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Simplified model for the pathogenesis of severe sepsis and septic shock

Fink and Warren (2014) Nature Rev 
Drug Discov 13: 741-758 

Organ dysfunction



TLR1+TLR2 + lipopeptide
2:1 complex

(2Z7X)
Jin et al. 2007

TLR5+flagellin
2:2 complex

(3V47)
Yoon et al. 2012

TLR3+dsRNA
2:1 complex

(3CIY)
Liu et al. 2008

TLR4+MD-2+LPS
2:2:2 complex

(3FXI)
Park et al. 2009

TLR8+ssRNA
2:2 complex

(3W3G)
Tanji et al. 2013

Courtesy of Dr. M. Gangloff, Cambridge U.

Accommodation of a broad range of ligands by the ectodomain of Toll-like 
receptors (TLRs)



Insects and infections
Bacteria Fungi Protozoa Virus

Circulatory system
Digestive system
Nervous system
Adipose system

Vector borne disease
(e.g. plasmodium, 

dengue) 

Evolutionarily conserved 
mechanisms

(e.g. Toll like receptors)

Production of 
antimicrobial 

molecules

J. Hoffmann



Olivier LAMIABLE

The gene diedel (die) is strongly induced by several viruses

& hijacked by:
PsunG
XcGV
HaGV

HVAV3V
SfAV-1A MySEV



Immunology taught by viruses

Marques & Imler (2016) Curr Op Microbiol.; Lamiable et al (2016) PNAS

RNAi Apoptosis

Inhibition of 
translation 

IMD 
pathway



dSTING, Nazo

Implication of IKKb
and NF-κB in an antiviral 

response

Identification of 
10 genes induced 

by viruses and 
IKKb-dependent

Identification of 
2 genes necessary and 

sufficient to control DCV 
replication

Goto, Okado, Martins et al., Immunity (2018)

What link between the IMD pathway and antiviral 
immunity?



cGAS-STING: an evolutionarily conserved pathway

Ishikawa & Barber Nature (2008); Sun et al. Science (2013); …
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cGAS-STING: an evolutionarily conserved pathway

Ishikawa & Barber Nature (2008); Sun et al. Science (2013); …
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Identification & validation of STING-regulated genes (srg)

Hua CAI

Cai et al (2020) Science Signaling 13: eabc4537
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2’3’-cGAMP induces a STING-NF-kB-dependent transcriptional 
response

Cai et al (2020) Science Signaling 13: eabc4537

TRIS

TRIS

Témoin dSTING-/-

srg1



srg1 srg1

TRIS
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TRIS

Témoin dSTING-/- Témoin NF-kB (Relish)-/-

Cai et al (2020) Science Signaling 13: eabc4537

2’3’-cGAMP induces a STING-NF-kB-dependent transcriptional 
response
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ARNsb (+)
Dicistroviridae

ARNsb (+)
Nodaviridae

ARNsb (-)
Rhabdoviridae

ADNdb
Nudiviridae

CrPV FHV

VSV KV

Cai et al (2020) Science Signaling 13: eabc4537

2’3’-cGAMP injection triggers a broad antiviral protection



Cai et al (2020) Science Signaling 13: eabc4537

Tris

Early transient (n=134)

Early sustained (n=183)

Late (n=110)

Phased transcriptional response to 2’3’-cGAMP injection



How is dSTING activated upon viral 
infection in flies?
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Slavik et al (2021),  Holleufer et al (2021), Nature
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Margolis et al (2021), PNAS

cGAS-like receptors trigger STING-dependent antiviral immunity in flies 



The cGAS/DncV-like nucleotidyl transferase (CD-Ntase) family

cGAS DncV
(V. cholerae)

P. Kranzusch et al



Antiviral immunity across kingdoms: the CBASS system in bacteria
Vi

br
io

 c
ho

le
ra

e

En
te

ro
ba

ct
er

 c
lo

ac
ae

Fl
av

ob
ac

te
ria

ca
e 

sp

Kranzusch, Sorek et al; reviewed in Cai & Imler (2021), Fac Reviews



Poxins: a family of nucleases cleaving 2’3’-cGAMP

Vaccinia virus

VACV Poxin

Slavik et al (2021), Nature

dsDNA genome



Origin and evolution of poxins

Maluquer de Motes (2021) PLoS Path



Maluquer de Motes (2021) PLoS Path

Origin and evolution of poxins



What are the antiviral genes regulated by 
STING/IKKb in flies?
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Host 2

Host 1

Host 3

On the interest of studying non-conserved 
genes

̸

HostVirus

Virus evolution Host evolution



The hourglass model of development
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Hox genes

The evo-immuno concept
An hourglass model of immunity

Microbial diversity

STING; IKKb; NF-kB

Diversity of effector mechanisms

Microbial 
patterns

Restriction factors
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Université de Strasbourg
Modèles insectes dʼimmunité innée
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