Cytokines and their receptors
· Cytokines:
· Are short lived proteins
· Highly diverse structures and receptors
· Can act both locally and systemically (autocrine, paracrine and endocrine)
· Affect many different cells, and the same cytokine may cause a different response in each one
· Different cytokines may have overlapping functions (redundancy), or act in synergy, or antagonize each other
· Carefully regulated



· Cytokines are produced in response to 3 primary stimuli
· Antigens acting on T or B cell receptors
· Antigen-antibody complexes acting on antibody receptors (FcRs)
· Pathogen-associated molecular patterns acting through Toll Like Receptors

CLASSIFICATION:
· Interleukins
· Mediate signalling between lymphocytes and other leukocytes
· Numbered in order of discovery
· Little in common except their name
· Interferons
· Produced in response to virus infection or immune stimulation
· Interfere with viral RNA and protein synthesis
· TNFs
· Secreted by macrophages and T cells
· Can kill tumour cells but this is not their primary function; involved in immune regulation and inflammation
· TNF is the key mediator of acute inflammation
· Chemokines
· Important for leukocyte circulation and migration in inflammation
· Chemotactic, activate leukocytes
· Others
· Serve as growth factors, regulate stem cell activity, control leukocyte production

STRUCTURE:
· Cytokines can also be grouped into structural families that all have similar actions
· Group 1 (hematopoietins – four  Helices bound together) are involved in immune and stem cell regulation
· Group 2 (long chain  sheets) are involved in growth and regulation of cells, cell death and inflammation
· Group 3 (small with both helices and sheets) are involved in inflammation
· Group 4 (mixtures of different structural motifs) have functions depending on their subcomponents
CYTOKINE RECEPTORS:
· Cell surface receptors
· At least 2 functional units: (1) ligand binding, (2) signal transduction
· Classified based on their structure
· Channel-linked receptors
· Binding of agonist allows ions to pass through
· Tyrosine Kinase or Tyrosine Kinase-linked receptors 
· Binding to two adjacent receptors -> activation of tyrosine kinases -> phosphorylation -> changes in cellular activities
· May act ether via direct activation of transcription factors in nucleus, or via a second messenger
· G Protein coupled receptors
· When activated there is loss of GDP and gain of GTP
· Other substrates are then activated eg ion channels, enzymes, kinases, phospholipase C
· Sphingomyelinase
· Activation hydrolizes sphingomyelin in cell membrane which then stimulates phosphorylation of cellular proteins 

*Cytokines primarily act through TKs*
Families within the TK receptors:
· IL-1/TLR family
· Ligation stimulates activation of transcription factor nuclear factor kappa-B
· Involved in response to infection/injury
· Group 1 cytokine receptor family
· Activated receptor forms complex with Janus kinase (JAK) which then results in an active transcription factor (STAT proteins) 

CYTOKINE REGULATION
· Occurs in 3 major ways
· Changes in receptor expression
· Eg when T cells are activated they express more IL-2 receptors
· Specific binding proteins
· These may bind to receptors and block signal transduction 
· OR there are soluble receptors that bind to the cytokines themselves and compete with cell receptors
· Cytokines that exert opposite effects

SIGNAL TRANSDUCTION:
· = conversion of an extracellular signal into a series of intracellular events
· Occurs in the following steps:
· Binding of agonist to receptor
· Activation of transducer protein by receptor
· Secondary activation of other enzymes
· Generation of new transcription factors
· Gene activation
· Altered cell behaviour
· Protein phosphorylation is key in most signalling
· Phosphorylation is reversible
· Phosphorylated and non-phosphorylated proteins have different functions
· Phosphorylation of serine, threonine and tyrosine are most important in cellular functions
· Tyrosine phosphorylation is rare and is a key event in signal transduction

SIGNAL TRANSDCTION PATHWAYS
· 3 key pathways
· NF-kB Pathway
· Important for inflammation and immunity
· NF-kB is in cytoplasm in an inactive form which cannot move into nucleus
· Many different stimuli can activate it
· Activated NF-kB can result in expression of many different genes
· 3 major different activation pathways
· ‘classical pathway’; is involved in pro-inflammatory signalling and is activated by inflammatory cytokines (IL-1, TNF, antigen receptors) 
· ‘alternative pathway’ triggered by a subset of TNF receptors
· third pathway activated by DNA damaging drugs and UV light
· NF-AT Pathway
· Multiple different activation pathways
· One uses transmembrane Ca2+ channels to increase ntracellular calcium and activate phosphatases
· JAK-STAT Pathway
· Receptors are transmembrane proteins that bind to JAK in cytoplasm
· Binding results in activation of TK activity of JAK
· Once activated phosphorylate STAT proteins which act as transcription factors


QUESTIONS:
1. Describe 3 ways in which cytokine function is regulated.
2. Describe in genera the pathway of cytokine signal transduction.











ANSWERS:
1. Antagonistic effects, changes in receptor expression, presence of binding proteins 
2. [bookmark: _GoBack]Cytokine binds to receptor -> activation of transducer protein -> secondary activation of enzymes, -> generation of transcription factors -> altered gene expression -> altered cell behaviour.
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