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What are cytokines? Cytokines: • are small proteins which regulate and mediate immunity, inflammation and hematopoiesis. •play an important role in both innate and adaptive immunity •control the nature, intensity and duration of these responses. •their production is carefully regulated.
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Characteristic feature of cytokines • Cytokines are simple polypeptides or glycoproteins (30kD) = interleukins homodimer = IFNγ homotrimer = (TNFα) or heterotrimer = Lymphotoxin β • Constitutive production is usually low or absent. • Secretion is induced by stimulation and is transient with a short action. • Bind to specific high affinity receptor (Kd about 10-9-10-12 M. • Act at very low concentration (1ng to 1pg/ml), only 10% occupency of the receptors suffy. • Range of action displayed by one cytokine can be broad and diverse Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Cytokines nomenclature Cytokine is a general name; other names include: • Lymphokine: (cytokines made by lymphocytes), • Monokine: (cytokines made by monocytes), • Chemokine: (cytokines with chemotactic activities), • Interleukin: (cytokines made by one leukocyte and acting on other leukocytes)= IL-1 to 27. Common cytokines Interferons (α,β,γ) Transforming Growth Factor-β (TGF-β) Tumor Necrosis Factor-α, β (TNF)
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What are the differences between cytokines and hormones?



Multiple target cells and multiple actions Overlapping activities



Restricted target cells Each hormone is unique in its action
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How do cytokines act? • Cytokines are pleiotropic: One cytokine can have different effects on different cells.
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• Cytokines can be redundant: different cytokines can have the same effects.
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• Cytokines can synergize with each other.
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• Cytokines can antagonize each other.
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• Cytokines can induce the synthesis of



other cytokines: cascade
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• Cytokines act only on cells bearing specific receptors. • Production of cytokines and their receptors Expression is highly regulated.
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• Cytokines can act in an autocrine, paracrine or endocrine manner.
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Cytokines Receptor Families
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Cytokines Receptor Families
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Cytokines Receptor Families
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Each Receptor Subunit Varies in Affinity for Cytokine 1. Cytokine binds to alpha subunit. 2. Association with beta subunit. 3. Signal transduction
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Cytokines can be Grouped by Structure into Families • • • •



Hematopoietin family Interferon family Chemokine family Tumor Necrosis Factor family
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How can non-specific cytokines act specifically? •



•



Only cells expressing receptors for specific cytokines can be activated by them Many cytokines have very short half-lives •



•



Only cells in close proximity will be activated



High concentrations of cytokines are needed for activation •



May require cell-to cell contact



Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Role of Cytokines in immune responses



IL-2 • Proliferation of T cells following activation is dependent on IL-2. • High affinity IL-2 receptors are not present on resting T cells but are expressed (along with IL-2) after T cells are activated by antigen/MHC.
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• Helper T cells can be divided into two main types - TH1 and TH2 with distinct patterns of cytokine secretion.
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• TH1 cells produce cytokines(IFN-γ and IL-2) that promote immune responses against intracellular pathogens (DTH and cytotoxic T cell responses). • TH2 cells produce cytokines (IL-4, IL5, IL-6, IL-13) that promote immune responses against extracellular pathogens (antibody responses, eosinophilic responses). • Some cytokines are produced by both TH1 and TH2 cells. These cytokines GM-CSF and IL-3 - act on the bone marrow to increase production of leukocytes - so they are needed no matter what type of pathogen is present. Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



TH1/TH2 differentiation is influenced by the levels of key cytokines. • IL-4 promotes TH1 differentiation. • IL-12 promotes TH2 differentiation.
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Cytokine secretion and biological activities of TH1 and TH2 Subsets



Type 1



Cell-mediated immune response (CTL and DTH)



Type 2



Humoral response (parasites)



T cell IL-2 IFN-γ TNF



IL-4 IL-5
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Involvement of cytokines in the immune response •



• •



• • •



Alert to infection.tumor/etc. Recruit cells to site Specify type of immune response Immune effector phase Immune down-regulation Immune memory and resetting the system



•



• •



•



•



Early mediators (IFNα/β) Chemokines (MIP-1α) Early & late mediators (IL-2, IFNγ, IL-4, IL-5) Down-regulators (IL10, TNFβ) Maintenance of cytokines, etc. (GMCSF, IL-3, IL-7, etc.)
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Early mediators (1) „



Interferons α/β „ Induced



by dsRNA, etc. „ Induced by CD40/CD40L pathway „ IFNs can induce more of themselves „ Directly interferes with viral replication „ Activation of T and NK cells „ Increase MHC class I molecules expression Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Early mediators (2) • • •



• • •



IL-12, IL-15, IL-18, IFN-γ (from NK cells), IL-10 Proinflammatory mediators Produced by cell associated with innate immunity (macrophages, NK, etc.) Mediate direct effects Promote inflammation Shape downstream responses
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Late mediators • •



• •



IL-2, IL-4, IL-5, IFN-γ, TNF, IL-6, IL-10 Produced by cells of the adaptive immune response (T and B cells) Direct effects More immunoregulatory functions
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Down regulators • • •



IL-10, IL-11, TGF-β Inhibit proliferation, cytokine production Produced by both innate and adaptive cells
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Maintenance cytokines • •



GM-CSF, IL-3, IL-7, IL-9, etc. Induce cell differentiation, cell growth
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Cytokine cross-regulation •



•



•



In a given immune response, either TH1 or TH2 response dominates Cytokines of one response tend to down-regulate the other type of response Example: TH1 cells secrete IFN-γ, which inhibits proliferation of TH2 subset



Basis of Immunology and Immunophysiopathology of Infectious Diseases, Institut Pasteur in Ho Chi Minh City, Vietnam, January 24 – February 5, 2005



Cytokine cross-regulation
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Selected Immune Cytokines and Their Activities (I) GM-CSF IL-1α IL-1β



Producing Cell Th cells monocytes macrophages B cells DC



Target Cell progenitor cells Th cells B cells



activation



various



inflammation, acute phase response, fever growth, proliferation, activation growth and differentiation



Th1 cells



activated T and B cells, NK cells



IL-3



Th cells NK cells



stem cells mast cells activated B cells



Th2 cells



macrophages T cells



IL-5



Th2 cells



IL-6



monocytes macrophages Th2 cells stromal cells



IL-7 IL-8



marrow stroma thymus stroma macrophages endothelial cells



IL-10



Th2 cells



IL-12



macrophages B cells



maturation and proliferation



NK cells



IL-2



IL-4



Function** growth and differentiation of monocytes and DC co-stimulation



activated B cells activated B cells plasma cells stem cells various



growth and histamine release proliferation and differentiation IgG1 and IgE synthesis MHC Class II proliferation proliferation and differentiation IgA synthesis differentiation into plasma cells antibody secretion differentiation acute phase response



stem cells



differentiation into progenitor B and T cells



neutrophils



chemotaxis



macrophages B cells activated Tc cells NK cells



cytokine production activation differentiation into CTL (with IL-2) activation
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Selected Immune Cytokines and Their Activities (II) Cytokine



Producing Cell



Target Cell



Function



IFN-α



leukocytes



various



viral replication MHC I expression



IFN-β



fibroblasts



various



viral replication MHC I expression



various



Viral replication



macrophages



MHC expression



activated B cells



Ig class switch to IgG2a



Th2 cells



proliferation



macrophages



pathogen elimination



IFN-γ



Th1 cells, Tc cells, NK cells
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Selected Immune Cytokines and Their Activities (III) Cytokine



TGF-β



Producing Cell



T cells, monocytes



Target Cell monocytes, macrophages activated macrophages activated B cells various



TNFα



TNF-β



macrophages, mast cells, NK cells



Th1 and Tc cells



macrophages



Function chemotaxis IL-1 synthesis IgA synthesis proliferation CAM and cytokine expression



tumor cells



cell death



phagocytes



phagocytosis, NO production



tumor cells



cell death
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Short Chemotactic cytokines Chemo
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Chemokines •



Recruit to sites of infection • • • •



MIP-1a (NK and T cells) MIG, RANTES (CD4+T cells) IL-8 (neutrophils) Eotaxin (eosinophils)
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Other Chemokine Function • Changes in cell shape • Changes in cell adhesiveness (by activation of leukocyte integrins) • Induction of the respiratory burst • Induction of degranulation • Other
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In immunologic diseases and infections, chemokines influence the accumulation and activation of leukocytes in tissues. The type of inflammatory infiltrate that characterizes a specific disease or infection is controlled, in part, by the subgroup of chemokines expressed in the diseased tissue.
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• Most chemokine receptors bind more than one chemokine. • Many chemokines can bind more than one receptor.
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Properties of human C, CX3C, and CXC ELR+ chemokines Chemokine Lymphotactin (C) (LPTN)



Fractalkine (CX3C) (neurotactin)



IL-8



Cell sources



Stimulants



CD8 >CD4 T cells, mast cells, NK1.1 CD4+ T cells



EC, Microglial cells, M



TNF, IL-1



LPS, Mitogens, M, N, F, EC, Particulates, Viruses, K, NK, T, Bacteria, IL-1, TNF, ILSMC, Ep 3, IL-13, H2O2, IL-7, Hypoxia,



Major in vitro effects Attracts thymocytes, DC, T and NK cells Augments antitumor effects



Augments antitumor effects Transmigration of endothelial cells by mononuclear cells Attracts T, M, N, and NK cells Acts on microglia and astrocytes Activate neutrophil, chemotaxis, adhesion, shape changes, degranulation, enzyme release, and respiratory burst Endothelial cell proliferation Inhibits IL-4-mediated IgE production Inhibits interferon antiviral effects



Major in vivo effects Lymphocyte trafficking



Brain inflammation Adhesion to endothelial cells , Nerve repair



Mobilize BM neutrophils Antibacterial host defense Acute and chronic inflammation Angiogenesis Modulates hematopoiesis Promotes viral replication
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Chemokine GRO( , , )/ MGSA



NAP-2



Cell sources



Stimulants



M, F, EC, Mesothelial cells



LPS, IL-1, TNF



Plt, M



Platelet activation



ENA-78



K, F, M, EC, SMC



GCP-2



Osteosarcoma cells



LPS, IL-1, TNFa



Major in vitro effects Neutrophil activation Melanoma cell proliferation Endothelial cell proliferation Fibroblast proliferation Activates T cells Neutrophil activation



Endothelial cell proliferation Neutrophil activation



Major in vivo effects



Acute inflammation Fibroplasia Angiogenesis



Acute inflammation Clot resorption Acute inflammation Angiogenesis Mobilize BM neutrophils



Neutrophil gelatinaseAcute inflammation
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Cytokine-related diseases



•



Over-production of cytokines is thought to be important in the induction of cachexia
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Cytokine-related diseases •



•



Bacterial septic shock • Blood pressure drops, clots form, hypoglycemia ensues, patient dies • LPS triggers results in TNF release • TNF induces IL-1 which induces IL-6 and IL-8 Bacterial toxic shock and related diseases • Superantigens trigger large numbers of T cells which release massive amounts of cytokines
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Therapeutic uses of cytokines •



Modulation of TH activation



•



Interfere with receptor function



•



Interfere with cytokine •



Make it unable to bind to receptor



•



Make it unable to act
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