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How mammals mount an effective immune response against infectious
agents remains unresolved. Here we identify microbial adhesion to
myeloid cells as a critical initiating event that precedes pattern recognition
receptor (PRR) engagement. Using a skin infection model with pathogenic
bacteria and fungi, we demonstrate that neutrophil recruitment occurs
intwo sequential phases. The early phase is PRR-independent and instead
driven by microbial adhesion, which engages the mechanosensitive ion
channel Piezol to promote leukotriene (LT)B, production. Together
withinterleukin-1a, LTB, induces CXCL1release, triggering neutrophil
infiltration via the same circuit at play during sterile inflammation. By
contrast, the late phase is toll-like receptor (TLR)- and CXCL2-dependent,
marking a transition to the canonical, pathogen-driven response. Our
findings uncover microbial adhesion as a previously unrecognized danger
signal that activates innate immunity via mechanotransduction, revealing a
paradigm of how immune responses to infection are initiated.

Inthe past century, two theories have been formulated to explain the
activation of adaptive immune responses, the infectious non-self and
non-infectious self (INS) theory by Charlie Janeway'? and the danger
model by Polly Matzinger®. The INS theory claims that molecular struc-
tures expressed by microbes, dubbed pathogen-associated molecular
patterns (PAMPs), are recognized by pattern-recognition receptors
(PRRs) expressed by innate immune cells, such as dendritic cells (DCs).
Following PRR engagement, DCs are activated, upregulate costimula-
tory molecules (signal 2) and produce inflammatory cytokines (signal
3), thereby becoming capable of activating T cells. Conversely, the
danger model posits that the immune system discriminates between
dangerous and non-dangerous rather than self-and non-self antigens.
Thus, the expression of costimulatory molecules required for T cell
priming is induced in innate antigen-presenting cells (APCs) by dis-
tressed host cells that release altered or aberrantly large amounts of
danger-associated molecular pattern (DAMP) molecules.

The INS theory* was recently updated with the suggestion that,
in successful infections, PRRs might not recognize PAMPs per se but
rather only those mistakenly released duringinfection, such as endoso-
mal or cytosolic PAMPs. Therefore, successful microbes are infectious
and evade PRRs, whereas the unsuccessful ones are immunogenic
and poorly infectious’. Likewise, the danger model has been recently
enriched with an additional class of receptors—mechanotransduction
receptors—that can convert mechanical signals into biochemical sig-
nals. Thus, mechanical stress adds to the repertoire of danger signals
that could contribute to activating immune responses® .

These two theories, initially proposed to explain the activation of
theadaptiveimmune system’™, were then reframed to also explain the
activation of innateimmune responses, particularly the inflammatory
process triggered upon infection.

This crystallized into the coincident recognition theory, which
postulates that a combination of DAMPs, for instance, altered
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Fig.1|IL-1R signaling is responsible for early neutrophil recruitment during
microbial infection. a, Neutrophil recruitment at early time points (6 h) after
infection with the indicated pathogens in WT, MyD88-KO, or IL-1R1-KO mice. For
C.albicans:WT (PBS, n = 6; pathogen, n = 6), MyD88 KO (PBS, n = 3; pathogen,
n=3)andIL-1R1KO (PBS, n = 4; pathogen, n = 6). For S. aureus: WT (PBS, n = 6;
pathogen, n=5), MyD88-KO (PBS, n = 3; pathogen, n =3) and IL-IR1KO (PBS,
n=5; pathogen, n=5).For P.aeruginosa: WT (PBS, n = 8; pathogen, n = 5), MyD88
KO (PBS, n = 5; pathogen, n = 6) and IL-1R1KO (PBS, n = 5; pathogen, n =5). p.i.,
postinfection. b, Neutrophil recruitment at late time points (24 h) after infection
withtheindicated pathogensin WT, MyD88-KO or IL-1R1 KO mice. For C. albicans:
WT (PBS, n = 6; pathogen, n =4), MyD88 KO (PBS, n = 2; pathogen, n =3) and
IL-1IR1KO (PBS, n=7; pathogen, n =4).For S. aureus: WT (PBS, n = 6; pathogen,

0oL o—XD——
Anti-IL1B

n=4),MyD88KO (PBS, n =2; pathogen, n =4) and IL-IR1KO (PBS, n = 6; pathogen,
n=4).ForP.aeruginosa: WT (PBS, n = 9; pathogen, n =8), MyD88 KO (PBS,

n=3; pathogen, n=3) and IL-1R1KO (PBS, n = 6; pathogen, n = 7). ¢, Neutrophil
recruitment 6 hafter C. albicansinfection in mice treated with either anti-IL-1a
and anti-IL-1B or the respective isotype controls. For IL-1a neutralization: isotype
control (PBS, n=3; C. albicans, n =5) and anti-IL-1a (PBS, n = 3; C. albicans,n=5).
For IL-1B neutralization: isotype control (PBS, n = 3; C. albicans, n = 3) and anti-
IL-1B (PBS, n=4; C. albicans, n = 3). Data are shown as mean and range (minimum
to maximum); nn, the number of biologically independent samples; each dot
represents amouse. Statistical significance was determined using two-way
analysis of variance (ANOVA) followed by (a,b) Tukey’s or Sidak’s (c) multiple
comparisons test. Pvalues are indicated.

self-molecules released after tissue injury, usually before infection,
and PAMPs provided by microorganisms during infection would ignite
persistent tissue inflammation®. If sustained long enough, this state
would lead to the activation of APCs and adaptive immunity.

During theinflammatory process, the recruitment of circulating
neutrophilsinto tissuesis afundamental early event”"® and has been
linked with the rapid containment of infections”. Neutrophil recruit-
ment occurs even in cases of sterile inflammation®, indicating that
it could initially serve as a precautionary measure to preemptively
combat potential infections. This suggests that the early stages of
neutrophil recruitment might be regulated by signaling pathways that
operate independently of a specific threat. In the event of an actual
infection, this recruitment would continue over time.

This scenario calls into question the role of PRRs: is sensing of
PAMPs dispensable during the early recruitment of neutrophils upon
microbial infections? How does it contribute to microbial inflamma-
tion? The possibility that the presence of microorganisms as such is
notimmediately perceived by PRRs aligns with the revised INS theory,
whereby sensing of microorganisms would occuronlyinthe presence
of altered PAMPs?, the generation of which would require time.

Toinvestigate the mechanisms regulating neutrophil recruitment
upon infection, we utilized a skin infection model wherein microbes
are injected intradermally. This approach minimizes tissue damage
while introducing large amounts of PAMPs. We used different types
of microorganisms: a fungus, Candida albicans; a Gram-positive
bacterium, Staphylococcus aureus; and a Gram-negative bacterium,
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Pseudomonas aeruginosa. Although these microorganisms differ con-
siderably inthe PAMPs they express, their invasiveness and the toxins
theyrelease, we found that, inthe early stages of infection, theyinduce
neutrophil recruitment using a TLR-independent mechanism. The
consequent activation of the mechanoreceptor Piezol leads to the
release of leukotriene B, (LTB,), interleukin-1a (IL-1a) and CXCL1 to
start the recruitment of neutrophils. This represents the same axis at
play during sterile inflammation.

On these grounds, we propose that the first wave of neutrophil
recruitment is a stereotyped response, mainly driven by DAMPs,
that does not distinguish the type of threat, whether infectious or
non-infectious. In cases of infection, this early response likely occurs
to confine the microorganism and limit tissue damage. By contrast,
sustained neutrophil recruitment depends on TLRs.

Results

Early and late recruitment of neutrophils during microbial
infections is regulated by two mechanisms

To investigate the mechanism of neutrophil recruitment following
exposure to microorganisms, we utilized a model of skin infection
and three distinct types of pathogens, namely a fungus (C. albicans),
aGram-positive bacterium (S. aureus) and a Gram-negative bacterium
(P. aeruginosa). These pathogens were injected into the dermis of
the ear of wild-type (WT) and MyD88-knockout (KO) mice, the latter
lackingIL-1and TLR signaling pathways, both of which are involvedin
neutrophil recruitment?. We then analyzed neutrophil recruitment at
early (6 h) and late (24 h) time points of infection using flow cytometry
(Extended Data Fig.1). We found that the arrival of neutrophils at the
site of infection was MyD88-dependent under all tested conditions,
including infection with C. albicans (Fig. 1a,b). The requirement of
MyD88 for neutrophil recruitment upon C. albicans challenge was
somewhat unexpected. The PAMPs presentinthe C. albicans cell wall
arerecognized by Dectin-1and Dectin-2, which signal predominantly
through CARDO9. Thus, we evaluated neutrophil recruitmentin WT
and CARD9-KO mice, and found that CARD9 was entirely dispensable
(Extended DataFig. 2a). This aligns with previous work* showing that
CARD9 is dispensable for the recruitment of neutrophilsin response to
C.albicansinfectionin most organs, but not the central nervous system
(CNS). Therequirement for MyD88 compared with the dispensability
of CARD9 for neutrophils to be recruited to the site of infection led us
toinvestigate TLR4, which recognizes O-mannans on the Candida cell
surface. Similar to the above observations, TLR4-KO mice showed no
reductioninthe number of neutrophils foundin the infected tissue at
either early or late time points (Extended Data Fig. 2b).

Considering that MyD88 regulates the signaling of IL-1and TLRs,
we assessed the role of the former by analyzing neutrophil recruit-
ment in mice deficient for IL-1R1. We observed that recruitment was
impaired atearly, but not late, time pointsin both bacterial and fungal
infections (Fig.1a,b).

Together, these findings raised the possibility that neutrophils
are recruited early after infection through a MyD88-dependent but
TLR-independent mechanism, despite the presence of PAMPs and their
receptors in the skin (Extended Data Fig. 2¢,d). The dispensability of
TLR4 for late neutrophil recruitment in mice infected with C. albicans
and Gram-negative bacteria (Extended Data Fig. 2b,e), as well as the
dispensability of TLR2 in S. aureus infections (Extended Data Fig. 2f),
is consistent with the functional redundancy of the TLR system.

IL-1ocand IL-1P are vasoactive cytokines that can stimulate the pro-
duction of neutrophil chemoattractants, such as CXCL1and CXCL2, by
innate immune cells, stromal cells and keratinocytes” . Unlike IL-1f3,
the synthesis of which is inducible, IL-1a is produced constitutively
(althoughit canbe upregulated) and is released actively or uponevents
damaging theintegrity of the plasmamembrane, such as cell death?*”. To
determine which of these cytokinesinitiates the inflammatory process,
we locally administered anti-IL-1a and anti-IL-1f to block the activities
ofthese cytokines at the site of infection. Although both cytokines bind
toIL-1R1, only the blockade of IL-1ax had asignificant negativeimpact on
early neutrophil recruitment (Fig. 1c). These findings indicate that [L-1a
is the IL-1R1 ligand that mediates the early arrival of neutrophils at the
site ofinfection. This is supported by previous work. Neutrophil recruit-
mentis regulated by IL-1ain Gram-negative bacterial infections caused
by Legionella pneumophila® and Yersinia enterocolitica®. Similar results
have also been reported in mice infected with S. aureus® and P. aerugi-
nosa®. Overall, these datasuggest that one generalized IL-1a-dependent
mechanisminduces the rapid recruitment of neutrophils uponinfection.

CXCL1and CXCL2 mediate neutrophil recruitment to the
infected tissue with different kinetics

Tofurther explore how neutrophils are recruited to the site of infection,
we focused on CXCL1and CXCL2, the two key cytokinesin this process.
We assessed the expression of Cxcll and Cxc/2mRNA in the infected
tissue. Both cytokines underwent upregulation in all three infection
models, although the kinetics were different. In C. albicans and S. aureus
infections, the mRNA levels of Cxcl1 progressively increased, peaking
at 6-8 hafterinfection, and thenrapidly declined. CxclI transcription
wasdependentonIL-linboth C. albicans- and S. aureus-infected tissues
(Fig.2a). Although P. aeruginosainfections exhibited an early upregu-
lation of Cxcl1, mirroring that of the other two microorganisms, this

Fig. 2| Theinduction of Cxcl1 and Cxcl2in infected skin follows different
kinetics and is regulated by different pathways. a, Relative CxclI expression
was quantified in WT and IL-1R1-KO mice infected with the indicated pathogens
by quantitative reverse-transcription PCR (RT-qPCR) at different time points.
For C. albicans, n = 6 mice per group at all time points, except for WT infected mice
at4,6,8and 10 h, for whichn =5.For S. aureus, n =3 mice per group at all time
points, except for IL-1R1KO PBS controls at 8 h, for which n = 2. For P. aeruginosa,
n=3mice per group at all time points, except for IL-IR1KO PBS controls at 2,4 and
6 hand WT PBS controls at 8 and 24 h, for which n = 2. b, Relative Cxcl2 expression
in WT and IL-1R1KO mice infected with the indicated pathogens was quantified by
RT-qPCRat different time points. For C. albicans, n = 6 mice per group at all time
points, except for WT infected mice at 4, 8,10 and 24 hand IL-1R1-KO infected
miceat 6,8,10and 24 h, for which n = 5. For S. aureus, n =3 mice per group at all
time points, except for IL-1IR1-KO PBS controls at 8 h and both infected groups
at24 h, for which n=2. For P. aeruginosa, n = 3 mice per group at all time points,
except for IL-1R1-KO PBS controls at 2,4, 6 and 10 h, WT PBS controls at 8and 24 h,
and IL-1R1-KO infected mice at 6 h, for which n = 2. ¢, Relative Cxcll expressionin
WT and MyD88-KO mice infected with the indicated pathogens was quantified

by RT-qPCR at 6 and 24 h postinfection. For C. albicans, each PBS group included
3 mice and eachinfected group included 4 mice, except for the MyD88-KO PBS

control group at 24 h, which included 2 mice. For S. aureus, each group included
3 mice, except for the WT and MyD88-KO infected groups at 6 h, which each
included 4 mice, and the MyD88-KO PBS control group at 24 h, whichincluded
2 mice. For P. aeruginosa, each group included 3 mice, except for the WT and
MyD88-KO infected groups at 6 h, whichincluded 5and 4 mice, respectively.

d, Relative Cxcl2 expression in WT and MyD88-KO mice infected with the
indicated pathogens was quantified by RT-qPCR at 6 and 24 h postinfection.
For C. albicans, each group included 3 mice, except for the WT infected groups
at 6 and 24 h and the MyD88-KO infected group at 6 h, which each included

4 mice, and the MyD88-KO PBS control group at 24 h, which included 2 mice.
For S. aureus, each group included 3 mice, except for the MyD88-KO infected
group at 6 h, whichincluded 4 mice, and the MyD88-KO PBS control group at
24 h, whichincluded 2 mice. For P. aeruginosa, each group included 3 mice,
except for the WT and MyD88-KO infected groups at 6 h, which eachincluded

4 mice, and the WT infected group at 24 h, whichincluded 2 mice. Dataare
presented asmean +s.d. Incand d, each symbol represents one biologically
independent mouse. nindicates the number of biologically independent
samples. Gapdh (a,b) and Rni8s (c,d) were used as reference genes. Statistical
significance was determined using two-way ANOVA followed by (a,b) Tukey’s or
Sidak’s (c,d) multiple comparisons test. Pvalues are indicated.
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response notonly was more marked, butalsobecame IL-1-independent
at later time points (Fig. 2a). This is possibly owing to P. aeruginosa
damaging the skin tissue more than C. albicans and S. aureus, to an
extent that triggers the release of additional inflammatory factors,
leading to Cxcll upregulation.

Flow cytometry analysis of cells isolated from infected tissue
showed that the protein levels of CXCL1were also increased and were
IL-1-dependent (Extended Data Fig. 3a,b).

The critical role of CXCL1 in early neutrophil recruitment dur-
ing microbial infections prompted us to investigate the source of
this chemokine in vivo. Early after infection, flow cytometry analysis
showed that CXCL1 production was increased with a notable propor-
tion of CXCLI" cells among DCs and macrophages across all tested
infection conditions (Extended Data Fig. 3c).

In contrast to CXCL1, CXCL2 exhibited distinct regulation by the
three tested microorganisms. C. albicans infections showed an early

and a late wave of Cxcl2 upregulation (Fig. 2b), with only the former
being IL-1-dependent. The latter wave was not only independent of
IL-1, but also coincident with the downregulation of CxclI (Fig. 2c).
Furthermore, although the expression of Cxcl1 was under the control
of IL-1a (Extended Data Fig. 4a), that of Cxcl2 was regulated by IL-1a
only at early time points and was MyD88-dependent at both early
and late time points (Fig. 2b,d and Extended Data Fig. 4b). During
bacterial infections, the increase in Cxcl2 levels was delayed com-
pared with the upregulation of Cxcl1, and the regulatory mechanism
shared both the dependence on MyD88 (Fig. 2d) and the independ-
ence from IL-1, similar to what occurs during C. albicans infections
(Fig.2b).

Given the distinct kinetics and mechanisms of CXCL1and CXCL2
production, we examined their roles in neutrophil recruitment (Fig. 3a).
We first blocked their cognate receptor, CXCR2, using a pharmaco-
logical inhibitor (Fig. 3a) and thereby corroborated that this signaling
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Fig. 3| CXCL1and CXCL2 control neutrophil recruitment. a, Schematic

of the experimental design. Mice were treated with the CXCR2 inhibitor,
SB225002, or vehicle 30 min prior to and 10 h after C. albicans infection.
Neutrophil recruitment was detected at 6 and 24 h postinfection. b, Neutrophil
recruitment at 6 and 24 h postinfection. At 6 h: vehicle (PBS, n=2; C. albicans,
n=3)and SB225002 (PBS, n =2; C. albicans, n=3). At 24 h: vehicle (PBS, n=3;
C.albicans, n=3)and SB225002 (PBS, n=2; C. albicans, n=4).c, Schematic of
the experimental design. Mice were treated with blocking antibodies targeting
CXCL1and CXCL2 (CXCL1/2) or anisotype control 30 min before microbial
infection. Neutrophil recruitment was detected at 6 and 24 h postinfection.
d,e, Neutrophil recruitment at the indicated time points after infection with
pathogensin mice treated with either anti-CXCL1 and anti-CXCL2 or the

respective isotype controls.d, For C. albicans and P. aeruginosa: isotype control
(PBS, n=2; pathogen, n =3) and anti-CXCL1(PBS, n = 3; pathogen, n = 3). For

S. aureus: isotype control (PBS, n = 2; pathogen, n = 4) and anti-CXCL1 (PBS, n = 3;
pathogen, n=3).e, For all three pathogens: isotype control (PBS, n = 2; pathogen,
n=3)andanti-CXCL2 (PBS, n = 3; pathogen, n = 3). f, Neutrophil recruitment
inmice infected with P. aeruginosa after neutralization of CXCL1and CXCL2.
Isotype control (PBS, n =3; P. aeruginosa, n = 3) and anti-CXCL1/2 (PBS, n=3;
P.aeruginosa, n=3). Data are shown as mean and range (minimum to maximum).
nindicates the number of biologically independent samples. Statistical
significance was determined using two-way ANOVA followed by Sidak’s multiple
comparisons test. Exact Pvalues are indicated. Credit: raticoninaandc,

Noun Project.

pathway was indeed the main player driving the arrival of neutrophils
atthesite of infection in our system (Fig. 3b).

Next, we utilized blocking antibodies toindividually inhibit these
chemokines in vivo (Fig. 3c). Blocking CXCL1 at early time points and
CXCL2 at late time points after C. albicans or S. aureusinfection had a
majorimpact on neutrophil recruitment (Fig. 3d,e). CXCL1was equally
important for neutrophil recruitment at early time points during P. aer-
uginosainfection and during infection with the other micro-organisms
(Fig.3d). Atlater stages of P. aeruginosainfection, however, both CXCL1
and CXCL2 were necessary for neutrophil recruitment to the infection
site (Fig. 3e,f). Itisnoteworthy that CXCL1production at very early time
points after P. aeruginosainfection is dependent onIL-1a but becomes
IL-1-independent and MyD88-dependent at later stages (Fig. 2a,c),
similar to CXCL2 production (Fig. 2b,d).

Taken together, these results indicate that (1) CXCL1 and CXCL2
playamajorroleintherecruitment of neutrophils atthe early and late
stages of infection, respectively, and (2) the upregulation of CXCL1and
CXCL2requires MyD88, although (3) CXCL1 productionis regulated by
anlL-1-dependent mechanism early after infection, whereas (4) CXCL2
productionis IL-1-independent during bacterial infections, as well as
at late stages of C. albicans infection. Therefore, with MyD88 acting
downstream of both IL-1 and TLRs, the recruitment of neutrophils
is MyD88- and IL-1a-dependent at early stages after infection, and is

MyD88-dependent but IL-1a-independent at late stages after infec-
tion. This suggests that TLRs come into play only long after infection
has begun.

The LTB,-IL-1-CXCL1 axis promotes neutrophil recruitment
early postinfection

On the basis of the above results, it appears that the initial surge of
neutrophil recruitment at infection sites is mainly danger-driven and
controlled by the constitutively expressed alarmin IL-1a. However, we
also found that the process becomes predominantly TLR-dependent
atlater stages. Because the late wave of neutrophil recruitment follows
the well-established PRR-dependent mechanism, previous studies pre-
sumably lacked the temporal resolutionto investigate the early phase.

Therefore, we sought to characterize the first wave of neutrophil
recruitmenttoinfected tissue ingreater detail. We hypothesized that,
ifitwereindependent of the insult, it could utilize mechanisms resem-
bling those of sterile inflammation, including the LTB,-IL-1-CXCL1
axis", despite the presence of large amounts of PAMPs and high PRR
expressionin the skin (Extended Data Fig. 2c,d).

Togaininsightinto the possible involvement of this signaling axis,
we used bestatin to inhibit LTA4 hydrolase (Fig. 4a), the enzyme that
converts LTA4 into LTB,. We inhibited LTB, synthesis and measured
the effects on neutrophil recruitment and the upregulation of IL-1a
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Fig. 4| LTB, regulates neutrophil recruitment and /l7a and Cxcl1 expression.
a, Schematic of the experimental design. Mice were treated with bestatin1day
and 30 min before microbial infection and analyzed 6 h later. b, Neutrophil
recruitment 6 h postinfection with the indicated pathogens in mice treated with
LTB4 inhibition (bestatin) or vehicle. For C. albicans and S. aureus, n = 3 mice per
group except for C. albicans + bestatin, for which n = 4. For P. aeruginosa, vehicle
(PBS, n=2; pathogen, n=3) and bestatin (PBS, n = 2; pathogen, n = 3). c, Relative
[ll1a and Cxcll expression in mice treated with bestatin or vehicle and infected
withtheindicated pathogens quantified by RT-qPCR at 6 h postinfection. Fold
change values were calculated by normalizing the expression level of each
sample to the mean expression of the reference group. The expression level of

each cytokine was calculated using Rni8s as a reference gene. For C. albicans,
n=4mice per group; for S. aureus and P. aeruginosa, n = 3 mice per group.

d, Neutrophil recruitment in IL-IR1-KO mice treated with the LTB, inhibitor,
bestatin, or vehicle at 6 h after P. aeruginosainfection. n = 3 mice per group,
except for the bestatin-treated, P. aeruginosa-infected group, for whichn =4
mice. nindicates the number of biologically independent samples. Inb and

d, dataare shown as mean and range (minimum to maximum). In ¢, bars show
the mean + s.d. Statistical significance was determined using two-way ANOVA
followed by Sidak’s multiple comparisons test (b,d) and a two-tailed unpaired
t-test (c). Pvalues are indicated in the graphs. Credit: raticonin a, Noun Project.

and CXCL1. We found that LTB, inhibition strongly reduced neutrophil
recruitment at early time points after infection (Fig. 4a,b) and had a
muchsmallerimpactatlater stages (Extended Data Fig. 5). These effects
were consistently observed with all three types of microorganisms
(Fig. 4b and Extended Data Fig. 5b).

The finding that LTB, is critical for the migration of neutrophils
intothe skinatearly time points after infection prompted us toinvesti-
gatewhetherIL-1a couldindeed be adownstream target of LTB,. To test
this, we examined the impact of LTB, inhibition on the upregulation of
IL-laand CXCL1ininfected tissues. Treating mice with bestatin prior to
infection with each of the three microorganisms effectively prevented
the early upregulation of IL-1ac and CXCL1 (Fig. 4¢).

Thisand the factthat/liais necessary for the upregulation of Cxcl1
(Fig. 2) jointly suggest that the LTB,~IL-1a-CXCL1 axis is crucial for
neutrophil recruitment during the early stages of microbial infections.

Although the inhibition of LTB, completely blocked the recruit-
ment of neutrophils during infections with C. albicans and S. aureus,
residual recruitment was observed during infection with P. aerugi-
nosa (Fig. 4b). Therefore, we examined whether LTB, and IL-1a were
solely responsible for the early recruitment of neutrophils. Even for

P. aeruginosa infection, during which the release of other danger sig-
nals could occur®, the simultaneous blockade of LTB, and IL-1a was
sufficient to fully prevent neutrophil infiltration at the infection site
(Fig. 4d).

These dataindicate not only that tissue danger signals are required
toinitiate inflammation during infections, but also that these signals
arell-lacand LTB,, asin sterile inflammation.

The mechanoreceptor Piezol regulates LTB, production for
the early recruitment of neutrophils to infected tissue

Itis known that Ca* activates the pathway mediating LTB, produc-
tion* and that mechanoreceptors, such as Piezol, mobilize Ca* upon
activation®. We thus assessed the role of Piezo channels in the pro-
duction of LTB, as an early response to microorganisms, using the
toxin GsMTx-4 (ref. 34) to block them, and measuring the number of
neutrophils in mice infected with the three pathogens (Fig. 5a). As
neutrophils can contribute to the overall LTB, production'®, we deter-
mined when neutrophilaccumulation at the site of infection canfirstbe
detected. Time-course experiments showed that the number of tissue
neutrophils started to significantly increase after 4 h postinfection,
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Fig. 5| Piezol mediates early neutrophil recruitment through the release of
LTB, acting withIL-1. a, Schematic of the experimental design. Mice were treated
withthe Piezo inhibitor GsMTx-4 or vehicle 30 min before pathogen infection,
followed by a second treatment with the inhibitor at the time of infection. LTB,
levels and neutrophil recruitment were assessed 2 and 6 h later, respectively.

b, LTB, levelsininfected mice treated with the Piezo inhibitor, GsMTx-4 or
vehicle. LTB, was measured 2 h after infection. For C. albicans: vehicle (PBS, n = 6;
pathogen, n =5) and GsMTx-4 (PBS, n = 3; pathogen, n=4). For S. aureus and

P. aeruginosa, n=3 mice per group. ¢, Neutrophil recruitment at 6 h after infection
with the indicated pathogens in mice treated with the Piezo inhibitor, GsSMTx-4
or vehicle. For C. albicans: vehicle (PBS, n = 7; pathogen, n = 6) and GsMTx-4

(PBS, n=6; pathogen, n=3).For S. aureus: vehicle (PBS, n = 6; pathogen, n=4)
and GsMTx-4 (PBS, n = 6; pathogen, n = 5). For P. aeruginosa, n = 3 mice per group.
d, Neutrophil recruitment measured 6 h after treatment with the Piezo activator
Yodal, in the presence or absence of bestatin administered 1day and 20 min
before Yodal was administered. For both vehicle- and bestatin-treated mice,

PBS, n=5,and Yodal, n = 4. e, FACS analysis of Piezol and Piezo2 expression in

the indicated skin cells; data represent median fluorescence intensity (MFI).n=3
mice per cell population. f, Left, representative multiplexed immunofluorescence
images of dermal tissue showing Piezol (green) and Alox5 (pink) expression
together with CD11c (yellow), PDGFRa (red) and CD31 (blue). White arrows
indicateregions of the field containing Piezol"Alox5" double-positive cells.

Scale bars, 50 um. Middle, quantification of the number of Piezol*Alox5°CD11c*
cells per mm?before and after DTx administration (-DTx, n=4;+DTx,n=3).
Right, contour plots ofimmunofluorescence analysis gated on Piezol*Alox5*
double-positive dermal cells, showing their distribution within CD11c" cells,
fibroblasts (PDGFRa") and endothelial cells (CD31"). Note that only CD11c" cells
contain adistinct Piezo1"Alox5" population, which completely disappeared

after DTxadministration. Distributions are calculated on the same number of
cells; when DTx is administered, plots refer to the remaining CD11c" cells. Data
arerepresentative of 3independent experiments. g, Neutrophil recruitment 6 h
postinfection in DOG mice that were or were not treated with DTx to eliminate
CD1ic cells. For C. albicans: -DTx (PBS, n = 3; pathogen, n=4) and +DTx (PBS, n = 3;
pathogen, n =3).For S. aureus and P. aeruginosa, n=3 mice per group. h, LTB,
levelsin DOG mice that were or were not treated with DTx 2 h postinfection.

For C. albicans and S. aureus, n =3 mice per group. For P. aeruginosa: -DTx

(PBS, n=3; pathogen, n=4) and +DTx (PBS, n = 3; pathogen, n = 3).i, Left, LTB,
levels measured in Piezol-knockdown or control mice 2 hafter C. albicans
infection (uninfected, n = 2; control siRNA, n = 4; siPiezol, n = 4). Right, relative
Cxcll expression in Piezol-knockdown or control mice 6 h after C. albicans
infection, quantified by RT-qPCR. n =3 per group. Gapdh was used as areference
housekeeping gene. A.U., arbitrary units.j, Neutrophil recruitment (6 h) and

LTB, production (2 h) following C. albicansinfection of bone marrow chimeric
mice with local deletion of Piezol or of control chimeric mice. For neutrophil
recruitment: bone marrow (BM) WT, n = 3 mice per group, and BM Piezo,n =35
mice per group. For LTB4 levels measured 2 h after infection: BMWT, n =4 mice
per group, and BM Piezo, n = 5mice per group. k, Neutrophil recruitment (6 h) and
LTB, production (2 h) following C. albicans infection of CD11c-CRE x PiezoI"" mice
and control (Piezo1"") littermates. n = 3 per group for both analyses. Inb, eand f
(middle) and h-k, bars show the mean + s.d.Inc,d and g, data are shown as mean
and range (minimum to maximum). Each symbol represents one biologically
independent mouse. nindicates the number of biologically independent samples.
Statistical significance was determined using two-tailed unpaired ¢-test (f, i right),
one-way ANOVA followed by Tukey’s multiple comparisons (e, i left) and two-way
ANOVA followed by Tukey’s (b, d, j, k) or Sidak’s (c, g, h) multiple comparisons test.
Exact Pvalues are indicated. Credit: raticonina, Noun Project.

independently of the pathogen employed (Extended Data Fig. 6a).
On the basis of these findings, LTB, production was assessed at 2 h
postinfection to avoid the contribution of neutrophils. LTB, levels
were significantly reduced when the Piezo mechanoreceptor could
not be activated (Fig. 5b). Piezo inhibition also significantly reduced
the number of recruited neutrophils atearly (Fig. 5c) but not late time
points (Extended Data Fig. 6b,c). Conversely, dermal injection of the
Piezol activator Yodal (ref. 35) was sufficient to induce neutrophil
recruitment, and this response required LTB, production (Fig. 5d). In
accordance, LTB, production was induced by Yodal in the mouse DC
line D1 (ref. 36) (Extended Data Fig. 6d).

We then investigated the expression pattern of Piezol and Piezo2
in the skin. Cytofluorimetric analysis showed that Piezol is expressed
at high levels in CD11c" cells and keratinocytes and moderately in
the endothelium. Piezo2 was restricted to keratinocytes (Fig. 5e and
Extended DataFig.7). Therefore, in the dermis, the tissue layer that con-
stitutes the site of infection, only Piezol was expressed and was primarily
expressed by CD11c" cells (Fig. Se). Next, we examined which dermal cell
types express Piezol and Alox5, akey enzyme required for LTB, biosyn-
thesis. This analysis revealed that CD11c" cells frequently express Piezol
and AloxS (Fig. 5fleft) and that CD11c" cells contain a distinctive Piezo-
1"Alox5" population (Fig. 5fright). The deletion of CD11c" cellsin CD1Ic.

DOG mice” (DOG mice) upon diphtheria toxin (DTx) administration
(Extended Data Fig. 8a—c) strongly decreased both neutrophil recruit-
ment (Fig. 5g) and the production of LTB, (Fig. 5h) uponinfection with the
three pathogens. DTx eliminated most Piezol*Alox5'CD11c" cells (Fig. 5f
middle), and the remaining CD11c* population did not contain Piezol"A-
lox5" cells (Fig. 5f). Overall, these data suggest that CD11c" cells, through
Piezol-dependent sensing of microbial signals, are key initiators of
LTB,-mediated neutrophil recruitment during earlyimmune responses
inthe skin. Hence, we used smallinterfering RNAs (siRNAs) toreduce the
expression of the Piezol channelinthe dermis (Extended Data Fig. 8d-f).
Piezol silencing phenocopied the results obtained with GsMTx-4 and also
reduced Cxcll levels in mice infected with C. albicans (Fig. 5i).

To exclude the possible involvement of non-immune cells express-
ing Piezol in the recruitment process, we generated bone marrow
chimeras in which recipient DOG mice were transplanted with bone
marrow cells from PiezoI"Piez02"" (Piezo1/2"") mice®®. Eighteen weeks
after transplantation, mice were treated with DTx, bothintravenously
(i.v.) and subcutaneously (s.c.), to eliminate any possible residual
DOG DCs (Extended Data Fig. 9a,b). The mice were then treated s.c.
with lentiviral particles expressing the CRE recombinase, and Piezol
ablation was observed in CD11c" cells (Extended Data Fig. 9¢). This
was sufficient to reduce LTB, production and neutrophil recruitment

Fig. 6 | Pathogen adhesion triggers Piezol-dependent LTB, production.
a,LTB, production in mice 2 hafter infection with WT or pilC P. aeruginosa and
WT or fnbA fnbB" (fnbA/B") S. aureus. For P. aeruginosa:NT,n=3; WT,n=4; and
pilC,n=4.For S. aureus, n=3 mice per group. NT, not treated. b, Neutrophil
recruitment in mice 6 h after infection with WT or pilC P. aeruginosaand WT or
fnbA/B S.aureus.For P.aeruginosa: NT,n=4; WT and pilC ,n= 6.For S. aureus:
NT,n=4;WTandfnbA/B",n=3.c,LTB, production by WT and MyDS8S’~ BMDCs
infected with WT or pilC P. aeruginosa.For eachgroup n=3.d, LTB, production
by Piezo1/2"" BMDCs that were or were not treated with the lentiviral vector
carrying the CRE recombinase to induce excision of floxed exons. For each group,
n=3.e, Western blot showing Piezol depletion in Piezo1/2""BMDCs treated with
CRE, as specified ind. f, TNF production by WT and MyD88”~ BMDCs treated
withWT and pilC P. aeruginosa.For each group, n=3.g, TNF productionby WT
and Piezol-deficient BMDCs treated with WT P. aeruginosa or S. aureus. For each

group, n = 3. h, Representative Ca** mobilization kinetics in D1 cells infected with
theindicated WT and mutant pathogens, or Yodal with or without the Piezol
inhibitor GsMTx-4. i, Representative Ca* mobilization kinetics in Piezo1/2""
BMDCs that were or were not treated with the lentiviral vector carrying the CRE
recombinase upon exposure to P. aeruginosa or Yodal as a positive control.
Fluorescence intensity is expressed as F/F,, where F, is the mean baseline
fluorescence before stimulation. Each condition (h-i) was analyzed in a separate
tube containing 5 x 10° cells and acquired in real time through flow cytometry.
Traces are representative of at least three independent experiments. Inb, data
are shown as mean and range (minimum to maximum).Ina, c¢,d,fand g, data
areshownas mean t s.d. nindicates the number of biologically independent
samples; each dot represents a mouse. Statistical significance was determined
using one-way ANOVA followed by Tukey’s multiple comparisons (a-c) or two-
way ANOVA followed by Tukey’s (d,f,g) test. Pvalues areindicated.
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(Fig. 5j). Finally, we backcrossed Piezo1/2"" mice with CD11c-CRE mice
andselected PiezoI"" x CD11c-CRE F2 mice, which we then infected with
C. albicans. In these settings as well, deletion of Piezolin CD11c" cells
significantly reduced neutrophil recruitment and LTB, levels (Fig. 5k
and Extended Data Fig. 9d).

These findings collectively indicate that Piezol activation, by
inducing LTB, synthesis, is crucial for early neutrophil migration to
the infection site and that CD11c" cells are the main initial source of
this lipid mediator.

Microbial adhesion mediates LTB, production by CD11c" cells

Adhesion to host cells and tissues is an early event during infections
that requires specific molecular machinery such as type IV pili***° in
P.aeruginosa*, fibronectin-binding proteinsin S. aureus* and several
adhesins in C. albicans. Upon adhesion, these microbes stretch the
host cell membrane, exerting nanonewton mechanical forces of the
same magnitude as those that activate Piezo channels*. We hypoth-
esized that adhesion to the plasma membrane could lead to LTB, pro-
duction. Infection with P. aeruginosa lacking pili (pilC") or S. aureus
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Fig. 7| IL-1a inhibits LPS signaling in DCs. a, TNF released by DCs prestimulated
withincreasing doses of IL-1a (0.1, 1and 10 ng mI™) or that were not treated,
followed by the addition of a saturating dose of LPS (5 pg ml™). Levels of
released TNF were measured 3 h after LPS administration. Data are shown as
mean +s.e.m.,and the data are representative of threeindependent experiments,
each performed in technical triplicates. Pvalues are indicated. b, Representative
immunohistochemistry image of an ear skin section showing IL-1a-positive

cells (indicated by arrows). ¢, IL-1ac quantification in mouse skin ears. IL-1a was
quantified by ELISA in tissue homogenates from ears of naive mice. Data are
presented as the mean of total IL-1a (normalized to the weight of the ear) £ s.d.
(n=4).d,Schematic of the two-step mechanism driving neutrophil recruitment

during skin infection. Microbial adhesion to myeloid cells applies membrane
tension that promotes the activation of the mechanosensitive channel Piezol,
leading to LTB, productionand IL-1a release. IL-1a triggers CXCL1 expression
and an early wave of neutrophil infiltration. Ina second phase, pathogen-
derived PAMPs activate TLRs, inducing CXCL2 release and sustaining neutrophil
recruitment. nindicates the number of biologically independent samples.
Statistical significance in a was determined using two-way ANOVA followed by
Sidak’s multiple comparisons test. Schematic ind created in BioRender and
subsequently edited in Adobe Illustrator; Cozzi, S. https://biorender.com/
k3n53j6 (2026).

lacking fibronectin-binding proteins (fnbA fnbB’)** resulted in strongly

reduced release of LTB, and neutrophil recruitment compared with
thatinthe WT strains (Fig. 6a,b).

In agreement with these observations, PiezoI-sufficient
bone-marrow-derived DCs (BMDCs) challenged with WT or
mutant pathogens produced LTB, in an adhesion-dependent,
MyD88-independent manner (Fig. 6¢), whereas PiezoI-deficient BMDCs
failed to mount ananalogous response (Fig. 6d,e). Both WT and mutant
P. aeruginosa stimulated tumor necrosis factor (TNF) secretion in
Piezol-deficient but notin MyD88-deficient BMDCs, whereas S. aureus
required both MyD88 and Piezol to induce the production of TNF
(Fig. 6f,g). We finally used Ca** mobilization as a more direct readout
of Piezol activation. We performed this experiment in D1 cells, which
express Piezol homogeneously (Extended Data Fig. 10) and display a
sufficiently synchronous response upon microbial stimulationto allow
measurement of Ca®* fluxes through fluorescence-activated cell sorting
(FACS) analysis. As shown in Figure 6h, Ca** mobilization was signifi-
cantly reducedin the presence of mutant compared with WT bacteria.
Similarly, the Piezo inhibitor GsMTx-4 reduced Ca®* mobilization in

cellsexposedtobacteria or C. albicans, mainly affecting the sustained
phase of the response. This pattern was consistent with that observed
upon Yodal stimulation, where Piezo inhibition selectively impaired
the sustained phase of Ca*>" mobilization (Fig. 6h). Given the robust
response induced by P. aeruginosa, we could measure Ca®* mobiliza-
tion in BMDCs, which are more asynchronous and heterogeneous
than D1 cells. In this case, we found an almost complete inhibition in
PiezoI-deficient cells (Fig. 6i).

Together, these data show that LTB, can be produced in a
Piezol-dependent but TLR-independent manner, induced by patho-
gen adhesion to myeloid cells.

IL-1acinhibits TLR signaling

The paramount role of DAMPs as triggers of inflammationin response to
microbes capable of activating TLRs raises the question as to why these
receptors play arole only late after infection. Although a possible expla-
nation could be that only modified PAMPs are recognized’, the obser-
vations that the first responders to infections are CD11c" cells (Fig. 5f)
and that both early (IL-1a-dependent) and late (IL-1a-independent)
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neutrophil recruitment require MyD88 (Fig. 2) suggested that IL-1a
and TLRsignaling could be competitive. To test this alternative hypoth-
esis, we first determined the saturating dose of IL-1acin the D1 DC line:
dose-response experiments revealed that the secretion of TNF, abona
fide readout of MyD88-dependent signaling®, plateaued at a concen-
tration between 1and 10 ng ml™ (Fig. 7a). We then tested whether a
pre-exposure of DCs to IL-1a could inhibit a subsequent response to
PAMPs and found that a saturating IL-1a concentration rendered the
D1 cells insensitive to lipopolysaccharide (LPS) (Fig. 7a). Hence, IL-1a
can effectively outcompete LPS in DCs. Strikingly, mouse ears con-
tained approximately 250 ng mg™ of IL-1a (Fig. 7b,c). As such, IL-1a
may desensitize TLRs to their agonists early after infection, even if it
isreleased in very low quantities in the dermis.

Discussion

Here, we investigated how neutrophils are recruited at microbial
infection sites. We used a skin infection model to study the response
to different pathogens, including fungi, Gram-positive bacteria and
Gram-negative bacteria. Itis widely accepted thatimmune responses
are primarily initiated by the biochemical sensing of PAMPs. However,
our findings show that mechanosensing of microbial adhesion plays
apivotal role. This promotes the activation of Piezol and the ensuing
production of LTB,, which, together with IL-1a, induces the release of
CXCL], initiating neutrophil migration towards the site of infection. In
line with this, our in vitro experiments showed that LTB, can be pro-
ducedinanadhesion-dependent, Piezol-dependent manner, indepen-
dently of MyD88 evenin the presence of PAMPs. This result highlights
that microbial adhesion provides a mechanosensory input sufficient
for the production of key molecules necessary to activate innate immu-
nity, uncovering an early PRR-independent pathway thatinvivo is suf-
ficienttoinduce neutrophil recruitment. We identified CD11c* myeloid
cells as the key mechanoresponsive, LTB, and CXCL1-producing cells
invivo (Fig. 7d). This mechanosensitive pathway highlights a conserved
mechanism whereby the immune system rapidly responds to infec-
tions, even before the identification of the type of insult. This would
enable the innateimmune response to occur promptly, particularly if
PRRs do not recognize infectious microorganisms per se, but rather
altered PAMPs®, which need time to be generated and to accumulate
at the infection site. Effective coordination of this two-tier response
is achievable because IL-1a and TLRs share some adapter molecules
for signaling. Activation of tissue-resident myeloid cells with IL-1a
makes them unable to respond to PAMPs, likely because robust IL-1a
stimulation promotes the formation of long-lived multi-Myddosome
clusters*®, thereby sequestering MyD88 (ref. 47). This would favor a
rapid, non-specific response aimed at confining the pathogen and
limitingits spread before engaging more specific PRR-mediated mech-
anisms of pathogen clearance. It is intriguing that LTB, bridges the
mechano-and chemo-responsive signaling cascades regulating inflam-
mation, becauseitalso functions as a potent chemoattractant for, and
asan activator of, neutrophils'®*®, The dependence of LTB, production
onPiezol activationrevealsthat the detection of mechanical changes
onthe surface of myeloid cellsis pivotal to achieve immune readiness.
Such amechanism ensures that the body can swiftly react to potentially
harmful challenges by deploying neutrophils that, in cases of infection,
can contain the threat to minimize tissue damage*. Moreover, the
transition fromageneralized mechanosensor-driven mechanismto a
moretargeted PRR-dependent mechanism of neutrophil recruitment
and activation allows the host to mount an immune response finely
tuned to counter the pathogen and eliminate the infection. As such,
thistwo-tier response is well suited to achieve aninitial rapid contain-
ment of possible microbial threats that enables a subsequent local
attack against the specific invading pathogen. The distinct roles and
temporal regulation of (IL-1a-dependent) CXCL1and (PRR-dependent)
CXCL2 production in the early and late phases of the innate immune
response coordinate this process.

The pivotal role of IL-1a in the recruitment of neutrophils is well
documented across various types of infections, encompassing both
bacterial and fungal pathogens. In the context of viral infections, the
role of IL-1a has been examined in respiratory viral infections, during
which it contributes to the recruitment of neutrophils to the lungs*.
This is particularly important for controlling viral replication and
initiating the adaptive immune response, although it must be care-
fully tweaked to prevent excessive tissue damage. The activity of IL-1a
againstaverybroad spectrum of pathogens defines it asacornerstone
of theinnateimmune response.

Nevertheless, the mechanisms underpinning the release of IL-1x at
theinfectionsites, and how thisinduces the recruitment of neutrophils,
had not yet beenclarified. Inthis regard, we show that IL-1ais induced
ina LTB,-dependent manner upon activation of Piezol, highlighting
that mechanical signals and mechanoreceptors are fundamental to
initiating theimmune response by activating the biochemical pathways
that promote neutrophil recruitment. The observation that only the
concomitant blockade of IL-1 signaling and LTB, synthesis can fully
prevent the recruitment of neutrophils during infections suggests
that mechanosensing and passive IL-1a release following cell death
represent the two major danger signals.

Insummary, the findings presented herein enrich our understand-
ing of innate immunity by showing that danger signals are the trigger
for innate immune responses, even in the presence of infections. In
addition, they pave the way for therapeutic approaches to modulate the
immuneresponse. Targeting these pathways could lead to treatments
forinflammatory diseases, during which excessive or misdirected neu-
trophil recruitment contributes to pathology. Similarly, enhancing the
body’s mechanosensitive response to infection could offer alternative
strategies for boosting the immune defense against pathogens.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41590-026-02643-y.

References

1. Medzhitov, R. & Janeway, C. A. Innate immune induction of the
adaptive immune response. Cold Spring Harb. Symp. Quant. Biol.
64, 429-435 (1999).

2. Janeway, C. A. Approaching the asymptote? Evolution and
revolution in immunology. Cold Spring Harb. Symp. Quant. Biol.
54,1-13 (1989).

3. Matzinger, P. Tolerance, danger, and the extended family. Annu.
Rev. Immunol. 12, 991-1045 (1994).

4. Janeway, C. A. The immune system evolved to discriminate
infectious nonself from noninfectious self. Immunol. Today 13,
11-16 (1992).

5. Kagan, J. C. Infection infidelities drive innate immunity. Science
379, 333-335 (2023).

6. Du, H. etal. Tuning immunity through tissue
mechanotransduction. Nat. Rev. Immunol. 23, 174-188 (2023).

7. Solis, A. G. et al. Mechanosensation of cyclical force by PIEZO1is
essential for innate immunity. Nature 573, 69-74 (2019).

8. Shi, Y. et al. Piezo1 senses hyphae and initiates host defense
against pathogenic fungi. Cell Rep. 44, 115839 (2025).

9. Schenten, D. & Medzhitov, R. The control of adaptive immune
responses by the innate immune system. In Advances in
Immunology Vol. 109 (ed Alt, F. W.) Ch. 3, 87-124 https://doi.org/
10.1016/B978-0-12-387664-5.00003-0 (Academic Press, 2011).

10. Palm, N. W. & Medzhitov, R. Pattern recognition receptors and
control of adaptive immunity. Immunol. Rev. 227, 221-233
(2009).

Nature Immunology


http://www.nature.com/natureimmunology
https://doi.org/10.1038/s41590-026-02643-y
https://doi.org/10.1016/B978-0-12-387664-5.00003-0
https://doi.org/10.1016/B978-0-12-387664-5.00003-0

Article

https://doi.org/10.1038/s41590-026-02643-y

mn.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

32.

33.

Fitzgerald, K. A. & Kagan, J. C. Toll-like receptors and the control
of immunity. Cell 180, 1044-1066 (2020).

Blander, J. M. & Barbet, G. Exploiting vita-PAMPs in vaccines. Curr.
Opin. Pharmacol. 41,128-136 (2018).

Matzinger, P. & Kamala, T. Tissue-based class control: the other
side of tolerance. Nat. Rev. Immunol. 11, 221-230 (2011).

Nathan, C. Points of control in inflammation. Nature 420, 846-852
(2002).

Mortaz, E., Alipoor, S. D., Adcock, I. M., Mumby, S. & Koenderman,
L. Update on neutrophil function in severe inflammation. Front.
Immunol. 9, 2171 https://doi.org/10.3389/fimmu.2018.02171
(2018).

Lammermann, T. et al. Neutrophil swarms require LTB4 and
integrins at sites of cell death in vivo. Nature 498, 371-375 (2013).
Chou, R. C. et al. Lipid-cytokine-chemokine cascade drives
neutrophil recruitment in a murine model of inflammatory
arthritis. Immunity 33, 266-278 (2010).

Margraf, A., Lowell, C. A. & Zarbock, A. Neutrophils in acute
inflammation: current concepts and translational implications.
Blood 139, 2130-2144 (2022).

Witter, A. R., Okunnu, B. M. & Berg, R. E. The essential role of
neutrophils during infection with the intracellular bacterial
pathogen Listeria monocytogenes. J. Immunol. 197, 1557-1565
(2016).

Chen, G. Y. & Nufiez, G. Sterile inflammation: sensing and reacting
to damage. Nat. Rev. Immunol. 10, 826-837 (2010).

de Oliveira, S., Rosowski, E. E. & Huttenlocher, A. Neutrophil
migration in infection and wound repair: going forward in reverse.
Nat. Rev. Immunol. 16, 378-391 (2016).

Drummond, R. A. et al. CARD9-dependent neutrophil recruitment
protects against fungal invasion of the central nervous system.
PLoS Pathog. 11, €1005293 (2015).

Cuesta-Gomez, N., Graham, G. J. & Campbell, J. D. M. Chemokines
and their receptors: predictors of the therapeutic potential of
mesenchymal stromal cells. J. Transl. Med. 19, 156 (2021).

Cavalli, G. et al. Interleukin 10: a comprehensive review on the
role of IL-1a in the pathogenesis and treatment of autoimmune
and inflammatory diseases. Autoimmun. Rev. 20, 102763 (2021).
Sadik, C. D., Kim, N. D. & Luster, A. D. Neutrophils cascading their
way to inflammation. Trends Immunol. 32, 452-460 (2011).
Dinarello, C. A. Interleukin-1in the pathogenesis and treatment of
inflammatory diseases. Blood 117, 3720-3732 (2011).

Di Paolo, N. C. & Shayakhmetov, D. M. Interleukin 1o and the
inflammatory process. Nat. Immunol. 17, 906-913 (2016).

Barry, K. C., Fontana, M. F., Portman, J. L., Dugan, A. S. & Vance, R.
E. IL-1a signaling initiates the inflammatory response to virulent
Legionella pneumophila in vivo. J. Immunol. 190, 6329-6339
(2013).

Dube, P. H., Revell, P. A., Chaplin, D. D., Lorenz, R. G. & Miller, V.

L. Arole for IL-1a in inducing pathologic inflammation during
bacterial infection. Proc. Natl Acad. Sci. USA 98, 10880-10885
(2001).

Miller, L. S. et al. MyD88 mediates neutrophil recruitment
initiated by IL-1R but not TLR2 activation in immunity against
Staphylococcus aureus. Immunity 24, 79-91(2006).

Al Moussawi, K. & Kazmierczak, B. I. Distinct contributions of
interleukin-1a (IL-1a) and IL-1B to innate immune recognition

of Pseudomonas aeruginosa in the lung. Infect. Immun. 82,
4204-4211(2014).

Qin, S. et al. Pseudomonas aeruginosa: pathogenesis, virulence
factors, antibiotic resistance, interaction with host, technology
advances and emerging therapeutics. Signal Transduct. Target.
Ther. 7,199 (2022).

Peters-Golden, M. & Brock, T. G. 5-Lipoxygenase and FLAP.
Prostaglandins Leukot. Essent. Fat. Acids 69, 99-109 (2003).

34.

35.

36.

37.

38.

39.

40.

a1.

42.

43.

44,

45,

46.

47.

48.

49.

50.

Gnanasambandam, R. et al. GsMTx4: mechanism of inhibiting
mechanosensitive ion channels. Biophys. J. 112, 31-45 (2017).
Syeda, R. et al. Chemical activation of the mechanotransduction
channel Piezo!. Elife 4, e07369 https://doi.org/10.7554/
elife.07369 (2015).

Winzler, C. et al. Maturation stages of mouse dendritic cells in
growth factor-dependent long-term cultures. J. Exp. Med. 185,
317-328 https://doi.org/10.1084/jem.185.2.317 (1997).
Hochweller, K., Striegler, J., Hdmmerling, G. J. & Garbi, N. A novel
CD11c.DTR transgenic mouse for depletion of dendritic cells
reveals their requirement for homeostatic proliferation of natural
killer cells. Eur. J. Immunol. 38, 2776-2783 (2008).

Abbonante, V. et al. Newly identified roles for PIEZO1
mechanosensor in controlling normal megakaryocyte
development and in primary myelofibrosis. Am. J. Hematol. 99,
336-349 (2024).

Burrows, L. L. Pseudomonas aeruginosa twitching motility: type IV
pili in action. Annu. Rev. Microbiol. 66, 493-520 (2012).

Eto, D. S., Jones, T. A., Sundsbak, J. L. & Mulvey, M. A.
Integrin-mediated host cell invasion by type 1-piliated
uropathogenic Escherichia coli. PLoS Pathog. 3, €100 (2007).
Hospenthal, M. K., Costa, T. R. D. & Waksman, G. A comprehensive
guide to pilus biogenesis in Gram-negative bacteria. Nat. Rev.
Microbiol. 15, 365-379 (2017).

Schwarz-Linek, U., H66k, M. & Potts, J. R. The molecular basis

of fibronectin-mediated bacterial adherence to host cells. Mol.
Microbiol. 52, 631-641 (2004).

Biais, N., Ladoux, B., Higashi, D., So, M. & Sheetz, M. Cooperative
retraction of bundled type IV pili enables nanonewton force
generation. PLoS Biol. 6, €87 (2008).

McCourt, J., O’Halloran, D. P., McCarthy, H., O'Gara, J. P. &
Geoghegan, J. A. Fibronectin-binding proteins are required for
biofilm formation by community-associated methicillin-resistant
Staphylococcus aureus strain LAC. FEMS Microbiol. Lett. 353,
157-164 (2014).

Zanoni, |. et al. CD14 regulates the dendritic cell life cycle after
LPS exposure through NFAT activation. Nature 460, 264-268
https://doi.org/10.1038/nature08118 (2009).

Cao, F., Deliz-Aguirre, R., Gerpott, F. H., Ziska, E. & Taylor, M. J.
Myddosome clustering in IL-1 receptor signaling regulates the
formation of an NF-kB activating signalosome. EMBO Rep. 24,
EMBR202357233 https://doi.org/10.15252/embr.202357233
(2023).

Li, B. et al. The delayed kinetics of Myddosome formation explains
why amyloid-beta aggregates trigger Toll-like receptor 4 less
efficiently than lipopolysaccharide. Elife 13, RP92350 https://doi.
org/10.7554/eLife.92350 (2024).

Qyoshi, M. K. et al. Leukotriene B4-driven neutrophil recruitment
to the skin is essential for allergic skin inflammation. Immunity 37,
747-758 (2012).

Santus, W. et al. Skin infections are eliminated by cooperation

of the fibrinolytic and innate immune systems. Sci. Immunol. 2,
eaan2725 https://doi.org/10.1126/sciimmunol.aan2725 (2017).
Momota, M. et al. ZBP1 governs the inflammasome-independent
IL-1a and neutrophil inflammation that play a dual role in
anti-influenza virus immunity. Int. Immunol. 32, 203-212 (2020).

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate

Nature Immunology


http://www.nature.com/natureimmunology
https://doi.org/10.3389/fimmu.2018.02171
https://doi.org/10.7554/eLife.07369
https://doi.org/10.7554/eLife.07369
https://doi.org/10.1084/jem.185.2.317
https://doi.org/10.1038/nature08118
https://doi.org/10.15252/embr.202357233
https://doi.org/10.7554/eLife.92350
https://doi.org/10.7554/eLife.92350
https://doi.org/10.1126/sciimmunol.aan2725

Article https://doi.org/10.1038/s41590-026-02643-y

if changes were made. The images or other third party material in this use, you will need to obtain permission directly from the copyright
article are included in the article’s Creative Commons licence, unless holder. To view a copy of this licence, visit http://creativecommons.
indicated otherwise in a credit line to the material. If material is not org/licenses/by/4.0/.

included in the article’s Creative Commons licence and your intended

use is not permitted by statutory regulation or exceeds the permitted © The Author(s) 2026

Nature Immunology


http://www.nature.com/natureimmunology
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Article

https://doi.org/10.1038/s41590-026-02643-y

Methods

Mice

Mice were maintained and bred in a pathogen-free environment at
the animal facilities of the University of Milano Bicocca. Mice were
fed anormal chow diet and housed at 20 + 2 °C, with 55 + 10% relative
humidity underal2 hlight/dark cycle, with lights onat 7:00 and off at
19:00. Males and females aged 6-9 weeks and matched for age and sex
were used during the procedures. Littermates of the same genotype
and age were randomly assigned to experimental groups. The animal
studies were conducted after approval by the Italian Ministry of Health
(approval no.592/2020-PR) and in accordance with institutional guide-
lines. WT C57BL/6 mice were supplied by Envigo. Card9”~,Tir2”~ and
CD11c-CRE mice were purchased from the Jackson Laboratory. /l1r1”"
mice” were provided by C. Garlanda (Humanitas Research Institute),
Myd88” and Tir4”~ mice by S. Akira (IFReC), CD11¢c.DOG mice* (in
which a specific CD11c" cell ablation can be induced by DT injection)
by N. Garbi (Institute of Molecular Medicine and Experimental Immu-
nology) and Piezo1""Piezo2"" mice were provided by L. Catherine
(INSERM UMR _S1255). Allmutant mouse lines were maintained on the
C57BL/6 background.

Bacterial/fungal culture and mouse infections

The C. albicans strain CAF3-1 (ura3A::imm434/ura3 A::imm434), pro-
vided by W. A. Fonzi (Georgetown University), was grown at 25°C in
rich medium (YEPD (yeast extract, peptone, dextrose), 1% (wt/vol)
yeast extract, 2% (wt/vol) Bacto Peptone and 2% (wt/vol) glucose sup-
plemented with uridine (50 mg17), as described®. In this medium,
cells showed a typical yeast morphology, and growth was monitored
by counting the cell number using a Coulter Counter Particle Count
and Size Analyzer. Once cells reached a concentration of about
8x10° cells ml™, the total culture was collected by centrifugation and
resuspended in anequivalent volume of YEPD uridine mediumbuffered
with Hepes (50 mM, pH 7.5). Cells were incubated at 37 °C for hyphal
induction. Formation of hyphae was evaluated under a microscope at
different time points following induction, until 95% of cells had formed
hyphae. The P. aeruginosa strain PAO1, the isogenic pilC mutant, the
S. aureus strain ATCC6538P and the isogenic fnbAB” mutant were
cultured in LB medium (Difco) at 37 °C. For s.c. infections, stationary
phase cultures were diluted to an optical density at 600 nm (OD,) of
0.05and thengrown until they reached an OD¢, 0f 0.25, corresponding
approximately to 1 x 10° colony-forming units (CFU) ml™. Cells were
washed in PBS and appropriately diluted before injection.

Pathogens were intradermally injected into the left or the right
mouse ear or footpad in 30 pl of PBS with a 30-G syringe. C. albicans
was injected at1x 10° hyphae per site, P. aeruginosa at 5 x 10’ CFU per
siteand S. aureus at1x10% CFU per site.

For the depletion of CD11c" cells, CD11c.DOG mice were injected
atday-3,-2and -1with DTx, i.v. (16 ng g body weight) and at day -1,
alsointhefootpad (16 ng per footpad) to achieve acomplete depletion.
The efficacy of the treatment was verified through flow cytometry by
staining DCs and macrophages taken fromthe ears and fromthe spleen
at6and 24 hpostinfection (thatis, 24 and 48 h after the last treatment).

Forinvivoneutralization of IL-1acand IL-1f3, IL-1a- and IL-1B-specific
neutralizingantibodies or controlisotypes (10 pg ml™) were co-injected
along with the pathogenin theears.

For in vivo neutralization of CXCL1 and CXCL2, CXCL1- and
CXCL2-specific neutralizing antibodies or control isotypes were
injected i.v. (30 pg per mouse) 30 min before the co-injection of the
antibodies (3 pg per ear) and the pathogens.

To inhibit LTB, synthesis, mice were injected with bestatin (LTA,
hydrolase inhibitor) i.p. (15 mg kg™ body weight) at day -1, day 0 and
10 h postinfection. These animals were euthanized at 24 h of infec-
tion. For CXCR2 inhibition, mice were treated with the specificinhibi-
tor SB225002 i.p. (15 mg kg™ body weight) 30 min before pathogens
wereinjected. To ensure CXCR2blockade, SB225002 (15 mg kg body

weight) was also injected i.p. 10 h after infection. For Piezol inhibi-
tion, mice were treated i.p. (1 mg kg™ body weight) and locally in the
footpad with GsMTx-4 (6 1M) 30 min before injecting the pathogens.
To ensure Piezol blockade, GsMTx-4 was also co-injected with the
pathogeninthe footpad (6 pM). All the inhibitors were obtained from
Selleck Chemicals.

Production of lentiviral particles and infections

Lentiviral vectors (LVs) were obtained by transfecting 293T cells witha
solution containing a mix of the selected LV genome transfer plasmid
(pCCLsin.PPT.hPGK.NLS-Cre(L46Q).Wpre), the packaging plasmids
pMDLg/pRRE and pCMV.REV, pMD2.G and pAdvantage, as previ-
ously described**. Medium was changed 14 to 16 h after transfection,
and supernatant was collected 30 h after the medium was changed.
Vector-containing supernatants were passed through a 0.22-pm
filter, transferred into sterile polyallomer tubes and centrifuged at
20,000g for 120 min at 20 °C (Beckman Optima XL-100 K Ultracen-
trifuge). The LV pellet was resuspended in PBS to obtain a 500x or
1,000x% concentration.

For the LV titer, 100,000 HEK293T cells were transduced with
serial dilutions in the presence of polybrene (8 pg ml™). Genomic
DNA was extracted 10-14 days after transduction, using the Max-
well 16 Cell DNA Purification Kit (Promega), following the manu-
facturer’s instructions. Viral copy number (VCN) was determined
by droplet digital PCR, starting from 15 ng of template DNA using
primers (HIV forward (Fw): 5-TACTGACGCTCTCGCACC-3’; HIV
reverse (Rv): 5-TCTCGACGCAGGACTCG-3’) and a probe (FAM 5’-ATC
TCTCTCCTTCTAGCCTC-3’) against the primer binding-site region
of LV. The amount of endogenous human DNA was quantified
by a primer-probe set against the telomerase gene (TELO Fw: 5-GG
CACACGTGGCTTTTCG-3’; TELO Rv: 5-GGTGAACCTCGTAAGTTTA
TGCAA-3’) and a probe (VIC 5-TCAGGACGTCGAGTGGACACGGTG-3’
TAMRA). The PCR was performed with each primer (900 nM) and
the probe (250 nM), following the manufacturer’s instructions
(Bio-Rad), read with a QX200 reader and analyzed with QuantaSoft
software (Bio-Rad). The infectious titer was expressed as transducing
units (TU) mI™ and calculated as VCN x number of cells (100,000) x
(1/ dilution factor). Specifically, VCN = (copies of genome-integrated
LV/copies of genomic DNA, TELO) x 2 (HEK293T considered as diploid
cells). Asapositive control,a CEM cell line stably carrying four vector
integrants (VCN =4) was used.

Mice were infected by injecting 5 x107 particles in 20 pl.
BMDCs were transduced at MOI 5, and the medium was replaced
18 h postinfection.

Invitro DC stimulation

D1 cells were cultured as previously described*. To evaluate LTB, pro-
ductionfollowing the exposure to the Piezo agonist, 200,000 D1 cells
were platedina96-well plate 2 hbefore stimulation with Yodal (40 puM;
Merck Life Science).

To determine whether IL-1a could outcompete LPS signaling,
D1 cells were treated with increasing doses of recombinant mouse
IL-1a (Biolegend) for 10 min before the addition of a high dose of LPS
(Spgml™).

BMDCs were generated as follows: bone marrow was flushed from
the femurs and DCs were differentiated in complete IMDM supple-
mented with10% supernatant from B16 tumor cells expressing GM-CSF.
After 8 days, DC differentiation was evaluated on the basis of the expres-
sion of CDlIc, I-Ab, CD86 and CD80. On day 9,200,000 BMDCs were
plated in a 96-well plate 2 h before stimulation. For the generation of
Piezol/2-deficient BMDCs, 5 days after plating bone marrow cells from
Piezo1/2"" mice, cultures were transduced overnight with lentiviral
particlesencoding Crerecombinase atan MOl of 5. The following day,
the medium was replaced with fresh medium, and cells were allowed
to differentiate until day 8.
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When indicated, BMDCs were pretreated with GsMTx-4
(6 uM; Selleckchem) or vehicle (PBS) as a control, 30 min before
microbial exposure.

In all experiments, we collected the supernatant 3 h after stimu-
lation to measure LTB, (Leukotriene B4 Express ELISA Kit 500003,
Cayman Chemical) or TNF release (88-7324-88, Thermo Scientific) by
ELISA, according to the manufacturer’s instructions.

Isolation of skin cells

Mouse skin cells were isolated as previously described™. In brief, mouse
ears were amputated, splitinto dorsal and ventral halves and cut into
small pieces in digestive medium (RPMI11640, 5% FBS, L-glutamine,
penicillin and streptomycin, liberase 300 pg ml™?, DNase 1 50 U mI™).
After 90 min at 37 °C, digestion was stopped with prechilled complete
RPMImedium (RPMI1640,10% FBS, L-glutamine, penicillin and strep-
tomycin). The cells were then passed through a 5-mlsyringe and filtered
through a 70-pum cell strainer (Greiner) to obtain ahomogeneous cell
suspension. The skin of the footpad was digested with the same proto-
col, butitwas detached from the amputated footpad before digestion.

Flow cytometry

Multi-parametric flow cytometry analyses were performed on a Cytek
Aurora (Cytek), and datawere analyzed using FlowJo (BD Biosciences).
Fluorochrome-conjugated antibodies (BioLegend, BD Biosciences or
Thermo Fisher Scientific) are listed in Supplementary Table 1.

Single-cell skin suspensions were first incubated with LIVE/
DEAD Fixable Scarlet 723 viability dye (Thermo Fisher Scientific)
for 15 min at room temperature to exclude dead cells. After this,
the cells were washed with FACS buffer (PBS, 0.5% BSA and 2 mM
EDTA), blocked for 20 min at 4 °C with Fc receptor blocking solu-
tion containing anti-CD16/32 and stained for 20 min at 4 °C with
fluorochrome-conjugated antibodies directly added to the blocking
solution. The cells were subsequently fixed with BD Cytofix (BD Bio-
sciences) for 15 min at 4 °C, washed three times with PBS and trans-
ferred into flow cytometry tubes for acquisition.

For intracellular CXCL1 staining, skin-tissue processing and all
subsequent staining procedures were performed in the presence of
Brefeldin A (5 pg mI™) toinhibit cytokine secretion. Following surface
staining as described above, the cells were fixed and permeabilized
overnight at 4 °C using the Foxp3/Transcription Factor Fixation/Per-
meabilization kit (Thermo Fisher Scientific), according to the manu-
facturer’sinstructions. The following day, the cells were stained with
anti-CXCL1AF647 or the corresponding isotype control, washed with
FACS buffer and acquired on the same day.

For Piezol and Piezo2 detection, single-cell skin suspensions
were first incubated with LIVE/DEAD Fixable Near-IR 780 viability dye
(Thermo Fisher Scientific) for 15 min at room temperature. After being
washed with FACS buffer, the cells were blocked for 20 min at4 °Cwith
Fcreceptor blocking solution containing anti-CD16/32. Unconjugated
rabbit anti-mouse primary antibodies to Piezol or Piezo2 were directly
addedtotheblockingsolution, and the cells were incubated for 30 min
at 37 °C. The cells were subsequently washed with FACS buffer, centri-
fuged (500g, 5 min, 4 °C) and stained with Alexa Fluor 647-conjugated
goat anti-rabbit secondary antibody for 20 min at 4 °C. After washing
with FACS buffer, the cells were centrifuged again (500g, 5 min, 4 °C)
and stained with the following fluorochrome-conjugated surface anti-
bodies: Ly6G, CD45, F4/80, PDGFRa, CD31, CD11c and CD3. Following
surface staining, the cells were fixed and permeabilized using the Foxp3/
Transcription Factor Fixation/Permeabilization kit (Thermo Fisher Sci-
entific), accordingto the manufacturer’sinstructions, and subsequently
stained with anti-pan-cytokeratin antibody to identify keratinocytes.

RNA extractionand RT-qPCR
Ears and footpads were put in TriReagent (Sigma-Aldrich) immediately
after explant and stored at -80 °C. Before RNA extraction with silica

columns, tissue was mechanically digested for 20 min at 4 °C, using a
TissueLyser (Qiagen) at 20 Hz. Next, nucleic acids wereisolated through
the phenol-chloroform extraction method.

Afterwards, total RNA was extracted from the nucleic-acid solution
using the Zymo Miniprepkit, per the manufacturer’sinstructions. Com-
plementary DNA (cDNA) was generated with LunaScript RT SuperMix
Kit (New England Biolabs). Quantitative real-time PCR was done using
the TagMan Gene Expression Assay, auniversal PCR master mix, and the
Applied Biosystems 7500 Real Time PCR system with commercial prim-
ersand probes from Thermo Fisher Scientific (Supplementary Table1).
Gene expression was normalized with respect to either Gapdh or Rn18s,
depending on the experiment.

Measurement of LTB, concentration and IL-1«x in the skin

LTB, concentration in mouse skin was determined using an enzyme
immunoassay kit (Leukotriene B4 Express ELISA Kit 500003, Cay-
man Chemical), according to the manufacturer’sinstructions. ELISA
was performed on lipid-enriched samples. In brief, tissues were
homogenized in PBS and 2 mM EDTA for 8 min at 4 °C, using a Tis-
sueLyser (Qiagen) set at 30 Hz. Following this first step, proteins
were precipitated by adding 4 volumes of ice-cold absolute ethanol
to the supernatant. The enriched lipid fraction was then dried using
arotary evaporator, and lipids were resuspended in the ELISA buffer
included in the kit.

To quantify the amount of IL-1a in naive skin tissue, ear samples
were minced in RIPA 1x Buffer (cat. no. 9806, Cell Signaling Techno-
logy), supplemented with protease and phosphatase inhibitors (cat.
nos.5871and 5870, Cell Signaling Technology), and then homogenized
using a TissueLyser (Qiagen) set to 30 Hz for 8 min at 4 °C. The sam-
ples were centrifuged at 1,000g for 5 min at 4 °C to remove debris.
The supernatant was passed through a 30-G syringe and centrifuged
for 10 min at 16,000g at 4 °C, followed by another centrifugation for
10 min at 20,000g at 4 °C to eliminate lipids and nucleic acids. The
protein supernatants were then used to quantify IL-1«, following the
manufacturer’sinstructions (DY400, R&D Systems).

Generation of CD11c.DOG bone-marrow chimeras

Six-week-old male and female CD11¢c.DOG mice were used as recipients
for the generation of bone-marrow chimeras. Recipient mice were
treated with busulfan (20 mg kg™ body weight) by intraperitoneal
injection on days —148 and -147 before infection, to allow efficient
bone-marrow engraftment. On day -146, mice received bone-marrow
transplantation using donor bone-marrow cells isolated from either
C57BL/6 or Piezol/2"" mice. Reconstituted mice were maintained for
18 weeks to allow hematopoietic chimerism to develop.

Eighteen weeks after bone-marrow transplantation, CD11c*
cells of recipient origin were depleted by administration of DTx.
DTx (16 ng g body weight) was injected i.v. on days —20 and -19, fol-
lowed by combined intravenous and intradermal administration on
day -18. This treatment was used to eliminate residual CD11c.DOG
recipient-derived CD11c’ cells before subsequent experimental proce-
dures. To validate bone marrow reconstitution, donor chimerism was
assessedinboth skinand blood CD11c’ cells. Cells were analyzed by flow
cytometry for ovalbumin expression, which was used to distinguish
donor-derived cells (ovalbumin negative) from recipient-derived cells
(ovalbumin positive).

Four days before the pathogen challenge, mice received anintra-
dermal injection of a lentiviral vector (5 x 107 particles). On day O,
mice were challenged with the indicated pathogen. LTB, production
was measured 2 h after the pathogen challenge, whereas neutrophil
recruitment was assessed 6 h after the challenge.

In vivo knockdown of Piezol
To silence Piezol in vivo, 5 pg of PiezoI-targeted siRNA (Ambion In
Vivo Pre-Designed siRNA Invitrogen, Thermo Fisher Scientific) or
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scrambled siRNA (Ambion In Vivo Negative Control #1 siRNA Invit-
rogen, Thermo Fisher Scientific) was mixed with 0.6 pl in vivo-jetPEI
transfection reagent (in vivo-jetPEIl, Polyplus) and injected s.c. in the
footpads of C57BL/6) mice in a final volume of 30 pl. After 24 h, these
mice wereinjected with the pathogen and further studied. The knock-
down efficiency was evaluated by quantitative PCR, assessing the
expression of Piezol and the reference gene Gapdhin scramble siRNA-
or siPiezoI-treated tissues.

Immunohistochemistry

Explanted skin samples were fixed in 4% paraformaldehyde (PFA) and
embedded in paraffin. Sections (7 pm thick) were cut usinga microtome
and mounted on Superfrost Plus slides (Thermo Scientific). After
deparaffinization, the sections were blocked and permeabilized with
0.2% BSA (bovine serum albumin) and 0.1% Triton X-100 for 10 min at
room temperature. They were then incubated overnight at 4 °C with
aprimary antibody to IL-1a (15 pg ml™ in PBS with 2% BSA, AF-400 NA
R&D Systems). After washing with Tris-buffered saline, the sections
were labeled for 30 min at room temperature using the Biocare Medical
Goat-on-Rodent HRP-Polymer (GHP516, Biocare Medical), according
to the manufacturer’s instructions, and counterstained with Meyer’s
hematoxylin solution (Bio-Optica). After dehydration, the stained
slides were mounted using Eukitt, and images were acquired using the
NanoZoomer (Hamamatsu).

Tissue preparation and multipleximmunofluorescence
imaging

Mouse treatment and tissue collection. CD11¢.DOG and C57BL/6)
mice received three systemic injections of diphtheria toxin (DTx;
16 ng/g body weight, intravenous) on days -3, -2 and -1, or PBS as a
control. Alocal injection of DTx (16 ng) was administered subcutane-
ously on day -1. Mice were euthanized on day 0 in accordance with
national and international animal care regulations. A square section
of flank skin was excised from each mouse at the site of the last intra-
dermal injection, or from the anatomically corresponding region in
C57BL/6]J control mice. Subcutaneous fat was removed mechanically
using forceps. Skin samples were processed accordingto the 2D Manual
IBEX protocol, as described previously**.

Fixation, dehydration, and embedding. Samples were fixed overnight
(-16 h) in 2 ml of a solution containing 500 pl BD Cytofix/Cytoperm
buffer (BD Biosciences) and 1500 I PBS (pH 7.4). Tissues were dehy-
dratedfor 24 hin15 ml of PBS containing 30% sucrose (wt/vol), embed-
ded in Optimal Cutting Temperature (OCT) compound (Histo-Line
Laboratories), and stored at -80 °C for 24 h.

Cryosectioning and blocking. Tissues were cryosectioned at 8 pm
thickness using a Leica cryostat (Leica Biosystems) and mounted
onto gelatin-coated Superfrost Plus slides (Epredia). Non-specific
binding was blocked and nuclei counterstained by incubating each
sectionfor1hat37°Cin100 pl of blocking buffer containing 1% nor-
mal goat serum (Vector Laboratories), 20 pg ml™ anti-CD16/32 (clone
93, BioLegend, cat. no.101302), and 0.1 pg Hoechst 3342 (Thermo
Fisher Scientific). Slides were washed three times for 5 min in 35 ml
PBS (pH 7.4).

Primary and secondary staining. Tissue sections were incubated
with 100 pl of staining solution containing 1.8 pg of unconjugated
rabbit anti-Piezol antibody (Proteintech, cat. no. 15393-1-AP, lot. no.
00152477) for1h at 37 °C. A single C57BL/6) skin section served as an
isotype controland was incubated with 1.8 pg of rabbit polyclonal iso-
type control antibody (R&D Systems, cat. no. AB-105-C). After washing,
sections were incubated with100 pl of Alexa Fluor 647-conjugated goat
anti-rabbit secondary antibody (0.5 pg; Invitrogen, cat. no. A-21245)
for30 minat37°C.

IBEX iterative staining and bleaching. Following secondary staining,
all sections were incubated with 100 pl of cycle 1antibody mix for1h
at37°C (see Supplementary Table1for antibody panel details). After
washing, samples were mounted with Fluoromount G (Thermo Fisher
Scientific, cat.no. 00-4958-02) and imaged on a Leica Thunder DM6B
microscope equipped with a LED3 white light source, six excitation
(390 +20 nm, 435 +10 nm, 480 + 20 nm, 555 + 10 nm, 580 +10 nmand
640 +15 nm) and six emission (435 +15nm, 480 +20 nm, 515 +15 nm,
595+18 nm, 630 =30 nm and 690 + 30 nm) bandpass filters, and a
x40 objective (NA 0.8). Real-time denoising was performed using the
integrated Thunder algorithm (Leica LasX software, mounting media
refractive index set to1.4000).

After cyclelimaging, samples were chemically bleached by incuba-
tionin1mlof1 mgmI™?LiBH,in ddH,O0 for15 minatroom temperature,
followed by washing. Cycle 2 antibody mix was applied as described
above, and slides were imaged again. After cycle 2, bleaching dura-
tion was extended to 30 min due to the presence of FITC-conjugated
antibodies. The process was repeated for cycle 3.

Image alignment and analysis. Raw multichannelimage stacks (.ome.
tiff) from all cycles were imported into HALO (Indica Labs). Images
were aligned using Hoechst 3342 nuclear staining as afiducial marker
and the built-in HALO alignment algorithm. Nuclear and cytoplasmic
segmentation was performed using the HALO Highplex FL module.
The resulting segmented data were exported as .fcs files for further
analysis in FlowJo (BD Biosciences).

Cell population identification. Spectral spillover between chan-
nels was manually compensated in FlowJo. Dermal cells were
defined as pan-cytokeratin (PanCK)-negative cells within the tis-
sue. CD11c" cells were defined as CD11c*'PDGFRa"CD31 PanCK™
CD37B220". Dermal fibroblasts were identified as PDGFRa*CD
11c"CD31"PanCK"CD37B220". Vascular structures were defined
as CD31°CD11¢c’ PDGFRa PanCK CD3°B220".

Double-positive cell analysis. Piezol/ALOX5 double-positive cells
were quantified among dermal cells after exclusion of epidermis
and PanCK" keratinocytes (CD11c' PDGFRa"CD31 CD37B220°). The
Piezol positivity threshold was determined using the isotype control
sample. CD11c" cells, fibroblasts and vessels were further identified
in the double-positive population on the basis of the marker criteria
described above.

Each double-positive cell was visually validated using HALO to
eliminate false positives. Contour plots of Piezol and ALOXS expres-
sion were generated by comparing equal numbers of cells from
DTx-depleted CD11c.DOG mice and PBS-injected CD11¢c.DOG control.

Ca”* measurements

Atotal of 5x10° cells (D1 cells or BMDCs) were loaded with 3 uM Fluo-4
acetoxymethylester (Fluo-4 AM; Invitrogen) and incubated for 30 min
at 37 °C in complete medium supplemented with probenecid (Inv-
itrogen). Cells were then washed, centrifuged and resuspended in
complete medium containing probenecid and equilibrated at 37 °C
before acquisition. Ca* fluxes were subsequently analyzed by flow
cytometry. Cells were stimulated with either P. aeruginosaor S. aureus
(1.7 x 108 CFU), C. albicans (5 x 10* cells) or Yodal (40 puM; Merck Life
Science). Where indicated, cells were pretreated with GsMTx-4 (5 pM;
Selleckchem) during the loading with Fluo-4 AM, which was also added
inthe resuspension medium.

Statistical analysis

Means were compared by either unpaired parametric ¢-tests or two-way
ANOVA. Data are expressed and plotted as means + standard deviations
fromthe meanormeans +s.e.m. The sample size for each experimental
conditionis providedinthe figure legends. All Pvalues were calculated
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using Prism (GraphPad). Differences were considered significant
ifP<0.05.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Source and Supplemetary data are provided with this paper. IBEX
images are available at https://board.unimib.it/datasets/sytvr3j78g/1.
Source data are provided with this paper.
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D1 cells stimulated with the Piezo agonist Yodal, 40 pM, or DMSO as control

(NT, not treated) (n =3, each dot is the mean of a technical replicate). Data are
shownas mean + SD. “n” indicates the number of biologically independent
samples. Statistical significance was determined using two-way ANOVA followed
by Sidak’s multiple-comparisons (a) or Tukey’s multiple-comparisons (c) and
one-way ANOVA followed by Sidak’s multiple-comparisons (d). p values are
indicated. The “Rat” iconin panel b is by Uswa KDT, from Noun Project, CC BY 3.0;
used without modification.
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Extended Data Fig. 7| Flow cytometry gating strategy and Piezol/Piezo2
expressionin skin cell populations. a) Representative flow cytometry gating
strategy used to identify majorimmune and stromal cell populationsin skin
samples. Singlets were first selected based on FSC-A and FSC-H, followed by
exclusion of dead cells using live/dead staining. CD45" immune cells, CD45~
stromal cells, CD31" vessels and PDGFRa’ fibroblasts were identified. Within the
CD45' compartment, neutrophils were gated as Ly6G* cells, T cells as CD3" cells,

and CD11c’ cells were distinguished from other immune cells. b) Representative
histograms showing Piezol and Piezo2 staining in the indicated skin cell
populations, including CD11c" cells, T cells, neutrophils, other CD45" immune
cells, vessels, PDGFRa* fibroblasts, epithelial cells and other CD45” non-immune
cells. Histograms show relative fluorescence intensity for Piezol or Piezo2 in each
gated population.
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Extended Data Fig. 8| Controls for DC ablation and Piezol downregulation.
a) Experimental design. CD11c.DOG mice were injected with diphtheria toxin
(DTx)i.v.atday -3/ -2andi.v.ands.c. at day -1prior to infection. At day O, mice
were infected with pathogens and neutrophils counted at the infection site

6 hlater. DC depletion was analysed by flow cytometry. b) Representative flow
cytometry plots showing the percentage of DCs before and after DTx treatment.
¢) Multiplexed immunofluorescence images showing CD11c" cells before and
after DTx administration. d) Experimental design for Piezol silencing in vivo.

Mice were injected intradermally in the footpad with PiezoI or scrambled siRNA
oneday prior toinfection. e,f) Piezol expression in the footpad measured one
day post siRNA injection. e) RT-qPCR (normalized to Rn18s) f) Western Blot of
footpad lysates (n = 2 mice). Data are shown as mean + SD (n = 3 mice), p values
areindicated. “n” indicates the number of biologically independent samples.
Statistical significance was determined using two-tailed unpaired t-test. p values
areindicated. The “Rat” icon in panels aand d is by Uswa KDT, from Noun Project,
CCBY 3.0; used without modification.

Nature Immunology


http://www.nature.com/natureimmunology

Article https://doi.org/10.1038/s41590-026-02643-y

a
-148d -20d mgsdre
CD11c.DOG ~ -147d  -146d -19d -18d -4d Oh oh)
NP R R T R
@ Q . DTxiv. DTxiv. LVin.  C. albicans
S : ;
& @Qbo*ﬁ +id. d Neutrophils
& N\ (
Q A recruitment
Og® (6h)
b
Skin Blood
100 - 100 -
g %) 801 Recipient 80 4 Recipient
58 60 60 -
% g 40 4 /M 40 Donor
T O .l
x 20 4 Chimera 20 Chimera
WT k wT
04 0. €58
& $ > ‘Chimera & < > Chimera
o ° & Piezo1/2"! o & & Piezo1/2M
Q@(’\QGQO 0?\ S g,(\‘e 0 o105 10° Qg,ﬁ\t.oo 0?\@\?) 6{\\@ 5 LR
S E —> Ovalbumin (PE) S F — Ovalbumin (PE)
O ‘ff%o O S
& N
& <
c 0.0092 d 0.011
7.0 8- 0036
— . O Isotype ctrl
S o 0.677
x Isotype ctrl 3 R
6 - 5 ] CD11c-Cre
o 35 ‘ﬁimera Piezot/2| 1N 4 L Piezo1""
o + LV o
e T
= s
Chimera Piezo1/2"" u Piezo1™
0.0 - 0-
&Y a0t 0 100 107 10° & & 19@ /AN A SRR AT
o4 8 —> Piezo1 (AF647) USRS — > Piezo1 (AF647)
N & Q\é\’ ¢ ,0@
Q’Q\ & o
& & L
S

Extended Data Fig. 9| Generation and validation of CD11c.DOG bone marrow
chimeras. a) Experimental timeline for the generation of CD11c.DOG chimeric
mice. Recipient CD11c.DOG mice were treated with busulfani.p. on days -148 and
-147, followed by bone marrow transplantation on day -146 using C57BL/6 or
Piezol/2"" donor bone marrow. Eighteen weeks later, mice received DTxi.v. and/
orintradermally to deplete the remaining host CD11c" cells, followed by lentiviral
vector injection and pathogen challenge. LTB, levels were measured 2 h after
infection, and neutrophil recruitment was assessed after 6 h. b) Assessment of
donor chimerismin skinand blood CD11c" cells. Bar graphs show the percentage
of ovalbumin (OVA)-negative cells among total CD11c" cells, and representative
flow cytometry histograms are shown. The labels below the x-axis indicate the
chimeric status of each group, distinguishing CD11c.DOG recipients and the

corresponding donor bone marrow genotype (n =2 for each group). Dataare
shown as mean + SD. ¢) Representative histograms and quantifications showing
Piezol expressionin CD11c" cells in the indicated chimeric mice after treatment
withlentiviral particles (LV) expressing CRE recombinase. Bar graphs represent
median fluorescence intensity (MFI) shown as mean + SD. Isotype control,
n=3mice;+LVand -LV, n =5 mice per group. d) Representative histograms

and quantifications showing Piezol expressionin CD11c" cells of CD11c-CRE

x Piezo" mice (n = 3) and their control littermates (n = 4). Isotype is shown
(n=3).“n” indicates the number of biologically independent samples. Statistical
significance was determined using one-way ANOVA followed by Tukey’s multiple-
comparisons (c,d). p values are indicated. The “Rat” iconin panel ais by Uswa
KDT, from Noun Project, CC BY 3.0; used without modification.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Not applicable.

Data analysis Not applicable.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Source and Supplemetary data are provided with this paper. IBEX images are available at https://board.unimib.it/datasets/sytvr3j78g/1.
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groupings

Population characteristics Not applicable.
Recruitment Not applicable.
Ethics oversight Not applicable.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No statistical methods were used to predetermine sample sizes. Sample sizes were chosen based on previous experience with these
experimental models, while minimizing the number of animals used in accordance with the 3Rs principle of Reduction. The selected sample
sizes were considered sufficient because the observed effects were reproducible across independent experiments.

Data exclusions  Data were excluded if tested positive after application of the Robust Regression and Outlier removal Test (ROUT) with GraphPad Prism.
Replication Experiments with mice were repeated two times to assess robustness and replication. Experiments with cells were replicated three times.

Randomization  Group of mice were matched for sex and age to avoid confounding effect.

Blinding No blinding.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Plants
<
Antibodies %
Antibodies used Details provided in the manuscript (Table 1). Multiplex imaging with IBEX technique consisted of staining using commercially available -

antibodies. The following antibodies were used for: antigen(Clone), company (Catalogue number), Conjugation. If not otherwise




stated the antibodies were used at a final concentration of 2 ug/ml.

CD45 (30F11), Biolegend (103122), AF488; CD11c (N418), Biolegend (117310), APC; CD31 (QA20A66), Biolegend, Uncojugated;
CD16/32 (93), Biolegend (101302), Uncojugated (1pg/ml); Ly6G (1A8), Biolegend (127624), PE; Pan-Cytokeratin (C-11), Biolegend
(628608), AF488 (1:100); PDGFRa (APA5), Thermo Fisher Scientific (12-1401-81), PE (1:100); CD31 (MEC 13.3), Biolegend (102502),
Purified (1:50); Piezo1 (polyclonal), Proteintech (15939-1-AP), Purified (1:25); Piezo2 (polyclonal), Thermo Fisher Scientific
(PA5-72975), Purified (1:30); Rabbit 1gG, R&D Systems (IC1051R), AF647 (1:200). Fluorochrome conjugated polyclonal antibodies
(Thermo Fisher Scientific) were used to detect uncojugated primary antibodies.

For flow-cytometry on skin derived cells the following antibodies were used for: antigen (Clone), company (Catalogue number),
Conjugation. If not otherwise stated the antibodies were used at a final concentraion of 1 pg/ml.

CD16/32 (93), Biolegend (101302), Uncojugated; CD45 (30F11), Biolegend (103114), PECy7; CD11b (M1/70), Biolegend (101228),
PerCP/Cyanine5.5; Ly6G (1A8), Biolegend (127624), APC/Cy7; CD11c (N418), Biolegend (117310), APC; I-Ab (AF6-120.1), Biolegend
(116410), AF488; F4/80 (BMS), Biolegend (123146), PE/Dazzle™ 594 (2 ug/ml); Ly6C (HK1.4), Biolegend (128008), PE; CXCL1/GRO
alpha/KC/CINC-1 (1174A), R&D Systems (IC4532R), Alexa Fluor® 647 (2.5 pg/ml); Rabbit 1gG (60024B), R&D Systems (IC1051R), Alexa
Fluor® 647 (2.5 ug/ml); Ly6G (1A8), BD Horizon (562737), BV421 (1:400); CD11b (M1/70), Biolegend (101224), Pac. Blue (1:300); CD3
(17A2), BD Horizon (565642), BV480 (1:200); CD45 (30-F11), Biolegend (103149), BV785 (1:400); I-A/E (2G9), BD Pharmingen
(553623), FITC (1:200); Ly6C (HK1.4), Biolegend (128008), PE (1:800); CD11c (QA18A72), Biolegend (161105), PE-Fire 810 (1:300);
Pan-Cytokeratin (C-11), Biolegend (628608), AF488 (1:400); PDGFRa (APAS), Thermo Fisher Scientific (12-1401-81), PE (1:400); CD31
(MEC 13.3), Biolegend (102502), Purified (1:200); Piezo1 (polyclonal), Proteintech (15939-1-AP), Purified (1:50); Piezo2 (polyclonal),
Thermo Fisher Scientific (PA5-72975), Purified (1:60); Rabbit IgG, R&D Systems (IC1051R), AF647 (1:500); Live/Dead NIR 780,
Invitrogen (L34994), 1:6000.

>
Q
Q
(e
=
)
§o;
o)
=
o
=
_
D)
§o)
o)
=
S
Q
wv
(e
=
S}
QD
<L

For flow-cytometry of Bone Marrow derived Dendritic Cells (BMDCs) the following antibodies were used for: antigen (Clone),
company (Catalogue number), Conjugation. If not otherwise stated the antibodies were used at a final concentraion of 1 pg/ml.
CD16/32 (93), Biolegend (101302), Uncojugated; CD11c (N418), Biolegend (117324), APC/Cy7; I-Ab (AF6-120.1), Biolegend (116410),
AF488; CD8O (16-10A1), Biolegend (104714), APC; CD86 (GL-1), Biolegend (105008), PE

For IHC staining of IL-1a in mouse skin, the following antibody was used: Mouse IL-1 alpha /IL-1F1 Antibody (Polyclonal), R&D
Systems (AF-400-NA), Uncojugated (15 ug/ml). The signal was detected with DAB staining using Goat-on-Rodent HRP-Polymer
(BIOCARE Medical, cat GHP516).

For in vivo neutralization of cytokines/chemokines the following neutralizing antibodies or isotype controls were used: antigen
(Clone), company (Catalogue number), Conjugation (Concentration).

Normal Goat IgG Control (Polyclonal), R&D Systems (AB-108-C), Uncojugated (10 ug/ml); Mouse IL-1 alpha /IL-1F1 Antibody
(Polyclonal), R&D Systems (AB-108-C), Uncojugated (10 ug/ml); Ultra-LEAF™ Purified Armenian Hamster 1gG Isotype Ctrl Antibody
(HTK888), Biolegend (400940), Uncojugated (10 pg/ml); Ultra-LEAF™ Purified anti-mouse / rat IL-1B Antibody (B122), Biolegend
(503514), Uncojugated (10 pg/ml); Invitrogen Rat IgG2a kappa Isotype Control (eBR2a), eBioscience™ Thermo Fischer Scientific
(14-4321-85), Uncojugated (30 pug/mouse); InvitrogenCXCL1 Monoclonal Antibody (48415), Thermo Fischer Scientific (MA5-23745),
Uncojugated (30 pg/mouse); Invitrogen Rat 1gG2b kappa Isotype Control (eB149/10H5), eBioscience™ Thermo Fischer Scientific
(14-4031-859), Uncojugated (30 pg/mouse); Invitrogen CXCL2 Monoclonal Antibody (40605), Thermo Fischer Scientific (MA5-23737),
Uncojugated (30 pg/mouse)

Validation For multiplexed imaging with IBEX technique the fluorochrome directly conjugated antibodies were validated in the pubblication
regarding the method, which is already cited in the manuscript. Regarding the uncojugated primary antibodies, their validation was
already provided by the manufacturer for immunofluorescence.

For flow-cytometry, the antibodies validation for this technique was already given by the manufacturer.

For IHC of IL-1a we used the Normal Goat IgG Control (Polyclonal), R&D Systems (AB-108-C), Uncojugated (15 pg/ml) to validate the
specific staining.

For in vivo neutralization of cytokines/chemokines, the isotyper controls listed above were used as control to verify the effect given
by the antibody specificity on neutralization of target cytokine/chemokine.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) D1 dendritic cell line (female; 10.1084/jem.185.2.317); primary bone marrow-derived dendritic cells from MyD88-deficient,
C57BL/6 and Piezo1/2 fl/fl mice (male and female).

Authentication no authentication
Mycoplasma contamination All cell tested were regularly tested for mycoplasma presence and were mycoplasma negative.

Commonly misidentified lines  Not applicable.
(See ICLAC register)
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Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

Mice were maintained and bred in a pathogen-free environment at the animal facilities of the University of Milano Bicocca, Milan,
Italy. Mice were fed a normal chow diet and housed at 20 + 2 °C, with 55+10% relative humidity under a 12h light/dark cycle, with
lights on at 7:00 a.m. and off at 19:00 p.m.. Males and females aged 6-9 weeks and matched for age and sex were used during the
procedures. Littermates of the same genotype and age were randomly assigned to experimental groups. The animal studies were
conducted after approval by the Italian Ministry of Health (Approval n. 592/2020-PR) and in accordance with institutional guidelines.
WT C57BL/6 mice were supplied by Envigo, Italy. Card9-/- ,TIr2-/-, and CD11c-CRE mice were purchased from the Jackson
Laboratory. I11r1-/-52 were provided by C. Garlanda (Humanitas Research Institute, Rozzano, Italy), Myd88-/- and Tlr4 -/- mice by S.
Akira (IFReC, Japan), CD11c.DOG mice37, where a specific CD11c+ cell ablation can be induced by diphteria toxin (DT) injection by N.
Garbi (Institute of Molecular Medicine and Experimental Immunology, Bonn, Germany), Piezo1flox/floxPiezo2flox/flox were provided
by L. Catherine (INSERM UMR_S1255, Strasbourg, France). All mutant mouse lines were maintained on C57BL/6 background.

The study did not involved wild animals.
Females and males.
No field collect samples.

Italian Ministry of Health (Approval n. 592/2020-PR).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks

Novel plant genotypes

Authentication

Flow Cytometry

Not applicable.

Not applicable.

Not applicable.

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Briefly, mouse ears were amputated, split into dorsal and ventral halves, and cut into small pieces in digestive medium (RPMI
1640, 5% FBS, L-Glutamine, Penicillin and Streptomycin, Liberase 300 ug/ml, DNase | 50 U/ml). After 90 min. at 37°C,
digestion was stopped with pre-chilled complete RPMI medium (RPMI 1640, 10% FBS, L-Glutamine, Penicillin and
Streptomycin). The cells were then passed through a 5-ml syringe and filtered through a 70 uM cell strainer (Greiner) to
obtain a homogeneous cell suspension. The skin of the footpad was digested with the same protocol, but it was detached
from the amputated footpad before digestion.

For purity check of differentiated Bone marrow derived Dendritic Cells (BMDCs), DCs were detached by gentle pipetting.
For cell-surface marker staining, single-cell skin suspensions or BMDCs were first stained with a viability dye (LIVE/DEAD™
Fixable Scarlet (723) Viability Kit, Thermo Fisher Scientific, USA) for 30 min. at RT to label dead cells. Afterwards, the cells
were blocked with blocking solution (PBS, 0,5% BSA, 2mM EDTA, a-CD16/32) for 20 min. at RT. Antibody mix was directly
added to the blocking solution, and samples were incubated for 20 min. at 4°C. Finally, the cells were fixed with
paraformaldehyde (BD Cytofix Fixation Buffer, cat 554655, BD Biosciences, USA) for 15 min. at 4°C, washed three times in
PBS and transferred into flow cytometry tubes.

For the CXCL-1 staining, the skin tissue and the cell suspension were handled adding to all employed solutions s Brefeldin A
(5pg/ml) to block the secretion of CXCL-1. After surface staining, as described above, the samples were fixed with
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Instrument
Software

Cell population abundance

Gating strategy

eBioscience™ Foxp3 / Transcription Factor Fixation/Permeabilization Concentrate and Diluent (Thermo Fisher Scientific, USA)
overnight at 4°C. The following day, the cells were stained with a-CXCL-1 AF647 antibody or control isotype, and samples
were acquired on the same day.

For Piezo1 and Piezo2 detection, single-cell skin suspensions were first incubated with LIVE/DEAD Fixable Near-IR 780
viability dye (Thermo Fisher Scientific) for 15 min at room temperature. After washing with FACS buffer, the cells were
blocked for 20 min at 4 °C with Fc receptor blocking solution containing anti-CD16/32 antibody. Unconjugated rabbit anti-
mouse primary antibodies against Piezol or Piezo2 were directly added to the blocking solution, and the cells were incubated
for 30 min at 37 °C. The cells were subsequently washed with FACS buffer, centrifuged (500g, 5 min, 4 °C) and stained with
Alexa Fluor 647-conjugated goat anti-rabbit secondary antibody for 20 min at 4 °C. After washing with FACS buffer, the cells
were centrifuged again (500g, 5 min, 4 °C) and stained with the following fluorochrome-conjugated surface antibodies: Ly6G,
CD45, F4/80, PDGFRa, CD31, CD11c, CD3. Following surface staining, the cells were fixed and permeabilized using the Foxp3/
Transcription Factor Fixation/Permeabilization kit (Thermo Fisher Scientific) according to the manufacturer’s instructions and
subsequently stained with anti-pan-cytokeratin antibody to identify keratinocytes.

For Ca2+ measurements atotal of 5x105 cells (D1 cells or BMDCs) were loaded with 3 uM Fluo-4 acetoxymethyl ester (Fluo-
4 AM; Invitrogen) and incubated for 30 min. at 37°C in complete medium supplemented with probenecid (Invitrogen). Cells
were then washed, centrifugated and resuspended in complete medium containing probenecid and equilibrated at 37°C
before acquisition. Ca2+ fluxes were subsequently analyzed by flow cytometry. Cells were stimulated with either P.
aeruginosa or S. aureus (1.7x1078 CFU), C. albicans (5x1074 cells), or Yodal (40 uM; Merck Life Science). Where indicated,
cells were pretreated with GsMTx-4 (5 uM; Selleckchem) during the loading with Fluo-4 AM, which was also added in the
resuspension medium.

Cytoflex S (Beckman Coulter), Cytek Aurora 3L (V/B/R) (Cytek Biosciences).
FlowJo Software v10 (Becton Dickinson, USA).

Out of live cells CD45+, the subsets analysed had a frequency of at least 2%.

Enclosed in Supplementary Figure 1., Supplementary Figure 4., Supplementary Figure 7. Total cells (CD45+ and CD45-) were
gated on FSC and SSC to exclude debris. Then single cells were gated using FSC-A and FSC-W. After excluding doublets and
dead cells (L/D Scarlet negative cells), neutrophils were identified as CD45+CD11bhighLy6Ghigh cells, dendritic cells as CD45
+CD11c+l-Abhigh.

For Piezo1/2 expression analysis in the skin singlets were first selected based on FSC-A and FSC-H, followed by exclusion of
dead cells using live/dead staining. CD45+ immune cells, CD45- stromal cells, CD31+ vessels and PDGFRa+ fibroblasts were
identified. Within the CD45+ compartment, neutrophils were gated as Ly6G+ cells, T cells as CD3+ cells, and CD11c+ cells
were distinguished from other immune cells.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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