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 7
 1.1 Tumor Immunology
 Tumor immunology is the study of interactions between the immune system and
 cancer cells (also called tumors or malignancies). It is also a growing field of research
 that aims to discover innovative cancer immunotherapies to treat and retard progression
 of this disease. An important role of the immune system is to identify and
 eliminate tumors. The transformed cells of tumors express antigens that are not found on
 normal cells. The immune response, including the recognition of cancer-specific antigens
 is of particular interest in this field as knowledge gained drives the development of new
 vaccines and antibody therapies. To the immune system, these antigens appear foreign,
 and their presence causes immune cells to attack the transformed tumor cells. The
 antigens expressed by tumors have several sources (Obeid et al., 2007) some are derived
 from oncogenic viruses like human papillomavirus, which causes cervical cancer
 (Zitvogel et al., 2004) while others are the organism's own proteins that occur at low
 levels in normal cells but reach high levels in tumor cells. The main response of the
 immune system to tumors is to destroy the abnormal cells using killer T cells, sometimes
 with the assistance of helper T cells. Tumor antigens are presented on MHC class I
 molecules of DCs’ and Macrophages in a similar way to viral antigens. This allows killer
 T cells to recognize the tumor cell as abnormal. NK cells also kill tumorous cells in a
 similar way, especially if the tumor cells have fewer MHC class I molecules on their
 surface than normal; this is a common phenomenon with tumors. Sometimes antibodies
 are generated against tumor cells allowing for their destruction by the complement system.
 Clearly, some tumors evade the immune system and go on to become cancers. Tumor
 cells often have a reduced number of MHC class I molecules on their surface, thus
 avoiding detection by killer T cells (Green et al., 2009). Some tumor cells also release
 products that inhibit the immune response; for example by secreting the cytokine TGF-β,
 which suppresses activity of macrophages and lymphocytes (Bierie and Moses, 2006). In
 addition, immunological tolerance may develop against tumor antigens, so the immune
 system no longer attacks the tumor cells.
 1.2 Immunosurveillance
 There has been notable progress and accumulation of scientific evidence for the
 concept of cancer immunosurveillance and immunoediting based on (i) protection against
 development of spontaneous and chemically induced tumors in animal systems and (ii)
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 identification of targets for immune recognition of human cancer (Dunn et al, 2004).
 Cancer immunosurveillance is a theory formulated in 1957 by Burnet and Thomas, who
 proposed that lymphocytes act as sentinels in recognizing and eliminating continuously
 arising, nascent transformed cells (Dunn et al., 2004; Smyth et al., 2006). Cancer
 immunosurveillance appears to be an important host protection process that inhibits
 carcinogenesis and maintains regular cellular homeostasis (Kim et al., 2007) It has also
 been suggested that immunosurveillance primarily functions as a component of a more
 general process of cancer immunoediting (Dunn et al., 2002).
 1.3 Immunoediting
 Immunoediting is a process by which a person is protected from cancer growth
 and the development of tumour immunogenicity by their immune system. It has three
 main phases: elimination, equilibrium and escape (Kim et al., 2007; Dunn et al., 2004).
 The elimination phase consists of the following four phases:
 Figure 1.1: Mechanisms thought to be responsible for ‘immunoediting’ of tumor
 cells in the tumor microenvironment. (Whiteside, 2008)
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 1.3.1 Elimination: Phase 1
 The first phase of elimination involves the initiation of antitumor immune
 response. Cells of the innate immune system recognize the presence of a growing tumor
 which has undergone stromal remodeling, causing local tissue damage. This is followed
 by the induction of inflammatory signals which is essential for recruiting cells of the
 innate immune system (e.g. natural killer cells, natural killer T cells, macrophages and
 dendritic cells) to the tumor site (Figure 1.1). During this phase, the infiltrating
 lymphocytes such as the natural killer cells and natural killer T cells are stimulated to
 produce IFN-gamma (Zitvogel et al., 2006).
 1.3.2 Elimination: Phase 2
 In the second phase of elimination, newly synthesized IFN-gamma induces tumor
 death (to a limited amount) as well as promoting the production of chemokines CXCL10,
 CXCL9 and CXCL11. These chemokines play an important role in promoting tumor
 death by blocking the formation of new blood vessels. Tumor cell debris produced as a
 result of tumor death is then ingested by dendritic cells, followed by the migration of
 these dendritic cells to the draining lymph nodes. The recruitment of more immune cells
 also occurs and is mediated by the chemokines produced during the inflammatory process
 (Obeid et al., 2007).
 1.3.3 Elimination: Phase 3
 In the third phase, natural killer cells and macrophages transactivate one another
 via the reciprocal production of IFN-gamma and IL-12. This again promotes more tumor
 killing by these cells via apoptosis and the production of reactive oxygen and nitrogen
 intermediates. In the draining lymph nodes, tumor-specific dendritic cells trigger the
 differentiation of Th1 cells which in turn facilitates the development of CD8+ T cells.
 1.3.4 Elimination: Phase 4
 In the final phase of elimination, tumor-specific CD4+ and CD8+ T cells home to
 the tumor site and the cytolytic T lymphocytes then destroy the antigen-bearing tumor
 cells which remain at the site.
 1.3.5 Equilibrium and Escape
 Tumor cell variants which have survived the elimination phase enter the equilibrium
 phase. In this phase, lymphocytes and IFN-gamma exert a selection pressure on tumor
 cells which are genetically unstable and rapidly mutating. Tumor cell variants which have
 acquired resistance to elimination then enter the escape phase. In this phase, tumor cells
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 continue to grow and expand in an uncontrolled manner and may eventually lead to
 malignancies (Figure 1.1). In the study of cancer immunoediting, knockout mice have
 been used for experimentation since human testing is not possible (Dunn et al., 2004)
 Tumor infiltration by lymphocytes is seen as a reflection of a tumor-related immune
 response (Odunsi and Old, 2007).
 Figure1.2: The Cells of the Tumor Microenvironment (Hanahan and Weinberg. 2011).
 1.4 Cells in the tumor microenvironment
 A tissue microenvironment of developing tumor is comprised of proliferating
 tumor cells, the tumor stroma, blood vessels, infiltrating inflammatory cells and a variety
 of associated tissue cells (Figure 1.2). It is a unique environment that emerges in the
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 course of tumor progression as a result of its interactions with the host. It is created by
 and at all times shaped and dominated by the tumor, which orchestrates molecular and
 cellular events taking place in surrounding tissues. Immune cells present in the tumor
 include those mediating adaptive immunity, T-lymphocytes, dendritic cells (DC) and
 occasional B cells, as well as effectors of innate immunity, macrophages,
 polymorphonuclear leukocytes and rare natural killer (NK) cells (Whiteside, 2007).
 1.4.1 Natural Killer (NK) Cells
 NK cells, which mediate innate immunity and are rich in perforin- or granzyme-
 containing granules, are conspicuously absent from most tumor infiltrates or even pre-
 cancerous lesions (Whiteside et al., 1998). Although NK cells represent ‘the first line’ of
 defense against pathogens (Lanier, 2003) and mediate potent antitumor cytotoxicity in
 vitro, in tumor milieu, they are infrequent, despite the fact that tumor cells frequently
 downregulate expression of HLA antigens and are enriched in MICA and MICB
 molecules (Chang et al., 2005). These features make the tumor susceptible to NK cell-
 mediated cytotoxicity (Lee et al., 2004), and their paucity in tumor infiltrates may be an
 example of the evasion mechanism preventing NK-cell recruitment to the tumor site.
 1.4.2 Tumor-infiltrating lymphocytes (TILs)
 TILs, containing various proportions of CD3þCD4þ and CD3þCD8þ T cells, are
 usually a major component of the tumor microenvironment (Whiteside, 2007). Many of
 these T cells are specific for tumor-associated antigens, as indicated by clonal analyses
 (Miescher et al., 1987) and tetramer staining of CD8þ T cells isolated from human tumors
 (Albers et al., 2005). In some tumors, for example, medullary breast carcinomas,
 infiltrating lymphocytes form lymph node-like structures suggesting that the immune
 response is operating in situ (Coronella et al., 2002). Also, TILs are a source of tumor-
 specific lymphocytes used for adoptive transfers after expansion in IL-2-containing
 cultures (Zhou et al., 2004). TIL clones with the specificity to a broad variety of the
 tumor-associated antigens can be outgrown from human tumors, confirming that immune
 responses directed not only at ‘unique’ antigens expressed by the tumor, but also at a
 range of differentiation or tissue-specific antigens, are generated by the host (Romero et
 al., 2006). Although accumulations of these effector T cells in the tumor might be
 considered as evidence of immune surveillance by the host, they are largely ineffective in
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 arresting tumor growth. Among CD4þ T cells present in the tumor, a subset of
 CD4þCD25high Foxp3þ cells is expanded (5–15% of CD3þCD4þ T cells in TIL) relative
 to their significantly lower frequency in the peripheral circulation of patients with cancer
 (Woo et al., 2001; Strauss et al., 2007). These cells are regulatory T cells (Treg) capable
 of suppressing proliferation of other T cells in the microenvironment through contact-
 dependent mechanisms or IL-10 and TGF-b secretion. They come in different flavors (for
 example, nTreg, Tr1) and are a characteristic feature of the microenvironment in human
 tumors (Bergmann et al., 2007; Strauss et al., 2007).
 1.4.3 Macrophages (MФ)
 Macrophages present in tumors are known as tumor associated macrophages or
 TAMs. Paradoxically, Macrophages can promote tumor growth (Pollard, 2004) when
 tumor cells send out cytokines that attract macrophages, which then generate cytokines
 and growth factors that nurture tumor development. In addition, a combination of hypoxia
 in the tumor and a cytokine produced by macrophages induces tumor cells to decrease
 production of a protein that blocks metastasis and thereby assists spread of cancer cells.
 They are re-programmed to inhibit lymphocyte functions through release of inhibitory
 cytokines such as IL-10, prostaglandins or reactive oxygen species (ROS) (Mantovani et
 al., 2005; Martinez et al., 2009). We discuss these cells in detail later.
 1.4.4 Dendritic Cells
 DCs are terminally differentiated myeloid cells that specialize in antigen
 processing and presentation. DCs differentiate in the bone marrow from various pro-
 genitors (Steinmann, 1991, Vermi et al., 2011). Monocytes are the major precursors of
 DCs in humans (Vermi et al., 2011; Lin et al., 2010). Two major subsets of DCs are
 currently recognized: conventional DCs (cDCs) and plasmacytoid DCs (pDCs). Although
 these cells share some common progenitors, their differentiation is controlled by distinct
 genetic programmes and they have different morphologies, markers and functions (Vermi
 et al., 2011; Shurin et al., 2006). The centrepiece of DC biology is the concept of
 functional activation and maturation in response to ‘dangerous’ stimuli. Differentiated
 DCs reside in tissues as ‘immature’ cells that actively take up tissue antigens but are poor
 antigen presenters and do not promote effector T cell differentiation. Only functionally
 activated DCs can effectively stimulate immune responses. DCs are activated in response
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 to stimuli associated with bacteria, viruses or damaged tissues; such stimuli are
 commonly referred to as pathogen-associated molecular patterns (PAMPs) and damage-
 associated molecular patterns (DAMPs).
 The fact that cancer can have profound effects on the function of DCs has been
 known for quite some time now. It is established that DCs in tumour-bearing hosts do not
 adequately stimulate an immune response, and this potentially contributes to tumour eva-
 sion of immune recognition. Evidence from numerous studies strongly indicates that
 abnormal myelopoiesis is the dominant mechanism responsible for DC defects in cancer
 (Shurin, 2012; Lotza, 1997). This abnormal differentiation produces at least three main
 results: decreased production of mature functionally competent DCs; increased
 accumulation of immature DCs at the tumour site; and increased production of immature
 myeloid cells (Lin et al., 2010; Shurin, 2012). In recent years, multiple clinical studies
 have confirmed the findings of earlier studies and have indicated that there is a decreased
 presence and defective functionality of mature DCs in patients with breast, non-small cell
 lung, pancreatic, cervical, hepatocellular or prostate cancer, or glioma (Poppena et al.,
 1983; Nestor and Cochran, 1987; Lijuna et al., 2012).
 Some DCs in tumour-bearing hosts actively suppress T cell function, and both
 phenotypically immature and phenotypically mature DCs may be conditioned by the
 environment to support immune tolerance or immunosuppression (Lin et al., 2010;
 Shurin, 2012). MHC-II+CD11b+CD11c+ tumour-infiltrating mouse DCs have been
 shown to suppress CD8+ T cells and antitumour immune responses through arginase 1
 (ARG1) production (Shrin, 2012; reichert et al., 2001) , an immunosuppressive
 mechanism previously attributed only to mouse tumour-associated macrophages (TAMs)
 and MDSCs . Human lung tumour cells can convert mature DCs into TGFβ-producing
 cells, and mouse lung cancer can drive DCs to express high levels of IL-10, nitric oxide,
 VEGF and ARG1 (Ladanyi et al., 2007; Sehrama et al., 2001; Reichert et al, 2001).
 1.4.4 Myeloid suppressor cells (MSC)
 MSC accumulating in human tumors are CD34þCD33þCD13þCD15(+) bone
 marrow-derived immature dendritic cells, an equivalent to CD11bþ/ Gr1þ cells in mice
 (Serafini et al., 2006). They promote tumor growth and suppress immune cell functions
 through copious production of an enzyme involved in L-arginine metabolism, arginase-1,
 which synergizes with iNOS to increase superoxide and NO production, blunting
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 lymphocyte responses (Ochoa et al., 2007) and by induction of iNOS in surrounding cells
 (Tsai et al., 2007). Relatively little is known about human MSC. A report describes
 expansion of CD14þHLA-DR+low myeloid-derived cells exerting immune suppression
 through TGF-b production in the peripheral circulation of patients with metastatic
 melanoma treated with GM-CSF-based vaccines.
 Polymorphonuclear leukocytes are infrequently seen in infiltrates of human
 tumors, with the exception of nests of eosinophils that may be present in association with
 tumor cells in various squamous cell tumors, for example. In contrast, granulocytes tend
 to be a major cellular component of many murine tumor models (Loukinova et al., 2000).
 This disparity may be because of a different nature of infiltrates, which in humans are
 chronic rather than acute. Acute cellular responses may be long gone by the time human
 tumors are diagnosed, biopsied and examined.
 1.5 Cancer and Monocytes/Macrophages
 The tumor mass is undoubtedly a multifaceted show, where different cell types,
 including neoplastic cells, fibroblasts, endothelial, and immune-competent cells, interact
 with one another continuously. Macrophages represent up to 50% of the tumor mass, and
 they certainly operate as fundamental actors. Macrophages constitute an extremely
 heterogeneous population; they originate from blood monocytes, which differentiate into
 distinct macrophage types, schematically identified as M1 (or classically activated) and
 M2 (or alternatively activated) (Gordon, 2003; Montovani, 2002). It is now generally
 accepted that TAM have an M2 phenotype and show mostly pro-tumoral functions,
 promoting tumor cell survival, proliferation, and dissemination (Gordon and Taylor,
 2005; Montovani, 2002). High levels of TAM are often, although not always, correlated
 with a bad prognosis, and recent studies have also highlighted a link between their
 abundance and the process of metastasis (). Macrophage infiltration was studied along
 tumor carcinogenesis in a mouse model of pancreatic cancer induced by the expression of
 oncogenic KrasG12D. Macrophage infiltration began very early during the preinvasive
 stage of disease and increased progressively (Lin, 2001). Moreover, gene-modified mice
 and cell-transfer experiments have confirmed the pro-tumor function of myeloid cells and
 of their effector molecules. On the other hand, low macrophage infiltration into the tumor
 mass correlates with the inhibition of tumor growth and metastasis development in
 different animal models (Wyckoff et al, 2007; Lin et al, 2006; Hiraoka, 2008). Lin et al.
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 demonstrated that when MMTV-PyMT mice, which spontaneously develop mammary
 tumors, were crossed with mice lacking monocytes/macrophages (op/op), the tumor
 growth and spread were reduced significantly. Accordingly, when cocultured with tumor
 cells, macrophages secrete substances that stimulate tumor cell proliferation. This
 countersense in which cells of the immunological system work against self is the result of
 several refined tumor capabilities to mould immature cells and to suppress anticancer cell
 activity (Pollard, 2009). Within the tumor mass, another myeloid cell population defined
 as MDSCs characterized by immune suppressive activity by being able to suppress T cell
 blastogenesis in tumor-bearing hosts has also been identified (Galina et al., 2006; Bronte
 et al., 2001; Sica and Bronte, 2007).
 1.5.1 Dr. Jekyll and Mr. Hyde: The Macrophage Heterogeneity in Inflammation and
 Immunity
 Blood monocytes are not fully differentiated cells and are profoundly susceptible
 to several environmental stimuli. When recruited into peripheral tissues from the
 circulation, monocytes could differentiate rapidly in distinct, mature macrophages and
 exert specific immunological functions. M-CSF is the main regulator of the survival,
 proliferation, and differentiation of mononuclear phagocytes, and many studies have also
 identified a role in the subsequent polarization phase for this factor (Gordon, 2003;
 Condeelis and Pollard, 2006). Macrophages can be divided schematically into two main
 classes in line with the Th1/Th2 dichotomy (Figure 1.3). M1 macrophages (classically
 activated cells) originate upon encounter with IFN-γ and microbial stimuli such as LPS
 and are characterized by IL-12 high and IL-23 production and consequent activation of
 polarized type-I T-cell response (Pixley and Stanley, 2004; Pollard, 2009), cytotoxic
 activity against phagocytozed microorganisms and neoplastic cells, expression of high
 levels of RO-I, and good capability as APCs. In general, M1 macrophages act as soldiers:
 they defend the host from viral and microbial infections, fight against tumors, produce
 high amounts of inflammatory cytokines, and activate the immune response (Martinez et
 al., 2009; Goerdt et al., 1999). On the other hand, distinct types of M2 cells differentiate
 when monocytes are stimulated with IL-4 and IL-13 (M2a), with immune
 complexes/TLR ligands (M2b), or with IL-10 and glucocorticoids (M2c) (Pollard, 2009;
 Mantovani et al., 2005). Hallmarks of M2 macrophages are IL-10high IL-12low IL-1ra high
 IL-1 decoyRhigh production, CCL17 and CCL22 secretion, high expression of mannose,

Page 10
                        

Review of Literature
 16
 scavenger and galactose-type receptors, poor antigen-presenting capability and wound-
 healing promotion. M2 cells are workers of the host: they promote scavenging of debris,
 angiogenesis, remodeling and repair of wounded/damaged tissues. Of note, M2 cells
 control the inflammatory response by down-regulating M1-mediated functions (Martnez
 et al., 2009; Mantovani et al., 2005). In addition, M2 macrophages are competent effector
 cells against parasitic infections. The loss of equilibrium of M1 and M2 cell number may
 lead to pathological events: an M1 excess could induce chronic inflammatory diseases,
 whereas an uncontrolled number of M2 could promote severe immune suppression
 (Martinez et al., 2009) (Figure 1.3).
 Figure 1.3: Polarization of macrophage function (Adapted from Allavena et al., 2009)
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 1.5.2 TAM-Tumor Associated Macrophage
 TAMs originate from blood monocytes recruited at the tumor site (Pollard, 2004)
 by molecules produced by neoplastic and by stromal cells (Figure 1.4). The chemokine
 CCL2, earlier described in 1983 as a tumor-derived chemotactic factor, is the main player
 in this process (Allavena et al., 2008c; Pollard, 2004) and experimental and human
 studies correlate its levels with TAM abundance in many tumors, such as ovarian, breast
 and pancreatic cancer (Allavena et al., 2008c). TAM themselves produce CCL2,
 suggesting the action of an amplification loop and anti-CCL2 antibodies combined with
 other drugs have been considered as an anti-tumor strategy (Colombo and Mantovani,
 2005). Other chemokines involved in monocyte recruitment are CCL5, CCL7, CXCL8,
 and CXCL12, as well as cytokines such as VEGF, PDGF and the growth factor M-CSF
 (Balkwill, 2004; Allavena et al., 2008c). Moreover, monocytes could be attracted by
 fibronectin, fibrinogen and other factors produced during the cleavage of ECM proteins
 induced by macrophage and/ or tumor cell-derived proteases (Denardo et al., 2008).
 When monocytes (then macrophages) reach the tumor mass, they are surrounded
 by several signals able to shape the new cells as needed by the tumor (Figure 1.4). As far
 as they have been studied, TAM resemble M2-polarized macrophages (Mantovani et al.,
 2002; Pallard, 2004; Talmadge et al., 2007)]. This preferential polarization is a result of
 the absence of M1- orienting signals, such as IFN-γ or bacterial components in the tumor,
 as well as the expression of M2 polarization factors. In particular, the infiltration of Th2
 lymphocytes (driven by Th2- recruiting chemokines such as eotaxins) has been reported
 in many tumors, and they are a fundamental source of IL-4 and IL-13 cytokines (Nevala
 et al., 2009; Cheadle et al., 2007). Moreover, neoplastic cells, fibroblasts, and Tregs
 produce TGF-β and IL-10. Incoming monocyte differentiation is also influenced by their
 localization within the tumor mass; for instance, in tumors, there is an established
 gradient of IL-10. This factor switches monocyte differentiation toward macrophages
 rather than DC (Cheadle et al., 2007; Li and Flavell, 2008)], and thus, as observed in
 breast cancer and in papillary carcinoma of the thyroid, TAM are present throughout the
 tissues, whereas DC are present only in the periphery (Scarpino et al., 2000).
 The M2 polarization of TAM has also been demonstrated by studying their
 transcriptional profiling. Recent investigations noticed the up-regulation of many M2-
 associated genes such as CD163, Fc fragment of IgG, C-type lectin domains and heat
 shock proteins (Biswas et al., 2006; Sakai et al., 2008; Beck et al., 2009). In the tumor
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 milieu, TAM carry on their pro-neoplastic role by influencing fundamental aspects of
 tumor biology; they produce molecules that affect neoplastic cell growth directly (e.g.,
 EGF), enhance neoangiogenesis, tune inflammatory responses and adaptive immunity and
 catalyze structural and substantial changes of the ECM compartment (Pollard, 2009;
 Mantovani et al., 2008; Allavena et al., 2008). Another hallmark of TAM is their
 tendency to accumulate into necrotic regions of tumors, characterized by low oxygen
 tension (Lewis and Murdoch, 2005). This preferential localization is regulated by tumor
 hypoxia, which induces the expression of HIF-1-dependent molecules (VEGF, CXCL12,
 and its receptor CXCR4) that modulate TAM migration in avascular regions (Talks et al.,
 2000; Schioppa et al., 2003)]. HIF-1 also regulates myeloid cell-mediated inflammation
 in hypoxic tissues (Cramer et al., 2003) and this link between hypoxia and innate
 immunity was confirmed recently, showing that HIF-1 is also regulated transcriptionally
 by NF-κB (Rius et al., 2008). Biochemical studies have identified the transcription factor
 NF-κB as a master regulator of cancer-related inflammation in TAM and in neoplastic
 cells. Constitutive NF-κB activation is indeed observed often in cancer cells and may be
 promoted by cytokines (e.g., IL-1 and TNF) expressed by TAM or other stromal cells, as
 well as by environmental cues (e.g., hypoxia and ROI) or by genetic alterations (Karin,
 2006; Mantovani et al., 2008; Aggarwal, 2004). NF-κB induces several cellular
 modifications associated with tumorigenesis and more aggressive phenotypes, including
 self-sufficiency in growth signals, insensitivity to growth inhibition, resistance to
 apoptotic signals, angiogenesis, migration and tissue invasion (Pikarsky et al., 2004;
 Greten et al., 2004; Naugler and Karin, 2008). In a mouse model of colitis-associated
 cancer, the myeloid-specific inactivation of the Iκβ kinase inhibited inflammation and
 tumor progression, thus providing unequivocal genetic evidence for the role of
 inflammatory cells in carcinogenesis. On the other hand, in established, advanced tumors,
 where inflammation is typically smoldering (Balkwill et al., 2005), TAM usually have
 defective and delayed NFκ-B activation in response to different proinflammatory signals
 (e.g., expression of cytotoxic mediators such as NO, cytokines, TNF-α, and IL-12)
 (Biswas et al., 2006; Sica et al., 2000; Torroella-Kouri et al., 2005). These observations
 are in apparent contrast with a pro-tumor function of inflammatory reactions expressed by
 TAM. This discrepancy may reflect a dynamic change of the tumor microenvironment
 along tumor progression. In early stages of carcinogenesis, innate responses
 (inflammatory reactions) are indispensable for the activation of effective surveillance by
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 adaptive immunity (Dunn et al., 2004; Smyth et al., 2006) but on the other hand, are also
 likely to promote tumor development. In late stages of neoplasia, the defective NF-κB
 activation of TAM is insufficient to drive and sustain a potential anti-tumor immune
 response of the host. Evidence suggests that p50 homodimers (negative regulators of NF-
 κB) are abundant in TAM and are responsible for its defective activation (Saccani et al.,
 2006). As a matter of fact, TAM exert strong immune suppressive activity, not only by
 producing IL-10 but also by the secretion of chemokines (e.g., CCL17 and CCL22),
 which preferentially attract T cell subsets devoid of cytotoxic functions such as Treg and
 Th2 (Balkwill, 2004; Mantovani et al., 2004). In normal macrophages, these chemokines
 are inducible by IL-4, IL-10, and IL-13, thus amplifying an M2-mediated immune-
 suppressive loop. In addition, TAM secrete CCL18, which recruits naı¨ve T cells by
 interacting with an unidentified receptor (Schutyser et al., 2002). Attraction of naı¨ve T
 cells in a microenvironment characterized by M2 cells and immature DC is likely to
 induce T cell anergy.
 1.5.3 TAM and Angiogenesis
 Angiogenesis is sustained by different mediators produced by neoplastic and by
 stromal cells. TAM release growth factors such as VEGF, PDGF, TGF-β and members of
 the FGF family (Mantovani et al., 2002; Bingle et al., 2002), and the proangiogenic role
 is highlighted by the correlation between their high numbers and high vascular grades in
 many tumors such as glioma, squamous cell carcinoma of the esophagus, breast, bladder
 and prostate carcinoma (Bingle et al., 2002). TAM secrete the angiogenic factor
 thymidine phosphorylase, which in vitro promotes endothelial cell migration (Lin et al.,
 2006) and they also produce several angiogenesis modulating enzymes such as MMP-2,
 MMP-7, MMP-9, MMP-12, and cyclooxygenase-2 (Lin et al., 2006; Bingle et al., 2002).
 1.5.4 TAM: Invasion and Metastasis
 Metastasis unquestionably represents a crucial phase of neoplastic diseases and
 develops when tumor cells acquire specific capabilities to leave the primary tumor,
 invade the surrounded matrix, reach through blood or lymphatic vessels’ distant sites,
 settle down and grow. As a result of its complexity, this process has yet to be analyzed
 further, but several lines of evidence have already identified a tight link between this
 process and TAM, which produce inflammatory cytokines likely active on the
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 dissemination stage. The intense cross-talk between macrophages and neoplastic cells
 guarantees the continuous process of matrix deposition and remodeling, which facilitates
 tumor growth and invasion of the surrounding tissues (Figure 1.4). The high tissue
 remodelling activity of TAM is summarized by Dvorak’s definition: “Tumors are never
 healing wounds” (Dvorak, 1986; Codeelis and Pollard, 2006). TAM co-operate on tumor
 dissemination by promoting invasion characteristics of malignant cells and also by
 making easier their movement by a direct action on the tumor microenvironment
 (Hagemann et al., 2004). In particular, one of the main factor involved significantly is
 TNF-α: coculture of neoplastic cells with macrophages enhances invasiveness of
 malignant cells through TNF-dependent MMP induction in macrophages (Hagemann et
 al., 2004). TAM produce IL-1, and Giavazzi and colleagues (Giavazzi et al., 1990)
 demonstrated the IL-1-induced augmentation of metastasis development in a mouse
 melanoma model. In a genetic model of breast cancer growing in monocyte deficient
 mice, the tumors developed normally but in the absence of the macrophage-produced
 EGF, were unable to form pulmonary metastasis (Pollard, 2008).
 1.5.6 TAM and Anti-Cancer Therapies
 It is underlined how TAM favor neoplastic cells during tumor development and
 invasion and spread to distant sites. Thus, it is easy to gather that these cells may certainly
 be considered as an attractive target for novel anti-cancer therapies. If we block
 macrophages, will we actually disturb tumor progression in human patients? Within a
 tumor, a heterogeneous microenvironment differentially influences infiltrated
 macrophages, and this shows clearly the necessity of identifying common TAM targets
 for the synthesis of new therapeutic molecules (Zitvogel et al., 2008). Obviously, the best
 target would be a protein expressed or overexpressed only by TAM and neither by
 resident macrophages of distant, healthy tissues nor by M1 cells, which are important to
 face pathogens and could take part in anti-cancer actions. Several “anti-macrophage”
 approaches are under evaluation currently. Interesting observations come from studies
 performed with chemokines and chemokine receptors as anti-cancer targets (Zitvogel et
 al., 2008; Bingle et al., 2002).
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 Figure 1.4: Overview of TAM, which originate from blood monocytes recruited at
 the tumor site by molecules produced by neoplastic and by stromal cells. (Adapted
 from Allavena et. al., 2009).
 Macrophages have also been used to enhance the immune response or to
 potentiate chemotherapy specificity. Carta and colleagues (Carta et al., 2001) engineered
 a murine macrophage cell line that strongly augmented the production of IFN-γ. The
 delicate balance between M1 and M2 cells is a fundamental aspect in anti-cancer
 treatment also. Several studies have shown that the activation of TLRs (for instance,
 TLR9) stimulates M1-polarized macrophage responses by inducing the activation of a
 proinflammatory program (Krieg, 2006).
 In general, the restoration of an M1 phenotype in TAM may provide a therapeutic
 benefit by promoting antitumor activities. SHIP1-deficient mice showed a skewed
 development toward M2 macrophages, and thus, pharmacological modulators of this
 phosphatase are under investigation currently (Ong et al., 2007; Guiducci et al., 2005).
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 Interestingly, a contribution of the immune system to the anti-tumor effects of
 conventionally used chemotherapy treatments has been suggested. Cells of the innate
 immunity can be activated by proteins secreted by dying cells— damage associated
 molecular patterns (Zitvogel et al., 2008; Green et al., 2009).
 1.6 Cancer Related Inflammation (CRI)
 The association between cancer and inflammation dates back to Rudolf Virchow
 (1863) when he noticed the presence of leukocytes in neoplastic tissues (Balkwill and
 Montovani, 2001). Studies have identified two main pathways linking inflammation and
 cancer: an intrinsic and an extrinsic pathway (Coussens and Werb, 2002). The first one
 includes genetic alterations that lead to inflammation and carcinogenesis, whereas the
 second one is characterized by microbial/ viral infections or autoimmune diseases that
 trigger chronic inflammation in tissues associated with cancer development. Both
 pathways activate pivotal transcription factors of inflammatory mediators (e.g., NF-κB,
 STAT3, and HIF-1) and inflammatory cells (Hagemann et al., 2008; Kin and Karin,
 2007; Karin, 2006).
 Inflammatory cells like DCs, Macrophages, Neutrophils etc. present in the tumor
 microenvironment either contribute to tumor progression or actively interfere with its
 development (Figure 1.5). It is clear now that the former takes precedence, largely
 because the tumor generally proceeds to establish mechanisms responsible for its
 ‘immune evasion’ or escape from the immune intervention (Talmadge et al., 2007). The
 tumor not only manages to escape from the host immune system, but it effectively
 contrives to benefit from infiltrating cells by modifying their functions to create the
 microenvironment favourable to tumor progression. To this end, immune cells infiltrating
 the tumor together with fibroblasts and extracellular matrix forming a scaffold supporting
 its expansion, contribute to establish an inflammatory milieu that nourishes the tumor and
 promotes its growth. Inflammation is a salutary response to insult or injury and an
 important part of innate immunity; however, chronic inflammation has been linked with
 the development of cancer. Individuals with ulcerative colitis, a chronic inflammatory
 disease of the colon, have a 10-fold higher likelihood of developing colorectal carcinoma.
 Similarly, inflammatory conditions of the liver, such as chronic hepatitis and cirrhosis,
 are well established risk factors for the development of hepatocellular carcinoma (Karin,
 2006).
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 Chronic Inflammatory conditions have been observed in association with tumor
 incidence, tumor progression and detrimental prognosis in human cancer patients. It is
 still early to understand the molecular mechanisms of how and why tumors occur more
 frequently in an inflammatory microenvironment or in an inflammation-plagued host.
 Pro-inflammatory cytokines are not surprisingly at the crossroad of this deregulation.
 Several of these cytokines are highly expressed in human cancers and do alter the
 immune response in ways that are simultaneously beneficial to tumor growth (Kin and
 Karin, 2007). It is tempting to speculate that the observed derailing of antitumor
 immunity into an inflammatory response is at its core, a defensive strategy of the tumor,
 selected for independently of the tumor cell transformation. Alternatively, it might be the
 mere result of, and the default reaction to, the expression of transforming oncogenes
 within the tumor cell. Third, the presence of mutant cell clones in an inflamed and
 regenerating tissue could simply be an unfortunate coincidence. Here, the tumor cell
 would take advantage of the improved cytokine mediated growth conditions for the
 nascent tumor, whereas the same cytokines inhibit the immune-mediated tumor
 surveillance and tumor cell elimination (Dunn et al., 2002).
 Recent research has highlighted an important role for inflammation in cancer from
 the perspective that innate immune cells, such as macrophages, drive malignant
 progression through the production of proinflammatory mediators such as tumor necrosis
 factor (TNF) and interleukin (IL)-6 (Greten et al., 2004; Maeda et al., 2003; Rakoff-
 Nahoum et al., 2004). In the context of gastric or colon cancer, the stimulus for activation
 of the innate immune cells may be provided by chronic infection with Helicobacter pylori
 or commensal bacteria that access the resident inflammatory cells through a breakdown in
 the barrier function of the epithelium during carcinogenesis. In cervical cancer and
 hepatocellular carcinoma, chronic infection with human papilloma virus (HPV) and
 hepatitis C virus (HCV), respectively, are clearly linked with carcinogenesis. The study
 by Naugler et al., using a mouse model of chemically induced liver cancer, suggests cell
 injury may also lead to the release of endogenous factors that activate innate immune
 cells. These authors showed that dead hepatocytes activate liver macrophages (Kupffer
 cells) through the molecule MyD88, which is an essential adaptor for Toll like receptor
 (TLR) signalling (Lawrence et al., 2007; Naugler and Karin, 2008). The TLRs are
 pathogen recognition molecules that are hard-wired to trigger activation of innate
 immunity upon recognition of pathogen-associated molecular patterns (PAMPs). TLRs
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 Figure 1.5: The Multifaceted Role of Inflammation in Cancer:Inflammation acts at all stages of tumorigenesis. It may contribute to tumor initiation through mutations, genomic instability, and epigenetic modifications. Inflammation activates tissue repair responses, induces proliferation of premalignant cells, and enhances their survival. Inflammation also stimulates angiogenesis, causes localized immunosuppression, and promotes the formation of a hospitable microenvironment in which premalignant cells can survive, expand, and accumulate additional mutations and epigenetic changes. Eventually, inflammation also promotes metastatic spread. Mutated cells are marked with ‘‘X.’’ Yellow, stromal cells; brown, malignant cells; red, blood vessels; blue, immune and inflammatory cells. EMT, epithelial-mesenchymal transition; ROS, reactive oxygen species; RNI, reactive nitrogen intermediates.
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 have an important role in driving the inflammatory response but also in priming adaptive
 immunity through the activation and maturation of antigen presenting cells, including
 dendritic cells (DCs) and macrophages. Apetoh et al. (2007) have revealed an interesting
 role of inflammation and TLR signaling in cancer therapy.
 The major antigen-presenting cells present in tumors are macrophages, which in
 certain cases may account for as much as 50% of the tumor mass; however, often it is not
 possible to detect an adaptive immune response to tumor antigens. There is increasing
 evidence that tumor associated macrophages (TAMs) express an immunosuppressive
 phenotype and display several protumoral functions, including promotion of angiogenesis
 and matrix remodelling (Balkwill et al., 2005; Pollard, 2004). Although usually rare, DCs
 have been detected in several tumor types, but DCs in tumors have been shown to express
 an immature phenotype and therefore to have low immunostimulatory properties
 (Mantovani et al., 2002). Both DCs and macrophages have the ability to pick up tumor
 antigens for crosspresentation on MHC class I molecules (Ardavin et al., 2004).
 However, the phenotype of TAMs and intratumoral DCs has been suggested to promote
 tolerance through production of immune- suppressive factors rather than prime a
 protective immune response (Mantovani et al., 2002).
 1.7 Cytokines: The mediators of cancer and immune cell interplay
 A solid body of evidence links increases in tumor incidence with inflammation. In
 addition, clinical and experimental findings also link tumor progression to the
 upregulation of pro-inflammatory molecules, particularly during the late stages of cancer
 progression and during tumor cachexia (Balkwill et al., 2005). Several of the cytokines
 linked to tumorpromoting inflammation such as tumor necrosis factor-a (TNF-a),
 transforming growth factor-b (TGF-b), IL-6 and IL-23 are functionally linked to the
 newly discovered Th17 CD4þ helper cell lineage (Balkwill, 2004).
 1.7.1 Dual role for TNF-α in cancer
 Tumor necrosis factor-α is a trimeric cytokine produced by activated macrophages
 and pro-inflammatory T cells. TNF-α can stimulate both pro-and antiapoptotic signals in
 tumor cells, endothelial cells, macrophages and most other cells within the tumor
 microenvironment (Szlosarek et al., 2006). TNF-α as well as IL-1 are essential effector
 cytokines for the initiation and maintenance of chronic inflammation in mouse models of
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 immune-mediated disorders such as rheumatoid arthritis (Williams et al., 2000). The
 relevance of this pathway for human disease is best exemplified in the success of anti-
 TNF-α therapies in inflammatory diseases (Feldmann and Maini, 2001). TNF-α also
 induces apoptosis in activated tumor-infiltrating T cells, and therefore may function to
 blunt the immune surveillance against tumors within the tumor itself. Although the pro-
 apoptotic effects of TNF-α spiked interest in its therapeutic utility, it requires higher
 concentrations than therapeutically achievable (Mocellin et al., 2005). Most animal
 models and clinical studies revealed the pro-neoplastic functions of TNF-α rather than its
 pro-apoptotic functions on tumor cells.
 Tumor necrosis factor-a produced by tumor cells or inflammatory cells may
 promote tumor survival via the induction of antiapoptotic genes controlled by nuclear
 factor-kB activation. Indeed, TNF-α has been demonstrated to promote tumorigenesis as
 TNF-α-deficient mice or mice treated with anti-TNF-α antibodies are largely protected
 from the chemical induction of skin papillomas (Moore et al., 1999; Scott et al., 2003).
 TNF-α may also directly contribute to neoplastic transformation by stimulating
 production of genotoxic reactive oxygen species and nitric oxide (Szlosarek et al., 2006).
 In humans, higher concentrations of TNF-α are found in the serum of cancer patients
 compared to control subjects, and elevated TNF-α concentrations in the serum also
 correlate with decreased prognosis for the patients (Szlosarek and Balkwill, 2003).
 Finally, TNF-α is closely associated with tumor-induced cachexia, an inflammatory
 multiorgan failure in the late stage of cancer patients, and with the inflammatory
 paraneoplastic syndromes associated with tumors like pancreatic cancer. Genetic
 polymorphisms conferring higher TNF-α production are associated with increased risk of
 a variety of human cancers (Szlosarek et al., 2006). Excitingly, renal cell cancer patient
 treated in a phase II clinical study with anti-TNF-α antibodies experienced clinical
 benefits (Harrison et al., 2007).
 1.7.2 Inflammation control by TGF-β
 Another key regulator of inflammatory processes tightly associated with chronic
 inflammation and cancer is TGF-β. Although considered to be primarily
 antiinflammatory, TGF-β contributes to the inflammatory milieu of tumor mediators and
 cell types facilitating tissue remodeling as well as direct local suppression of antigen-
 specific CD8-T cell function. Transforming growth factor-β is a pleiotropic cytokine that
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 exerts effects on most cell types in a tumor thereby simultaneously impacting
 immunological and non-immunological processes. TGF-β activates a heterodimeric
 receptor pair of TGF-β receptors I and II (TbRI/II). Upon ligand binding, TbRI directly
 phosphorylates the transcription factors Smad2 and Smad3, which shuttle to the nucleus
 to induce transcription (Letterio, 2005). TGF-βb is released not only by a variety of cells
 in human and mouse tumors including macrophages, platelets and T cells (Kehrl et al.,
 1986; Roberts et al., 1986), but also by the tumor cells themselves. Early in the
 development of cancer and in premalignant lesions, TGF-β plays a tumor suppressive
 function due to its inhibition of tumor cell growth. Genetic deletion of the TGF-β receptor
 in genetic mouse models for human cancer leads to increased tumor incidence and
 progression (Bierie and Moses, 2006). Interestingly, ablation of TGF-β signaling in the
 tumor cells leads to an increased level of TGF-β in the tumor and increased number of
 TGF-β-producing CD11b+ GR-1+ myeloid cells in the tumor stroma (Yang et al., 2008).
 However, most human tumors thrive in the presence of large amounts of TGF-β while
 retaining the TGF-β signaling pathways. The exception appears to be malignancies of the
 gastrointestinal tract where mutations in either the TGF-β receptor or the Smads render
 the tumor cells insensitive to abundant TGF-β (Derynck et al., 2001). Autocrine TGF-β
 regulation in tumor cells plays an important role during invasion, metastasis and
 epithelial–mesenchymal transition of tumor cells (Oft et al., 2002). In addition, many of
 the tumors promoting effects of TGF-β involve paracrine regulation of inflammation and
 tissue remodeling. TGF-β modifies the activities of fibroblasts, endothelial cells,
 macrophages and T cells to engender an inflammatory milieu similar to chronic
 inflammatory diseases but deficient in cytotoxic cells such as CD8T cells and natural
 killer cells. TGF-β is one of the first proteins released from platelets after a vascular
 lesion, induces angiogenesis (Roberts et al., 1986) and is a potent chemoattractant for
 granulocytes and monocytes (Wahl et al., 1987; Brandes et al., 1991); TGF-β also limits
 the phagocytic and opsonizing activity of those innate responders. More importantly,
 although TGF-β promotes the development of Langerhans cells and dendritic cells from
 hematopoietic progenitors (Borkowski et al., 1996; Strobl et al., 1996), it inhibits the
 maturation, antigen presentation and costimulation by both macrophages and dendritic
 cells (Li et al., 2006).
 Such immature dendritic cells produce large amounts of TGF-β and might
 efficiently prime regulatory CD4 T cells (Treg). TGF-β is required for the development of
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 Tregs, and TGF-β expression by Tregs is essential for their proliferation and function.
 Regulatory T cells are found in human tumors and their presence correlates again with a
 poorer prognosis (Curiel et al., 2004). In a new twist of the development of helper T-cell
 lineages, it has become clear that pro-inflammatory IL-17-producing Th17T cells share a
 common path with regulatory T cells. Although the presence of TGF-β favors a
 regulatory fate of naive T cells, simultaneous presence of TGF-β and IL-6 fosters the
 differentiation of a proinflammatory T cell expressing IL-6 and IL-17 among other
 cytokines (Bettelli et al., 2006). Transforming growth factor-β not only restricts the
 proliferation of naive CD4þ T cells by suppressing IL-2 production in T cells but also
 antagonizes both Th1 and Th2 effector differentiation (Li et al., 2006). At the same time,
 however, TGF-β protects T cells from apoptosis during T-cell expansion and
 differentiation. In particular, TGF-β inhibits activation-induced cell death of T cells
 (Zhang et al., 1995). Polyclonal T-cell activation in mice using activating anti-CD3
 antibodies leads to widespread apoptosis of both CD4+ and CD8+ T cells in TGF-β1-/-
 mice (Chen et al., 2001). Similar to helper T cells, CD8+ cytotoxic T cells are inhibited in
 their proliferation and differentiation by TGF-β (Wrzesinski et al., 2007). TGF-β inhibits
 the expression of cytokines like interferon-γ (IFN-γ) and cytotoxic effector molecules
 such as perforin, and also the exocytosis of the cytotoxic granules (Li et al., 2006).
 Moreover, when stimulated with both IL-6 and TGF-β, CD8T cells not only cease
 expression of IFN-γ and lose their cytotoxicity but are also induced to secrete IL-17 (Liu
 et al., 2007). IFN-γ induces major histocompatibility complex I in both dendritic cells and
 tumor cells; therefore, replacing IFN-γ with IL-17 in the tumor milieu might have severe
 consequences for immune recognition and surveillance.
 1.7.3 The pro-inflammatory cytokine IL-6 promotes tumor growth
 Interleukin-6 engages the heterodimeric receptor complex of glycoprotein 130
 (gp130) and IL-6 receptor-a (IL-6Ra). While gp130 is expressed in the signal receiving
 cell, the IL-6Ra subunit can be either membrane bound or supplied as a soluble receptor
 (sIL-6Ra) by an accessory cell, via a process known as trans-signaling (Rose-John et al.,
 2006). IL-6 induces the phosphorylation of both STAT3 and STAT1. The involvement of
 both IL-6 and STAT3 in malignant cell survival and proliferation has been well
 documented in numerous experimental systems (Aggarwal et al., 2006; Rose-John et al.,
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 2006). Through the activation of genes involved in cell cycle progression and suppression
 of apoptosis, IL-6 can directly protect tumor cells from apoptosis. IL-6 has also been
 shown to act as an autocrine growth factor for tumors (Baffet et al., 1991). IL-6 is
 essential in the initiation and maintenance of chronic inflammation of the colon (Atreya et
 al., 2000). Trans-signaling of IL-6 is similarly essential for the development of
 inflammation-induced colon tumors (Becker et al., 2004). Finally, antibody-mediated
 inhibition of IL-6 delays the development of chemically induced colitis-associated colon
 cancer (Becker et al., 2004). Interleukin-6 levels are elevated in the serum and tissue of
 cancer patients with multiple myeloma, renal cell, ovarian, colon, breast or prostate
 cancers. The IL-6 serum levels correlate negatively with the prognosis in breast and
 prostate cancer patients (Smith et al., 2001; Rao et al., 2006). IL-6Ra is highly expressed
 on tumor cells, with some evidence for shedding of the sIL-6Ra to stimulate trans-
 signaling in cells not expressing IL-6Ra (Becker et al., 2004; Rose-John et al., 2006). IL-
 6 may also be a cancer-predisposing genetic risk factor, with IL-6 promoter
 polymorphisms leading to higher IL-6 expression leading to a worse prognosis for colon
 cancer patients (Landi et al., 2003).
 In combination with TNF-a, IL-6 stimulates the expansion and cytotoxicity of
 naive CD8T cells in vitro (Sepulveda et al., 1999); however, IL-6Ra has been shown to
 be downregulated upon activation in naïve and memory T cells (Betz and Muller, 1998),
 suggesting that its potential stimulatory effect on tumor-infiltrating effector lymphocytes
 may be lost. Recently, however, it has become clear that IL-6 together with TGF-b is
 crucial for the induction of IL-17-producing Th17 helper cell lineage (Mangan et al.,
 2006; Wilson et al., 2007). It remains to be tested how many of the effects of IL-6 in the
 regulation of tissue inflammation and cancer are dependent on the induction and
 subsequent control of this T-cell lineage. Importantly, it has been shown that the pro-
 inflammatory T helper cells continue to express both IL-17 and IL-6 (Becker et al., 2004;
 Langrish et al., 2005). In inflammatory disease models, deficiency of IL-17 ameliorates
 the disease, deficiency of both IL-6 or IL-23, a cytokine controlling the activity of Th17
 cells, protected animals from disease (Alonzi et al., 1998; Cua et al., 2003; Nakae et al.,
 2003). While IL-6-deficient animals show a partial resistance to chemical-induced skin
 tumors (Ancrile et al., 2007); the absence of IL-23 renders animals completely protected
 from tumors (Langowski et al., 2006).
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 1.7.4 Interleukin 10
 Another cytokine that activates STAT3 is IL-10 (Moore et al., 2001)). However,
 the effects of IL-10 are dramatically opposed to those of IL-6, as IL-10 is
 immunosuppressive and anti-inflammatory (Allavena et al., 1998; Moore et al., 2001).
 IL-10 inhibits NF-kB activation through ill-defined mechanisms (Mocellin et al., 2001;
 Moore et al., 2001) and consequently inhibits the production of proinflammatory
 cytokines, including TNF-α, IL-6, and IL-12 (Vicari and Tinchieri, 2004). Given this, it is
 no wonder that IL-10 inhibits tumor development and progression. The most striking
 effects of IL-10 are seen in Il10–/– mice, which are more prone to colonic inflammation
 and CAC when chronically infected with certain enteric bacteria, such as Helicobacter
 hepaticus (Akdis and Blaser, 2001). The mechanisms responsible for IL-10 inhibition of
 colitis are not completely clear but might be linked to its ability to counteract IL-12–
 driven inflammation or its ability to inhibit NF-kB activation (Sato et al., 2011). Indeed,
 enhanced IL-12p40 production by immune cells is a key feature of colonic inflammation
 Suppression of TNF-α and IL-12 release by DCs and macrophages might also contribute
 to the antitumor activity of Tregs and IL-10 (Allavena et al., 1998; Moore et al., 2001).
 However, it is not clear how STAT3 activation by IL-10 results in an antitumor effect,
 whereas STAT3 activation by IL-6 is considered to be pro-tumorigenic. Studies also
 suggest that IL-10 possesses immunostimulatory activity that enhances antitumor
 immunity (Mocellin et al., 2004). Although IL-10 usually exerts antitumor activity, its
 biological effects are not all that simple, and consistent with its ability to activate STAT3,
 it might also promote tumor development. Direct effects of IL-10 on tumor cells that
 might favor tumor growth have been reported. For example, an IL-10 autocrine and/or
 paracrine loop might have an important role in tumor cell proliferation and survival. IL-
 10 has also been shown to modulate apoptosis and suppress angiogenesis during tumor
 regression (Sato et al., 2011). Expression of IL-10 in mammary and ovarian carcinoma
 xenografts inhibits tumor growth and spread (Sato et al., 2011). IL-10 has complex
 effects on tumor development. In many experimental systems, IL-10 is found to exert
 antitumor activity, but in other cases it can be pro-tumorigenic (Sato et al., 2011). These
 dramatically opposing effects of IL-10 might depend on interactions with either cytokines
 or factors found in the tumor microenvironment, as it is unlikely that IL-10 functions in
 isolation. A better understanding of IL-10 signaling is needed before its effects on tumor
 growth and antitumor immunity can be fully explained.
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 1.7.5 Inflammation control by IL-23 and IL-12 in cancer
 Interleukin-23 and IL-12 are closely related heterodimeric pro-inflammatory
 cytokines with similar structures, similar cellular sources and cellular targets but opposing
 functions. They are composed of a shared p40 subunit, structurally related to cytokine
 receptors, and a unique subunit, IL-23p19 or IL-12p35, structurally four-helix bundle
 cytokines (Kastelein et al., 2007). IL-12 uses the heterodimeric receptors IL-12Rb1 and
 IL-12Rb2, whereas IL-23 activates IL-12Rb-1/IL-23R dimers (Parham et al., 2002). Like
 IL-12, IL-23 induces TYK2-and JAK2-mediated phosphorylation of the transcription
 factors STAT1, STAT3 and STAT5, the phosphorylation of STAT4 being to a lesser
 extent (Parham et al., 2002; Trinchieri, 2003). The receptors for both IL-12 and IL-23 are
 primarily expressed on T, natural killer and natural killer T cells, with low levels present
 on monocytes, macrophages and dendritic cells. Both cytokines are produced primarily
 by activated antigen-presenting cells in response to bacterial products (Trinchieri et al.,
 2003). Consequently, IL-12p40-deficient mice, lacking IL-12 and IL-23, are highly
 susceptible to numerous bacterial, fungal and parasite infections including Salmonella,
 Citrobacter, Cryptococcus and Leishmania species (Bowman et al., 2006). For the
 response against most of these pathogens, IL-12- mediated responses are essential,
 whereas the IL-23 contribution is often only detected in the simultaneous absence of IL-
 12 (Kastelein et al., 2007). Instant lethal doses of Klebsiella or Citrobacter, however,
 require IL-23-mediated host responses in mice (Happel et al., 2003; Mangan et al., 2006).
 Surprisingly, these susceptibilities have not been described for IL-12p40- or IL12Rb1-
 deficient humans who suffer exclusively from mycobacterial and salmonella infection but
 show normal resistance to most other pathogens, including viruses (Novelli and
 Casanova, 2004).
 IL-12 treatment in preclinical tumor models promotes immune surveillance
 against transplanted syngeneic tumors by inducing IFN-g-producing Th1 cells and the
 proliferation and cytotoxic activity of CD8+ T cells and natural killer cells. IL-12-induced
 IFN-γ is not only rate limiting for T-cell activity but also induces the expression of major
 histocompatibility complex I and thereby allows increased recognition of tumor antigens
 (Wong et al., 1984). Tumor immune surveillance in mouse models is largely dependent
 on IFN-γ-expressing T cells (Kaplan et al., 1998). Similar experiments using IL-23
 expressed in the transplanted tumor cell or systemically were equally efficient in rejecting
 syngeneic transplanted tumors (Lo et al., 2003).
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 Interleukin-12 is therefore generally considered to promote antitumor effects, and
 cancer patients have been treated with recombinant IL-12 in several clinical studies
 (Atkins et al., 1997). Dose-limiting toxicities were, however, observed before clinical
 benefits had been achieved. The toxicities appeared to be IFN-γ associated and were most
 likely the manifestations of a systemic immune response. Subsequent attempts combining
 IL-12 therapy with a peptide vaccine have so far not revealed enhanced clinical benefits
 in the IL-12 treatment arms (Cebon et al., 2003). The difference in IL-12 and IL-23
 function against bacteria or tumors in mice and in man might be a reflection on the
 amount of infectious particles or the antigenic dose challenging the host defense. Most
 mouse models frequently use systemic exposure of the host to millions of colony-forming
 units of bacteria and viruses or injections with large numbers of tumor cells. Immune
 recognition of human tumors might, however, follow a quite different kinetic, with only
 limited antigen exposure at first. The majority of infections in human patients are
 similarly not characterized by initial exposure to large numbers of infectious particles.
 However, there are also striking differences in the regulation of immune surveillance to
 tumors in either IL-12- or IL-23-deficient animals. IL-12 deficiency increases not only
 the incidence of tumors but also allows for rapid tumor growth in mice. In contrast,
 deficiency in IL-23 or the IL-23 receptor not only dramatically reduces tumor incidence
 but also reduces tumor growth of established tumors (Langowski et al., 2006). In the local
 tumor microenvironment, IL-23 not only induces the hallmarks of chronic inflammation
 such as metalloproteases, angiogenesis and macrophage infiltration, but also reduces
 antitumor immunosurveillance by locally suppressing the presence of CD8-T cells.
 In contrast, the absence of IL-12 leads to exacerbation of the myeloid-driven
 inflammation with a coincident lack of CD8 T cells (Langowski et al., 2006).
 Interestingly, it is IL-23p19 and IL12p40 that are found to be overexpressed in the
 majority of human cancers, not IL-12p35. In mouse models of autoimmune diseases, IL-
 23 induces chronic inflammation in part through the stimulation of innate myeloid
 effector cells and stromal activation, and many aspects of IL-23-dependent tissue
 inflammation can be recapitulated in the absence of T cells (Uhlig et al., 2006). However,
 IL-23 also controls the activity of Th17 T cells. Although Th17 develop from naive T
 cells under the influence of TGF-b and IL-6, they subsequently require IL-23 to suppress
 endogenous IL-10 and become proficient in their pro-inflammatory function (McGeachy
 et al., 2007). This pro-inflammatory function orchestrates inflammatory tissue destruction
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 by the adaptive immune system. The induction of IL-17 by IL-23 in tumors is an
 attractive prospect because IL-17 promotes angiogenesis in a variety of models and
 induces matrix metalloproteinases, two events that potentiate tumor growth (Numasaki et
 al., 2003).
 In addition, IL-17 controls neutrophil chemotaxis, proliferation and maturation
 further fueling the innate immune activation (Kolls and Linden, 2004). IL-17 producing
 CD8 and CD4 T cells have recently been reported to be widely present in human and
 mouse tumor microenvironments (Kryczek et al., 2007). It has also been suggested that
 CD8 T cells expressing IL-17 largely lack cytotoxic capacity (Liu et al., 2007). It is
 important to note that IL-23 can induce, independent of IL-17, angiogenic erythema,
 inflammation and keratinocyte hyperproliferation, phenocopying aspects of human
 psoriatic lesions (Chan et al., 2006). Psoriatic disease does not correlate with increased
 incidence of malignancy (Rohekar et al., 2008). The IL-23-mediated physiological
 changes in the skin, however, strikingly resemble the microenvironment observed in early
 malignant lesions.
 1.7.6 IL-1
 Interleukin-1 is a pleiotropic cytokine that affects mainly inflammation and also
 contributes to immune and hemopoietic responses (Apte and Voronov, 2002; Dinarello,
 1996). The properties of IL-1 stem from its ability to induce the synthesis of cytokines,
 chemokines, proinflammatory molecules, and the expression of adhesion molecules. The
 IL-1 gene family consists of two major agonistic molecules, namely IL-1α and IL-1β, and
 one antagonistic cytokine, the IL-1R antagonist (IL-1Ra). IL-1α, IL-1β, and IL-1Ra are
 encoded by different genes. Both IL-1α and IL-1β differ from most other cytokines by
 lacking a signal sequence, thus not trafficking through the endoplasmic reticulum (ER)-
 Golgi pathway; the precise mechanisms of IL-1 secretion are thus largely unknown (Apte
 and Voronov, 2002). IL-1α and IL-1β bind to the same receptors, and there are no
 significant differences in the spectrum of activities of recombinant IL-1α or IL-1β when
 studied in vitro or in vivo in diverse experimental systems. However, endogenously
 produced IL-1α and IL-1β differ dramatically in the subcellular compartments in which
 they are active. IL-1α is active in its secreted form (17.5 kDa), whereas the IL-1α
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 Figure 1.6: Representation of two outcomes of interactions between tumor cells and infiltrating inflammatory and/or immune cells in the tumor microenvironment.Cytokines secreted by tumor and inflammatory/immune cells can either promote tumor development andtumor cell survival or exert antitumor effects. Chronic inflammation develops through the action of various inflammatory mediators, including TNF-α, IL-6, and IL-17, leading to eradication of antitumor immunity and accelerated tumor progression. However, TRAIL, through direct induction of tumor cell apoptosis, IL-10, through antiinflammatory effects, and IL-12, through activation of CTLs and NK cells and expression of cytotoxic mediators, can lead to tumor suppression. The multipleactions of TGF-β (cytotoxic in colon cancer cells, and having both positive and negative effects on the tumor microenvironment) and IL-23 explain their dual roles in tumor development. (Lin and Karin, 2007).
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 precursor is inactive; IL-1β is mainly active as an intracellular precursor (31 kDa) or as a
 membrane-associated form (23 kDa), but is only marginally active as a secreted 17.5 kDa
 molecule. Mononuclear cells manifest the strongest secretory capacity of IL-1α and IL-
 1β, whereas diverse nonphagocytic cells generally secrete low levels of IL-1β. IL-1α is
 only rarely secreted by living cells, except for activated macrophages, and in contrast to
 IL-1β, IL-1α is not commonly detected in blood or in body fluids, except during severe
 disease, in which case the cytokine may be released from dying cells. Diverse effects of
 the IL-1 molecules on tumor development have been described (Apte and Voronov,
 2002). On the one hand, antitumor effects of IL-1 have been described in experimental
 tumor systems, mainly due to its ability to costimulate T cell activation, to induce
 cytokine secretion in specific as well as nonadaptive immune cells, and to potentiate the
 differentiation and function of immune surveillance cells. On the other hand, IL-1
 potentiates invasiveness and metastasis of malignant cells, mainly by inducing adhesion
 molecule expression on the tumor cells as well as on endothelial cells (Apte and Voronov,
 2002; Dinarello, 1996). In addition, IL-1 may stimulate the production of invasiveness-
 promoting factors such as matrix metalloproteinases, growth factors, or angiogenic
 factors by the malignant cells or by cellular elements in the tumor’s microenvironment.
 The diverse effects of the IL-1 molecules on malignant processes have hindered the use of
 IL-1 as an antitumor agent in clinical trials (Apte and Voronov, 2002).
 1.8 Toll like Receptors (TLRs)
 TLRs are best-known for their ability to recognize conserved microbial structures
 that were originally named PAMPs (pathogen-associated molecular patterns) by Janeway
 (1989). Despite their name, PAMPs are common to all microorganisms regardless of their
 pathogenicity. The best-characterized TLR microbial ligands are as follows:
 lipopolysaccharide (LPS; endotoxin) from Gram-negative bacteria, which stimulates
 TLR4; bacterial lipoproteins and lipotechoic acid and fungal zymosan, which stimulate
 TLR1, TLR2 and TLR6; bacterial flagellin, which activates TLR5; a profilin-like
 molecule from the protozoan Toxoplasma gondii, which activates TLR11; unmethylated
 CpG motifs present in DNA that function as stimulators of TLR9; double-stranded RNA
 that activates TLR3; and single stranded RNA that can stimulate TLR7 and TLR8. In
 addition to microbial ligands, an increasing number of endogenous ligands are being
 reported as candidate stimulators of TLRs, in particular of TLR2 and TLR4. These

Page 30
                        

Review of Literature
 36
 include heat shock proteins (HSP60, HSP70, endoplasmin, HSPB8 and α-crystallin A
 chain) (Vabulas et al., 2001; 2002), high mobility group box 1 (HMGB1) (Park et al.,
 2002; 2004), uric acid crystals (Liu-Bryan, 2005), surfactant protein A (Guillot et al.,
 2002), and various products of the extracellular matrix such as fibronectin (Okamura et
 al., 2001), heparan sulphate (Johnson et al., 2002), biglycan (Schaefer et al., 2005),
 fibrinogen (Smiley et al., 2001), oligosaccharides of hyaluronan (Termeer et al., 2002)
 and hyaluronan breakdown fragments (Jiang et al., 2005; Taylor et al., 2007).
 Data has indicated that TLRs (and IL-1–IL-18R signalling) have a crucial role in
 the development of tumours as they arise in their natural microenvironment, thus
 revealing a previously unknown aspect of tumorigenesis. It has been suggested that the
 response of stromal cells such as tissue-resident macrophages to the death of hepatocytes
 is crucial to the proliferation and expansion of pre-cancerous cells and tumour promotion
 (Maeda et al., 2005). This promotion is the result of the NF-κB-dependent production of
 inflammatory mediators such as IL-6 following recognition of necrotic hepatocytes by
 tumour stroma (Maeda et al., 2005; Naugler et al., 2007). These studies indicate that TLR
 signalling contributes to the growth of tumours in numerous organs and thus may
 represent a general principle of tumorigenesis. Whether TLRs are involved in tumour
 initiation is not yet clear. A formal role of TLRs in initiation with concatenate
 inflammation is yet to be determined; however, one can envision several possible roles
 for TLRs in initiation. TLR signalling has been shown to augment tumour cell adhesion
 and invasion and increase vascular permeability (Wang, 2003), although a role for TLRs
 in the natural events of metastasis has yet to be determined, nonetheless, harnessing TLRs
 for cancer immunotherapy and vaccines is promising.
 1.9 Lung cancer
 Lung cancer is a major health problem worldwide. The incidence is increasing
 globally at a rate of 0.5% per year. It is the leading cause of cancer mortality in most of
 the countries in the world (Jemal et al., 2002; Magarth and Litak, 1993). It remains the
 most lethal form of cancer in men and has now surpassed breast cancer in women as well
 in USA, where 170,000 new cases are diagnosed per year (Jemal et al., 2002). The
 worldwide incidence is 14% whereas it constitutes 6.8% of all cancers in India (Nanda
 Kumar, 2001). It is the leading cancer of both sexes in three of the Urban Cancer
 Registries (Bhopal, Delhi and Mumbai) in India (Nanda Kumar, 2001). In Kashmir it
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 ranks second among all cases in males. Non-small cell lung cancer accounts for nearly
 85% and small cell lung cancer accounts for 15% to 20% of cases. Despite advances in
 imaging techniques and treatment modalities, the prognosis of lung cancer remains poor,
 with a five-year survival of 14% in early stages and less than 5% in locally advanced
 stages (Mghfoor and Michael, 2005; Montain, 1986). Unfortunately only 20-30% of
 patients present with an operable disease, while most of the patients present in an
 advanced stage II and III (Overholt et al., 1975). Evidently there is urgent need to
 understand the mechanistic details of lung cancer pathogenesis and devise strategies for
 its effective prevention. Evaluating immune interplay in lung tumorigenesis is an
 untreaded research area and as such holds great promise in unravelling therapies for lung
 cancer in particular and other carcinoma in general.
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