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Our understanding of defence mechanisms raised against 
a given pathogen (e.g., influenza virus infection) is mainly 
focused on innate and adaptive immune cells responses, 
but other cell types such as stromal cells most certainly 
constitute an important first line of defence against invading 
pathogens. In addition to creating a primary physical barrier, 
stromal cells are armed with intrinsic immune defence 
mechanisms that cover a broad set of antiviral mechanisms 
including autophagy, inflammasome response, and the 
interferon (IFN) system. Cell autonomous immunity is 
tightly regulated, and needs to be unlocked by inflammatory 
signals including type-I interferon (IFN-I). Since the IFN-I 
receptor (composed of IFNAR1 and IFNAR2 subunits) is 
ubiquitously expressed, IFN-I acts as an alarm signal on 
both stromal and hematopoietic cells. Following binding to 
its cognate receptor, IFN-I elicits a potent antiviral state by 
inducing the expression of hundreds of genes collectively 
called IFN-stimulated genes (ISGs). Some ISGs carry 
intrinsic antiviral functions that were shown to dampen 
influenza virus replication including MX1, IFITM3, and 
NCOA7 among the most significant (1,2). Therefore, once 
established, the IFN-induced antiviral state endows the 
cells with the capacity to limit the replication and spread 
of several classes of viruses including influenza virus (3,4). 
Acute IFN-I production is triggered following sensing of 
invading pathogens by pattern recognition receptors (PRRs) 
that signal through MyD88, TRIF, MAVS or STING in 
order to activate the master regulators of IFN-I production, 
IRF3 and IRF7 transcription factors (5). However, this 
acute IFN production requires prior cell infection and is 

induced after a first wave of viral replication, therefore it 
cannot confer immediate antiviral defences. Moreover, 
viruses have evolved different strategies to avoid sensing and 
limit IFN induction. For instance, the NS1 protein from 
influenza virus acts through multiple anti-IFN strategies (6). 
Interestingly, in contrast to acute IFN production, pioneer 
observations reported a steady-state basal IFN production 
in absence of infection [reviewed in (7)]. This constitutive 
IFN production has gained much attention over the last 
decade and has revealed important roles in the regulation 
of immune cell function and homeostasis as well as for the 
maintenance of basal antiviral and antitumor immunity (7).  
Of note, dysregulated or chronic IFN production is 
associated with several pathological outcomes (8). Thus, 
IFN production requires a tight regulation in terms of 
timing and quantity. We can therefore ask, what are the 
molecular determinants that drive basal IFN production? 
How is it regulated by the host? By which mechanism 
does the steady-state IFN signature contribute to set basal 
antiviral defences? In a recent issue of Cell Reports, Bradley 
et al. (9) provided substantial answers to these burning 
questions (Figure 1). 

Bradley et al. (9) made the crucial observation that 
uninfected naïve mice present a significant level of ISG 
expression (Oasl2, Rsad2) in the lung at steady-state, 
which is critically decreased in IFNAR1−/− mice or in mice 
treated with an anti-IFNAR antibody. Taking advantage 
of a genetically engineered mice model in which IFNAR1 
downregulation (otherwise occurring rapidly upon IFN 
stimulation) is impaired by a single mutation (IFNAR1SA), 
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the authors could significantly increase basal ISG expression 
in lung cells. Using this elegant model, the authors could 
draw two important conclusions. First, they provided 
further evidence that tonic IFN-I production is responsible 
for basal ISG expression in the lungs of uninfected mice, 
as previously reported by other groups (10,11). Second, 
this basal IFN response is tightly regulated through 
downregulation of cell surface IFNAR expression (12). 

Immunological relevance of this basal IFN signature 
came from the demonstration that IFNAR1SA mice 
show better resistance to influenza virus infection with a 
significant decrease in viral gene expression and infection-
induced weight loss. It is remarkable that tuning basal 
IFN signature can help to boost the steady-state antiviral 
defences in vivo. 

Interestingly, among lung resident cells, basal IFN-
signatures can be found not only in CD45-positive, 
immune cells [as previously reported for macrophage 
populations (10)] but also in CD45-negative, non-
immune cells, in an even more pronounced way. This led 

the authors to question a possible role for stromal cells 
in the control of influenza virus infection. Accordingly, 
key hematopoietic chimera experiments using either wild 
type (WT) (C57BL/6) mice reconstituted with IFNAR1SA 
hematopoietic cells, or conversely IFNAR1SA reconstituted 
with WT hematopoietic cells, highlighted a fundamental 
role for radio-resistant stromal cells in the early dampening 
of influenza virus infection. More precisely, Bradley et al.  
demonstrated that basal IFN-signature activates two 
sequential immune protections against influenza virus. An 
early first line of defence that is significantly supported 
by stromal cells (significant at day 2 p.i.). Later, a second 
protection is conferred by immune cells (significant at 
day 8 p.i.). This result highlighted a dual role for tonic 
IFN signature to sustain both stromal and immune cell 
defences that cooperate to confer optimal protection against 
influenza virus infection.

Such observations raised critical questions about the 
host determinants that are driving basal IFN-I production. 
Because plasmacytoid dendritic cells (pDC) are the major 

Figure 1 Antibiotic-sensitive gut microbiota drives an IFNAR1-dependent signal that sets the steady-state IFN signature in lung stromal 
cells, leading to an antiviral state limiting early influenza virus replication. IFN, interferon; IFNAR, type-I interferon receptor.
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source of IFN-I, the authors tested the implication of 
these cells in basal IFN-I production. Surprisingly, pDC 
depletion by an anti-PDCA1 antibody-mediated approach 
did not alter basal IFN-signature in the whole lung, 
suggesting that another source (still unidentified) is crucial 
to drive basal IFN-response. In order to help identify this 
source, it would be interesting to determine which IFN-I 
subtype is responsible for tonic IFN-response in the lung. 
Indeed, the different IFN-I subtypes (i.e., -α, -β, -ε, -κ, 
-ω) may be produced by different cells and subjected to 
different regulatory mechanisms (13). For instance, IFN-ε is 
constitutively expressed at mucosal surfaces and was shown to 
be regulated by hormones rather that pathogen sensors (13).

Previous study by Abt et al. identified an essential 
role for microbiota in driving basal ISG signatures in 
macrophages (10). To investigate a potential role for 
microbiota at inducing basal ISG expression in stromal cells, 
Bradley et al. compared basal ISG expression in lungs of 
mice that were fed with a cocktail of antibiotics (ampicillin, 
vancomycin, metronidazole, gentamicin) or plain-water 
for 3–4 weeks. Remarkably, the authors observed a 
drastic decrease of ISG expression in the CD45-negative 
compartment of antibiotic-treated mice. This observation 
thus broadens the impact of microbiota in driving basal 
IFN-I production in the stromal cell compartment, in 
addition to the previously described effects on immune cells 
and particularly on macrophages (10).

Microbiota is an integral part of animals, which is 
composed of host-residing bacteria, viruses, fungi, protozoa 
and archaea that colonize all mucosal surfaces including 
respiratory, urogenital, and gastro-intestinal tracts in which 
the microbial population is the most abundant. Because 
orally taken antibiotics are known to systemically impact 
microbiota composition, the authors questioned the origin 
of the microbiota responsible for basal IFN-I production. 
Importantly, they show that faecal transplantation was able 
to rescue basal ISG signature in stromal cells of antibiotic 
treated-mice, arguing for bacterial signals coming from the 
gut. It is hence quite fascinating that local gut microbiota 
can influence immunity at distal sites including the lung. 
This important cross-talk was previously described as the 
gut-lung axis (14).

Microbiota produce a wealth of microbe-associated 
molecular pattern (MAMP), toxins and metabolites 
including short chain fatty acids (SCFA), a product of dietary 
fiber fermentation, that was shown to regulate immune 
cell metabolism, activation status and homeostasis (14).  
In order to identify microbial determinants that drive tonic 

IFN-signature, Steed et al. (11) screened a library of 84 
microbial metabolites for their ability to trigger or amplify 
type-I IFN response and found that desaminotyrosine 
(DAT), a degradation product of flavonoid, had a significant 
effect. Mechanistically, the authors demonstrated that 
DAT enhanced IFN responses through amplifying STAT1 
signalling, but not through induction of IFN-I production. 
Interestingly, authors hypothesized that the endogenous virus 
component of the microbiota could be responsible for initial 
IFN-I induction. Thus, it is tempting to speculate that one 
of these previously described microbiota derived components 
might be responsible for basal ISG expression in the stromal 
cells reported by Bradley et al. However, unravelling the 
precise mechanism will warrant further work.

Among the ISGs that are able to restrict influenza 
infection, Mx1 codes a dynamin-like large GTPase and 
appears to be one of the most potent in mice (15). However, 
most inbred mice, including C57BL/6 used in this study, 
have lost Mx1 gene expression. Thus, a step towards the 
translational importance of their findings came from the 
use of a genetically engineered mice model in which Mx1 
gene, close homologous to human MxA, was introduced. 
Importantly, Mx1 transgenic mice demonstrated sustained 
microbiota-driven tonic IFN levels that conferred basal 
protection against influenza, as shown by the negative 
impact of antibiotics on the outcome of infection.

Prior notable reports had paved the way for this 
fascinating study. Ichinohe et al. (16) demonstrated that 
antibiotic-treated mice failed to develop efficient innate and 
adaptive immune responses against influenza virus. This 
defect was not attributed to a general immunodeficiency, 
nor was it specific to lung infections. Indeed, antibiotic-
treated mice mounted comparable Ig and T-cell responses 
to mice with a native microbiota in response to footpad 
immunization with ovalbumin or intranasal infection with 
either herpes simplex virus type 2 (HSV-2) or Legionella 
pneumophila. Interestingly, this defect was associated with 
impaired inflammasome response (decreased level of 
bronchoalveolar lavage IL-18 and IL-1β) in the lung and 
could be restored following local (intranasal) or distal (rectal) 
administration of Toll-like receptor (TLR) ligands. These 
findings highlighted an important impact for the microbiota 
to influence immunity at distal sites through modulation 
of the inflammasome response. In continuity with this 
report, Abt et al. (10) observed a similar defect in innate 
and adaptive immune responses to influenza infection or 
systemic lymphocytic choriomeningitis virus (LCMV) 
infection of germ-free or antibiotic-treated mice. To identify 
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a potential mechanism through which signals derived from 
commensal bacteria regulate macrophage responses, Abt 
et al. performed a genome-wide transcriptional profiling 
and found diminished expression of IFN-related genes 
in macrophages isolated from antibiotic-treated mice. 
However, IFN signature in non-immune cells was not 
investigated. In line with these previous reports, Bradley 
et al. (9) unravelled that microbiota is driving steady-state 
IFN-signature in non-immune, stromal cells and thus 
broadens the complex interplay between gut microbiota and 
lung immune responses to influenza virus.

Inflammasome response is essential to confer protective 
immunity against influenza infection (17). Specifically, 
influenza virus has been shown to activate the NLRP3 
inflammasome in macrophages, but not in lung epithelial 
cells, through the ion channel-forming M2 protein (18). 
Although NLRP3 sensor is not expressed in lung epithelial 
cells, recent data from Lee et al. (19) demonstrated that 
IFN-I-induced MxA (the human homologous of mice 
Mx1) can substitute NLRP3 in order to restore optimal 
inflammasome responses of lung epithelial cells and 
host resistance to influenza virus. Since IFN is known to 
unlock the inflammasome response through induction of 
guanylate-binding proteins (GBPs) (20), inflammatory 
caspases 4/5/11 (21) and MxA (19), it might be tempting 
to speculate that both IFN and inflammasome responses 
are playing contributing roles in microbiota-driven anti-
influenza immune defence of lung stromal cells. This will 
nevertheless require further investigation.

This study raised a number of interesting questions. What 
are the precise commensal species, or components responsible 
for boosting basal immune defences? Answering this question 
is challenging since most of gut-residing bacterial species 
remain largely unstudied due to lack of suitable culture 
conditions. Substantial progress to potentially overcome this 
obstacle was recently published (22) where authors identified 
γ-aminobutyric acid (GABA) as an important bacterial 
growth factor. Additionally, the role of non-bacterial species 
of microbiota including virus, fungi, and parasites remained 
largely unexplored. When considering the impact of gut 
microbiota in tuning basal anti-viral responses, it will be 
important to determine whether specific diet or probiotic 
therapy can be explored to boost immune protection during 
the flu season. Conversely, precaution must be put forward 
against systematic taking of antibiotics, which can alter rather 
than improve the state of health. Interestingly, recent studies 
demonstrated that antibiotic-usage impairs immunogenicity 
and response to influenza vaccination in human (23). In 

conclusion, manipulation of microbiota in order to boost 
basal stromal cell defences and sustain antiviral immunity 
may pave the way to future therapeutic strategies.
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