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Abstract

cells at sites of injury.

Despite the progress to understand inflammatory reactions, mechanisms causing their resolution remain poorly
understood. Prostanoids, especially prostaglandin E, (PGE,), are well-characterized mediators of inflammation. PGE, is
produced in an inducible manner in macrophages (M¢) by microsomal PGE,-synthase-1 (mPGES-1), with the notion
that it also conveys pro-resolving properties. We aimed to characterize the role of mPGES-1 during resolution of acute,
zymosan-induced peritonitis. Experimentally, we applied the mPGES-1 inhibitor compound Il (Clll) once the
inflammatory response was established and confirmed its potent PGE,-blocking efficacy. mPGES-1 inhibition resulted
in an incomplete removal of neutrophils and a concomitant increase in monocytes and M¢ during the resolution
process. The mRNA-seq analysis identified enhanced C-X3-C motif receptor 1 (CX3CR1) expression in resident and
infiltrating M¢ upon MPGES-1 inhibition. Besides elevated Cx3cr! expression, its ligand CX3CL1 was enriched in the
peritoneal lavage of the mice, produced by epithelial cells upon mPGES-1 inhibition. CX3CL1 not only increased
adhesion and survival of M¢ but its neutralization also completely reversed elevated inflammatory cell numbers,
thereby normalizing the cellular, peritoneal composition during resolution. Our data suggest that mPGES-1-derived
PGE, contributes to the resolution of inflammation by preventing CX3CL1-mediated retention of activated myeloid

Introduction

Inflammatory responses are essential for an effective
host defense against pathogenic threats such as invading
bacteria or viruses"?. The onset of acute inflammation is
typically characterized by a rapid and fulminant influx of
neutrophils, ie. polymorphonuclear cells (PMN), into
inflamed tissues, where they form a first line of defense to
eliminate pathogens. Thereafter, monocytes (MO) are

Correspondence: Bernhard Brine (b.bruene@biochem.uni-frankfurt.de) or
Tobias Schmid (t.schmid@biochem.uni-frankfurt.de)

'Institute of Biochemistry |, Faculty of Medicine, Goethe-University Frankfurt,
Frankfurt, Germany

2Fraunhofer Institute for Translational Medicine and Pharmacology, Frankfurt,
Germany

Full list of author information is available at the end of the article

These authors contributed equally: Bernhard Briine, Tobias Schmid.

Edited by B. Zhivotovsky

© The Author(s) 2021

recruited, followed by their differentiation into distinct
macrophage (M¢) subsets. M¢$p not only phagocytose
invading pathogens and present them via their major
histocompatibility complexes (MHC) to the adaptive
immune system, they also remove short-lived, dying
neutrophils in a process known as efferocytosis®°. The
uptake of apoptotic cells alters the phenotype of M¢ from
a pro-inflammatory to an immune-regulatory one®™,
thereby contributing to the resolution of inflammation,
ie. normalization of tissue homeostasis'®™'?. Effective
resolution of inflammation is important to avoid tissue
damage by producing uncontrolled destructive signals.
Unfortunately, the transition from inflammation to its
resolution remains incompletely understood. There is
increasing evidence that the resolution phase is already
initiated early during onset of inflammation and that
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interfering with early inflammatory reactions alters reso-
lution as well'"'®, Along these lines, recent studies indi-
cated that the well-established pro-inflammatory lipid
mediator prostaglandin E, (PGE,)'* also bears pro-
resolving properties'>™°. This is of interest, since non-
steroidal anti-inflammatory drugs (NSAIDs), which are
the main class of non-prescribed, over the counter anti-
inflammatory drugs, target cyclooxygenases to inhibit the
production of prostanoids, most notably PGE,*"*2, More
specific inhibitors of PGE, production have recently been
developed to target the terminal synthase active under
inflammatory conditions, ie. the microsomal PGE,
synthase-1 (mPGES-1)**"%°,

In this study, we explored the role of PGE, during
resolution of inflammation. Experimentally, we blocked
PGE, production in a zymosan-induced peritonitis model,
selectively during the resolution phase using a specific
mPGES-1 inhibitor®.

Results
Inhibition of mPGES-1 alters resolution of zymosan-
induced peritonitis

While the role of prostanoids, especially PGE,, during
the initial phase of inflammation is well characterized, its
impact towards resolution of inflammation remains lar-
gely elusive. To better understand how PGE, contributes
to late inflammatory processes, we induced a self-limiting
peritonitis in C57/BL6 mice by intraperitoneal (i.p.)
injection of zymosan (5mg/kg), and inhibited PGE,
synthesis by daily i.p. injections of the selective mPGES-1
inhibitor CIII (25 mg/kg)®® once the inflammatory
response was established for 24 h (Fig. 1A). FACS analyses
(gating strategy see Supplementary Fig. 1) supported the
transient character of the peritonitis model as the massive
increase of leukocytes (CD45") observed at day 1 was
reversed starting at day 3. Inhibition of mPGES-1 atte-
nuated this decrease, resulting in higher leukocyte num-
bers in the peritoneum at days 3 and 6 (Fig. 1B). With
respect to neutrophils (PMN), the major cellular infil-
trates during inflammation, we noticed only a small
increase in cell numbers comparing vehicle control
(VEH)- vs. CllI-treated mice at day 6 (Fig. 1C). Since M¢
coordinate early as well as late inflammatory processes,
we next determined the presence of MO and M¢. There
was a massive infiltration of MO at day 1, which returned
to basal levels at day 6 in VEH-treated mice. In contrast,
MO numbers started to increase again at day 6 compared
to day 3 upon mPGES-1 inhibition (Fig. 1D). Importantly,
two subsets of M¢ are found in the peritoneum, F4/80'°,
MerTK!® M¢, which are considered as infiltrating M¢ of
monocytic origin, and F4/80™, MerTK™ Mg, which
represent the resident M¢ population, either of meso-
dermal descent or differentiated from infiltrating Md>"®,
In control animals, F4/80'° M number behaved similarly
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to MO although their increase was less pronounced at day
1, returning to baseline levels at day 6 (Fig. 1E). CIII-
treatment showed higher numbers of F4/80' M¢ at day 3,
which further increased at day 6 compared to controls. In
contrast, the number of F4/80™ M¢ steadily decreased
over time in control animals but remained at high,
starting levels, when mPGES-1 was blocked (Fig. 1F).
Determination of PGE, concentrations in the peritoneal
lavage validated the efficacy of CIII to prevent an increase
of PGE, especially at early times of resolution, i.e. at day 3
(Fig. 1G). It appears that PGE, is needed to normalize the
myeloid cell composition during resolution of inflamma-
tion in zymosan-induced, acute peritonitis.

Inhibition of mMPGES-1 alters the macrophage resolution
phenotype

As PGE,; affects the number of M¢ during resolution of
inflammation, we were interested to explore whether their
polarization is affected as well. To this end, we deter-
mined transcriptome changes in F4/80' and F4/80™ Md
subpopulations (Fig. 1E, F) by mRNA-sequencing.
Amongst the top 250 differentially expressed genes
(DEGs) in F4/80' M¢ (Fig. 2A, Supplementary Table 1)
95 genes were upregulated when mPGES-1 was blocked.
These showed an enrichment in GO terms towards
immune cell activation processes (Fig. 2B), while the
downregulated genes revealed GO terms associated with
chemotaxis and migration (Fig. 2C). In F4/80" Md, the 60
upregulated candidates amongst the top 250 DEGs (Fig.
2D, Supplementary Table 2) showed a pronounced
enrichment in processes linked to antigen processing and
presentation via MHCII (Fig. 2E), while GO terms linked
to metabolic processes were found in the downregulated
targets (Fig. 2F). Interestingly, only 19 of the top 250
DEGs were shared between F4/80" and F4/80™ M¢ (Fig.
2G). Of these, six were upregulated (including CX3C
motif chemokine receptor 1 (Cx3crl), integrin 7 (Itgb7),
and H2-Ebl), while 13 were downregulated upon
mPGES-1 inhibition (including C-C motif chemokine
ligand 12 (Ccll12) and fatty acid-binding protein 5
(Fabp5)).

These data imply that inhibition of mPGES-1 activity
during resolution of inflammation not only affects
inflammatory cell numbers but also their activation
profile.

Inhibition of mPGES-1 enhances the CX3CL1-CX3CR1 axis

Knowing that inhibition of mPGES-1 increases Mo
numbers during resolution of inflammation, we next
asked if the enhanced expression of the well-established
myeloid chemokine receptor CX3CR1 might provide a
mechanistic explanation. Validation of Cx3crl mRNA
kinetics supported a significant increase at day 6 upon
CllI-treatment in FACS-sorted F4/80'° (Fig. 3A) and F4/
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Fig. 1 Inhibition of mPGES-1 alters the cellular composition during resolution of zymosan-induced peritonitis. A Starting 24 h post i.p.
zymosan (5 mg/kg) injection, mice received daily i.p. injections of the mPGES-1 inhibitor compound Il (Clll) (25 mg/kg) or the appropriate vehicle
control (VEH). B-F Cellular composition of the peritoneal lavages was analyzed by FACS. Numbers of viable (B) leukocytes (CD45™), (C) PMNs _
(CD11b™, Ly6G™), (D) monocytes (MO; Ly6G'®, F4/80'°, MerTK'®, MHCII), (E) F4/80'° (Ly6G'®, F4/80'°, MerTK'®), and (F) F4/80" (Ly6G'", F4/80™, MerTK™)
macrophages (Md) in the peritoneum. Representative dot-blots of (E, lower panel) F4/80'° M and (F, lower panel) F4/80" M¢ at day 6. G PGE,
concentrations in the peritoneal lavages were determined by LC/MS/MS. Data are represented as means + SEM (n > 6 per group). For statistical
analysis within each treatment, one-way ANOVA with Holm-Sidak posthoc test was used for parametric data, otherwise, Kruskal-Wallis test was used.
Analysis between the treatments for parametric data was done via two-way ANOVA with Holm-Sidak posthoc test, non-parametric data were log-
transformed (*p < 0.05, **p < 0.01, ***p < 0.01).

80™ M¢ (Fig. 3B), although less pronounced in the latter
ones. Considering that there is only one known ligand for
CX3CR1, namely CX3C motif chemokine ligand 1
(CX3CL1, also known as fractalkine)**°, we determined
the concentration of this chemokine in peritoneal lavages.
CX3CL1 was absent in naive mice or 1 day after zymosan
injection, remained low in VEH-treated animals, but
continuously increased in mice that received CIII (Fig.
3C). Thus, limiting mPGES-1-derived PGE, might
attenuate the recruitment of M¢ by interfering with the
production of CX3CL1.

Since Cx3clI mRNA was not detectable in any of the
M¢ subpopulations tested in our model, but has been
shown as a product of epithelial and endothelial cells*,
we isolated peritoneal membranes from mice at day 6
following zymosan injection and used multiplexed
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immunohistochemistry (IHC) to determine the local
source of this chemokine. Co-localization of CX3CL1
with the epithelial marker pan-cytokeratin (PanCK) in
both, VEH- and ClIlI-treated conditions supported epi-
thelial production of CX3CL1 (Fig. 3D). Automated
quantification using a trainable segmentation algorithm
further revealed that mPGES-1 inhibition significantly
increased epithelial CX3CL1 expression as compared to
VEH-controls (Fig. 3E). To validate mPGES-1-dependent
CX3CL1 regulation, we exposed murine epithelial
E0771 cells in vitro to medium supplemented with peri-
toneal lavages obtained from mice at day 6 of the peri-
tonitis model. Medium supplemented with lavage fluid
from CIlI-treated animals enhanced Cx3c/I mRNA
expression in epithelial cells, while supplementation with
VEH-control lavages left the chemokine expression
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Fig. 2 Peritoneal macrophages are activated during resolution of inflammation upon mPGES-1 inhibition. Starting 24 h post i.p. zymosan
(5 mg/kg) injection, mice received daily i.p. injections of the mPGES-1 inhibitor compound Il (Clll) (25 mg/kg) or the appropriate vehicle control (VEH).
F4/80" and F4/80'° macrophages (Md) were FACS sorted followed by mRNA-seq analysis (n = 3). A, D mRNA expression of the top 250 differentially
regulated genes comparing VEH- and Clil-treated mice at day 6 in A F4/80'° and D F4/80" M¢. Top ten enriched GO terms based on the hierarchical
clusters of upregulated (B) or downregulated C DEGs from F4/80'° M. Top ten enriched GO terms based on the hierarchical clusters of upregulated
(E) or downregulated F DEGs from F4/80" Md. G Venn diagram of the top 250 DEGs in F4/80/° (orange) and F4/80" Md (blue). Overlapping DEGs
(green) are ranked according to their degree of regulation in F4/80° Md.
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Fig. 3 Inhibition of mPGES-1 enhances expression of the CX3CR1/CX3CL1 axis during resolution of inflammation. Starting 24 h post i.p.
zymosan (5 mg/kg) injection, mice received daily i.p. injections of the mPGES-1 inhibitor compound lIl (Clll) (25 mg/kg) or the appropriate vehicle
control (VEH). Cx3cr1 mRNA expression in A F4/80°° and B F4/80" macrophages (M) was analyzed by RT-gPCR analysis. € Concentrations of CX3CL1
in the peritoneal lavage were determined by ELISA. D Representative pictures of peritoneal membranes from VEH- and Clll-treated animals at day 6
using multiplexed IHC staining for the epithelial marker pan-cytokeratin (PanCK), CX3CL1, and DAPI. E Quantification of CX3CL1 staining intensity in
PanCK-expressing epithelial cells using the InForm-software. F Epithelial E0771 cells were treated with medium supplemented with peritoneal
lavages obtained from VEH- or Clll-treated mice at day 6 of the peritonitis model for 4 h. Cx3c/T mRNA expression was analyzed by RT-qPCR. Data are
represented as means + SEM (n = 4 per group). For statistical analysis within each treatment, t test or one-way ANOVA with Holm-Sidak posthoc test
was used for parametric data, otherwise, Kruskal-Wallis test was used. Analysis between the treatments for parametric data was done via two-way

ANOVA with Holm-Sidak posthoc test, non-parametric data were log-transformed (*p < 0.05, **p < 0.01, ***p < 0.001).

unaltered relative to the controls (Fig. 3F). Inhibition of
mPGES-1 apparently enhanced epithelial expression of
CX3CL1, which adds to increase M¢ numbers in the
peritoneal cavity during resolution of zymosan-induced
peritonitis.

CX3CL1 is critical for M¢p presence in response to mPGES-1
inhibition

CX3CL1 is known for its chemoattractive, pro-adhesive,
and pro-survival/proliferating effects on mononuclear
phagocytes®> %, Therefore, we determined the migration-
modulating properties of CX3CL1 by allowing MO to
migrate for 4h in a Boyden chamber transwell assay
towards CX3CL1 (100 ng/mL). While MO migrated
towards the positive control (20% FCS), they did not
migrate towards CX3CL1 (Fig. 4A and Supplementary Fig.
2A). Since Itgh7 ranged high among the DEGs upregu-
lated at day 6 upon ClII-treatment (Fig. 2G), we addressed
changes in M¢ adhesion to fibronectin (FN) in response
to CX3CL1. To this end, differentiated bone marrow-
derived macrophages (BMDM) were allowed to adhere to
EN-coated surfaces. After 1h we observed significantly
more adherent BMDM after stimulation with CX3CL1

Official journal of the Cell Death Differentiation Association

(100 ng/mL) compared to controls (Fig. 4B and Supple-
mentary Fig. 2B). To assess if CX3CL1 might also affect
Mo numbers by altering their proliferation or survival, we
stained BMDM with carboxyfluorescein succinimidyl
ester (CFSE) and determined both cell number as well as
the reduction in mean CESE (as an indicator of pro-
liferation) after 48h in the presence or absence of
CX3CL1 (100 ng/mL). While proliferation was not affec-
ted by CX3CL1 (Supplementary Fig. 2C), higher M¢
numbers were observed in response to CX3CL1 (Fig. 4C).
Furthermore, supplementing media with day 6 peritoneal
lavages of zymosan- and ClII-treated mice, resulted in
higher cell numbers compared to supplementation with
lavages from VEH-treated animals (Fig. 4D), while the
proliferation rates remained unaltered (Supplementary
Fig. 2D). To test if CX3CL1 within the peritoneal lavages
might be involved, we depleted CX3CL1 using a neu-
tralizing antibody (nCX3CL1, 2 pg/mL). This approach
completely abolished increased cell numbers in response
to lavages of CllII-treated animals (Fig. 4D). Corroborating
previous reports that CX3CL1 enhances survival by
inducing expression of anti-apoptotic Bcl2 (ref. **3°), Bcl2
expression was elevated in F4/80" M¢ upon mPGES-1
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. J

inhibition (Supplementary Table 2). These observations
further support the notion that elevated CX3CL1 levels in
response to mPGES-1 inhibition contributed to increase
M¢ numbers during late-phase resolution, likely by
enhancing their adhesion and survival.

To gain evidence that this concept contributes to the
situation in vivo, we administered a neutralizing CX3CL1
antibody (nCX3CL1, 5pg/day) or the appropriate IgG
control (IgG) antibody in combination with the mPGES-1
inhibitor CIII in the peritonitis model (Fig. 5A). Neu-
tralizing CX3CL1 significantly reduced PMN numbers in
the peritoneum (Fig. 5B), pointing to normalization of the
resolution process. Eliminating CX3CL1 from the system
left MO numbers unaltered (Fig. 5C), supporting the
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relevance of enhanced adhesion and/or survival of M¢,
rather than MO recruitment. Neutralizing CX3CL1 pre-
dominantly reduced the number of F4/80' M¢, while F4/
80™ M¢ remained largely unaffected (Fig. 5D, E), despite a
marked reduction of CX3CL1 levels (Supplementary
Fig. 3).

Conclusively, mPGES-1 contributes to terminate a
zymosan-induced peritonitis by limiting epithelial
expression of CX3CL1, thereby reconstituting the cellular
composition of the peritoneal cavity.

Discussion

Inflammation is considered a protective mechanism
during host defense. To prevent excessive damage of
inflamed tissues it is critical to terminate inflammatory
processes for efficient recovery”***’. One of the hall-
marks of inflammation and its resolution is the presence
and subsequent removal of neutrophils (PMN) at sites of
injury. Our finding that the clearance of PMN was atte-
nuated upon mPGES-1 inhibition is in line with a pre-
vious report suggesting that PGE, promotes the removal
of PMN from the site of injury’®. In this model, PGE,
induced the production of 12-lipoxygenase (12-LO)-
dependent pro-resolving lipid mediators in M¢, which
then contributed to the reverse migration of PMN. While
this observation supports the notion that the pro-
inflammatory lipid mediator PGE, bears resolution
properties'>™*°, we did not observe altered expression of
12/15-LO in response to mPGES-1 inhibition, arguing
against this axis in our model. Instead, elevated PMN
numbers correlated with the increased presence of MO
and M¢ during late-stage resolution upon mPGES-1
inhibition, suggesting that the latter rather support PMN
infiltration and, thus, hinder the reestablishing of
homeostatic conditions. Along the same lines, excess M
numbers at sites of inflammation have been shown to
favor fibrosis®®®°, an established outcome of incomplete
resolution of acute inflammation. Interestingly, while
CX3CR1-expressing M¢ appeared to promote fibrosis,
M¢ expressing low levels of CX3CR1 rather contributed
to wound healing and tissue repair*”*"*°, Thus, elevated
Cx3crl expression in M¢ late during inflammation upon
mPGES-1 inhibition is in line with reports suggesting that
PGE, contributed to alternative M¢ polarization and
wound healing®'. Accordingly, Cox-2 inhibitors reduced
the ability of myofibroblasts to induce alternative activa-
tion of Md**. Since Cox-2 inhibitors attenuate the pro-
duction of all prostanoids, we feel confident that the use
of a mPGES-1 inhibitor allows delineating the role of
PGE, more specifically. While mPGES-1 inhibitors were
reported to redirect the PGE, precursor PGH, to other
prostanoids in vitro®®*3, we did not observe such shunting
in vivo, in line with other reports***>, Epithelial CX3CL1
expression further corroborates previous reports,
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demonstrating that CX3CL1 is produced by peritoneal
epithelial upon peritoneal dialysis, where it contributed to
a fibrotic phenotype®”*°.

With respect to elevated M¢p numbers upon mPGES-1
inhibition, we observed enhanced adhesion of BMDM in
response to CX3CL1, which corroborates previous find-
ings that CX3CLI1 increases leukocyte adhesion®’. Inter-
estingly, integrin 7 (Itgh7) expression was upregulated in
both F4/80" infiltrating and F4/80™ resident M¢ during
zymosan-induced peritonitis upon mPGES-1 inhibition,
and ltgh7 expression was previously associated with
adhesion of B-cells*® and multiple myeloma cells*. Thus,
elevated M¢ numbers upon mPGES-1 inhibition might in
part be due to enhanced adhesion of M¢ within the
peritoneum.

During the course of acute inflammation, F4/80™ resi-
dent M¢ are usually depleted at the site of injury by
emigration and cell death®'®. We noticed that inhibition
of mPGES-1 effectively prevented depletion of F4/80™
M¢, and, in addition to enhanced Itgh7 expression, we
observed upregulation of anti-apoptotic Bcl2, selectively
in these cells, which confirms previous reports showing
that CX3CL1 enhanced Bcl2 expression and promoted
survival of MO and MO-derived M¢$>**°°. The observation
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that the increase in peritoneal myeloid cells upon
mPGES-1 inhibition was reversed upon CX3CL1 neu-
tralization further underscores the crucial role of PGE, to
limit CX3CL1 signaling for proper resolution of inflam-
mation. While CX3CL1 neutralization completely
reversed F4/80'°, infiltrating M¢ numbers, F4/80M Mo
were less responsive. Considering that the neutralization
approach lowered peritoneal CX3CL1 levels by approxi-
mately 50%, these findings may indicate that the CX3CL1-
dependent survival increase of F4/80™ M¢ is activated at
lower CX3CL1 levels, while the adhesion phenotype
appears to require higher CX3CL1 concentrations.

In conclusion, we provide evidence that mPGES-1-
derived PGE, contributes to the resolution of zymosan-
induced peritonitis by reducing the expression of epithe-
lial CX3CL1, which allows to reestablishing cellular
homeostasis in the peritoneum.

Material and methods
Chemicals

All chemicals were purchased from Thermo Fisher
Scientific GmbH (Dreieich, Germany), if not indicated
otherwise. Primers were ordered from Biomers (Ulm,
Germany).
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Peritonitis model

To analyze the course of inflammation in vivo, we used
the well-established zymosan-induced peritonitis model in
mice®*2, Specifically, to induce a transient peritonitis,
8-12 week old female C57BL/6 mice received an i.p.
injection of 5mg/kg body weight zymosan A (Sigma
Aldrich, St. Louis, USA). Starting at day 1 after zymosan
injection, mice were randomly selected to receive daily i.p.
injections of either the mPGES-1 inhibitor compound III
(CII) (25mg/kg) or the respective vehicle control (1%
Tween-80, 0.5% Carboxymethyl cellulose, 0.9% NaCl
solution). To neutralize CX3CL1 a CX3CL1 antibody
(5 pg/mouse; MAB571, R&D Systems, Minneapolis, USA)
was co-injected with CIIL Peritoneal lavages were obtained
by flushing the peritoneal cavity with 3 mL phosphate-
buffered saline (PBS). Supernatants and cells of the
resulting lavages were used for further analyses. Animal
experiments followed the guidelines of the Hessian animal
care and use committee (approval number: FU/1211).

FACS sorting

Single-cell suspensions were stained with an antibody
mix (Supplementary Table 3) for 20 min at 4°C in the
dark after blocking with FcR blocking reagent (Miltenyi
Biotec, Bergisch Gladbach, Germany) in 0.5% bovine
serum albumin (BSA) in PBS as previously described®.
Cells were separated using a FACS ARIA III cell sorter
(BD Biosciences, Heidelberg, Germany) to obtain F4/80'"
and F4/80" M¢ (gating strategy in Supplementary Fig. 1).

Cells

Bone marrow-derived M¢ (BMDM) were differentiated
with 20 ng/mL macrophage colony-stimulating factor (M-
CSF), and 20 ng/mL granulocyte-macrophage colony-sti-
mulating factor (GM-CSF) (both Immunotools, Frie-
soythe, Germany) in Dulbecco’s Modified Eagle’s Medium
(DMEM) (containing 10% fetal calf serum (FCS), 100 U/
mL penicillin, 100 pg/mL streptomycin). MO was isolated
using the EasySep™ Mouse Monocyte Isolation Kit
(Stemcell Technologies, Vancouver, Canada) according to
the manufacturer’s instructions. EQ771 cells were pur-
chased from ATCC-LGC Standards GmbH (Wesel, Ger-
many), maintained in DMEM containing 10% FCS, 100 U/
mL penicillin, and 100 pg/mL streptomycin, and routinely
tested for mycoplasma.

Proliferation assay

BMDM were labeled for 20 min with 5uM carboxy-
fluorescein succinimidyl ester (CESE; Biolegend, San
Diego, USA) after 2 days of differentiation. BMDM were
then treated with CX3CL1 (100 ng/mL) in the presence of
M-CSF or GM-CSF (20 ng/mL each), or exposed to full
medium supplemented with lavage fluid isolated at day 6
of the peritonitis experiment at a ratio of 2:1. Cell
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numbers and CFSE staining were analyzed 48 h post sti-
mulation by FACS.

Adhesion assay

BMDM were labeled for 20 min with 5uM CESE after
7 days of differentiation. BMDM were then allowed to
adhere to fibronectin-coated plates in serum-free DMEM
(100 U/mL penicillin, 100 pg/mL streptomycin) for 1h.
Adhesion was measured as cell density by quantifying
CFSE intensity using the Spark plate-reader system
(Tecan, Mannedorf, Switzerland).

Migration assay

Monocyte (MO) migration was assessed in a Boyden
chamber transwell assay (5pm, Corning, USA). Briefly,
MO was added to the upper well of a Boyden chamber in
DMEM containing 1% FCS, and allowed to migrate
towards CX3CL1 (100 ng/mL) in the lower compartment
for 4 h. Migrated cells were stained for CD45, CD11b, and
Ly6G and analyzed by FACS.

RNA sequencing

Total RNA was isolated from sorted F4/80' and F4/80"
macrophages (M¢) using the RNeasy Micro Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions. RNA concentration and integrity were ana-
lyzed with the Qubit HS RNA Assay Kit (Thermo Fisher
Scientific) and the Agilent 2100 Bioanalyzer using an RNA
6000 Pico Chip (Agilent Technologies, Waldbronn, Ger-
many), respectively. Sequencing libraries were prepared
using the QuantSeq 3’ mRNA-Seq Library Prep Kit with
the UMI Second Strand Synthesis Module for QuantSeq
(Lexogen, Vienna, Austria). Quantity and quality of the
cDNA libraries were evaluated by Qubit dsDNA HS Assay
Kit (Thermo Fisher Scientific) and Agilent DNA High
Sensitivity DNA Chip (Agilent Technologies), respec-
tively. Libraries were sequenced (single end, 75 cycles)
using a High Output Kit v2 on a NextSeq 500 sequencer
(Ilumina, San Diego, USA). Data were analyzed using the
Bluebee QuantSeq FWD-UMI Data Analysis Pipeline
according to the manual (details see Supplementary
Methods). Sequencing data have been deposited under
the GEO accession number GSE164364.

Reverse transcription and quantitative polymerase chain
reaction (qPCR)

Total RNA was isolated from sorted cells using the
RNeasy Micro kit (Qiagen), followed by amplification and
reverse transcription using the MessageBooster kit (Bio-
zym, Hessisch Oldendorf, Germany). qPCR was per-
formed using the PowerUp SYBR Green Mix on
Quantstudio PCR Real-Time Systems (Thermo Fisher
Scientific) according to the manufacturer’s manual (pri-
mers in Supplementary Table 4).
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Prostanoid analysis
Prostanoids were quantified as previously described”
(details are given in Supplementary Methods).

Immunohistochemistry

Peritoneal membranes from mice at day 6 of the peri-
tonitis model were fixed and paraffin embedded. Depar-
affinized and rehydrated membrane sections (4 um) were
stained using the Opal staining system according to the
manufacturer’s instructions (Perkin Elmer, Waltham,
USA) with primary antibodies against CX3CL1 (MAB571,
R&D Systems) and pan-cytokeratin (panCK) (ab7753;
Abcam, Cambridge, UK). Pictures were acquired with the
Vectra Polaris Automated Quantitative Pathology Ima-
ging System featuring MOTIF (Akoya Biosciences, Marl-
borough, USA). The relative abundance of CX3CL1
expressing cells in the epithelium was scored upon tissue
segmentation based on panCK staining with the InForm
software (Akoya Biosciences).

Statistics

Data are presented as means + SEM of at least three
independent experiments. The sample size for each
experiment was estimated empirically, according to the
exploratory experiments and published literature with
similar methodology. Differences were considered sig-
nificant when *p < 0.05; **p < 0.01; ***p < 0.001; ns = not
significant. Normal distribution was assessed using
D’Agostino—Pearson test. Statistical analysis was done
using Student’s t test, one-way ANOVA with Holm—Sidak
posthoc test (parametric data, otherwise Kruskal-Wallis
test), or two-way ANOVA with Holm-Sidak posthoc test
(parametric data; otherwise data were log-transformed).
Data were statistically evaluated with GraphPad Prism 7.0
(GraphPad Software, USA).
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