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Abstract

:

Ongoing debates, misunderstandings and controversies on the role of inflammation in cancer have been extremely costly for taxpayers and cancer patients for over four decades. A reason for repeated failed clinical trials (90% ± 5 failure rates) is heavy investment on numerous genetic mutations (molecular false-flags) in the chaotic molecular landscape of site-specific cancers which are used for “targeted” therapies or “personalized” medicine. Recently, unresolved/chronic inflammation was defined as loss of balance between two tightly regulated and biologically opposing arms of acute inflammation (“Yin”–“Yang” or immune surveillance). Chronic inflammation could differentially erode architectural integrities in host immune-privileged or immune-responsive tissues as a common denominator in initiation and progression of nearly all age-associated neurodegenerative and autoimmune diseases and/or cancer. Analyses of data on our “accidental” discoveries in 1980s on models of acute and chronic inflammatory diseases in conjunctival-associated lymphoid tissues (CALTs) demonstrated at least three stages of interactions between resident (host) and recruited immune cells: (a), acute phase; activation of mast cells (MCs), IgE Abs, histamine and prostaglandin synthesis; (b), intermediate phase; down-regulation phenomenon, exhausted/degranulated MCs, heavy eosinophils (Eos) infiltrations into epithelia and goblet cells (GCs), tissue hypertrophy and neovascularization; and (c), chronic phase; induction of lymphoid hyperplasia, activated macrophages (Mϕs), increased (irregular size) B and plasma cells, loss of integrity of lymphoid tissue capsular membrane, presence of histiocytes, follicular and germinal center formation, increased ratios of local IgG1/IgG2, epithelial thickening (growth) and/or thinning (necrosis) and angiogenesis. Results are suggestive of first evidence for direct association between inflammation and identifiable phases of immune dysfunction in the direction of tumorigenesis. Activated MFs (TAMs or M2) and Eos that are recruited by tissues (e.g., conjunctiva or perhaps lung airways) whose principal resident immune cells are MCs and lymphocytes are suggested to play crucial synergistic roles in enhancing growth promoting capacities of host toward tumorigenesis. Under oxidative stress, M-CSF may produce signals that are cumulative/synergistic with host mediators (e.g., low levels of histamine), facilitating tumor-directed expression of decoy receptors and immune suppressive factors (e.g., dTNFR, IL-5, IL-10, TGF-β, PGE2). M-CSF, possessing superior sensitivity and specificity, compared with conventional markers (e.g., CA-125, CA-19-9) is potentially a suitable biomarker for cancer diagnosis and technology development. Systematic monitoring of interactions between resident and recruited cells should provide key information not only about early events in loss of immune surveillance, but it would help making informed decisions for balancing the inherent tumoricidal (Yin) and tumorigenic (Yang) properties of immune system and effective preventive and therapeutic approaches and accurate risk assessment toward improvement of public health.
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1. Introduction


During the evolutionary process, inflammation became known as an inherent self-limiting property of the immune system to protect the body against harmful or foreign agents (stimuli or irritants). Historically, in the 19th century Rudolph Virchow noted that the signs of inflammation were four-“redness, and swelling with heat and pain”. In 1909, observations by Ehrlich that tumor cells are recognized and eliminated by the immune cells were later evolved to the theory of immune surveillance (cancer surveillance), an effective property of immunity to monitor/survey organ systems and destroy those internal or external elements that are useless or threaten the body’s survival [1,2,3]. Since these historical observations a role for inflammation in the genesis and progression of many acute diseases (e.g., sepsis, pneumonia, meningitis or major trauma), allergies (e.g., asthma, emphysema, skin and ocular inflammatory diseases), a wide range of age-associated chronic illnesses, neurodegenerative and autoimmune diseases (e.g., rheumatoid arthritis, atherosclerosis, dementia, Alzheimer’s, multiple sclerosis, hypertension, diabetes, stroke and cardiovascular complications, colitis, gastritis, hepatitis, nephritis, prostatis, pancreatitis, appendicitis, thyroiditis, opthalmitis, Grave’s disease, fibromyalgia, Bechet’s, esophagitis, neuritis, lupus, Parkinson’s, psoriasis) and many cancers (e.g., lung, colon/rectal, breast, cervical, prostate, bladder, liver, gall bladder, appendix, ovarian, thyroid, pancreas, brain, hematologic malignancies) has been reported in the literature [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55]. However, with regard to cancer, due to tremendous resistance of the politicians in the decision making roles in cancer community, the crucial impact of the immune surveillance or inflammation in tumor growth was practically forgotten and ignored in the past century [3,56].



The evidence for ignoring and downplaying the essential role of immune surveillance in cancer prevention and/or treatment comes from the fact that except for our “accidental” discoveries that were established in 1980s on experimental models of acute and chronic inflammatory diseases that resulted in tumorigenesis, little/no data is available to demonstrate:

	(a)

	
A direct evidence for an association between inflammation-induced immune alterations that would lead to tumorigenesis and angiogenesis;




	(b)

	
Identification of cellular composition of host/target tissue resident or recruited immune and non-immune cells and the nature of interactions between mediators, under a wide range of stimuli-induced immune response profiles that would result in cellular growth and site-specific cancers;




	(c)

	
Time-course kinetics of developmental phases of immune response alterations that are identified during early stages of tumorigenesis and angiogenesis which potentially are preventable, reversible or correctable.









Furthermore, the ongoing debates, misunderstanding and controversies on the role of inflammation in cancer have been extremely costly to taxpayers and cancer patients due to molecular false-flagging of mediators in site-specific cancers and repeated failed therapeutic approaches and clinical trials (see details in Section 9) [3,56].



Even in the past few years that the cancer community began to appreciate the roles that immune/inflammatory processes play in multi-step carcinogenesis and therapeutic approaches, little serious efforts are directed toward comprehending the early immune dynamic alterations that occur in susceptible tissues that result in the progression of immune dysfunction and destruction of tissue architectural integrity and function and carcinogenesis, particularly during the aging process as most of the site-specific cancers occur in older adults. Furthermore, there are tremendous knowledge gaps on the composition of host resident immune and non-immune cells and/or the interactions with recruited cells in the disease outcomes. In addition, little is known about how biology of aging together with sustained oxidative stress could disrupt the orderly biological, physical and/or mechanical integrity of the target tissues that allow cancerous cells to take over the machinery of cellular components, including the immune system for their enhanced growth requirements. The impact of chronic inflammation in the disruption of cellular compartments [e.g., extracellular/intracellular matrix interactions, autophagy and lysosomal or Golgi apparatus (protein anabolic/catabolic balances, clearance and/or accumulation of abnormal protein folding), oxidative damage to mitochondria and altered oxido-redox ratios in changing the energy or metabolic status of host] in the multistep carcinogenesis, angiogenesis and metastasis are important topics in cancer biology that are not fully understood [3,26,39,40,44,46,56].



This perspective focuses primarily on overview of the recent definitions and hypotheses on the role of acute and chronic inflammation and the function of immune surveillance in health and diseases, with emphasis in cancer. Analyses of a series of data from our earlier discoveries on inflammation-induced systematic alterations of immune dynamics and induction of massive hyperplasia of conjunctival-associated lymphoid tissues (CALTs) will be summarized. It is suggested that the extent of interactions and synergies between activated resident (local, host) immune cells and those that are recruited (e.g., Eos, TAMs) to the site of injury will determine the outcomes of host responses. Outlines of an NCI-invention on standardizing cancer biomarkers criteria (data elements) as a foundation of a database using M-CSF as a potentially suitable marker for cancer diagnosis, validation and technology development will be presented.




2. Acute Inflammation: Protective, Self-Terminating Property of Immune Surveillance


Effective immunity that is beneficial to health is provided through natural pleiotropy or duality (polarity) of the immune system via self-terminating properties of acute inflammation (immune surveillance). In brief, acute inflammation provides the organ systems the ability to return to normal physiological function after encountering and defeating internal or external useless and/or harmful/foreign elements, so that the body could survive and thrive throughout life. Tissue exposure to foreign elements (stimuli) including infective agents, microorganisms (microbiota) or pathogens (e.g., viruses, bacteria, parasites), allergens, carcinogens/toxins, biological, chemical or environmental hazards (e.g., pollen, dust, termites, over the counter drugs, asbestos, paints, detergents, hair sprays, cosmetics, food additives, pesticides and genetically modified foods), oxidized metabolites (e.g., crystalline uric acid), non-functional or defective proteins/enzymes, defective or mutated genes, DNA/RNA, hypo-, hyper-methylated epigenetic molecules, useless and/or defective cells (e.g., polyclonal B cell complexes, senescent and cancerous cells) would induce specific local and/or systemic signals for appropriate immune responses [3,4,9,11,12,13,14,38,39,40,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66].



Recently, acute inflammation was defined as the balance between two highly regulated and biologically opposing arms of the immune system, termed “Yin” (apoptosis, initiating, growth-arresting, pro-inflammatory or tumoricidal) and “Yang” (wound healing, terminating, growth-promoting, anti-inflammatory or tumorigenic) responses that are facilitated by intimate responses from non-immune systems (e.g., vasculature, neuroendocrine and metabolic pathways) (Figure 1 and Figure 2) [3,38].



Briefly, tissue stimulation induces cell mediated and/or humoral immunity (CMI, HI) via a highly sophisticated and precise communication between activated innate [e.g., natural killer cells (NKs), macrophages (MFs), dendritic cells (DCs), mast cells (MCs)] and/or adaptive/effector immune cells [e.g., T and B cells, and subpopulations (e.g., cytotoxic T cells, Th1, Th2, Treg)] as well as, contributions of signals from the activated vasculature, neuroendocrine and metabolic pathways with the mission to:



	(a)

	
Encounter, sense/recognize, destroy/defeat and eliminate foreign elements and the injured host tissue during “Yin” (tumoricidal) responses;




	(b)

	
b) Terminate, neutralize or resolve inflammatory responses and repair or remodel the host tissue during “Yang” (tumorigenic) responses.







The major outcomes of an acute inflammation are lymphocyte-derived clonal expansion, increased synthesis of allergen-, or pathogen-specific antibodies and synthesis of plasma and memory T and B cells, so that when the body is exposed to the same stimuli, the immune system is prepared to unleash appropriate responses toward hazardous material [3,38,39,40
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Figure 1. Schematic representation of balance between “Yin” (growth-arresting) and “Yang” (growth-promoting) of acute inflammation. Inflammatory processes involve elaborate, precise and interdependent cross-talk between immune and non-immune systems (e.g., vasculature, neuroendocrine and metabolic pathways) to combat and destroy foreign elements and injured host tissue and to neutralize, resolve and terminate inflammation and repair and reconstruct the damaged tissues. 
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3. Specialized, Shared and Synergistic Features of APCs


In general, during cell mediated immunity (CMI), antigen presenting cells (APCs) are responsible for recognition, uptake and clearance of a wide variety of external or internal foreign elements (stimuli). The host defense system also has the capability for tolerance and remembrance through regulatory T (Treg) or memory T and B cells. CMI that are mediated through MFs and DCs are generally specialized for combating viruses and bacteria. CMI that are mediated through NKs and/or cytotoxic T cells (CTs) play crucial roles in the elimination of internal microorganisms (virus-infected cells and neoplastic or cancerous cells). Under certain inflammatory conditions or perhaps in certain peripheral tissues [e.g., skin, lung airways, conjunctival-associated lymphoid tissues (CALTs) or gut-associated lymphoid tissues (GALTs)] reverse roles in immune responses occur when B cells, within adaptive immunity, act as APCs while MCs, within innate immune cells, become effector cells. In such occasions B cells are responsible for sensing, editing and processing specific microorganisms or allergens/antigens. Activated B cells become transformed to plasma cells and synthesize specific antibodies (e.g., IgGs, IgM, IgD, IgA, IgE) and appropriately sensitize or activate other immune cells. In such cases, HI and expression of specific antibodies seem to principally determine which innate immune cells are required for further response processes and for appropriate induction of memory B and T cells [3,13,14,27,28,30,35,37,39,44,47,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78].
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Figure 2. Schematic representation of Yin (Death factors) and Yang (Growth factors) processes in acute inflammation. Reproduced from Khatami [38] with permission from Informa Healthcare, all rights reserved. 
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Therefore, it is reasonable to hypothesize that the combined interdependent cellular and molecular factors including the type and susceptibility of host resident (local) immune and non-immune cell composition, as well as the nature and potency, duration and route of exposure to stimuli are principal confounding determinants in the outcomes of acute or chronic responses. For example, in tissues such as the CALTs or perhaps lung airways and GALTs, B and plasma cells are the first line of defense when exposed to stimuli to express specific IgE antibodies for binding and sensitizing MC-IgE-fcε (epsilon) receptor molecules for appropriate responses (e.g., degranulation and release of pre-formed or newly synthesized mediators) during acute hypersensitivity or anaphylactic reactions (see details in Section 8) [3,35,37,59,60,61,62,63,64,65].




4. Unresolved Inflammation: Common Denominator in Induction of Age-Associated Chronic Diseases or Carcinogenesis


Unresolved inflammation was hypothesized as the loss of balance between Yin and Yang of acute inflammation [3,38,39,40]. Under a variety of inflammatory conditions, the two opposing arms of Yin and Yang responses, in an attempt to resolve inflammation, would influence differentiation and polarization of self, or other immune cells into subpopulations [e.g., transformation of immature DC1(tumoricidal) to mature DC2 (tumorigenic, TADCs); phagocytic and tumoricidal MFs (M1) to tumorigenic form (M2 or TAM), or granulated MCs (tumoricidal) transformation to partially granulated “leaky” (LMCs or tumor associated-TAMCs)]. As schematically represented in Figure 3, chronic or unresolved (long-standing, oxidative stress, sub-clinical or persistent) inflammation could change the dynamics of immune responses through exaggerated and/or mismatched co-expression of apoptotic and growth factors in target tissues, creating an “immunological chaos” and causing minor or major damages in the structure and function of susceptible target tissues. These response changes could lead to initiation and manifestation of a wide range of neurodegenerative and autoimmune diseases, or cell growth promotion, polyps or benign tumors, pre-cancer or neoplasia, hyperplasia, tumor growth and/or site-specific cancers, angiogenesis and metastasis [3,38,39,40,56].
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Figure 3. Schematic representation of oxidative stress-induced changes in the balance between inherent polarity (duality, Yin and Yang) of immune responses and the induction of immune suppression in immune-responsive tissues toward tumorigenesis and angiogenesis. Reproduced from Khatami [38] with permission from Informa Healthcare, all rights reserved. 
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In addition, longevity-associated with alterations in the availability, expression levels, and/or transport capacities of important hormones, metabolites/solutes and/or other biological components (e.g., receptor, adaptor or surface molecules, reducing or oxidizing enzymes, repair or transporter proteins) could cause minor or major defects in cellular components [e.g., mitochondrial oxidative metabolism (mitophagy), protein anabolic-catabolic balance (autophagy) or lysosomal defects in protein recycling or clearance and/or accumulation of useless oxidized cells, proteins, metabolites, or lipids complexes, changes in nuclear components affecting genetic/epigenetic structure or function]. The age-associated biological changes lead to biological rearrangements/compensations (biological senescence) in organ systems. Furthermore, age-induced minor or major alterations in innate and adaptive immune cell responses (immunosenescence) could further enhance the risks for initiation and progression of diverse chronic conditions or cancer (Figure 3 and Figure 4) [3,38,39].
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Figure 4. Schematic representation that longevity and oxidative stress are co-morbidity and co-mortality risk factors in the induction of biological and immunological senescence that are involved in instabilities of cellular and genetic/epigenetic and vascular functions. The altered cellular functions differentially impact immune-privileged and immune-responsive target tissues and lay a foundation for initiation, progression and manifestation of a wide range of age-associated chronic diseases and/or site-specific cancers that are potentially interrelated. 
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Cancerous cells should be regarded as defective cellular byproducts whose oncogenic growth features are normally and routinely monitored and arrested by the body’s effective immune surveillance as any other pathogens, chemical, environmental or biological hazards. As discussed above, oxidative stress and longevity which are considered as co-morbidity and co-mortality risk factors could alter the functions of cell/organ systems (e.g., oxidative metabolism, autophagy, vasculature toning, DNA/RNA and/or hypo-, hyper-methylation of epigenetic components) and contribute to the retardation and ineffectiveness of immune response profiles. Therefore, loss of effectiveness in immune surveillance could induce expression of response mismatch or immunological chaos (immune tsunami) significant enough to cause response shifts and erosion of the architectural integrity and function of tissue leading to initiation and progression of nearly all age-associated chronic diseases or many site-specific cancers (Figure 4) [3,38,39,56].




5. Differential Impact of Inflammation in Immune-Responsive and Immune-Privileged Tissues and Chronic Diseases or Cancer


Recently, it was hypothesized that inflammation differentially impacts the tissues that are immune-responsive (e.g., epithelium, endothelium, fibroblasts, mucus-secreting goblet cells, stroma, vasculature, lymphoid organs) or immune-privileged (e.g., central nervous system/CNS, blood brain barrier/BBB, avascular cornea, optic nerve, neuroretina, reproductive organs) as the basis for initiation, progression and manifestation of a wide range of autoimmune and neurodegenerative diseases or cellular growth and carcinogenesis, metastasis and angiogenesis (Figure 4) [3,39,40,56].



Other subcategories of host tissues that inflammatory responses could influence the disease outcomes include the insulin-sensitive/dependent tissues (e.g., muscle, adipocytes or liver cells) and insulin-insensitive/independent tissues (e.g., vasculature, endothelial or neuronal tissues) for glucose transport or metabolism. Hyperglycemia of diabetes (glucose toxicity) or insulin resistance is likely to differentially influence these tissues during the induction of diabetes and cardiovascular complications, stroke or neuronal dysfunction (e.g., neuropathy, retinopathy, nephropathy) and causes increase or decrease risks for site-specific cancers [3,39,40].




6. Interactions and Synergies between Resident and Recruited APCs in Host Tissue


Stimuli-induced inflammatory cross talks between resident (host) and recruited inflammatory cells are complex and not fully understood. Review of a large amount of data on immune response profiles in target tissues suggests that polarization of immune cells is accompanied by expression of mediators whose effects are different from their non-polarized phenotypes (resting status) in order to act as tumor suppressors (growth-arresting), or tumor promoters (growth-promoting) [3,39,40,43,44,47,50,56,57,58]. Factors with known dual functions include TLRs, MCP-1-CCL2, M-CSF, TGF-β, GM-CSF, histamine, heparin, TNF-α-TNFR, VEGF, CAMs, MMPs, prostaglandins, surface antigens, adaptor molecules or cell recognition molecules (e.g., CD2, CD11, CD18, CD22, CD25, CD 50, CD54, CD63, CD69, CD88), cytokine suppressor molecules (e.g., S100 family of calcium-binding proteins), enzymes (e.g., tryptase/chymase, neutrophil-derived serine proteases, indolamine 2,3-dioxygenase, lipases or membrane metalloproteases/MMPs), peroxynitrite, cytokines/chemokines, interleukins (e.g., CCL2, CXC, Il-2, IL-3, IL-5, IL-10, IL-12, IL-13) or interferons (e.g., IFN-γ), ECFA, SCF, c-kit, antibodies (e.g., IgE, IgG isotypes, IgA, IgM), platelet-derived growth factor (PDGF) as well as expression products of gene activation pathways (e.g., p53, p27, p70, MAPKs, KRAS, BRAF, ALK, Myc, BCR, ABL, MGMT, TKIs, PI3ks) from mutated DNA, hypo-hyper-methylation products that are reported in chronic diseases or cancer [3,4,5,6,7,8,9,10,12,16,17,18,19,20,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80].




7. Circumstantial Evidence for Association between Inflammation and Cancer


Circumstantial evidence for a link between inflammation and cancer has been documented for many decades (Table 1) [3,37,38,39,40,44,56]. However, the cancer community has only begun to accept and appreciate the importance and significance of inflammation in cancer biology in the last decade [3,40,56]. It is now generally accepted that chronic inflammation is a precancerous state of cells; and that the process of carcinogenesis is initiated and facilitated by unresolved inflammation. Furthermore, in the last few years increasing numbers of funded projects have focused on the role of numerous inflammatory mediators relating to basic and clinical cancer research, immunotherapeutic approaches and related technologies. These studies include reports on the dual properties of immune cell responses and their involvement in site-specific cancers [3,8,15,18,19,20,22,23,28,37,38,39,40,43,44,47,56,57,58,67,77,78,79,80,81,82,83,84,85,86,87].
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Table 1. Growing list of reported data on clinical and epidemiological findings for circumstantial evidence on association between chronic prior injuries and site-specific cancers.
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Tumor (Cancer) Site

	
Inflammatory Disease






	
Bowel/Colon

	
Ulcerative Colitis (Crohn’s)




	
Urinary Bladder

	
Schistomiasis, Stones, Catheters




	
Prostate

	
Prostatitis---PIA-PIN




	
Breast

	
Inflammatory Conditions




	
Cervical

	
Pericarditis?




	
Esophagus

	
Barretts’




	
Pancreas

	
Pancreatitis




	
Stomach

	
Gastric Infection (e.g., H Pylori)




	
Ulcers/Gastritis




	
Lung

	
Asthma, Emphysema, Smoking




	
Liver

	
Hepatitis B, C




	
Thyroid

	
Thyroiditis




	
Conjunctiva

	
Conjunctivitis/CALTs (?)




	
Skin

	
Melanomas Burns/Radiations (?)




	
Uveal

	
Melanomas Uveitis (?)




	
Others

	
Cystitis (?)




	
Hyperplasia of GALTs (?)










8. Direct Association between Inflammation and Tumorigenesis and Angiogenesis: Interactions between Resident and Recruited APCs in Experimental Models of Acute and Chronic Ocular Inflammatory Diseases


To date, the time-course kinetics of inflammation-induced alterations in immune dynamics that were reported in 1980s on models of acute and chronic ocular inflammatory diseases are perhaps the best and only evidence for sequential interactions between activated resident and recruited APCs that resulted in tumorigenesis and angiogenesis in CALTs [3,35,36,37,39,45,77,87,88,89,90]. Analyses of data will be reexamined below to demonstrate the importance of synergistic interactions between host immune cells and those cells that are recruited during the progressive alterations of immune responses in the induction of tumorigenesis.



Acute and chronic ocular inflammatory diseases were induced in conjunctival-associated lymphoid tissues (CALTs) in guinea pig eyes by topical (unilateral and/or bilateral) application of fluoresceinyl-ovalbumin (FLOA, antigen) in the presence or absence of infective agents (e.g., Ascaris Suum/A. Suum parasite or its extracts), adjuvant or tumor promoting agents (TPAs) for up to 30 months [3,35,36,37,45,87,88,89,90]. At least three distinct phases of immune response dysfunction were identified as outlined in the following:

	(a)

	
Acute-phase response: Initiated 9 days after topical sensitization and challenge with FLOA. Clinical and histopathological findings included a combination of strong or weak acute (type 1, hypersensitivity) reactions, tearing, scratching and conjunctival edema, milky secretions, IgE-dependent mast cells (MCs) degranulation, release of histamine and PGs, vascular hyperpermeability and coagulation of lipid-protein complex exudates. Time-course kinetics of release of histamine and PGs (6-keto-PGF-1α, a stable product of PGI2) into tears suggested that histamine (a potent and preformed vasoactive agent) was a primary mediator that activated membrane arachidonic acid metabolic pathways, e.g., activation of cyclooxygenase and lipooxygenase and the synthesis and release of prostanoids (PGs). No correlation was found between circulating homocytotropic-IgE and the degree of clinical reactions. Further studies with untreated eyes, or lung tissues and ocular challenges of new-born babies from sensitized animals suggested high affinity binding of IgE-MCs-Fc-ε receptors and removal of circulating IgE by MCs throughout the body [3,35,37,89].




	(b)

	
Intermediate-phase responses; induction of down-regulation phenomenon: Occurring within 2 months of continuous sensitization and challenge. Findings included minimal tearing or tissue edema, loss (exhaustion) of number of functional or tumoricidal (mature) MCs, extensive infiltration of eosinophils into subepithelium and mucus-secreting GCs, tissue hypertrophy and neovascularization (Figure 5). Topical application of compound 48/80, a mast cell degranulating agent, to desensitized eyes produced little reactions. In contrast, histamine applied to desensitized eyes produced strong type 1 reactions. These observations further demonstrated that mast cells were exhausted (non-functional) while histamine receptors were not affected by repeated challenges at this stage of sensitization [3,37,87].




	(c)

	
Chronic-phase response, induction of tumorigenesis and angiogenesis: Occurring between 12 to 30 months of repeated tissue stimulation with FLOA. Findings included induction of tumor-like lesions in conjunctival tissues, angiogenesis, massive lymphoid hyperplasia, follicular formation with germinal centers, activated MFs, presence of histiocytes, loss of lymphocyte capsular membrane and extension of various sized B lymphocytes into surrounding epithelial tissues, increased swollen GCs, increased degranulated or partially granulated (“leaky”) MCs, involvement of lymphatic channels, extensive epithelial thickening (growth) and/or thinning (necrosis) often noted in the same tissue sections. Cross-sectional areas of massive hyperplastic lymphoid nodules from animals that were continuously challenged with antigen were at least five times larger than lymphoid tissues in normal-untreated animals (Figure 6) [3,36,37,39,45].
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Figure 5. Induction of down regulation in CALTs and eosinophil infiltration. Panel A; heavy eosinophils infiltration into GCs. Panel B; heavy eosinophils infiltration in conjunctival secretions from animals that were repeatedly challenged with topical application of FLOA and systemically immunized with A. Suum. Reproduced from Khatami et al. [35], @1984 American Medical Association, all rights reserved. 
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	(d)

	
Induction of tumorigenesis with mixture of antigen and TPAs: Animals that were topically treated with a mixture of FLOA and TPAs developed tumor-like lesions within 6 months after commencement of sensitization. These preliminary observations were suggestive of additive impact of TPAs that shifted the kinetics of altered immune responses and tumorigenesis to earlier events, perhaps through activation of protein kinase C (PKC) and/or other tumor growth pathways [3,36,37].




	(e)

	
Antibody profiles (humoral immunity, HI): Repeated stimulation of tissues and the induction of tumorigenesis produced significant increase in the expression of immunoglobulin isotypes (e.g., IgG1/IgG2 ratios) in culture media of massive hyperplastic CALTs, suggesting that frequent exposure to large dosage of antigen into substantia propria, or sub-epithelial tissues altered antibody profiles [3,37,88]. Indirect support for these observations came from the studies when guinea pigs were injected sub-conjunctivally with low dosage (or less frequent exposure) of nematode Onchocerca lienalis microfilaria; where no significant changes in biosynthesis of local IgG1 to IgG2 antibodies were observed in the cultures [3,90]. Others demonstrated diversities in the expression of cytokines and antibodies in B lymphocytes in humans and transgenic CCL2-deficient mouse models in the induction of inflammatory diseases or carcinogenesis [27,32,37]. The B lymphocytes in CCL2-deficient mice were shown to be unable to synthesize normal profiles of subclasses of antibodies, and continued synthesis of high levels of IgG2a and IgG2b, and low levels of IgG1, after immunization [3,27,28,32,37].
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Figure 6. Histopathologic section of eyelid of repeatedly topically immunized and challenged guinea pig showing massive hyperplasia of CALTs. Reproduced from Khatami et al. [36], @1989 American Medical Association, all rights reserved. 






Figure 6. Histopathologic section of eyelid of repeatedly topically immunized and challenged guinea pig showing massive hyperplasia of CALTs. Reproduced from Khatami et al. [36], @1989 American Medical Association, all rights reserved.



[image: Cancers 06 00297 g006]








	(f)

	
Statistics and data analyses: From a total of 400 eyes that were examined, 12/40 (30%) of the eyes from animals that were not sacrificed during earlier immunization periods developed tumor-like lesions or hyperplasia of CALTs. These preliminary data that suggested that tumor developed primarily in animals that initially produced minimal early type 1 hypersensitivity reactions, deserve further investigations [3,36,37].









The results of these studies are suggestive of the first evidence for a direct association between inflammation and tumorigenesis [3,37,56]. Analyses of data also led to a first report on time-course kinetics of identifiable early steps of inflammation-induced altered immune dynamics that would lead to tumorigenesis and angiogenesis [37]. These findings also suggest that the signals originated from exhausted or “leaky” MCs (e.g., low level release of histamine, independent of IgE-Fcε-receptor binding or perhaps “unscheduled” expression of cytokines/chemokines or enzymes from immature MCs) in CALTs are involved in recruiting other inflammatory cells such as Eos and/or MFs to express additional factors that are immune suppressive and could facilitate tumorigenesis [3]. The highly versatile roles of mast cells as effector cells in the induction of a wide range of acute and chronic inflammatory diseases including vernal conjunctivitis, delayed type hypersensitivity (DTH), asthma/emphysema and other allergic reactions in human or experimental models of hypersensitivity conditions and cancers have been extensively reported [3,12,13,14,35,37,53,57,59,60,61,62,63,64,65]. A number of MCs mediators with dual functions including increased and continuous release of histamine in tissue, serum or tear, as well as expression of IgE or IgG isotypes, immunoglobulin-free light chains (FLCs) and numerous other preformed or newly synthesized cytokines/chemokines and enzymes and their interactions with activated T and B cells in the induction of inflammatory diseases or cancer and therapeutic approaches have been documented [3,59,60,61,62,63,64,65,76,77,78,87,88]. Furthermore, review of immunopathological data on human and experimental models of conjunctivitis, conjunctival marginal zone B lymphoma or squamous cell carcinoma demonstrate a range of cellular and molecular reactions including appearance of yellowish cornea, yellow stringy exudates composed of mucus, deposition of amyloid in mucosal-associated lymphoid tissue, involvement of epithelial cells, eosinophils, eosinophil granules and mononuclear cells [3,32,59,60,61,62,63,64,65,67,69,70,71,73,74,76,77,78,87,88,89,90,91].



Further analyses of data on the interactions between MCs and T, B or plasma cells in the induction of inflammatory diseases or cancers, demonstrate that many of the isolated time points that are reported in the study outcomes, indirectly support the systematic time-course kinetics of inflammation-induced tumorigenesis and angiogenesis in CALTs that were established over 20 years ago. These studies are considered “accidental” discoveries since in 1980s our research team was not involved in cancer research and we had no idea of the importance or significance of these findings in cancer research until the author came to NCI/NIH in 1998. At NCI she was given the responsibility to review the cancer data and major clinical trials [e.g., prostate-lung-colorectal-ovarian (PLCO) Cancer Screening Trials] and to develop concepts for molecular diagnosis/biomarkers, prevention, and utilization of biorepositories (biospecimen) and design of cohort clinical studies. The results of these challenging efforts to promote the role of inflammation in cancer research are documented in NCI/NIH records and published articles [3,37,39,45,48,56,57,77].



Confirmation and extension of these studies and comparison of data with other host organs/tissues with similar (e.g., lung airway or GALTs) or different (e.g., liver, kidney or pancreas) immune and non-immune cell compositions seem to be important logical approaches for gaining insightful appreciation of the biology of cells/tissues and the roles that resident and recruited immune and/or non-immune cells play in the induction of chronic diseases and/or cancer.




9. Assessment of Cancer Claimed “Targeted” Therapies or “Personalized” Medicine: False Foundation and Failed Outcomes!


The ongoing debates, controversies and continued misinterpretation of isolated data on the role of inflammation, whether it prevents cancer or it causes cancer have been extremely costly for taxpayers and cancer patients when clinical trials and therapeutic approaches are decided [3,56]. Despite the heavy public investment (well over a trillion dollars from public and private sources spent in the last four decades alone) on war against cancer, data on cancer biology is still fragmentary, fuzzy and confusing and cancer remains a mystery that continues to bring death and misery to millions of growing populations around the globe. The claims for “progress” are principally based on identification and characterization of too many out-of-focus molecular entities, with extensive and disproportionate emphasis and funding of infinite number of genetic mutations and their expression products, projects that are proven worthless, but highly fashionable and fundable by the decision makers in the cancer community. The molecular entities that are reported in the landscape of site-specific cancers and labeled as genetic mutations or “mutational drivers” in clusters of genes or “Pan-cancer patterns of somatic copy number alterations” [3,17,37,38,39,40,41,42,43,44,56,78,84] are randomly selected from hundreds or thousands of other molecules that are found in multistep pathways in carcinogenesis. Isolation and identification of the numerous “molecular false-flags” that include EGFR, NFkB, PI3K, Kras, P53, BRAF, DPC4/SMAD4, BRCA2, ALK, IL-10, IL-12, TGF-β, c-Myc, BCR, ABL, CD11, CD22, require development of expensive and specific technologies. Such isolated molecules then become the foundation of costly drug development strategies and designs of clinical trials and claimed as ‘targeted’ therapies or “personalized” medicine. The average success rate for such claimed “targeted” therapies according to the admissions by government and industry is only 10%. That means that 90% (±5) of such expensive undertakings are worthless and failed to produce any benefit for cancer patients for over four decades [3,56,78]. A major biological reason for the repeatedly failed therapeutic approaches is that the politically-motivated decision makers (insiders or the establishment in the cancer community) of such expensive and out-of-focus projects have ignored or failed to consider the most basic biological principals of a living system which is the dynamics of compensatory, overlapping or duality/pleiotropy (bio-feedback) properties of immune and non-immune responses toward inhibition of specific components, particularly, in an already immune-compromised body of patients [3,38,39,40,56]. The designed drugs are primarily potent apoptotic agents/chemicals and/or antibodies that inhibit specific single or combination of growth factors that are selected in the disrupted, distorted, retarded and dysfunctional chaotic molecular environments in site-specific cancers [3,40,56]. An overall review of the toxicities of cancer claimed “targeted” therapies demonstrates severe additional disruptions in the biological, physical and mechanical integrities of multiple cellular components (e.g., mitochondrial oxidative metabolism, autophagy and lysosomal protein recycling pathways, extra-/intra-cellular and vascular membranes) that, in all likelihood, account for severe damages to the function of major organs/tissues (e.g., muscle, adipocytes, lymphoid organs, neuronal system and vasculature). The toxicities of such drugs often produce life-threatening side-effects such as cachexia, anorexia, sarcopenia, thromboembolism, drug-resistance and cancer relapse, leading to destruction of organ systems such as the kidneys, muscle, heart, lung and brain, or multiple organ failures (MOFs) and death [3,40,56]. The biological impact of cancer “targeted” therapies was recently compared with severe acute inflammatory diseases such as sepsis, meningitis, pneumonia or major trauma that are induced by potent pathogens (e.g., meningitis, salmonella, pneumococcal) that cause extensive expression of pro-apoptotic factors (“cytokine storm”, or “immune tsunami”) and aggressive disruption in the function of immune and non-immune systems leading to MOFs and death [3,40,56].




10. Questions, Major Knowledge Gaps and Future Research: Systematic Studies on Biology of Multistep Carcinogenesis toward Prevention and Therapy


Systematic understanding of the interactions between stimuli and host immune and non-immune response dynamics in tissues with similar or different resident (local) and recruited cell compositions seems to be logical projects for future investigations. In this regard, monitoring early changes of immune dynamics are perhaps the most important studies for potentially reversing and preventing the pathways toward carcinogenesis. The following is a proposed list of priorities, addressing major questions and knowledge gaps primarily based on the findings that we reported for models of acute and chronic inflammatory diseases in CALTs, majority of which could be applied and extended to other model systems:

	(a)

	
Antigen clearing effects: Understanding the basis for heterogeneities in immune response profiles (strong or weak acute inflammatory reactions) that were observed in acute phase in CALTs toward antigen challenges is important, since the extent of antigen permeability and access to inter-epithelial and sub-epithelial cells may produce significantly different outcomes. A strong type 1 reaction may restrict the penetration/exposure of antigen to trans-epithelial surface by an outward flow of fluids (e.g., mucus secretion and/or tearing) or copious leakage of vascular plasma from hyperpermeable vasculature. The increased tearing after a strong type 1 reaction also would wash away (dilute) or expel the antigen and protect the host during initial responses. However, increased or repeated exposures to stimuli and cumulative permeability of low levels of antigens may predispose the tissue toward antigen penetration. In contrast, a weak initial type 1 response, due to impaired function of MCs and/or B/plasma cells or GCs, may result in a greater net promotion of antigen penetration and/or increased epithelial exposure to higher doses of antigen or environmental toxins [3,37].




	(b)

	
Role of mucus-secreting goblet cells (GCs): Although little is known about the roles played by IgA-mucus-secreting GCs in the genesis of tumors, increased presence of these cells in the epithelial tissues of conjunctiva, and other epithelial tissues should be considered potentially important in acute inflammation, as well as, in the genesis and progression of chronic diseases or many cancers [3,37]. Involvement of GCs in diseases such as microglandular GCs, carcinoma or adenocarcinoid, crypt cell carcinoma, or mucinous carcinoid in tumors of the appendix, stomach and intestinal cancers, mucosal-associated diseases, colonic carcinomas, Barrett’s esophagus, conjunctival-associated lymphoma, lung cancer or neoplasia and tumors of endocrine systems have been documented [3,37,39,54,79,92]. In addition to the infiltration of eosinophils into GCs that we observed during the intermediate phase of inflammatory responses in CALTs [3,37,39], mature GCs tumors have been reported to be composed of infiltrating virus, or the glandular cords appeared to contain mucin-containing cuboidal cells with small eccentric nuclei [3,79].




	(c)

	
Recruited macrophages: Macrophages recruited into the CALTs during the chronic phase of immune responses, in all likelihoods, play crucial roles in their M2 phenotype (TAMs, wound healing or tumorigenic) to facilitate the induction of tumorigenesis. Synergistic expression of immune suppressive mediators such as histamine and/or PGE2 from “leaky” MCs combined with expression of suppressive mediators from TAMs into CALTs could further facilitate the growth properties of host tissue [3].










11. Oxidative Stress and Induction of Tumor-Associated MFs (TAMs) in Carcinogenesis


Analyses of data from basic and clinical studies suggest that TAMs (activated M2 or alternative phenotype, tumorigenic), in contrast to classical M1 (resting MF phenotype, tumoricidal), express a number of cytokines/chemokines or decoy receptor molecules (e.g., dTNFR, IL-d1RA, dIL-1R, Eotaxin-2/CCL24, CCL18, CXC, IL-10, GFs, TGF-β, M-CSF, PGE2) that are immune suppressors and facilitate neoplasia, angiogenesis and tumor growth, and contribute to the epithelial-mesenchymal transition [3,15,20,22,39,42,47,50,57,85,92,93,94,95,96,97,98,99,100]. Expression of low level of chemokines such as CCL2 are suggested to contribute to the activation and transition of monocytes to macrophages, leading to expression of inducible-CCL2 during carcinogenesis and could serve as basis for localization and retention of macrophages in tumor microenvironment [57,93,96,97,98,99,100]. Figure 7, schematically represents the role of oxidative stress in the induction of alterations in the balance between tumoricidal and tumorigenic (Yin and Yang) properties of macrophages (M1: M2 or TAMs) in the direction of tumorigenesis [38,39].
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Figure 7. Schematic representation of oxidative stress-induced altered activities of macrophages (decreased M1/M2 ratios) during immune suppression and induction of tumorigenesis and angiogenesis in host. Reproduced from Khatami [39] with permission from Humana Press (Springer), all rights reserved. 
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M-CSF-1 and its receptor (M-CSF-1R) belonging to the cytokine family of c-fms proto-oncogene are implicated as the essential factors for normal monocyte development and trophoblastic implantation [20,22,57,93,94,95,96,97,98,99,100,101]. Binding of M-CSF to c-fms (a cell surface receptor of tyrosine kinase receptors family) results in dimerization and phosphorylation of c-fms and macrophage proliferation and support signal transduction capacity of TAMs in wound healing/growth-promoting pathways [57,93,94,95,96,97,98,99,100,101]. High expression of CSF-1, or c-fms and/or abnormal levels of M-CSF were also reported in chronic inflammatory conditions and ovarian adenocarcinoma, malignant germ cells of ovarian, lung, liver and other cancers at various stages of the disease [3,22,57,93,94,95,96,97,98,99,100,101].




12. Foundation of a Cancer Biomarkers Database: M-CSF as Prototype; Suitable Marker


As data on numerous claimed cancer biomarkers (CBs) accumulate in the literature, there is a growing need for developing effective strategies to identify and disseminate useful information for the oncology community to better serve the cancer-stricken public. Progress in developing worthy technologies and tools for cancer diagnosis has been extremely slow. In 1999, inflammatory mediators were introduced as potentially ideal targets (biomarkers) for early detection, chemoprevention and therapy of cancer [45]. In the last decade, a large body of cancer literature has focused on identification of numerous markers from site-specific cancers [3,44,45,57,65,92,93,94,95]. It is noteworthy that molecular analyses of traditional cancer biomarkers such as CA-125, CA-19-9, PSA, α-FP, CRP, or CEA, also reveal that nearly all of these markers are derived from immune/inflammatory responses [57].



In 2005, a first step toward the design of a foundation for a cancer biomarkers database tracking system was introduced by first standardizing cancer biomarkers criteria (data elements). Criteria for markers were identified and categorized from the review of available data on a wide range of clinical and basic research that represented prominent features of cancer markers [48]. The criteria selected for data elements included a number of known clinical features (e.g., diagnosis, surgical outcomes, epidemiologic data), origin or source of markers (e.g., blood, urine, saliva, tissue specimen), biological nature and molecular categories (e.g., proteins/peptides, lipids, hormones, metabolites, cytokines/chemokines, genetics/epigenetics, receptor molecules, enzymes, growth factors), comparison of specificity and sensitivity of markers with traditional markers (e.g., CA-125, CA-19-9, PSA, CEA) as well as, stages of technology development and/or validation status [48,57].



The tedious and time-consuming efforts in reviewing and categorizing prominent properties of a large number of markers became worthwhile for standardizing the criteria (data elements) on generic features of nearly all CBs (as a “passport” for marker identification) [48,57]. The next step involved introduction of a prototype for testing (tailoring) data elements. M-CSF was identified as a “Model” marker that would fit selected criteria for early detection of cancer. An ideal cancer biomarker for molecular diagnosis (e.g., M-CSF) was defined to possess special features such as:

	(a)

	
high specificity; marker will not be detected in healthy individual;




	(b)

	
high sensitivity; marker be detected at earliest stage of tissue growth or dysfunction (prior to cancer formation or when few cancerous cells are formed);




	(c)

	
marker possess predictive values; its levels in patient samples correlate with tumor stage;




	(d)

	
marker possess superior specificity and sensitivity compared with traditional markers;









Following determination of superior sensitivity and specificity of M-CSF over traditional markers (e.g., CA-125, CA-19-9), it was recommended that this cytokine was potentially a suitable marker that fulfilled important criteria for diagnosis of several cancers such as ovarian and pancreatic cancer; and potentially ready for validation and technology development (electronic devices) to be used in clinical settings [48,57].




13. Concluding Remarks: Promoting Immune Surveillance for Healthy Aging, Effective Cancer Prevention, Risk Assessment Formulation and Therapeutic Approaches


Given the crucial status of host tissue immune cell responses in the disease outcomes, systematic understanding of the host (resident) immune and non-immune interactions with those of recruited cells during oxidative stress are important when decisions on accurate risk assessment formulations and/or preventive and therapeutic approaches are strategized. Currently there are major biological, physical and mechanical knowledge gaps in our understanding of the heterogeneities and complexities of the interdependent interactions between cellular components in target tissues under a wide range of inflammatory conditions. Important knowledge gaps include the mechanisms that are involved in stimuli-induced generation, transmission and communication of danger signals within target tissues such as conjunctiva, lung airways, or gut, whose primary resident defense systems are mast cells, lymphoid tissues or mucus secreting goblet cells. Another biological puzzle is how specific signals that are transmitted from the activated resident cells in such tissues as CALTs or GALTs differ from other tissues with different resident cellular composition (e.g., liver, prostate, pancreas or breast). Little is also known about features of stimuli-induced expression of specific danger signals that are translated within the environment of host that would demand recruiting, infiltrating and interacting with other inflammatory cells (e.g., eosinophils or macrophages) and activated vasculature at various stages of tissue damage. In this regard, it is important to understand in details the nature of expression profiles of inflammatory cells that lead to extensive loss of architectural integrity and function in host tissues and the basis for tissue necrosis, in immune-privileged tissues and the induction of neurodegenerative and autoimmune diseases; or growth promotion, in immune-response tissues and the induction of site-specific cancers. Overall analyses of fragmented data on starvation-, or stimuli-induced alterations in the function of autophagy and protein clearance pathways including changes in the activities of lysosmal and Golgi apparatus, endoplasmic reticulum and mitochondrial oxidative metabolism, suggest contributions of these cellular defects in the outcomes of inflammatory diseases such as pancreatitis, neurodegenerative diseases, diabetes and cardiovascular complications and several cancers [26,80,102,103,104].



In summary, comprehensive understanding of the biology of immune surveillance is important not only for understanding the interrelationships between induction of acute and chronic inflammatory diseases and/or site-specific cancers, but also for helping to make informed decisions on promotion of the balance between tumoricidal (Yin) and tumorigenic (Yang) properties of immune system that would lead to effective prevention and therapeutic approaches and accurate assessment of risks toward improvement of public health.







Acknowledgements


The laboratory studies were established at the University of Pennsylvania, School of Medicine, Department of Ophthalmology, Scheie Eye Institute, with a team of collaborators under the direction of John H. Rockey. Analyses of data and extension of work were done at the National Cancer Institute (NCI), the National Institutes of Health (NIH). The comments provided in this article are personal and independent scientific views and opinions of the author and not necessarily those of the members of NCI/NIH/DHHS. The author is grateful to Alan Hoofring, at NIH Medical Art Department for his excellent work in developing many of the original figures.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Ehrlich, P. Uber den jetzigen Stand der Karzinomforschung. Ned. Tijdschr. Geneeskd. 1909, 5, 273–290. [Google Scholar]

	



Burnet, M. Cancer; a biologic approach. I. The processes of control. Br. Med. J. 1957, 1, 779–786. [Google Scholar] [CrossRef]

	



Khatami, M. Inflammation, Aging and Cancer: Friend or For? In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 3–30. [Google Scholar]

	



Dvorak, H.F. Tumors: Wounds that do not heal. Similarities between tumor stroma generation and wound healing. N. Engl. J. Med. 1986, 315, 1650–1659. [Google Scholar] [CrossRef]

	



Aprahamian, T. Autoimmunity, atherosclerosis and apoptic cell clearance. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 75–96. [Google Scholar]

	



Fischetti, F.; Tedesco, F. Cross-talk between the complement system and endothelial cells in physiologic conditions and vascular diseases. Autoimmunity 2006, 39, 417–428. [Google Scholar] [CrossRef]

	



Culmsee, C.; Landshamer, S. Molecular insights into mechanisms of the cell death program: role in the progression of neurodegenerative disorders. Curr. Alzheimer Res. 2006, 3, 269–283. [Google Scholar] [CrossRef]

	



Keibel, A.; Singh, V.; Sharma, M.C. Inflammation, microenvironment, and the immune system in cancer progression. Curr. Pharm. Des. 2009, 15, 1949–1955. [Google Scholar] [CrossRef]

	



Davalos, A.R.; Coppe, J.P.; Campisi, J.; Desprez, P.Y. Senescent cells as a source of inflammatory factors for tumor progression. Cancer Metastasis Rev. 2010, 29, 273–283. [Google Scholar] [CrossRef]

	



Hanson, A.; Gosemann, M.; Pruss, A.; Reiter, K.; Ruzickova, S.; Lipsky, P.E.; Domer, T. Abnormalities in peripheral B cell memory of patients with primary Sjogren’s syndrome. Arthritis Rheum. 2004, 50, 1897–1908. [Google Scholar] [CrossRef]

	



Harrois, A.; Huet, O.; Duranteau, J. Alterations of mitochondrial function in sepsis and critical illness. Curr. Opin. Anesthesiol. 2009, 22, 143–149. [Google Scholar] [CrossRef]

	



Barcante, J.M.P.; Barcante, T.A.; Peconick, A.P.; Pereira, L.J.; Lima, W.S. Parasitic infections and inflammatory diseases. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 205–218. [Google Scholar]

	



Serafin, W.E.; Austen, K.F. Mediators of immediate hypersensitivity reactions. N. Engl. J. Med. 1987, 317, 30–34. [Google Scholar] [CrossRef]

	



Bischoff, S.C. Role of mast cells in allergic and non-allergic immune responses: Comparison of human and murine data. Nat. Rev. Immunol. 2007, 7, 93–104. [Google Scholar] [CrossRef]

	



Arias, J.I.; Aller, M.A.; Arias, J. Cancer cell: Using inflammation to invade the host. Mol. Cancer 2007, 6, 29. [Google Scholar] [CrossRef]

	



Eiró, N.; Vizoso, F.J. Inflammation and cancer. World J. Gastrointest. Surg. 2012, 27, 62–72. [Google Scholar]

	



Azim, H.; Azim, H.A., Jr. Targeting RANKL in breast cancer: Bone metastasis and beyond. Exp. Rev. Anticancer Ther. 2013, 13, 195–201. [Google Scholar] [CrossRef]

	



Moore, M.M.; Chua, W.; Charles, K.A.; Clarke, S.J. Inflammation and cancer: Causes and consequences. Clin. Pharmacol. Ther. 2010, 87, 504–508. [Google Scholar] [CrossRef]

	



Lu, W.; Lu, L.; Feng, Y.; Chen, J.; Li, Y.; Kong, X.; Chen, S.; Li, X.; Chen, Q.; Zhang, P. Inflammation promotes oral squamous carcinoma immune evasion via induced programmed death ligand-1 surface expression. Oncol. Lett. 2013, 5, 1519–1526. [Google Scholar]

	



Gordon, S. Alternative activation of macrophages. Nat. Rev. Immunol. 2005, 5, 953–964. [Google Scholar] [CrossRef]

	



Akova, Y.A.; Gungar, S.G. Ocular involvement in Behcet’s disease. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 391–416. [Google Scholar]

	



Su, S.C.; Hua, K.F.; Lee, H.; Chao, L.K.; Tan, S.K; Yang, S.F.; Hsu, H.Y. LTA and LPS mediated activation of protein kinases in the regulation of inflammatory cytokines expression in macrophages. Clin. Chim. Acta 2006, 374, 106–115. [Google Scholar] [CrossRef]

	



Issa, L.A. Biologic agents for inflammatory bowel disease: The current, the future and the controversy. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 417–430. [Google Scholar]

	



Chen, C.-J.; Chin, J.E.; Ueda, K. Internal duplication and homology with bacterial transport proteins in the mdr1 (P-glycoprotein) gene from multidrug-resistant human cells. Cell 1986, 47, 381–389. [Google Scholar] [CrossRef]

	



Mottet, C.; Uhlig, H.H.; Powrie, F. Cutting edge: Cure of colitis by CD4+CD25+ regulatory T cells. J. Immunol. 2003, 170, 3939–3943. [Google Scholar]

	



Gukovskaya, A.S.; Gukovsky, I. Autophagy and pancreatitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 303, G993–G1003. [Google Scholar] [CrossRef]

	



Drayton, D.L.; Liao, S.; Mounzer, R.H.; Ruddle, N.H. Lymphoid organ development: From ontology to neogenesis. Nat. Immunol. 2006, 7, 344–353. [Google Scholar]

	



Harvey, B.P.; Quan, T.F.; Rudenga, B.J.; Roman, R.M.; Craft, J.; Mamula, M.J. Editing antigen presentation: Antigen transfer between B lymphocyte and macrophages mediated by Class A Scavenger receptors. J. Immunol. 2008, 181, 4043–4051. [Google Scholar]

	



Sriskandan, S.; Cohen, J. Gram-positive sepsis. Mechanisms and differences from gram-negative sepsis. Infect. Dis. Clin. North Am. 1999, 12, 397–412. [Google Scholar] [CrossRef]

	



Dranoff, G. Immune recognition and tumor protection. Curr. Opin. Immunol. 2002, 14, 161–164. [Google Scholar] [CrossRef]

	



Davis, B.K.; Wen, H.; Ting, J.P. The inflammasome NLRs in immunity, inflammation and associated disease. Ann. Rev. Immunol. 2011, 29, 707–735. [Google Scholar] [CrossRef]

	



Heinz, C.; Fanihagh, F.; Steuhl, K.P. Squamous cell carcinoma of the conjunctiva in patients with atopic eczema. Cornea 2003, 22, 135–137. [Google Scholar] [CrossRef]

	



Jabaut, J.; Ckless, K. Inflammation, immunity and redox signaling. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 145–160. [Google Scholar]

	



Rubtsov, Y.P.; Rasmussen, J.P.; Chi, E.Y.; Fontenot, J.; Castelli, L.; Ye, X.; Treuting, P.; Siewe, L.; Roers, A.; Henderson, W.R., Jr.; Muller, W.; Rudensky, A.Y. Regulatory T cell-derived interleukin-10 limits inflammation at environmental interfaces. Immunity 2008, 28, 546–558. [Google Scholar]

	



Khatami, M.; Donnelly, J.J.; John, T.; Rockey, J.H. Vernal conjunctivitis. Model studies in guinea pigs immunized topically with fluoresceinyl ovalbumin. Arch. Ophthalmol. 1984, 102, 1683–1688. [Google Scholar] [CrossRef]

	



Khatami, M.; Donnelly, J.J.; Haldar, J.P.; Rockey, J.H. Massive follicular lymphoid hyperplasia in experimental chronic recurrent allergic conjunctivitis. Arch. Ophthalmol. 1989, 107, 433–438. [Google Scholar] [CrossRef]

	



Khatami, M. Developmental phases of inflammation-induced massive lymphoid hyperplasia and extensive changes in epithelium in an experimental model of allergy. Implications for a direct link between inflammation and carcinogenesis. Am. J. Ther. 2005, 12, 117–128. [Google Scholar] [CrossRef]

	



Khatami, M. “Yin and Yang” in inflammation: Duality in innate immune cell function and tumorigenesis. Exp. Opin.Biol. Ther. 2008, 8, 1461–1472. [Google Scholar] [CrossRef]

	



Khatami, M. Inflammation, aging and cancer: Tumoricidal vs tumorigenesis of immunity: A common denominator mapping chronic diseases. Cell Biochem. Biophys. 2009, 55, 55–79. [Google Scholar] [CrossRef]

	



Khatami, M. Unresolved inflammation: “Immune tsunami” or erosion of integrity in immune-privileged and immune-responsive tissues and acute and chronic inflammatory diseases or cancer. Exp. Opin. Biol. Ther. 2011, 11, 1419–1432. [Google Scholar] [CrossRef]

	



Innocenti, F.; Cox, N.J.; Dolan, M.E. The use of genomic information to optimize cancer chemotherapy. Semin. Oncol. 2011, 38, 186–195. [Google Scholar] [CrossRef]

	



Liu, F.S. Mechanisms of chemotherapeutic drug resistance in cancer therapy—A quick review. Taiwan. J. Obstet. Gynecol. 2009, 48, 239–244. [Google Scholar] [CrossRef]

	



Karwacz, K.; Arce, F.; Bricogne, C.; Kochan, G.; Escors, D. PD-L1 co-stimulation, ligand-induced TCR down-modulation and anti-tumor immunotherapy. Oncoimmunology 2012, 1, 86–88. [Google Scholar] [CrossRef]

	



Steele, C.W.; Jamieson, N.B.; Evans, T.R.; McKaym, C.J.; Sansom, O.J.; Morton, J.P.; Carter, C.R. Cploiting inflammation for therapeutic gain in pancreatic cancer. Br. J. Cancer 2013, 108, 997–1003. [Google Scholar]

	



Khatami, M. Induction of conjunctival-associated lymphoid hyperplasia by antigen and tumor promoting agents: Targeting mediators of inflammatory responses as biomarkers for early detection of tumor/cancer. In Special Conference Proceedings: The Biology and Genetics of Early Detection and Chemoprevention of Cancer, Am Assoc Cancer Research, Bal Harbour, FL, USA, 6–10 October 1999.

	



Mierke, C.T. Physical break-down of the classical view on cancer cell invasion and metastasis. Eur. J. Cell Biol. 2013, 92, 89–104. [Google Scholar] [CrossRef]

	



Schumann, J. The impact of macrophage membrane lipid composition on innate immune response mechanisms. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 31–52. [Google Scholar]

	



Khatami, M. (NCI) Standardizing Criteria on Cancer Biomarkers as Foundation of a Database: Creating a Common Language (Data Elements) for Cancer Biomarkers Tracking and Utilization for Professionals in Oncology Research; HHS Reference No. E-147–2005/0-Research Tool; Federal Register: Washington, DC, USA, 2005. [Google Scholar]

	



Gurish, F.; Boyce, J.A. Mast cells: Ontogeny, homing, and recruitment of a unique innate effector cell. J. Allerg. Clin. Immunol. 2006, 117, 1285–1291. [Google Scholar] [CrossRef]

	



Carow, B.; Rottenberg, M.E. “Suppressor of cytokine signalling”: Molecules in infection and inflammation. In Inflammation, Chronic Diseases and Cancer. Cell and Molecular Biology, Immunology and Clinical Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 279–306. [Google Scholar]

	



Reichmann, N.T.; Gründling, A. Location, synthesis and function of glycolipids and polyglycerolphosphate lipoteichoic acid in Gram-positive bacteria of the phylum Firmicutes. FEMS Microbiol. Lett. 2011, 319, 97–105. [Google Scholar] [CrossRef]

	



Round, J.L.; Mazmanian, S.K. The gut microbiota shapes intestinal immune responses during health and disease. Nat. Rev. Immunol. 2009, 9, 313–323. [Google Scholar] [CrossRef]

	



Tam, S.Y.; Tsai, M.; Yamaguchi, M.; Yano, K.; Butterfield, J.H.; Galli, S.J. Expression of functional TrkA receptor tyrosine kinase in the HMC-1 human mast cell line and in human mast cells. Blood 1997, 90, 1807–1820. [Google Scholar]

	



Sansonetti, P.J. War and peace at mucosal surfaces. Nat. Rev. Immunol. 2004, 4, 953–964. [Google Scholar] [CrossRef]

	



Goronzy, J.J.; Wevand, C.M. T cell development and receptor diversity during aging. Curr. Opin. Immunol. 2005, 17, 468–475. [Google Scholar] [CrossRef]

	



Khatami, M. Unresolved inflammation and cancer: Loss of natural immune surveillance as the correct “target” for therapy! Seeing the “Elephant” in the light of logic. Cell Biochem. Biophys. 2012, 62, 501–509. [Google Scholar] [CrossRef]

	



Khatami, M. Standardizing cancer biomarkers criteria: Data elements as a foundation for a database. Inflammatory mediator/M-CSF as model marker. Cell Biochem. Biophysics 2007, 47, 187–198. [Google Scholar] [CrossRef]

	



Gounaris, E.; Blatner, N.R.; Dennis, K.; Magnusson, F.; Gurish, M.F.; Storm, T.B.; Beckhove, P.; Gounari, F.; Khazaie, K. T-regulatory cells shift from a protective anti-inflammatory to a cancer-promoting proinflammatory phenotype in polyposis. Cancer Res. 2009, 69, 5490–5497. [Google Scholar] [CrossRef]

	



Theoharides, T.C.; Alysandratos, K.D.; Angelidou, A.; Delivanis, D.A.; Sismanopoulos, N.; Zhang, B.; Asadi, S.; Vasiadi, M.; Weng, Z.; Miniati, A.; Kalogeromitros, D. Mast cells and inflammation. Biochim. Biophys. Acta 2012, 1822, 21–33. [Google Scholar] [CrossRef]

	



Gounaris, E.; Erdman, S.E.; Restanio, C.; Gurish, M.F.; Friend, D.S.; Lee, D.M.; Zhang, G.; Glickman, J.N.; Shin, K.; Rao, V.P.; et al. Mast cells are an essential hematopoietic component for polyp development. Proc. Natl. Acad. Sci. USA 2007, 104, 19977–19982. [Google Scholar] [CrossRef]

	



Kormelink, T.G.; Askenase, P.W.; Redegeld, F.A. Immunobiology of antigen-specific immunoglobulin free light chains in inflammatory diseases. Curr. Pharm. Design 2012, 18, 2278–2289. [Google Scholar] [CrossRef]

	



Blank, U.; Rivera, J. The ins and outs of IgE-dependent mast-cell exocytosis. Trends Immunol. 2004, 25, 266–273. [Google Scholar] [CrossRef]

	



Siraganian, R.P. Mast cell signal transduction from the high-affinity IgE receptor. Curr. Opin. Immunol. 2003, 15, 639–646. [Google Scholar] [CrossRef]

	



Kraft, S.; Kinet, J.P. New developments in Fc epsilonRI regulation, function and inhibition. Nat. Rev. Immunol. 2007, 7, 365–378. [Google Scholar] [CrossRef]

	



Redegeld, F.A.; Nijkamp, F.P. Immunoglobulin free light chains and mast cells: Pivotal role in T-cell-mediated immune reactions? Trends Immunol. 2003, 24, 181–185. [Google Scholar] [CrossRef]

	



Hamrah, P.; Hug, S.O.; Liu, Y.; Zhang, Q.; Dana, M.R. Corneal immunity is mediated by heterogenous population of antigen-presenting cells. J. Leukoc. Biol. 2003, 74, 172–178. [Google Scholar] [CrossRef]

	



Stoecker, M.M.; Wang, E. Histiocytic/dendritic cell transformation of B-cell neoplasms: Pathologic evidence of lineage conversion in differentiated hematolymphoid malignancies. Arch. Pathol. Lab Med. 2013, 137, 865–870. [Google Scholar] [CrossRef]

	



Rodriguez, L.L.; Schneider, I.C. Directed cell migration in multi-cue environments. Integr. Biol. Camb. 2013, 5, 1306–1323. [Google Scholar] [CrossRef]

	



D’Amato, G.; Salzillo, A.; Piccolo, A.; D’Amato, M.; Liccardi, G. A review of anti-IgE monoclonal antibody (omalizumab) as add on therapy for severe allergic (IgE-mediated) asthma. Ther. Clin. Risk Manag. 2007, 3, 613–619. [Google Scholar]

	



Bienenstock, J.; Tomioka, M.; Matsuda, H.; Stead, R.H.; Quinonez, G.; Simon, G.T.; Coughlin, M.D.; Denburg, J.A. The role of mast cells in inflammatory processes: Evidence for nerve mast cell interactions. Int. Arch. Allergy Appl. Immunol. 1987, 82, 238–243. [Google Scholar] [CrossRef]

	



Tal, M.; Liberman, R. Local injection of nerve growth factor (NGF) triggers degranulation of mast cells in rat paw. Neurosci. Lett. 1997, 221, 129–132. [Google Scholar] [CrossRef]

	



Hotamisisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860–867. [Google Scholar] [CrossRef]

	



De Simone, R.; Alleva, E.; Tirassa, P.; Aloe, L. Nerve growth factor released into the bloodstream following intraspecific fighting induces mast cell degranulation in adult male mice. Brain Behav. Immun. 1990, 4, 74–81. [Google Scholar] [CrossRef]

	



Allakhverdi, Z.; Comeau, M.R.; Jessup, H.K.; Yoon, B.P.; Breuer, A.; Chartier, S.; Paquette, N.; Ziegler, S.F.; Sarfati, M.; Delespesse, G. Thymic stromal lymphopoietin is released by human epithelial cell in response to microbes, trauma, or inflammation and potently activates mast cells. J. Exp. Med. 2007, 19, 253–258. [Google Scholar]

	



Kumar, V. Innate immune system in sepsis immunopathogenesis and its modulation as future therapeutic approach. In Inflammatory Diseases; Immunopathology, Clinical and Pharmacological Bases; Khatami, M., Ed.; InTech: Rijeka, Croatia, 2012; pp. 57–82. [Google Scholar]

	



Matsuda, H.; Kawakita, K.; Kiso, Y.; Nakano, T.; Kitamura, Y. Substance P induces granulocyte infiltration through degranulation of mast cells. J. Immunol. 1989, 142, 927–931. [Google Scholar]

	



Khatami, M. Cyclooxygenase inhibitor Ketorolac or mast cell stabilizers: Immunological challenges in cancer therapy. Letters to the Editor. Clin. Cancer Res. 2005, 11, 1350–1352. [Google Scholar]

	



Ledford, H. Translational research: 4 ways to fix the clinical trial. Nature 2011, 477, 526–528. [Google Scholar] [CrossRef]

	



Pathology of Incipient Neoplasia, 3rd ed.; Henson, D.E.; Alborez-Saavedra, J. (Eds.) Oxford: Oxford University Press: New York, NY, USA, 2001.

	



Gargalionis, A.N.; Piperi, C.; Adamopoulos, C.; Papavassiliou, A.G. Histone modifications as a pathogenic mechanism of colorectal tumorigenesis. Int. J. Biochem. Cell Biol. 2012, 44, 1276–1289. [Google Scholar] [CrossRef]

	



Di Virgilio, F. The therapeutic potential of modifying inflammasomes and NOD-like receptors. Pharmacol. Rev. 2013, 65, 872–905. [Google Scholar] [CrossRef]

	



Wakefield, L.M.; Hill, C.S. Beyond TGFβ: Roles of other TGFβ superfamily members in cancer. Nat. Rev. Cancer 2013, 13, 328–341. [Google Scholar] [CrossRef]

	



Ferrantini, M.; Capone, I.; Belardelli, F. Dendritic cells and cytokines in immune rejection of cancer. Cytokine Growth Rev. 2008, 19, 93–107. [Google Scholar] [CrossRef]

	



Zack, T.R.; Schumacher, S.E.; Carter, S.L.; Cherniack, A.D.; Saksena, G.; Tabak, B.; Lawrence, M.S.; Zhang, C.Z.; Wala, J.; Mermel, C.H.; et al. Pan-cancer pattern of somatic copy number alteration. Nat. Genet. 2013, 45, 1134–1140. [Google Scholar] [CrossRef]

	



Zanetti, M. Cell-extrinsic effects of the tumor unfolded protein response on myeloid cells and T cells. Ann. NY Acad. Sci. 2013, 1284, 6–11. [Google Scholar] [CrossRef]

	



Blatner, N.R.; Mulcahy, M.F.; Dennis, K.L.; Scholtens, D.; Bentrem, D.J.; Phillips, J.D.; Ham, S.; Sandall, B.P.; Khan, M.W.; Mahvi, D.M.; et al. Expression of RORγt marks a pathogenic regulatory T cell subset in human colon cancer. Sci. Transl. Med. 2012, 4, 164ra159. [Google Scholar]

	



Khatami, M.; Donnelly, J.J.; Rockey, J.H. Induction and down-regulation of conjunctival type-1 hypersensitivity reactions in guinea pigs sensitized topically with fluoresceinyl ovalbumin. Ophthalmic Res. 1985, 17, 139–147. [Google Scholar] [CrossRef]

	



Haldar, J.P.; Khatami, M.; Donnelly, J.J.; Rockey, J.H. Experimental allergic conjunctivitis: Production of different isotypes of antibody by conjunctival-associated lymphoid tissue in culture. Reg. Immunol. 1988, 1, 92–99. [Google Scholar]

	



Helleboid, L.; Khatami, M.; Wei, Z.-G.; Rockey, J.H. Histamine and prostacyclin: Primary and secondary release in allergic conjunctivitis. Invest. Ophthalmol. Vis. Sci. 1991, 32, 2281–2289. [Google Scholar]

	



Donnelly, J.J.; Taylor, J.R.; Young, E.; Khatami, M.; Lok, J.B.; Rockey, J.H. Experimental ocular onchocerciasis in cynomolgus monkeys. Invest. Ophthalmol. Vis. Sci. 1986, 27, 492–499. [Google Scholar]

	



Topalkara, A.; Ben-Arie-Weintrob, Y.; Ferry, J.A.; Foster, C.S. Conjunctival marginal zone B-cell lymphoma (MALT lymphoma) with amyloid and relapse in the stomach. Ocul. Immunol. Inflamm. 2007, 15, 347–350. [Google Scholar]

	



Choudry, H.A.; O’Malley, M.E.; Guo, Z.S.; Zeh, H.J.; Bartlett, D.L. Mucin as a therapeutic target in pseudomyxoma peritoneal. J. Surg. Oncol. 2012, 106, 911–917. [Google Scholar] [CrossRef]

	



Mantovani, A.; Sica, A. Macrophages, innate immunity and cancer: Balance, tolerance, and diversity. Curr. Opin. Immunol. 2010, 22, 231–237. [Google Scholar] [CrossRef]

	



Ding, T.; Xu, J.; Wang, F.; Shi, M.; Zhang, Y.; Li, S.P.; Zheng, L. High tumor-infiltrating macrophage density predicts poor prognosis in patients with primary hepatocellular carcinoma after resection. Human Pathol. 2009, 40, 381–389. [Google Scholar]

	



Werno, C.; Menrad, H.; Weigert, A.; Dehne, N.; Goerdt, S.; Schledzewski, K.; Kzhyshkowska, J.; Brune, B. Knockout of HIF-1α in tumor-associated macrophages enhances M2 polarization and attenuates their pro-angiogenic responses. Carcinogenesis 2010, 31, 1863–1872. [Google Scholar] [CrossRef]

	



Capece, D.; Fischietti, M.; Verzella, D.; Gaggiano, A.; Cicciarelli, G.; Tessitore, A.; Zazzeroni, F.; Alesse, E. The inflammatory microenvironment in hepatocellular carcinoma: A pivotal role for tumor-associated macrophages. Biomed. Res. Int. 2013, 2013, 187–204. [Google Scholar]

	



Tataroğlu, C.; Kargi, A.; Ozkal, S.; Eşrefoğlu, N.; Akkoçlu, A. Association of macrophages, mast cells and eosinophil leukocytes with angiogenesis and tumor stage in non-small cell lung carcinomas (NSCLC). Lung Cancer 2004, 43, 47–54. [Google Scholar]

	



Zhou, J.; Ding, T.; Pan, W.; Zhu, L.Y.; Li, A.; Zheng, L. Increased intratumoral regulatory T cells are related to intratumoral macrophages and poor prognosis in hepatocellular carcinoma patients. Int. J. Cancer 2009, 125, 1640–1648. [Google Scholar] [CrossRef]

	



Spear, P.; Barber, A.; Rynda-Apple, A.; Sentman, C.L. Chimeric antigen receptor T cells shape myeloid cell function within the tumor microenvironment through IFN-γ and GM-CSF. J. Immunol. 2012, 188, 6389–6398. [Google Scholar] [CrossRef]

	



Wang, R.; Ma, Z.; Wang, Y.; Cheng, Z.; Xu, H.; Li, W.; Wang, X. The interaction of coagulation factor XII and monocyte/macrophages mediating peritoneal metastasis of epithelial ovarian cancer. Gynecol. Oncol. 2010, 117, 460–466. [Google Scholar] [CrossRef]

	



Bonde, A.K.; Tischler, V.; Kumar, S.; Soltermann, A.; Schwendener, R.A. Intratumoral macrophages contribute to epithelial-mesenchymal transition in solid tumors. BMC Cancer 2012, 12, 35. [Google Scholar] [CrossRef][Green Version]

	



Wilson, C.M.; Magnaudeix, A.; Yardin, C.; Terro, F. Autophagy dysfunction and its link to Alzheimer’s disease and Type II diabetes mellitus. CNS Neurol. Disord. Drug Targets 2013. PMID:24059314. [Google Scholar]

	



Kondratskyi, A.; Yassine, M.; Kondratska, K.; Skryma, R.; Slomianny, C.; Prevarskaya, N. Calcium-permeable ion channels in control of autophagy and cancer. Front. Physiol. 2013, 4, 272. [Google Scholar]

	



Tooze, S.A. Current views on the source of the autophagosome membrane. Essays Biochem. 2013, 55, 29–38. [Google Scholar] [CrossRef]





© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







media/file4.png
Monocyte DC } DC1:DC2
(TADC)

Stimuli

B Polarized
IL-10

| | ?GEIL
Sllmull APC
! W

Macrophage IL-10 1
B i
Stimuli { Th1:Th2 A(CD4’:CDB“)
| tosis

“Leaky’
Mast cell ,
(TAMC)

} Apop!
i Glﬂ_cy_» t Angiogenesis
& { Redox
C  Growth signals

Polarlzed

N ———
IL-10, TGF-p, NF-xB, CCL2






nav.xhtml


  cancers-06-00297


  
    		
      cancers-06-00297
    


  




  





media/file11.png





media/file1.png
Neuroendocrine

Acute Inflammation

‘Yang’
Growth-Promote

AV |
Yin Balance

Growth-Arrest






media/file2.png
M

PMNs.

> NK :
MC
peath factors/receptors -

TNF, TRAIL, APOLS, FASL
Alarmins.

CL11/ gn core
MPIF-2/eotaxin-2 L
IL-1,4,6,7,8, 15 .. oo B

Capases (1-10)
TGF:

PLs (PLA, PLG, PLD)

Antibodies.
(gE, 196, 1gM, D)

G’bwth
PMNs






media/file13.png
Persistent/subclinical signals Hypoxia

Polarized TAMs

Arginase —> Ornithine

| TNFo
e
:ZQSU o L2 IL-1RA (decoy)
I INF-y Polyamine
IG . MMPs

T
|
)
i
|
|
(CXCL9) —iNOS «7
/ MMPs, ROS/RNS IL-3, IL-4 2/C CCL18, (‘)({‘ IL-1dR,
Arginine MDC/CCL22), IL-10, IL-13, GFs, CytP1

Constitutive

(CXCLA, NFxB) Lysis/Apoptosis Inducible (CCL2)
{ Lysis/ NFxB
apoptosis Neoplasia, angiogenensis

('rr/ccuz)

Tissue repair

Metastasis





media/file7.png
Inflammation and Aging
Infections, Environmental, Hormonal, Physiological, Metabolic
(Biological Rearrangements)

Immunological Changes

Immune Compromised (Immunosenescence)

Loss of Tumoricidal vs Tumorigenic (Yin-Yang)
Altered Vascular Integrity, Genetic/Epigenetic Mutations

(Immune-Responsive) (Immune-Privileged)

(Interrelated?)





media/file9.png





media/file10.png





media/file5.png
} DC1:DC2
(TADC)

Monocyte

Stlmull
Polarized

\

S~ 10—

| | /
Stimuli APC
| /

l CMI/HI
Macrophage (Th1:Th2/B cell response) Ui > } Immunsuppression
APC | Memory cell responses

t Th1:Th2 (CD4+:CD8*)

Stimuli
‘Leaky’ | { Apoptosis
l Mast cell F 1 GMC:PGMC } Angiogenesis
+ Redox

t Growth signals

ﬂl
(T AMC)
Polarized / .C

IL-10, TGF-B, NF-xB, CCL2






media/file12.png





media/file3.png
Stimuli

PMNs ors/rece MC
et actOrS/eceptors (o

TLRs

TNF, TRAIL, APOLs, FASL
Alarmins

His EDN
Hep CCL11/eotaxin CCRs
TNF-o, MPIF-2/eotaxin-2 CX3CR
ECFA IL-1,4,6,7,8, 15 ... CCL13/mcp-4
COX/PGs  Capases (1-10) PLs (PLA, PLC, PLD)
LO/LTs TGFs
PTEN
Cyo P450 Oxidase FADD
NADP*/NADPH C5a/C3a
Vascular tissue H,0, Peforin X il
ROS Deaty Bax 5
RNS T cell
SO |
MMPs HOCI ‘ DNA de , Plasma cell
Th,/Th,,
T
Zactor® ~—
EGF, VEGF, CAMs Antibodies

(IgE, 1gG, IgM, IgD)

S)
MC

Gr
Owth factors/receptors GF
DC

Stimuli





media/file0.png
Acute Inflammation

‘Yin’ ‘ ’ ‘Yang’

Growth-Arrest Growth-Promote






media/file14.png
Persistent/subclinical signals Hypoxia

Polarized TAMs

o — — — — —

Arginase —> Ornithine

- TNF-o <

2 | IL-1 |
IP-10 | IL-12 | IL-1RA (decoy)
(CXCL10) | 3 |

><—-— INF-y Polyamine

MIG ’ ' MMPs
(CXCLS9) _—INOS <

/ A MMPs, ROS/RNS IL-3, IL-4 (Eotaxin-2/CCL24, CCL18, CXC, IL-1dR,
Arginine MDC/CCL22), IL-10, IL-13, GFs, CytP1B
Constitutive l
(CXCL1, NFxB) Inducible (CCL2)
} Lysis/ ——— NFkB : T1/Th2 !
apoptosis (Tr/CCL22) Neoplasia, angiogenensis

Y
Tissue repair

Metastasis





media/file6.png
Inflammation and Aging
Infections, Environmental, Hormonal, Physiological, Metabolic
(Biological Rearrangements)

Immunological Changes

Immune C

Loss of Tumoricidal vs Tumorigenic (Yin-Yang)
Altered Vascular Integrity, Genetic/Epigenetic Mutations

(Immune-Responsive) (Immune-Privileged)

(Interrelated?)





