Biological Content of Pathway Map

An organism’s first line of defence against invasion by pathogens is the ability to detect non-self material so a tailored immune response can be elicited. Recognition of ‘foreign’ entities is primarily performed by pattern recognition receptors (PRRs) of which toll-like receptors (TLR’s) are the best-characterised family. The function of TLR’s is to trigger the immune response by activation of the NF-(B and IRF (interferon regulatory factor) signalling pathways. We have included eight of the 11 reported mammalian TLR’s on the current map.  Residing in the cell membrane (TLR’s 1,2,4 and 6) or endosomal compartments (3,7 and 9) [1] TLR’s comprise two functionally significant domains; one for recognising specific pathogen associated molecular patterns (PAMPs) and one for recruiting signalling adaptor proteins once the receptors are stimulated by binding of an appropriate pathogen-derived ligand.  Whilst the pathogen recognition domains of different TLR’s are highly variable structurally [2], thereby allowing the recognition of diverse pathogen material ranging from viral double- and single-stranded RNA [3, 4] bacterial flagellin [5, 6], lipopeptides [7, 8], lipopolysaccharides [9, 10], and bacterial and viral CpG motifs [11, 12], the internal domains tend to be more conserved, reflecting the ability of different TLR’s to recruit the same adaptor proteins.  For example a key adaptor protein common between TLR’s 1,2,5,6,7 and 9 is MYD88 (myeloid differentiation primary response gene 88). MYD88 is well documented to link TLR signalling to the NF-(B pathway [13-15].  A comprehensive and systematic effort to depict TLR signalling has recently been reported elsewhere [16] and in comparison the current effort is perhaps a rather simplistic one, if somewhat easier to follow, view of events. Although the known associations between TLR signalling and the MAP-kinase, ERK and JNK pathways [17] are yet to be included we have depicted the initial activation of MAP-kinases and the concomitant activation of the NF-(B pathway. 

One of the major holes in our understanding of pathway architecture is transcriptional activation.  Here we have attempted to display some of what is known about the gene targets of these pathways but there is clearly much missing from these views both in terms of the complexity of the transcription machinery and the genes activated. What is clear however is that TLR signalling directly leads to the activation of interferon signalling [18] which plays a central role in co-ordinating many aspects the innate immune response.  Interferons represent a family of secreted cytokines and are often described as being either type I or type II. The latter referring to signalling via the IFNγ receptor (IFNGR), stimulated by binding of the IFNγ (IFNG), a cytokine synthesised by activated T-lymphocyte and natural killer cells in recognition of infected cells. Type I interferon signalling is co-ordinated by IFNα and IFNβ receptors (IFNAR/IFNBR) which are activated by their respective interferons in direct response to infection [19]. Ligand binding to both subsets of receptors induces a phosphorylation cascade eventually resulting in the activation of transcription factors STAT1, STAT2 and members of the IRF family of protein.  This in turn leads to the transcriptional activation of many of the genes involved in immune and cellular defence processes, only some of which we have been able to directly link to the activity of specific transcription factors.  However, it is clear that these include key signalling molecules (STAT1, IRF2), activating ligands of the apoptosis pathway (FASLG, TNFSF10), cytokines (IL1B, IL15, IL12B, CCL5, CXCL9), proteins involved in antigen presentation (C2TA – a key regulator of class II molecules, PSMB subunits, TAP1), cell adhesion (ICAM1) and a whole range of interferon responsive genes many of which are still of unknown function [20, 21].

NF-(B signalling is activated in response to numerous stress signals and is essential in orchestrating the immune response. We have described the activation of three different homo and heterodimer NF-(B complexes (although others do exist) [22]. Activation of RELA/NFKB1 complex is commonly referred to as the canonical NF-(B pathway and is generally associated with promoting a pro-apoptotic response by modulating expression of specific genes.  Signalling incorporating RELB and NFKB2 proteins is often termed the alternative NF-(B pathway and is associated with cell survival. Hence apoptosis is a carefully regulated process and ultimately the innate immune response may culminate in host cell suicide thereby potentially limiting further reproduction of pathogenic organisms such as viruses.

Two major routes of apoptosis execution have been identified; termed intrinsic and extrinsic pathways. The intrinsic pathway is activated as a result of stress signals detected within the cell, for example, penetration of a viral pathogen into the cell or UV light induced DNA damage.  Extrinsic apoptosis on the other hand is triggered by extracellular death-signalling ligands (FAS, TNFSF10 (TRAIL), TNF) binding to the cell membrane receptors. Both intrinsic and extrinsic pathways activate a number of the caspase family of cysteine proteases. The initial caspases to be activated are categorised as initiators,(CASP’s 1,2,4,6,8,9,10)  and are capable of cleaving downstream executioner caspases, specifically CASP3 and CASP7, so called as they are directly responsible for morphological changes in the cell associated with apoptosis by the cleavage or inactivation of an array of molecules including, structural proteins, DNA repair proteins, and anti-apoptotic proteins.
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