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All cells can detect infection by viruses and trigger an innate immune response. This first line of defense is initiated by
the recognition of viral elements by host receptors (e.g., Toll-like receptors; TLRs). This detection leads to the
production of antiviral molecules, including type I and III interferons (herein referred to as IFN-I/III). IFN-I/III are
essential response to initiate the immunity against viral infections.

The plasmacytoid dendritic cell (pDC) is a unique immune cell ty pe specialized for rapid and massive production of IFN-
I/11I. The main viral-sensors responsible for pDC activation are the Toll-like receptors (TLR)-7 and -9, which recognize
viral RNA and DNA, respectively. Studies have demonstrated that pDCs migrate into infected tissues, e.g., the lungs
during pulmonary infection, such as SARS-CoV-2. The rapid production of IFN-I/III by pDCs is essential to control
various viral infections, as we previously uncovered?.

Importantly, we have demonstrated that pDCs establish cell contact with infected cells that sustains their robust
antiviral responses?. This is mediated by synapse formed at the contact site between pDCs and infected cells (shown for
genetically-distinct viruses) by the molecular reorganization, including a specific polarization of actin-network and the
endocytosis machinery?2 This is a specialized platform for PAMP transfer from infected cell to the TLR7 sensor in pDCs,
leading to IFN-I/III production. We thus named it: interferogenic synapse (iSYN). The signaling cascade triggered by
sending via iSYNleads to an antiviral response. This signaling also acts as positive feed-forward loop culminating in a
robust IFN-I/III secretion at the contact site with infected cells2. This specialized ability of pDCs to sense infected
cells brings key questions on how pDC achieve an optimal antiviral response against viral infection, while
minimizing the deleterious impact of hyperactive inflammation (e.g., TNFa and IL6).

Our recent results further revealed that iSYN s also a structural platform for polarization of effector functions leading to
targeted IFN-I/II secretion directly toward the eliciting infected cells. An important remaining question is how the
dynamics of iSYN (duration, strength and renewal) impact the amplitude, nature and optimum of the IFN-I/III
response. Therefore, this project is designed to functionally dissect the molecular basis of the targeted antiviral
response by iSYN. Additionally, our studies shall provide mechanistic insights on the largely still-unknown secretion
process of cytokines, including IFN-I/III and other pro-inflammatory cytokines.
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Model of the innate responses against SARS-CoV-2. The short-range sensing of SARS-
CoV-2-infected cells (at the bottom) by pDCs (at the top) requires cell contact mediated by
adhesion complexes, identified as a.f2 integrin and ICAM-1. This triggers a TLR7-induced
signaling leading to an IFN-I/A-prioritized response, w hile leaving inactive the NF-kB-mediated
signaling.
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i an optimal IFN-I/III response.
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To address these questions, we have already established a methodology to monitor at the single-cell level the impact of
pDC response on SARS-CoV-2-infected cells by live-imaging analysis using our BSL3-based spinning-disk confocal and
using an infectious reporter-SARS-CoV-2. Ourresults uncovered that SARS-CoV-2 replication greatly decreases only
after physical contact of infected cells with pDCs. SARS-CoV-2 can inhibit IFN-I/III signaling within infected cells. Thus,
the observed locally concentrated antiviral response by pDCs can overcome this viral inhibition.

We plan to tackle these questions using approaches mastered in our laboratory (Dr Dreux)® and the
complementary expertise of our collaborator, Dr Olivier Destaing for optogenetic approaches?-1°, This includes cutting-
edge imaging technology (i.e., ImageStream X, live-imaging using spinning disk confocal microscopy, super-resolution
microscopy analysis), novel functional model and optogenetic approaches to study the dynamics and regulations of pDC
antiviral response.

The strength of this project is to answer questions on the host/pathogen interactions by

combining approaches from disparate fields: cellular biology (live-imaging using cutting-edge methods of confocal
microscopy), molecular biology and immunology (antiviral response: RT-qPCR, ELISA, Western blot) and virology (viral
replication: immunofluorescence, RT-gPCR). So far, optogenetic methods are scarcely-employed to define antiviral
responses. Nonetheless, this type of approach is essential to go deeperin the molecular understanding of the cascade
events.
The quantification at single-cell level of the dynamics of the molecular cascade and probing for an optimal
response is a new angle, emerging from the single-cell analysis era. Our 3D and 4D (with time) studies will be critical
to understand: i/ the molecular regulations at the single-cell level, and ii/ how the cell environment and coordination
with surrounding cells (and in future studies other immune cell types) impact the functionality of individual cells.
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