Fas stimulation in hepatic cancer 
cells with normal (wild-type) p53 (Müller et al. al 1998). The importance of normal p53 for this 
Fas-mediated apoptosis is also supported by studies on lung and prostate cancer cell lines (Li et 
al. 2003). The Fas-mediated cell death, however, cannot be solely dependent on a normal p53, 
which is shown in the present thesis, but a further enhanced apoptotic cell death caused by 
cisplatin may involve normal protein. p53 is a transcriptional regulator of the cd95(Fas) gene 
(Owen-Schaub et al. 1995) and the activated p53 can increase surface Fas expression by 
transport from the Golgi complex, thereby promoting enhanced apoptosis (Bennett et al. 1998). 
Other mechanisms, such as inhibition of FLIPs (death domain-like interleukin-1�-converting 
enzyme-inhibitory protein) by cisplatin, may be involved in regulation of the Fas-mediated 
apoptosis (Kim et al. 2003). An enhanced secretion of death receptors by chemotherapeutic 
drugs may contribute to resistance to cancer treatment. The secretion of Fas can theoretically 
protect cells from apoptosis if soluble receptors neutralize Fas ligand in the extracellular space 
before they reach membrane-bound receptors. This might explain why apoptosis was not 
increased in the cell line UT-SCC-20A.   

The inhibitors of apoptosis proteins (IAPs) are a family of proteins that are able to regulate 
apoptosis when ectopically expressed in cells. They function to block cell death by binding to 
and inhibiting the action of caspases, and thus function downstream of both the intrinsic Bcl-2 
family modulated and external death receptor-mediated pathways of cell death (Holcik et al. 
2001). Survivin is the smallest member of the IAP protein family. It is absent or present at very 
low levels in normal adult tissue, but appears at increased levels in a wide variety of solid 
tumours and haematological malignancies acting as an inhibitor of apoptosis (Grossman and 
Altieri 2001). However, a bifunctional role of survivin has been reported recently since the 
protein also functions as a mitotic effector (reviewed in Stauber et al. 2007). Nitric oxide (Dash 
et al. 2007), members of Bcl-2 protein family (Yang et al. 2007, Oh et al. 2007), interleukin-4 
(Rautajoki et al. 2007), and interleukin-10 (Bharhani et al. 2006) may be intervening factors in 
Fas-mediated apoptosis, but have not been specifically studied in the present investigation. 
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metastasis, and neo-angiogenesis (Stamenkovic 2003). Besides cancer cells, both stromal and 
immune cells secrete proteases and accordingly, are involved in tumour progress (Egeblad and 
Werb 2002). In the present study, both cell lines secreted MMP-1, MMP-2 and MMP-9 
spontaneously. Earlier studies have shown that MMP expression in oral non-cancerous mucosa 
(epithelial dysplasias, lichen planus, and normal epithelial cells) is consistently low (Sutinen et 
al. 1998). The same authors also demonstrated that MMP-1 mRNA and MMP-2 mRNA 
expression has been detected mostly in fibroblasts of tumoural stroma in oral cancer samples 
(Sutinen et al. 1998). Later studies (Baker et al. 2006, Gorogh et al. 2006), however, also show 
MMP-1, MMP-2 and MMP-9 expression in oral cancer. Ruokolainen et al. (2006) showed a 
significantly better 5-year survival rate in patients with low pre-treatment serum MMP-9 levels 
compared to patients with high levels. Recently, Kwak et al. (2007) showed that the 
cyclooxygenase-2 (COX-2) inhibitor celecoxib inhibited MMP-2 and MMP-9 activity by 30%-
40% in oral squamous cell carcinoma cells. Furthermore, clinically used epidermal growth 
factor receptor tyrosine kinase inhibitor ZD1839 (Iressa) decreased both MMP-2 and MMP-9 
enzyme activity by approximately 25%-30% in oral cancer cells (Lee 2007). 

It is interesting to see that several effects other than the target specific may be seen when drug 
antagonists are used. In the present investigation, MMP-1 and MMP-9 secretion was affected by 
cytokines in cultures of both cell lines, but no significant effect was found on MMP-2 secretion. 
There is some evidence that TNF-� stimulates fibroblasts to increase MMP-2 mRNA levels, but 
no increase of enzyme secretion can be detected (Braundmeier and Nowak 2006).  Furthermore, 
studies by Sutinen et al. (1998) and Zhang et al. (2006) indicate that fibroblast-derived MMP-2 
(and also MT1-MMP) may have an important role in HNSCC tumour invasion.  

The present results show for the first time a synergistic mechanism in squamous cell carcinoma 
cells, as MMP-1 secretion was synergistically up-regulated in both of the tested cell lines, and 
MMP-9 in UT-SCC-24A, after both IL-6 and sIL-6R were added. Interleukin-6 is an interesting 
cytokine in the context of head and neck cancer. Nitsch et al. (2007) recently demonstrated how 
head and neck cancers increased interleukin-6 secretion from tumour infiltrating immune cells 
facilitating escape from efficient immune responses and triggering its own malignant 
progression. Furthermore, tumour-associated macrophages secrete IL-6 in head and neck cancer 
tissue (Kross et al. 2007) and significantly elevated serum levels of IL-6 were detected in head 
and neck cancer patients (Hoffmann et al. 2007). Riedel et al. (2005) reported that IL-6 serum 
levels were elevated in the majority of HNSCC cancer patients and demonstrated correlation 
with tumour stage and lymph node status.  

The results obtained in the present thesis concur well with those reported by Hanzawa et al. 
(2000), who showed that HGF increased MMP-1, -3 and -9 mRNA in an oral cancer cell line, 
but had no effect on MMP-2 mRNA. An increase of MMP-2 activity was reported by Bennett et 
al. (2000) after stimulation by HGF, as determined by zymography in oral SCC cell lines. 
Earlier, Lengyel et al. (1995) demonstrated that co-culture of a squamous cell carcinoma cell 
line with fibroblasts augmented matrix metalloproteinase-9 (MMP-9) expression and activity. A 
soluble factor produced by stromal cells was considered to be the most plausible explanation 
because fibroblast-conditioned medium had the same effect on cancer cells. 

A clinical application of HGF assessment was recently published by Kim et al. (2007). They 
evaluated the correlation between serum HGF concentration and the progression of head and 

Paper 4 
There is an expanding knowledge on the role of extracellular matrix, blood vasculature, 
inflammatory cells and, most of all, fibroblasts in cancer initiation and progression (Bhowmick 
et al. 2004, Smalley et al. 2005). The enhanced intratumoural proteolytic activity is also crucial 
for malignant behaviour of cancer since proteases play a major role in infiltrative growth, 
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Mann et al. (1995) reported that TNF-alpha enhanced MMP-9 mRNA expression and 
proteinase activity in SCC. Over-expression of MMP-13 protein was observed in cutaneous 
SCC cells after TNF-alpha treatment, whereas no effect was found on MMP-1 production 
(Johansson et al, 2000). The present study supports these previous studies since TNF-alpha up-
regulated MMP-9 secretion in both tumour cell lines. Lee et al. (2006) and Braundmeier and 
Nowak (2006) showed an enhanced MMP-1 secretion by TNF-alpha, which is also in 
accordance with results of the present thesis.  

No specific spontaneous IL-6 secretion in the cell lines of the present study has been found 
earlier (personal communication). However, the assessment of the spontaneous secretion of 
cytokines from cancer cells should always be considered to assure that the possible spontaneous 
secretion of cytokines from cancer cells does not dominate over added cytokine.  Pries et al. 
(2006) report high levels of secreted IL-6 and IL-8 in squamous cell carcinoma cultures. Serum 
proteins in the culture medium may also have an influence on the proteolytic activity; an 
abundant plasma protein �2-macroglobulin is a major inhibitor of MMPs (Sottrup-Jensen and 
Birkedal-Hansen 1989). In the present investigation, the occurrence of MMPs was therefore 
assessed in serum-free culture medium, but the presence of natural MMP inhibitors, TIMPs, 
was not studied. 

The results from paper 3 and 4 can clearly demonstrate how different cell lines, albeit from 
similar origins, behave quite differently in their response to drugs and cytokines. These results 
reflect the complexity of cancer biology at a cellular level, something not taken into account in 
the current clinical praxis.  

neck squamous cell carcinoma. The patients´ HGF levels were significantly correlated to 
tumour stage progression and were higher than levels in healthy control subjects. Furthermore, 
the serum HGF levels decreased to normal 1 month after curative surgery and increased again in 
patients with recurrence of tumour. Also, the receptor for HGF, c-Met, has been reported to 
have an association with chemoresistance both in squamous cell carcinoma cell lines and head 
and neck cancer patients (Åkervall et al. 2006). 
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6 CONCLUSIONS 

Patients with stage I acinic cell cancer showed a better prognosis than patients with stages II, 
III, and IV together. Ki-67 positivity seems to be an independent prognostic factor for survival 
in acinic cell cancer but Bcl-2 expression or spontaneous apoptosis frequency was not 
correlated with patient outcome. More efforts need to be put toward understanding the aspects 
of apoptosis regulation in malignant salivary gland tumours.  

Metallothionein may hinder tumour cells from entering apoptosis and thereby contribute to 
proliferation of the areas with less differentiation where more MT positivity but less apoptosis 
was shown. The death receptor Fas was commonly expressed in tongue cancer cells, but not in 
normal oral mucosa. Metallothionein, Bcl-2, and Fas expression are not correlated with patient 
outcome in the studied group of tongue cancers.  

Cisplatin, IFN-�, and 13-cisRA modulated the expression of Fas, EGFR, and ICAM-1 in oral 
squamous cell carcinoma cell lines, but the drugs affected receptor expression differently. The 
low-toxic dose of a widely used chemotherapeutic drug, cisplatin, increases the amount of death 
receptor Fas in both cell lines and moreover, cisplatin seems to increase the receptor-mediated 
cell death. 

The oral cancer cells secrete tissue degrading matrix metalloproteinase-1, -2, and -9, and the 
amount of secreted MMP-1 and MMP-9 was enhanced when cytokines were added to the cell 
cultures. The cytokine-induced enzyme secretion and the synergistic effect of two cytokines, 
which was demonstrated in the present investigation, implies that more research needs to be 
done on the tumour micro-environment since the studied cytokines may be secreted by non-
cancerous fibroblasts and immune cells.  
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7 FUTURE RESEARCH 

The salivary gland tumours are a heterogeneous group of neoplasms that are commonly treated 
by surgery, and the treatment is combined with radiotherapy in selected cases. Different aspects 
of tumour growth have not been studied to a great extent in malignant salivary gland tumours 
mainly because of the rarity of separate sub-groups defined by histo-pathological classification. 
Systemic chemotherapy plays only a palliative role in the contemporary treatment. From a 
clinician’s perspective, radiosensitisation and development of new therapeutic drugs are two 
major areas asked for in the research field of salivary gland malignancies. To have the 
possibility to apply predictive factors in clinical use would contribute to more individual 
therapy planning. At a cellular level, the mechanisms controlling growth of these tumours, 
including apoptosis and proliferation, are subjects for feasible future studies. Also, the role of 
tumour surrounding normal cells both in the development of the cancer and in 
facilitating/inhibition of the tumour growth needs to be further investigated. Ultimately, 
studying genetic alterations that lead to tumorigenesis of the salivary glands may widen the 
therapeutic options. For that purpose, collaboration between several cancer clinics is needed to 
obtain a sufficient amount of tumour specimens in all the histopathological subgroups of 
salivary gland tumours.  

The surgical and radiotherapeutic treatment of squamous cell carcinoma in the head and neck 
has improved remarkably during the last few decades, but the third arm in treatment, 
chemotherapy, has not evolved at the same rate. Therefore, there is a need to improve both the 
effect of available chemotherapeutic drugs and to develop new drugs that are effective in head 
and neck cancer. The cellular mechanisms underlying particularly chemoresistance, but also 
radioresistance, are conceivable subjects for further investigations. In this context, a 
comprehensive study of apoptosis in head and neck cancers, which will be a huge research 
assignment, would certainly give new insights into the treatment obstacles on a cellular level. A 
realistic way to approach this problem will be to study one drug or treatment modality at a time. 
In order to develop new drugs, both tumour micro-environmental factors, including matrix 
metalloproteinases and cytokines, apoptosis mechanisms and cell proliferation potential, are in 
focus. A major problem today is the enormous quantity of research data that need to be sorted 
and evaluated. Larger investigations, which can verify the results of small-scale in vitro- and in 
vivo- studies, are still lacking which hinder the direct application of research results to clinical 
practise.  
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