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Simplified model for the pathogenesis of severe sepsis and septic shock
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Accommodation of a broad range of ligands by the ectodomain of Toll-like
receptors (TLRS)

TLR1+TLR2 + TLR3+ TLR4+ TLRS+ TLR8+
2:1 complex 2:1 complex 2:2:2 complex 2:2 complex 2:2 complex
(2Z7X) (3CIY) (3FXI) (3V47) (3W3G)
Jin et al. 2007 Liu et al. 2008 Park et al. 2009 Yoon et al. 2012 Tanji et al. 2013
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Insects and infections
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The gene diedel (die) is strongly induced by several viruses

*
*
**
*%
i ****** o
i % =
*%k%k

SO
o O
S 9

Normalized Expression
(die/RpL32)
N
o
<

Olivi

Kok
Kok
x ok *% *
| sl . W M o 5 [T
624 48 72 96 624 48 72 96 624 48 72 96 624 487296 624 48 72 96 6 24 48 72 96
Tris DCV CrPV FHV SINV VSV
/

\_

& hijacked by:

HVAV3V
STAV-1A




Immunology taught by viruses
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What link between the IMD pathway and antiviral
iImmunity?

Identification of
Implication of IKK[3 10 genes induced
and NF-kB in an antiviral \ by viruses and

response - IKKB-dependent

|dentification of
2 genes necessary and
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Goto, Okado, Martins et al., Immunity (2018)



cGAS-STING: an evolutionarily conserved pathway
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Cell Host & Microbe

Cell°ress

TMEM173 Drives Lethal Coagulation in Sepsis

Hui Zhang,’-'? Ling Zeng,%'? Min Xie,! Jiao Liu,® Borong Zhou,® Runliu Wu,* Lizhi Cao,' Guido Kroemer,>:5:78:9
Haichao Wang,'° Timothy R. Billiar,’" Herbert J. Zeh,* Rui Kang,* Jianxin Jiang,%* Yan Yu,'-* and Daolin Tang3413.*

Zhang et al., 2020, Cell Host & Microbe 27, 556-570
April 8, 2020 © 2020 Elsevier Inc.
https://doi.org/10.1016/j.chom.2020.02.004



cGAS-STING: an evolutionarily conserved pathway
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cGAS-STING:
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|dentification & validation of STING-regulated genes (srg)

. IKKB-dependent @ 'KKp-dependent

™4 ARNseq | v

dSTING-dependent

STING-regulated O(Of dSTING)
genes (srg) oy

0

N &

Hua CA

Srg2

srg1

Relative mRNA levels

123123123123123123 123123123123123123
Tris DCV Tris DCV Tris DCV Tris DCV Tris DCV Tris DCV Tris DCV Tris DCV Tris DCV

/- /- -
STING wt  STING+ SIING wt  STING+ STING
complém. complém. complém.

Cai et al (2020) Science Signaling 13: eabc4537

wt STING



2'3’-cGAMP induces a STING-NF-xkB-dependent transcriptional
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2'3’-cGAMP induces a STING-NF-xkB-dependent transcriptional
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2'3’-cGAMP injection triggers a broad antiviral protection
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Phased transcriptional response to 2'3'-cGAMP injection

Drosophila melanogaster .
Tris

Early transient (n=134)

Early sustained (n=183)

Late (n=110)

6h 12h  24h 6h 12h  24h 6h 12h  24h
Normalized Mean log(expression)

m
4202 4

Cai et al (2020) Science Signaling 13: eabc4537



———
~
~N

Drosophila melanogaster

How is dSTING activated upon viral
infection in flies?
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cGAS-like receptors trigger STING-dependent antiviral immunity in flies
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The cGAS/DncV-like nucleotidyl transferase (CD-Ntase) family
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Antiviral immunity across kingdoms: the CBASS system in bacteria
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Poxins: a family of nucleases cleaving 2'3’-cGAMP
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Origin and evolution of poxins
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Origin and evolution of poxins

Maluquer de Motes (2021) PLoS Path



What are the antiviral genes regulated by
STING/IKKS in flies?



The portfolio of antiviral defenses in animals
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On the interest of studying non-conserved
genes

Virus evolution



The evo-immuno concept

The hourglass model of development An hourglass model of immunity
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