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Is the TASL-SLC15A4-IRF5 pathway
essential for antiviral defense and/or
autoimmunity?

Axel Croonenbroek, Manon Sierra



Introduction
Innate immune sensing of nucleic acids
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Introduction

TLR7/9-IRF5 signaling in infection

Endosome
TLR7

-> Protective response in viral or
bacterial infection

e TLRY detect viral RNA

e TLR9 detect CpG-rich DNA

which is typical of bacterial or viral

DNA NF-kB and MAPKs IRF5
pathway pathway
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Introduction

Discovery of the SLC15A4-TASL
complex controlling IRF5 activation

1)

SLC15A4 recruits TASL to the lysosomal
surface

TLR7/9 recruit the adaptor MyD88

MyD88 recruit a kinase - phosphorylate
TASL (at the pLxIS motif)

Phospho-TASL recruits and activates IRF5
Leads to IRF5 nuclear translocation and gene
activation




Introduction

TLR7/9-IRF5 signaling in autoimmunity
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Introduction

Knowledge gaps

Known before the study

SLC15A4-TASL complex activates IRF5
downstream of TLR7/9 in human cells

TASL binds to SLC15A4 via its N-terminal
region and recruits IRF5 via the PLxIS motif

Human genetic studies associate SLC15A4,
TASL and IRF5 with lupus (SLE)

Unknown / Open questions

Does this signaling pathway also function in
mice in vivo ?

Is TASL the only adaptor linking SLC15A4 to
IRFS ?

Can loss of this pathway protect against
lupus-like autoimmunity in vivo ?



Methods
Generation of mouse models to study the

SLC15A4-TASL pathway
Genotype Deleted gene Purpose
feeble SLC15A4 Loss of entire pathway
TASLKO Tasl Test role of TASL
TASL2KO Gm6377 Test role of TASL2 and test
of redundancy
TASLPXO Both Tasl and Gm6377 Check full loss of IRF5
activation, mimicking feeble
The knock-out mice have been generated using CRISPR-Cas9
and gRNAs injected into pronuclei of fertilized C57BI6J mouse

zygotes



Methods
Assessing IRF5 activation and cytokine responses

inimmune cells

B cell : secretion of antibodies and
cytokines like IL-6, TNFa and Type |
Interferons (IFNa and IFNR)

pDC (plasmacytoid dendritic cell) :
secretion of most of the Type |
l \ Interferons (IFNa and IFNB), as well as

IRF5 activation -> detected by
Phos-tag gel electrophoresis

Signaling pathway specificity -> TN FG, IL-6 and IL-1 2p40

NF-kB and MAPK phosphorylation

Cytokine and IFN production S posols

-> measured by RT-qPCR



Results

SLC15AA4 is essential for TLR7/9-induced IRF5
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Results

TASL deficiency impairs IRF5

activation a

WT TASLKO

R848 (h): 0053 6 0053 6

WT and TASLX°BM-pDC
stimulated with R848 for the
indicated time

-> TASL is a critical adaptor
linking SLC15A4 to IRF5
activation
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Results
TASLX? impairs IRF5 activation and cytokine

production W RS
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Cytokine production was analyzed by paired RT-gPCR



Results
Residual IRF5 activation in TASL K° cells suggests

another adaptor
WT and TASLX® BM-pDC stimulated with R848 for the indicated time

WT  TASL¥® feeble WT  TASL¥® feeble . . . Ko
R848 (h):: 00.51 3:00.51 3:0051 3 CpG-B(h): 00513:00513:0051 3 ReS|due!I signal in TASL '
o ot b dad- gL ~~ absent in feeble mice

IRF5
kDa

i (Phos-tag) (Phos-tag)
& GAPDH GAPDH
9(5): L A A T I I 1 J (Phos-tag) ?8:....--.-...- (Phos-tag)
————— L ———— p_p65 —--——--——-——p—pGS
70------------- p65 70--——--—---—-- p65

55- . - — - — R — 55 - —— — —
SIS ———— INK E R ———— INK

What causes this residual activation?



Results
Identification of

TASL2, a functional

paralogue of TASL

Gm6377 - encodes TASL2

TASL2 can : bind mSLC15A4
+ subtitute TASL in mice

-> TASL2 is a functional
paralogue of TASL in
mice
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HEK293T cells
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Results

TASL and TASL2 act redundantly to control IRF5

activation

WT, TASLKC, TASL?XO BM-pDC stimulated with R848 or CqG-B for the indicated time
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redundant




Results

Global transcriptional effects confirm loss of

IRF5-driven programs
BM-pDC

DEG : differentially expressed genes
Each row is a different gene
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Gene ontology enrichment analysis (GO enrichment)

Comparison of gene expression profiles after stimulating
with TLR7 or TLR9 agonists to identify which genes are
activated by nucleic acid sensing pathways
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Results

TASL/TASL2 are essential forinvivo TLR7/9 cytokine
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e TLR7/9 agonist stimulation triggers
IRF5-dependent cytokine secretion, which
is abolished in TASLK®, TASLPK® and feeble

o WT (n=6) mice
o TASLKC (n=4)

o TASL2®(n=7) ® TASL2"° had no or only marginal effect on

o TASLY (n=4) these responses

e feeble (n=4)
WT PBS
control (n=4)

We can observe that the production of TNFa is

<—__ hot fully impaired in TASLKC®, TASLPX? and feeble
mice - possible redundancy from independent
signalling pathway (MAPK and NF-kB)



Methods

Evaluating antiviral responses in vivo

Intravenous injection
with 2.10° FFU of
LCMV virus

Recruitment and

activation of innate :
immune cells Sample collection

] Blood viremia
> b ; measurement |

MYD88

‘ | Spleenic CD8 T cells

IRF5 .
pathway analysis

.

Type | interferons (IFNs) and
inflammatory cytokines

Antiviral response of WT, TASLX®, TASL2KO, TASLPX® and feeble mice



Results
TASL PKO mice fail to control chronic LCMV infection

1063 -~ WT

o TASL® Blood viremia at different
e timepoints > TASLPX®and
e feeble fail to clear the viral

infection after 4 months
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Methods
Pristane model to induce lupus autoimmunity in mice

Intraperitoneal injection of pristane Recruitment and Activation of adaptive
(2,6,10,14-tetramethylpentadecane) activation of innate immunity and
f'«i\\ immune cells autoantibody production
N (monocytes and DCs)

\ Plasma cells

Causes local tissue irritation, necrosis,

and apoptosis of resident cells l
Induces release of self-nucleic acids pa':;ffay
(RNA and DNA) and immune complexes 1

into the peritoneum

Type | interferons (IFNs)
and inflammatory cytokines

->Autoantibodies form immune complexes = deposit in the kidney
= glomerulonephritis = hallmark of lupus



Results
Loss of TASL protects against lupus-like
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Results

Loss of TASL Prevents Autoantibody Deposition in
Lupus Model

WT TASLX® TASLPK®

feeble

Antinuclear antibodies in serum
6 months after pristane
injection

- absence of autoantibodies in
the KO

Merged SHE




Discussion

Targeting the SLC15A4-TASL axis: a promising
strategy against lupus

Normal pathway TASL inhibited pathway

TLR79 SLC15A4

IRF5

.
Cytokine gene

'

Inflammation

Autoimmune
response




Discussion
Main limitation and futur perspective

e TASL inhibition = strong protection in lupus but loss of antiviral
defense

e Can we design selective inhibitors that disrupt the
SLC15A4-TASL interface only in autoreactive B cells or pDCs,
while preserving antiviral responses?



Thank you for your
attention!



Discussion
Limitations

e TASL inhibition = strong protection in lupus but loss of antiviral
defense

e Focused mainly on TLR7/9 and IRF5 - other IRFs or sensors not
tested



Discussion
Future perspectives

1) Can we design selective inhibitors that disrupt the SLC15A4-TASL
interface only in autoreactive B cells or pDCs, while preserving antiviral
responses?

2) Does the absence of TASL2 in humans make our immune system more
dependent on TASL, and could this explain our higher susceptibility to
lupus?

3) Are there other adaptor proteins interacting with SLC15A4 that could
modulate signaling in different contexts?



