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DAMP signaling in fungal infections and diseases
September 2012Frontiers in Immunology 3:286
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TIMELINE

The history of Toll-like receptors —
redefining innate immunity

Luke A, J. O'Neill, Dougias Golenbock and Andrew G. Bowie

Timeline | The history of Toll-like receptors

IL-1R1 is cloned

CD14 and LP5-binding
protein are identified as
components of the LPS
receptor complex

{1993-1996). Pathogen-specific
immune signalling found to involve
induction of antimicrobial peptides
by members of the NF-kB family in
Drosophila melanogaster

The first human homologue
of Toll receptor is cloned
(hToll; later renamed TLR4)

LP5 signalling is found
to require MYDSS

(2000-2002).

Therequirement of

Arole for MYD88 inIL-1
receptor signalling is
identified

MD2 for TLR4
responsiveness to
LPSisidentified

Ligands for TLRZ-
heterodimeric
complexes are
identified

1988

1989

1990

1991

1993 1994

1996 1997

1998

1999

2000

(2002-2009).
Endogenous ligands

for TLRs are identified

TRIF is discovered |

TLR7 and TLRS are
reported to recognize
viral ssRNA

The first function
for mammalian
SARM1 (aregulator
of TRIF) isreported

2001 2002

2003 2004

Charles)aneway
propases the concept
of pattern-recogni-
tion receptors

Sequence
similarity

between Tolland
IL-1R1 identified

Plant protein N is shown
tobeinvolved in disease
resistance andtohave a
TIR domain that is similar
toTolland IL-1R1

The Toll pathway is
shown to requlate the

Four further human
TLRs are identified

Viral antagonists of
TLRs are identified

antifungal response in
D. melanogaster

TLR4 is identified
as the signalling
receptor for LPS

TLRY is characterized
as the receptor for

CpG-DNA

The first TLR that recognizes
viral components is
identified (TLR3)

Flagellinis identifiedas a
ligand for TLRS

IL-1R1, interleukin- 1 receptor type 1; LPS, ipopolysaccharide; MAL, MYD88-adaptor-like protein; MD2, myeloid differentiation factor 2; MYD88, myeloid
differentiation primary-response protein 88; SARM1, sterile-a- and armadillo-motif-containing protein 1; ssRNA, single-stranded RNA; TIR, Toll-IL-1-resistence;
TLR, Toll-like receptor; TRAM, TRIF-related adaptor molecule; TRIF, TIR domain-containing adaptor protein inducing IFNJ.

MAL (also known as TIRAF)
is discovered

TRAM is
discovered

2006 2007

(2007-2009). Structures of
several TLR-ligand
complexes (including TLR4,
TLR2-TLR1, TLRZ-TLR6 and
TLR3) are solved
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How did our complex immune system evalve?

years ago

WHOLE GENOME DUPLICATION #2

WHOLE GENOME DUPLICATION #1 immunoglobulin-based

leucine-rich repeat (LRR)-based adaptive immune system

recgptor for antigen recognition: Recombination-activating gene 1 & 2
variable lymphocyte receptor A & B (RAG1 - RAG2)

(VLRA - VLRB) B cell receptor and T cell receptor

V, D, J and C genes
MHC class | and Il genes
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