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Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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TLR3 cascade ↗
Stable identifier: R-GGA-434048

Toll-like receptor 3 (TLR3) as was shown for mammals is expressed on myeloid dendritic cells, respiratory epithelium, and macrophages, and appears to play a central role in mediating both the antiviral and
inflammatory responses of the innate immunity in combating viral infections.
Chicken TLR3 protein shows 61% identity to human TLR3.
The chicken ortholog of mammalian TLR3 specifically recognizes poly I:C, a dsRNA analogue, like its
mammalian counterpart. In the chicken as in mammals, poly I:C rapidly induces type 1 IFN.

Literature references
O'Neill, LA., Carpenter, S. (2009). Recent insights into the structure of Toll-like receptors and post-translational
modifications of their associated signalling proteins. Biochem J, 422, 1-10. ↗
Beyaert, R., Staal, J., Vercammen, E. (2008). Sensing of viral infection and activation of innate immunity by toll-like
receptor 3. Clin Microbiol Rev, 21, 13-25. ↗
Burt, DW., Berlin, S., Temperley, ND., Griffin, DK., Paton, IR. (2008). Evolution of the chicken Toll-like receptor gene
family: a story of gene gain and gene loss. BMC Genomics, 9, 62. ↗
Bean, AG., Lowenthal, JW., Karpala, AJ. (2008). Activation of the TLR3 pathway regulates IFNbeta production in
chickens. Dev Comp Immunol, 32, 435-44. ↗
Sarkar, SN., Sen, GC. (2005). Transcriptional signaling by double-stranded RNA: role of TLR3. Cytokine Growth Factor
Rev, 16, 1-14. ↗
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viral dsRNA binds the toll-like receptor 3 (TLR3) ↗
Location: TLR3 cascade
Stable identifier: R-GGA-434004
Type: binding
Compartments: endosome membrane, endosome

Viral dsRNA triggers an antiviral pathway mediated by toll like receptor 3. TLR3 dimerization occurs
upon ligand binding to positivly charged residues on the ectodomain termini of TLR3 wich are responsible for the interaction with sugar-phosphate groups of dsRNA.
Followed by: viral dsRNA : TRL3 recruits TICAM1

Literature references
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viral dsRNA : TRL3 recruits TICAM1 ↗
Location: TLR3 cascade
Stable identifier: R-GGA-433815
Type: binding
Compartments: endosome membrane, cytosol
Inferred from: Viral dsRNA:TLR3 recruits TRIF (TICAM1) (Homo sapiens)

Chicken TICAM1 encodes a 735 amino-acid protein that shares 31% sequence identity with its human and
mouse orthologs.
TICAM1 (or TRIF) is known to be an essential and exclusive adaptor used by TLR3 ; all the poly(I:C)-induced pathways leading to NFkB and IRF3 activation were abolished in TRIF–/– mice (Yamamoto et al.
2003).
Human TICAM1 consists of an N-terminal region (1–234), a TIR domain (235–500), and a C-terminal region (501–680).
The N-terminal region of TICAM1 harbors TRAF (TNF receptor associated factor) family proteins and
forms complexes containing IRF-3 and/or NFkB -activating kinases.
The C-terminal region of TICAM1 can recruit receptor-interacting protein-1 (RIP-1), and this event is followed by the activation of IKK complex .
Preceded by: viral dsRNA binds the toll-like receptor 3 (TLR3)

Literature references
Sugiyama, M., Takeuchi, O., Sanjo, H., Hoshino, K., Takeda, K., Okabe, M. et al. (2003). Role of adaptor TRIF in the
MyD88-independent toll-like receptor signaling pathway. Science, 301, 640-3. ↗
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Matsumoto, M., Oshiumi, H., Funami, K., Akazawa, T., Seya, T. (2003). TICAM-1, an adaptor molecule that participates in Toll-like receptor 3-mediated interferon-beta induction. Nat Immunol, 4, 161-7. ↗
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IKK related kinases bound to dsRNA:TLR3:TICAM1 activate IRF3 ↗
Location: TLR3 cascade
Stable identifier: R-GGA-433835
Inferred from: Activation of IRF3/IRF7 mediated by TBK1/IKK epsilon (Homo sapiens)

Cell stimulation with viral ds RNA leads to the activation of two IKK-related serine/threonine kinases,
TBK1 and IKK-i which directly phosphorylate IRF3 and IRF7 promoting their dimerization and translocation into the nucleus. Although both kinases show structural and functional similarities, it seems that
TBK1 and IKK-i differ in their regulation of downstream signaling events of TLR3.
IRF3 activation and IFN-b production by poly(I:C) are decreased in TBK1-deficient mouse fibroblasts,
whereas normal activation was observed in the IKK-i-deficient fibroblasts. However, in double-deficient
mouse fibroblasts, the activation of IRF3 is completely abolished, suggesting a partially redundant functions of TBK1 and IKK-i (Hemmi et al. 2004).
TLR3 recruits and activates PI3 kinase (PI3K), which activates the downstream kinase, Akt, leading to full
phosphorylation and activation of IRF-3 [Sarkar SN et al 2004]. When PI3K is not recruited to TLR3 or its
activity is blocked, IRF-3 is only partially phosphorylated and fails to bind the promoter of the target
gene.

Literature references
Takeuchi, O., Hoshino, K., Sanjo, H., Takeda, K., Sato, S., Yamamoto, M. et al. (2004). The roles of two IkappaB
kinase-related kinases in lipopolysaccharide and. J Exp Med, 199, 1641-50. ↗
Coyle, AJ., Faia, KL., Fitzgerald, KA., Liao, SM., Rowe, DC., Latz, E. et al. (2003). IKKepsilon and TBK1 are essential
components of the IRF3 signaling pathway. Nat Immunol, 4, 491-6. ↗
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NFkB activation mediated by RIP1 complexed with activated TLR3 ↗
Location: TLR3 cascade
Stable identifier: R-GGA-434131
Inferred from: IKK complex recruitment mediated by RIP1 (Homo sapiens)

Receptor-interacting protein 1 (RIP1) mediates the activation of proinflammatory cytokines via intermediate induction of IKK complex in NFkB pathways [Ea et al. 2006]. Poly(I-C) treatment stimulated the recruitment of RIP1, TRAF6, and TAK1 to the TLR3 receptor complex in human embryonic kidney HEK293
transfected with FLAG-tagged TLR3 [Cusson-Hermance et al. 2005]. RIP1 was shown to be dispensable for
TRIF-dependent activation of IRF3, which occurs in a TRIF/TBK1/IKKi-dependent manner [CussonHermance et al. 2005, Sato et al. 2003]

Literature references
Fitzgerald, KA., Cusson-Hermance, N., Khurana, S., Kelliher, MA., Lee, TH. (2005). Rip1 mediates the Trif-dependent
toll-like receptor 3- and 4-induced NF-{kappa}B activation but does not contribute to interferon regulatory factor
3 activation. J Biol Chem, 280, 36560-6. ↗
Gilmore, TD., Chang, D., Mosialos, G., Capobianco, AJ. (1992). p105, the NF-kappa B p50 precursor protein, is one of
the cellular proteins complexed with the v-Rel oncoprotein in transformed chicken spleen cells. J Virol, 66, 375867. ↗
Blancheteau, V., Meylan, E., Burns, K., Kelliher, M., Tschopp, J., Martinon, F. et al. (2004). RIP1 is an essential mediator of Toll-like receptor 3-induced NF-kappa B. Nat Immunol, 5, 503-7. ↗
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TRAF6 mediated induction of proinflammatory cytokines ↗
Location: TLR3 cascade
Stable identifier: R-GGA-433871
Inferred from: TICAM1,TRAF6-dependent induction of TAK1 complex (Homo sapiens)

Together with ubiquitin-conjugating E2-type enzymes UBC13 and UEV1A (also known as UBE2V1),
TRAF6 catalyzes Lys63-linked ubiquitination. It is believed that auto polyubiquitination and oligomerization of TRAF6 is followed by binding the ubiquitin receptors of TAB2 or TAB3 (TAK1 binding protein 2
and 3), which stimulates phosphorylation and activation of TGF beta-activated kinase 1(TAK1).
TAK1 phosphorylates IKK alpha and IKK beta, which in turn phosphorylate NF-kB inhibitors - IkB and
eventually results in IkB degradation and NF-kB translocation to the nucleus. Also TAK1 mediates JNK
and p38 MAP kinases activation by phosphorylating MKK4/7 and MKK3/6 respectively resulting in the activation of many transcription factors.
The role of TRAF6 is somewhat controversial and probably cell type specific. TRAF6 autoubiquitination
was found to be dispensable for TRAF6 function to activate the TAK1 pathway. These findings are consistent with the new mechanism of TRAF6-mediated NF-kB activation that was suggested by Xia et al.
(2009). TRAF6 generates unanchored Lys63-linked polyubiquitin chains that bind to the regulatory subunits of the TAK1 (TAB2 or TAB3) and IKK (NEMO), leading to the activation of the kinases.
Xia et al. (2009) demonstrated in vitro that unlike polyubiquitin chains covalently attached to TRAF6 or
IRAK, TAB2 and NEMO-associated ubiquitin chains were unanchored and susceptible to N-terminal ubiquitin cleavage. Only K63-linked polyubiquitin chains, but not monomeric ubiquitin, activated TAK1 in a
dose-dependent manner. Optimal activation of the IKK complex was achieved using ubiquitin polymers
containing both K48 and K63 linkages.
Furthermore, the authors proposed that the TAK1 complexes might be brougt in close proximity by binding several TAB2/3 to a single polyubiquitin chain to facilitate TAK1 kinases trans-phosphorylation. Alternatively, the possibility that polyUb binding promotes allosteric activation of TAK1 complex should
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be considered.

Literature references
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