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IMMUNOLOGY

Agonist anti-ChemR23 mAb reduces tissue
neutrophil accumulation and triggers chronic
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Resolution of inflammation is elicited by proresolving lipids, which activate GPCRs to induce neutrophil apoptosis,
reduce neutrophil tissue recruitment, and promote macrophage efferocytosis. Transcriptional analyses in up to
300 patients with Inflammatory Bowel Disease (IBD) identified potential therapeutic targets mediating chronic
inflammation. We found that ChemR23, a GPCR targeted by resolvin E1, is overexpressed in inflamed colon tissues
of severe IBD patients unresponsive to anti-TNFa or anti-a4B7 therapies and associated with significant mucosal
neutrophil accumulation. We also identified an anti-ChemR23 agonist antibody that induces receptor signaling,
promotes macrophage efferocytosis, and reduces neutrophil apoptosis at the site of inflammation. This ChemR23
mAb accelerated acute inflammation resolution and triggered resolution in ongoing chronic colitis models, with
a significant decrease in tissue lesions, fibrosis and inflammation-driven tumors. Our findings suggest that failure
of current IBD therapies may be associated with neutrophil infiltration and that ChemR23 is a promising thera-

peutic target for chronic inflammation.

INTRODUCTION
Inflammatory bowel disease (IBD) such as ulcerative colitis (UC)
and Crohn’s disease (CD) are chronic relapsing gastrointestinal dis-
orders characterized by chronic intestinal inflammation, dysregulated
immune responses to intestinal microbiota, and dysfunction of the
epithelial barrier (1, 2). Although IBDs are associated with marked
morbidity and have a major impact on quality of life and ability to
work, their incidence and prevalence keep increasing worldwide
(3, 4). Current conventional treatments aim to prevent inflammation
by gradual administration of anti-inflammatory agents, steroids,
immunosuppressive drugs or biological agents targeting tumor necro-
sis factor (TNF) cytokines or gut-specific a4p7 integrin, particularly
for refractory and severe forms of IBD (5, 6). However, these thera-
pies do not induce remission in over half of the patients, and relapse
also occurs over time in primary responders (7), with fibrotic com-
plications developing in a significant number of patients (8). Thus,
research efforts should be invested in identifying novel mechanisms
and signaling networks implicated not only in dampening or pre-
venting inflammation but also in turning off the chronicity of in-
flammation and promoting tissue homeostasis.

Inflammation resolution is an active process governed in part by
endogenous mediators, including members of the superfamily of
lipidic specialized proresolving mediators (SPMs), as well as some
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proteins that promote clearance of inflammatory infiltrates, restoration
of tissue integrity, and, ultimately, the return to normal function
(9-15). Failed resolution occurs when excessive or unresolved pro-
tective acute inflammation response progresses to chronic inflamma-
tion, which is a universal feature in many organ-specific diseases
(16). SPMs are lipids biosynthesized from omega-6 and omega-3
polyunsaturated fatty acids that act as resolution agonists by targeting
distinct G protein—coupled receptors (GPCRs) expressed by immune
cells, in particular, phagocytes (17-20). SPMs have been shown to
stop neutrophil transmigration and trigger their apoptosis and to
promote nonphlogistic phagocytosis of cellular debris (efferocytosis),
including apoptotic neutrophils (18, 19). These functions are criti-
cal for inflammation resolution, as neutrophils recruited in excess
or unable to exit the site of inflammation can cause unintended col-
lateral tissue damage, which amplifies ongoing inflammation (20, 21).
In IBD, delayed neutrophil apoptosis and neutrophil-mediated dam-
age are associated with the development of UC and CD (22-26).
Moreover, recruitment of activated neutrophils correlates with dis-
ease severity in CD (27), whereas complete resolution of mucosal
neutrophils improves long-term clinical outcome in UC (28). SPM
production is reduced in the colonic mucosa of patients with UC
(29), and conversely, increased expression of SPMs in UC colon tis-
sue is associated with remission and mucosa homeostasis (27, 28).
Notably, it has been shown that exogenous treatment with resolvin
El (RvE1) accelerates the resolution of colon inflammation in acute,
spontaneously resolutive colitis mouse models (32-34). RvEL1 trig-
gers extracellular signal-regulated kinase (ERK) and Akt signaling
via activation of ChemR23 GPCRs (CMKLRI gene) expressed by
myeloid cells such as macrophages, dendritic cells (DCs), neutrophils,
and natural killer (NK) cells (35-37). The RvE1/ChemR23 axis has
been reported to decrease inflammatory TNF-a and interleukin-12
(IL-12) secretion by DCs (33, 37), reduce neutrophil transmigra-
tion (38), increase reactive oxygen species (ROS) generation by
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neutrophils (39), stimulate efferocytosis (40), and promote M1 in-
flammatory to M2 resolutive-type macrophage conversion (35).

Despite increasing evidence that chronic inflammation in humans
is associated with a deficit of SPMs, current treatments based on
proresolutive drug delivery are limited to experimental validation in
spontaneously resolutive acute inflammation murine models, due
to the restricted bioavailability and rapid clearance of SPMs. Thus,
whether this novel therapeutic approach can promote efficient reso-
lution in nonspontaneously resolutive chronic inflammation remains
unclear. Here, we report that ChemR23 receptor overexpression in
the IBD colon mucosa is associated with neutrophil infiltration and
unresponsiveness to anti-TNF/a4f7 therapies. Moreover, activating
proresolutive ChemR23 signaling with an agonistic monoclonal
antibody (mAb) efficiently accelerates resolution in acute colitis
models and triggers resolution of ongoing chronic colitis in unre-
solved preclinical models, thereby preventing fibrosis and limiting
the development of inflammation-driven colorectal tumors.

RESULTS

Increased mucosal neutrophil infiltrates and ChemR23
expression are associated with resistance

to immunotherapies in IBD

We previously reported a meta-analysis of publicly available tran-
scriptional UC cohort datasets from colon mucosa biopsies performed
before anti-TNF treatment (41). Differential analysis of all expressed
genes in the meta-dataset (17,037 genes) identified only 85 genes
significantly (adjusted P value < 0.05) and differentially (log, fold
change > 1) expressed between responders and nonresponders. Gene
set enrichment analysis indicated overexpression of genes associated
with myeloid cell activation, neutrophil activation and degranulation,
leukocyte chemotaxis, and response to bacterium (fig. S1, A and B).
To investigate whether local/mucosal neutrophil excessive infiltrates
are associated with responsiveness to conventional immunotherapies
(anti-TNF or anti-04B7 mAbs), we first analyzed neutrophil gene
expression signatures using deconvolution tools on previously pub-
lished transcriptomic datasets from mucosal biopsies of IBD patients
with clinical annotation. We examined colon biopsies (responders
n = 28, nonresponders n = 41) from three independent UC cohort
datasets [GSE16879 (42), GSE12251 (43), and GSE73661 (44)] and
colon and ileal biopsies (responders n = 20, nonresponders n = 17)
from one CD cohort dataset [GSE16879 (42)]. Colon biopsies were
performed before the start of therapy and then 4 to 6 weeks after the
first antibody infusion. Response to immunotherapy was determined
by histological healing. Using two different bioinformatic deconvo-
lution tools and validated transcriptomic signatures, we first found
using the CIBERSORT transcriptomic signatures that, in both UC
and CD patients, the relative fraction of neutrophils in the gut mu-
cosa was significantly higher in nonresponder patients before and
after anti-TNF treatment, when compared to responders or non-
IBD controls (Fig. 1A). Similar results were obtained in patients
with UC before and after anti-TNF (fig. S2A) or anti-04p7 integrin
(fig. S2B) therapy by using Quantiseq, a different deconvolution
method that confirmed the CIBERSORT analysis. As previously re-
ported (42, 43), transcriptomic signature analyses also revealed an
increase in inflammatory (M1) macrophages over resolutive-type
(M2) macrophages before anti-TNF treatment in colon biopsies of
nonresponder patients (fig. S2C). The accumulation of neutrophils
in the colon mucosa of anti-TNF nonresponder UC and CD patients
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was confirmed with histological sections from independent local
cohorts (UC responders n = 6, UC nonresponders n = 8, CD re-
sponders n = 9, CD nonresponders n = 6 from Nantes University
Hospital, France) by using pathologist blinded analysis of Robarts
score, which integrates the quantity and localization of neutrophils in
the tissue (Fig. 1B). No differences in disease severity (Lichtiger score)
between responder and nonresponder UC patients before therapy
was observed in these histological sections (Fig. 1C), further demon-
strating that excessive neutrophil infiltrates in nonresponders in our
local IBD cohort is not simply due to the severity of the disease.

Next, we determined whether the proresolutive myeloid receptor
ChemR23 (cmklrlgene) is also differentially expressed in the gut
mucosa of patients with IBD in response to current immunotherapies.
On the basis of the same publicly available datasets and our meta-
cohort, we found that ChemR23 is significantly overexpressed in the
mucosa of UC and CD patients unresponsive to anti-TNF (Fig. 1D)
or anti-04P7 (Fig. 1E) therapies, when compared to responders and
non-IBD controls. Similarly, ChemR23 mucosal overexpression is
detected before and after treatment in UC and CD nonresponders
and significantly correlates with neutrophil transcriptomic signature
and M1/M2 transcriptomic ratio (fig. S2D). Although ChemR23
expression tends to decrease after anti-TNF therapy in both respond-
ers and nonresponders, its expression remains significantly higher
in nonresponders after treatment (Fig. 1, D and E). Analysis of dif-
ferent colon and ileal biopsy datasets from UC and CD patients after
treatment with corticosteroids and/or immunosuppression showed
that ChemR23 is overexpressed in gut inflamed tissues but not in
proximal noninflamed segments or non-IBD controls (fig. S1, C
and D). Moreover, analysis of a recent single-cell RNA sequencing
(scRNA-seq) dataset from ileal tissues of patients with CD (47) con-
firmed that ChemR23 is mainly expressed by mucosal macrophages,
particularly resident macrophages (fig. S3A). Consistent with this,
scRNA-seq data from colon biopsies of patients with UC (48) show
that ChemR23 is expressed by macrophages within leukocytes sub-
sets but not by stromal or epithelial cells (fig. S4). Unfortunately,
scRNA-seq technology does not permit the analysis of granulocyte
subsets. However, histological ChemR23 staining on colon or
ileal biopsies from a local cohort of UC and Crohn anti-TNF nonre-
sponders showed that ChemR23 is mainly expressed by neutrophils
in inflamed mucosas (Fig. 1F).

These data indicate that mucosal excessive neutrophil infiltration
and ChemR23 overexpression before treatment are associated with
unresponsiveness to anti-TNF and anti-04f7 immunotherapies in
UC and CD patients, suggesting that ChemR23-dependent neutro-
phil infiltration may be associated with refractory and severe chronic
inflammation.

ChemR23 expression is regulated by inflammatory signals

To dissect the regulatory mechanisms underpinning ChemR23
activity during inflammation, we examined ChemR23 expression
in vitro in leucocyte subpopulations cultured with inflammatory sig-
nals and in vivo using murine acute inflammatory models. Whereas
ChemR23 was weakly expressed on freshly isolated human neutro-
phils, it was significantly up-regulated in neutrophils cultured with
inflammatory signals [TNFo, IL-6, lipopolysaccharide (LPS), or IL-8]
(Fig. 2A and fig. S5). Similarly, IL-6 significantly increased ChemR23
expression in human monocytes and DCs over time (Fig. 2A) as pre-
viously described (32, 45-47). In naive mice, ChemR23 expression
at steady state in the spleen was significantly lower than in resident
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Fig. 1. Colonic mucosal neutrophil infiltrates and ChemR23 overexpression are associated with nonresponse to anti-TNF and anti-a4B7 mAb therapies in IBD.
(A) Neutrophils transcriptomic signature fraction among immune cells using CIBERSORT analysis in intestinal biopsies of non-IBD patients (black, n = 18), responders (R)
(green), and nonresponders (NR) (orange) before and after TNF treatment. Meta-analysis [datasets GSE16879 (42), GSE12251 (43), and GSE73661 (44)] of colon biopsies
from three UC cohorts (responders n =28 to 15, nonresponders n =41 to 31) and analysis [dataset GSE16879 (42)] of colon and ileal biopsies from a CD cohort (responders
n =24 to 23, nonresponders n = 19) with histological healing as the anti-TNF response criteria. (B) Representative H&E staining (left) from colon biopsies of UC and ileal
biopsies of CD patients with white arrows indicating neutrophils infiltrates. Neutrophil-associated histological Robarts score quantification (right) in colon and ileal biop-
sies from a local French cohort of UC and CD patients before treatment with anti-TNF: UC (responders n =6, nonresponders n = 8) and CD (responders n =9, nonresponders
n=6). (C) Lichtiger score of the same cohort as in (D). (Responders, green; nonresponders, orange). (D) ChemR23 transcriptomic relative expression in intestinal biopsies
from the same IBD cohorts as in (A) before and after anti-TNF treatment. (E) ChemR23 transcriptomic relative expression in colon biopsies of patients with UC before and
after anti-a4B7 mAb therapy: dataset GSE73661 (44), responders n=9 to 22, nonresponders n =30 to 37. (F) Representative staining of the ChemR23 protein expression

from colon biopsies of UC and ileal biopsies of patients with CD from the local cohort in (B). *P < 0.05, **P < 0.01, ***P < 0.005 (Kruskal-Wallis and Mann-Whitney tests).

macrophages and DCs in the colon (fig. S6, A and B). Moreover,
neutrophils from the spleen, bone marrow, or colon do not express
ChemR23 in naive mice. However, similar to human, mouse
neutrophils or monocytes from naive mice overexpressed ChemR23
when cultured with inflammatory mediators (IL-6 or LPS) (fig. S6C).
In in vivo murine air pouch models, subcutaneous injection of TNFa
or carrageenan (an algae-derived polysaccharide) induces rapid and
strong local recruitment of macrophages and neutrophils express-
ing ChemR23 (Fig. 2B). Notably, although no ChemR23 was detected
in resident macrophages and neutrophils at baseline, a significant
proportion of macrophages and neutrophils recruited upon inflam-
mation expressed ChemR23. We next analyzed ChemR23 levels in
preclinical models of acute colitis induced by chemical agents [dextran
sulfate sodium (DSS) or TNBS (2,4,6-trinitrobenzenesulfonic acid)]
and in models of chronic colitis induced by adoptive transfer of
CD4" CD45Rb"8" T cells into Ragl (recombination activating gene 1)
knockout (KO) mice. In both these models, ChemR23 expression
in macrophages and neutrophils was detected only in the inflamed
colon and not in the periphery (spleen) (Fig. 2C and fig. S7). Chronic
colitis models showed stronger ChemR23" neutrophil infiltration
than acute colitis models. Together, these results indicate that ChemR23

Trilleaud et al., Sci. Adv. 2021; 7 : eabd1453 2 April 2021

is induced by inflammatory signals and is primarily expressed in
resident tissue macrophages and inflammatory neutrophils.

Agonist anti-ChemR23 mAb as new proresolving

therapeutic modality

Current progress on the potential therapeutic applications of SPMs
remains essentially limited to experimental validation in sponta-
neously resolutive acute inflammation models, due to the reduced
bioavailability and rapid clearance of these molecules. To explore a
different therapeutic modality for triggering efficient resolution of
chronic inflammation with a long elimination half-life, we screened
novel mAbs for their proresolutive agonist properties. We screened
several anti-human ChemR23 mAbs and identified a unique clone
with RvE1-like properties such as IL-10 secretion induction by human
macrophages (fig. S8A) and selected the most efficient humanized
and optimized variant of this anti-ChemR23 mAb for further explo-
ration in vivo (fig. S8B). We found that an agonist anti-ChemR23
mAD induced rapid ERK and Akt phosphorylation (Fig. 3A), which
is a well-characterized ChemR23 downstream signaling pathway
typically induced by RvE1 (50). This signaling event triggered the re-
polarization of human macrophages into proresolving macrophages,
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Fig. 2. ChemR23 expression is regulated by inflammation. (A) ChemR23 expression (median fluorescent intensity) analyzed by flow cytometry of neutrophils (CD66b™),
monocytes (CD14%), and DCs (CD11c") after human peripheral blood leukocytes cultured with TNFa (100 U/ml), IL-6 (10 ng/ml), IL-8 (50 ng/ml), or LPS (100 ng/ml) for the
indicated period of time (n=6 to 12 per group). (B) Left: Absolute numbers of macrophages (black) and neutrophils (gray) recruitment in skin air pouch models induced
by 50 ng of TNFa (top) or 1% carrageenan (bottom) injection. Middle: Absolute numbers and (right) frequency of ChemR23-positive macrophages and neutrophils recruited
in these air pouch models. (C) ChemR23 expression by indicated population in spleen (white) and colon (gray) of acute DSS (day 6), acute TNBS (day 3), and chronic
CD45RbM9" transfer (day 61) colitis mouse models (n =5 to 7 per group). *P < 0.05, **P < 0.01, ****P < 0.001 [Mann-Whitney and multiple comparisons two-way analysis of

variance (ANOVA)]. AU, arbitrary units.

as revealed by an increase in IL-10 secretion and decrease in CD80,
CD86, and CCR?7 expression in M1 interferon-y (IFNy)-polarized
macrophages and an increase in IL-10 secretion and decrease in
CD206 and CD11b expression in M2 transforming growth factor-p
(TGFB)-polarized macrophages (Fig. 3B and fig. S10A). Pretreatment
of human macrophages with agonist ChemR23 mAb for 1 hour in-
creased phagocytosis of neutrophils (Fig. 3C), consistent with
previous research showing that ChemR23 proresolutive activity in
macrophages induces efferocytosis of apoptotic neutrophils (51).
Moreover, as previously described for RvE1 (52), agonist ChemR23
mADb significantly reduced human neutrophil transendothelial
migration during inflammation of both healthy volunteers (HVs)
(Fig. 3D) or patients with anti-neutrophil cytoplasmic autoantibody
(ANCA) vasculitis (fig. S9), consistent with a rapid (30 min) and
sustained reduction in r-selectin (CD62L) membrane expression and
increase in soluble L-selectin (Fig. 3E). In addition, neutrophil cul-
tured with the anti-ChemR23 mAb displayed significantly reduced
membrane expression of both CXCR1 and CXCR2 IL-8 receptors
(fig. S10B). These findings confirm that agonist ChemR23 mAb

Trilleaud et al., Sci. Adv. 2021; 7 : eabd1453 2 April 2021

reduces neutrophil transmigration by promoting r-selectin shedding
and inhibiting neutrophil chemotaxis. In addition, agonist anti-
ChemR23 mAD internalization accelerated neutrophil apoptotic
cell death (Fig. 3G and fig. S10C), as revealed by an increase in
Caspase-3/7 activation and annexin V staining (Fig. 3F and fig. S10E).
Mechanistically, this accelerated neutrophil apoptosis was associated
with increased ROS production (fig. S10D). However, no significant
NETosis was detected (fig. S10F).

Next, we identified the ChemR23 epitope recognized by the mAb
using MAbTope in silico epitope mapping (fig. S11, A and B) (53)
and then confirmed these results by enzyme-linked immunosorbent
assay (ELISA) binding assay (fig. S11C). The antibody binds to
ChemR23’s GPCR extracellular loop 3, a peptide sequence highly
conserved between mouse and human, thereby suggesting cross-
reactivity. Agonist anti-ChemR23 mADb triggered ERK and Akt signal-
ing in mouse macrophages (fig. S10G) and promoted inflammation
resolution in vivo. In the TNFa air pouch acute inflammation model,
injection of anti-ChemR23 mAb did not reduce the initial inflam-
matory local recruitment of neutrophils but significantly promoted
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Fig. 3. Proresolutive mechanisms of agonist ChemR23 mAb. (A) p-ERK (Thr®®*/Tyr?®) and p-Akt (Ser*’®) ChemR23 signaling measured by ELISA in protein lysate of
human inflammatory M1 macrophages cultured with isotype hlgG1 or anti-ChemR23 mAb (10 ug/ml) for the indicated period of time. (B) IL-10 secretion in the supernatant
of M1 IFNy-polarized (left) and M2 TGFB-polarized (right) human macrophages culture for 48 hours with human IgG1 isotype control or anti-ChemR23 mAb (10 pg/ml)
(n=6). (C) Efferocytosis of human neutrophils by human macrophages pretreated for 1 hour with isotype higG1 or anti-ChemR23 mAb (10 ug/ml) (n = 4). (D) Transmigration
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for 90 min. (E) CD62L (L-selectin) expression kinetic by flow cytometry (left) and soluble CD62L concentration supernatant (right) of human neutrophils cultured with
isotype hlgG1 or anti-ChemR23 mAb (10 ug/ml) for 4 hours (n =3 to 4). (F) Percentage of Caspase-3/7 human neutrophils determined by microcopy after 10 hours of
culture with isotype hlgG1 or anti-ChemR23 mAb at 10 pg/ml (n = 3). (G) Percentage of dead human neutrophils determined using Live and Dead assay after 24 hours of
culture with isotype higG1 or anti-ChemR23 mAb at 10 ug/ml (n = 8). (H) Neutrophils absolute number (left) and percentage of dead neutrophils (right) measured in mouse
exudates of TNF-induced inflammation air pouch model at indicated time points. higG1 control (black) or anti-ChemR23 mAb (blue) was administered twice intraperitoneally
at d-1and d0 (20 ug per injection; n =4 to 5 per group). () SPMs and precursors quantification by mass spectrometry in the same exudates as in (H) 8 hours (left) and 48 hours

(right) after TNF injection. *P < 0.05, **P < 0.01, ***P < 0.05 (Mann-Whitney or Wilcoxon).

the clearance of neutrophils from the inflammatory sites (Fig. 3H).
Notably, RvE1 has been previously reported to inhibit neutrophils
migration in peritonitis models (52) and to trigger neutrophil apoptosis
in vitro (20). In our TNF-induced air pouch model, RvE1 administra-
tion only induced a variable effect on neutrophil recruitment and cell
death. Last, biochemical characterization of exudates showed that
anti-ChemR23 mAD injection significantly increased local production
of SPMs and their precursors at 8 hours during the inflammation
phase (e.g., lipoxins) and also at 48 hours during the resolution phase
(e.g., RvE1 and D3) (Fig. 3I). Together, these data show that agonist
anti-ChemR23 mAD triggers inflammation resolution by reprogram-
ming inflammatory macrophages toward proresolutive activity, thereby
inducing inflammatory neutrophil clearance from inflamed sites and
promoting the secretion of proresolutive molecules.

ChemR23 activation with agonist mAb triggers resolution

of acute and chronic intestinal inflammation

RvE1 was previously shown to accelerate the resolution of inflam-
mation in spontaneously resolutive acute colitis mouse models (30, 31).

Trilleaud et al., Sci. Adv. 2021; 7 : eabd1453 2 April 2021

ChemR23 mAD treatment significantly accelerated recovery from
acute colitis associated with high mucosal neutrophils infiltrates
(fig. S12) such as the DSS and TNBS mouse models, as shown by a
reduced resolution index (Ri), acceleration of weight recovery, and
normalization of stool consistency and fecal blood signs (Fig. 4). Colon
retraction, a key hallmark of colonic inflammation, was also signifi-
cantly restored after RvE1 or agonist ChemR23 mAb treatment, which
further demonstrates their proresolutive action (Fig. 4, B and F).
To investigate whether ChemR23 activation with a mADb effectively
reduces inflammation in nonresolutive and chronic inflammatos
colitis models, we conducted an adoptive transfer of CD4" CD45Rb™®
T cells into Ragl1KO mice, which induces progressive and chronic
colitis over time without a resolution phase. Treatment with agonist
ChemR23 mAb initiated after colitis onset [from day 32 (d32) to d51]
and T lymphocyte infiltration (fig. SI3A) significantly reversed
ongoing chronic colitis and protected mice from fatal weight loss
(Fig. 5A). Histological evaluation of the colon at sacrifice showed a
significant decrease in mucosal inflammation and thickness, reduced
signs of vasculitis, and nearly complete inhibition of colon fibrosis
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Fig. 4. Agonist ChemR23 mAb accelerates the resolution of acute colon inflammation. (A) Weight variation, (B) colon length (d22), and (C) diarrhea (stool score) of
mice in the acute DSS (2%) colitis model treated intraperitoneally at dO, d2, and d4 with isotype hlgG1 (black; n=10) or anti-ChemR23 (blue; n=10) mAb at 1 mg/kg or
RVE1 (50 ng/kg per day; gray; n = 10) daily for 5 days. (D) Resolution index of colitis based on the time to resolve 50% of the diarrhea symptoms as discussed in (90). (E) Weight
variation and (F) colon length (d5) of mice in the acute intrarectal TNBS/ethanol (50%) colitis model treated intraperitoneally at d0 and d2 with isotype (control) or anti-ChemR23
mADbs (1 mg/kg) or RVE1 (50 ug/kg per day) daily for 3 days(n =9 to 10 per group). Naive, age-matched mice that did not receive administration of DSS or TNBS/ethanol.

*P <0.05 and **P < 0.01 (Mann-Whitney).

(Fig. 5B). Transcriptomic analysis (Nanostring Immunology Panel)
in responding mice revealed a significant decrease in gene expression
signatures associated with adaptive immune response, T lymphocyte
signaling, and IFNy pathway (Fig. 5C and fig. S13B). We also ob-
served significant modulation of innate myeloid cell signature such
as reduced antigen processing and presentation signature, IFNa and
IFNp signature, chemokine signature, and, on the opposite, increased
IL-10 signaling signature (Fig. 5C). Consistent with this, histology
in mice showed that agonist anti-ChemR23 mAb treatment signifi-
cantly affects T cell and neutrophil infiltrates in the colon (Fig. 5D).

IL-10 KO mice develop chronic colitis spontaneously over the
time (54). We treated these mice for 2 weeks with the agonist ChemR23
mAD or its corresponding isotype control when significant clinical
symptoms of colitis were monitored (weight decrease > 5% and/or
stool score > 1). After 14 days of treatment, mice treated with anti-
ChemR23 mAb displayed significantly fewer signs of diarrhea and
weight loss when compared to the control group (fig. S14), showing
that agonist anti-ChemR23 mAb triggers resolution of ongoing
chronic colitis in different models.

Given that anti-ChemR23 mAb accelerates neutrophil apoptosis
(Fig. 3, F and G) and is a human immunoglobulin G1 (hIgG1) isotype
with potential cell cytotoxicity (55), we assessed its in vivo effects on
the peripheral immune cell population. No significant changes were
detected in immune cell populations (neutrophils, macrophages,
DCs, T cells, and NK cells) in the spleen of mice treated with agonist
ChemR23 mAb in three different models of induced acute or chronic
colitis (fig. S15) or in the blood or bone marrow of naive mice that
received high dose of anti-ChemR23 mAb (fig. S16), in agreement
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with the expression pattern of ChemR23 primarily in myeloid tissue.
These data further suggest that agonist anti-ChemR23 treatment does
not induce peripheral immune cell depletion or neutropenia.

Agonist anti-ChemR23 mADb limits colon cancer development
Chronic colon inflammation is an important risk factor for colorectal
cancer (CRC) development (56). However, conventional therapies to
inhibit inflammation can have a negative impact on the overall sur-
vival of IBD patients with CRC (57). To evaluate the potential effects
of triggering inflammation resolution with agonist ChemR23 mAb
on tumor development, we treated mice with chronic inflammation-
mediated colon cancer receiving cycles of DSS after an initial injection
of a carcinogenic agent (azoxymethane). Treatment with ChemR23
mAbs was initiated after the first cycle of DSS. Although no weight
loss differences were detected (Fig. 6A), anti-ChemR23 treatment
caused a significant reduction in diarrhea during the entire treatment
period (3 months), as each diarrhea phase after DSS administration
was shorter in mice treated with anti-ChemR23 than in controls
(Fig. 6B). Colon retraction was also significantly reduced at sacrifice
in mice treated with anti-ChemR23 (Fig. 6C), and macroscopic eval-
uation of the colon at 3 months revealed significantly fewer tumor
nodules (Fig. 6D). To further investigate whether anti-ChemR23 has
a protective antitumoral effect, mice implanted subcutaneously with
the MC38 (Fig. 6E) or CT26 (Fig. 6F) colorectal mouse cell lines
were treated with agonist anti-ChemR23 mAb in monotherapy. In
CT26 mice, which are less immunogenic, we also tested a combined
treatment with anti-ChemR23 and chemotherapy (cisplatin). Agonist
anti-ChemR23 treatment induced partial or complete antitumor
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Fig. 5. Agonist ChemR23 mADb triggers the resolution of ongoing chronic colon inflammation. (A) Weight variation of Rag1™" mice reconstituted intraperitoneally
with 5 x 10° CD4* CD45Rb™" T cells from wild-type C57BI/6 mice and treated intraperitoneally with isotype higG1 (1 mg/kg; black; n=8) or anti-ChemR23 (blue; n=7)
mADbs three times/week from days 32 to 51 after T cell transfer. (B) Representative colon Hematoxylin and eosin (H&E) (top) and Masson’s trichrome (bottom) staining and
pathological quantification of colon inflammation, vasculitis, colon mucosa thickness (black bars), and fibrotic submucosa thickness (red bars) in the same model as in (A)
at sacrifice (1 month after treatment initiation, control n = 6 to 8, anti-ChemR23 n = 6 to 7).(C) Representative heatmap of clustered differential gene expression and scores
of transcriptomic analysis of colon in the CD4* CD45RbM" adoptive transfer model using the Nanostring mouse inflammation panel. Isotype hlgG1 (black; n=4) and
anti-ChemR23 (red for nonresponders n = 2; blue for responders n=3) mAb-treated mice. (D) Representative immunofluorescent staining of T cells (CD3*) and neutro-

phils (Ly6G+) and quantification in same colon. *P < 0.05 and **P < 0.01 (Mann-Whitney). MHC, major histocompatibility complex; ns, not significant.

responses in MC38 and CT26 models, including with monotherapy.
Notably, all mice with complete response also developed a memory
immune response, as second MC38 or CT26 graft rechallenges were
rejected without new treatment (0 tumor growth on four mice with
previous complete response). These data suggest that activation of
the proresolutive ChemR23 pathway suppresses cancer development
in chronic inflammatory diseases by triggering chronic inflamma-
tion resolution.

DISCUSSION

Chronic inflammatory diseases, such as IBD, are currently managed
with therapies that suppress the production of inflammatory medi-
ators (i.e., inflammatory cytokines) or block immune cell recruit-
ment or activation (i.e., integrin and costimulation). However, these
strategies are not effective in a substantial proportion of patients,
and significant rates of acquired resistance are observed (57). The
identification of alternative therapeutic approaches targeting novel
mechanisms and different disease phases is therefore urgently needed.
Research in the last decade has shown that inflammation does not
just peter out but is instead actively shut down by SPMs acting on
receptors expressed by immune cells (13-15, 58-61). While there is
growing interest in developing SPM analogs to treat inflammatory
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diseases (62-64), there are currently few proresolutive drugs in clin-
ical development because stable SPM analogs have limited pharma-
cokinetic properties and their chemical synthesis is complex. In this
study, we explored an innovative approach using an agonist mAb to
activate receptors involved in inflammation resolution. Moreover,
our results elucidate the mechanisms of ChemR23 regulation during
inflammation and chronic inflammatory disease. Last, we show that
promoting inflammation resolution via ChemR23 receptor activa-
tion with a mAb actively switches off ongoing chronic inflammation
and tumor development in preclinical models.

Neutrophils recruited following infection or sterile wounding are
key components of the inflammatory response. It has recently been
suggested that neutrophils may have other functions in addition to
providing immune protection when physical barriers are breached.
For instance, neutrophils may contribute directly to inflammation
resolution and recovery (65, 66) and orchestrate exacerbated adap-
tive responses by recruiting inflammatory macrophages and DCs
that release proinflammatory cytokines associated with chronic in-
flammation, such as TNFa and IL-23 (67). Appropriate neutrophil
apoptosis is fundamental for inducing resolution of inflammation
and promoting the conversion of proinflammatory (M1) toward
resolutive-type (M2) macrophages (68). In IBD, neutrophil intestinal
infiltration is typically associated with severe inflammation (69) and
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occurrence of abscesses and/or granulomata (70), particularly in pa-
tients with UC. Our analysis of colon transcriptomic datasets from
patients with IBD revealed that imbalanced M1/M2 macrophage ra-
tios and neutrophil persistence and accumulation are strongly asso-
ciated with a significant risk of resistance to anti-TNF or anti-04p7
therapies in different cohorts of UC or CD patients. Moreover, histo-
logical analysis of an independent and local cohort of UC and CD
patients showed that patients unresponsive to anti-TNF therapy
have excessive neutrophil infiltrates that persist after treatment. We
found that inflammatory signals (cytokines and Toll-like receptor
agonist) induce ChemR23 expression in vitro, including in neutro-
phils, which express a very low ChemR23 level at steady state (49).
In patients, ChemR23 was overexpressed in UC and CD colon biopsies
from anti-TNF or anti-04B7 nonresponders and correlated with neu-
trophil and M1/M2 macrophage transcriptomic signatures. scRNA-seq
analysis performed on UC or CD mucosas showed that ChemR23 is
predominantly expressed in myeloid cells, particularly in macrophage
samples lacking granulocyte subsets. In addition, histological staining
revealed that most of the neutrophils in the inflamed mucosa ex-
pressed ChemR23. These findings suggest that high ChemR23 ex-
pression in tissues is associated with excessive neutrophils and
inflammatory (M1) over resolutive (M2) macrophages infiltrates,
which are key features of chronic inflammation resolution deficiency.

RvE1, an endogenous lipid that binds to and activates ChemR23
receptor, has been shown to promote resolutive macrophage polariza-
tion, inhibit neutrophil recruitment, induce neutrophil apoptosis, and
promote efferocytosis in resolutive-type macrophages (32, 37, 46, 69).
We have identified an anti-human ChemR23 mAb with similar recep-
tor signaling functions as RvEl, including in promoting macrophage
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resolutive polarization as well as inflammatory neutrophil migration
and apoptosis. This dual mechanism of action identified in vitro on
macrophages and neutrophils can contribute in parallel to trigger the
resolution of inflammation in vivo because we observed, after treat-
ment, reduced neutrophil infiltrates in acute and chronic inflam-
matory models as well as signature of repolarized macrophages, as
illustrated by increased IL-10 signaling pathway and decreased anti-
gen processing and presentation transcriptomic signatures. Moreover,
the anti-ChemR23 mAb displayed proresolutive activity on over-
activated neutrophils from patients with ANCA vasculitis (fig. S9)
and would be interesting before clinical evaluation in IBD to con-
firm the effect of the antibody directly on cells or tissues isolated
from patients with IBD. As expected, in vivo treatment with agonist
anti-ChemR23 mAb did not affect the initiation phase of inflamma-
tion, as intensity of neutrophil recruitment, weight loss, and diarrhea
was similar in acute colitis and air pouch murine models in compar-
ison to controls. However, as previously reported for RvE1 (33, 34),
agonist anti-ChemR23 mAbD significantly shortened the Ri, as
revealed by an accelerated clearing of leukocytes from the inflam-
matory site, increased apoptosis of remaining neutrophils, and
faster recovery from colitis. Mass spectrometry of different resolu-
tion mediators or their precursors in exudates from TNFa air pouch
model at different time points showed that agonist anti-ChemR23
mAb treatment triggers a global resolutive response, as expression
of other mediators from the lipoxin or resolvin (including RvE1)
families increased locally after treatment. A deficit in local and/or
peripheral expression of a number of SPMs was reported not only
in various chronic inflammatory diseases, including IBD (29, 72),
rheumatoid arthritis (73), and severe asthma (74), but also in other
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inflammatory conditions such as type 2 diabetes (49), cystic fibrosis
(75), or Alzheimer’s disease (76). In agreement with our findings, pe-
ripheral administration of RvE1 was shown to increase local concen-
tration of RvE1, resolvin D, and lipoxin mediators in the hippocampus
of Alzheimer’s mouse models (77), suggesting that proresolutive
pathways are interconnected, and hence, proresolutive therapies may
be beneficial for various types of inflammatory diseases.

Although it has been shown that RvE1 accelerates inflammation
resolution in different preclinical models, such as IBD (33, 34), par-
ticularly in preclinical models with significant mucosal infiltrates of
neutrophils such as acute DSS or TNBS models as described by us
and others (78), periodontitis (79), and pulmonary infections (20),
most of these studies used acute inflammatory models that resolved
spontaneously. Furthermore, while a benefit effect of RvE1 admin-
istration has been previously reported on weight loss and colon length
in the DSS acute model (34, 80), in our model, we only observed a
benefit effect of RVEI in reducing diarrhea as well as colon length.
Thus, whether a potent agonist of ChemR23 may trigger nonresolu-
tive chronic inflammation remained unknown. Our results in two
different chronic colitis preclinical models characterized by aberrant
T cell infiltration in the colon (81) and dysfunctional macrophages
functions (83) show that treatment with agonist anti-ChemR23 mAb
initiated after onset of the disease significantly reduces disease pro-
gression. Transcriptomic and histological analyses revealed signifi-
cant decrease of innate immune cells and secreted cytokines, with
the exception of increased IL-10 signaling pathway, and indirectly
inhibition of adaptive immune responses in the colon upon ChemR23
activation, as well as reduced colon thickness and fibrosis, but without
altering immune cell population frequencies in the periphery. Chronic
colon inflammation is an important risk factor for CRC development
in patients with IBD (56, 67). However, inhibition of inflammation
with conventional anti-inflammatory drugs can have a negative im-
pact on the overall survival of IBD patients with CRC (57). Recent
preclinical studies demonstrated that various SPMs have a benefi-
cial effect in reducing tumor development and metastasis in mouse
models by promoting the elimination of apoptotic tumor cells by
resolutive-type macrophages (83, 84). On the other hand, tumor-
infiltrating neutrophils may play a detrimental role in the tumor
microenvironment and contribute to tumor development (85, 86).
We found that, besides triggering the resolution of chronic colitis,
agonist ChemR23 mAb treatment also reduced colon tumor devel-
opment caused by chronic inflammation and induced antitumoral
immune response memory in preclinical models. Moreover, ChemR23
mADb mono- or combined therapy also significantly inhibited colon
tumor growth in two CRC models.

In conclusion, our results show that ChemR23 may be over-
expressed by some myeloid immune cell populations in inflam-
matory tissues, particularly in chronic inflammatory settings.
Excessive neutrophil and proinflammatory macrophage mucosal
infiltration is strongly associated with unresponsiveness to anti-
TNF and anti-a4p7 therapies in patients with IBD and may contrib-
ute to chronic inflammation persistence. Moreover, we show that
an agonist anti-human ChemR23 mAb is a novel proresolutive
therapeutic modality that accelerates recovery from acute inflam-
mation and triggers also chronic inflammation resolution, thereby
preventing fibrosis and reducing tumor development. Together,
our findings open a new therapeutic avenue for the development
of a novel class of drugs to reinstate efficient resolution of chronic
inflammation.
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METHODS

Mice and reagents

C57Bl/6Rj and BALB/c mice were purchased from Janvier Laboratory
(France) and kept in the Nantes SFR (Structure Fédérative de Recherche)
Bonamy animal facility. Ragl ™~ mice were provided by R.D. and
IL-10""" mice by F. Chain. Animal housing and surgical procedures
were conducted according to the guidelines of the French Agricul-
ture Ministry and were approved by the regional ethical committee
[Autorisation de Projet utilisant des Animaux a des Fins Scientifiques
(APAFIS) 5978, 9851, and 13136]. Colon carcinoma MC38 and
CT26 cells were cultured in RPMI 1640 (Life Technologies), 10% fetal
bovine serum, glutamine, and antibiotics at 37°C and 5% COs,. Cells
were harvested and resuspended in phosphate-buffered saline (PBS)
before inoculation into mice. The hIgG1 control mAb was pur-
chased from Evitria (MOTA-hIgG1) and anti-RvE1 from Cayman
Biochemicals. The anti-ChemR23 mAb was produced and purified
by OSE Immunotherapeutics.

ChemR23 expression and PMN infiltration in colon

of patients with IBD

Gene expression datasets were obtained from the Gene Expression
Omnibus database (www.ncbi.nlm.nih.gov/geo/). GSE16879 (42),
GSE12251 (43), and GSE73661 (44) for colon biopsies from UC patients
after treatment with immunosuppressants and/or corticosteroids;
GSE16879 (42) for colon and ileal biopsies from CD patients before
and 4 to 6 weeks after treatment with anti-TNF (infliximab); GSE73661
(44) for colon biopsies from UC patients before and 4 to 6 weeks
after treatment with anti-TNF (infliximab), and UC patients before,
6 weeks, and 52 weeks after treatment with anti-a4p7 (vedolizumab).
In all cohorts, anti-TNF or anti-a4B7 responses were defined by com-
plete histological and endoscopic healing. Batch effect for the different
cohorts was removed with Conbat. For deconvolution, the R package
immunedeconv was used (https://grst.github.io/immunedeconv).
To determine the fraction of neutrophils and M1/M2 macrophages
in samples, we used two methods: quanTIseq and CIBERSORT. We
specified that expression data were from nontumor samples (pa-
rameter tumor = FALSE) and from microarrays, instead of RNA-
seq (parameters arrays = TRUE and rmgenes = “none”). Hematoxylin
and eosin (H&E) colon sections from diagnosis and routine care of
patients with IBD were collected from the Service of AnatomoCyto-
Pathologie of the Nantes CHU (Centre Hospitalier Universitaire)
Hospital and analyzed by a pathologist for the Robarts Histopatho-
logical Index [as previously described (87)] and ChemR23 staining
(1A7 clone).

ChemR23 expression analysis

Human peripheral blood mononuclear cells (hPBMCs) isolated
from the blood of HVs by Ficoll gradient and mouse bone marrow
cells from male C57BL/6] mice were cultured for different times
with either recombinant human or mouse TNFo at 100 U/ml
(R&D Systems), IL-6 at 10 ng/ml (R&D Systems), LPS at 100 ng/ml
(Sigma-Aldrich), or IL-8 at 50 ng/ml (R&D Systems). ChemR23
expression was assessed by flow cytometry with anti-human
ChemR23 Ab (clone 84939) and anti-mouse ChemR23 Ab (clone
477806). To identify PMNs (Polymorphonuclear neutrophils),
monocytes, and DCs, we used, respectively, anti-CD66b (clone
Ms), anti-CD14 (clone M5E2), and anti-CD11c (clone Bul5) for
human and anti-Ly6G (clone 1A8) and anti-CD11b (clone M1/70)
for mouse.
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Murine dorsal air pouch model

Dorsal air pouches were formed on male Balb/c mice (6 to 8 weeks old)
by injecting subcutaneously 3 ml of sterile air in day 0 and day 3. Mice
were then intraperitoneally injected with anti-ChemR23 mAb or
hIgG1 control mAb at 1 mg/kg or with RvE1 (50 pg/kg) on successive
days at d5 and d6. On day 6, inflammation was induced by intrapouch
injection of recombinant murine TNF (50 ng) or carrageenan
(1%/1 ml per pouch). Pouch lavages (PBS-EDTA 2 mM) were col-
lected at 4, 8, 24, or 48 hours, and cells were stained for phenotyping
by flow cytometry. F4/80 (BM8), Ly6G (1A8), and anti-mouse
ChemR23 (clone 477806) were used to identify macrophages, PMN,
and ChemR23 expression, respectively. PMN mortality was evalu-
ated with a viability dye (Life Technologies). The extraction protocol
and analysis of bioactive lipids were performed as previously de-
scribed (88) and adapted according to the Ambiotis SAS (Toulouse,
France) standard operating procedure. The liquid chromatography-
tandem mass spectrometry experiment was performed on an ExionLC™
AD Ultra-High-Performance Liquid Chromatography system (Sciex)
coupled to a QTRAP 6500+ MS (Sciex) and equipped with electro-
spray ionization source and performed in negative ion mode.

Macrophages polarization

Human monocytes were isolated by magnetic sorting from PBMCs
of HVs (classical monocyte isolation kit, Miltenyi Biotec). Macro-
phages were generated with human macrophage colony-stimulating
factor (M-CSF) (100 ng/ml) in RPMI 1640 (Gibco) supplemented
with serum, penicillin/streptomycin, and glutamine for 5 days at
37°C and 5% CO,. Macrophages were polarized for 2 days either with
human IFNy (20 ng/ml) to obtain M1 inflammatory macrophages
or with human TGFp (50 ng/ml) to obtain M2c anti-inflammatory
macrophages and then treated with coated anti-ChemR23 or hIgG1
control mAb (10 ug/ml). Mouse M1 macrophages were obtained from
bone marrow after differentiation for 5 days with M-CSF (100 ng/ml),
followed by polarization for 2 days with IFNy (20 ng/ml) in com-
plete RPMI 1640 supplemented with 50 uM B-mercaptoethanol. IL-10
secretion was assessed by ELISA (BD Biosciences) in the supernatant
after the 2-day polarization, and phenotyping for CD80, CD86, CCR?7,
CD206, and CD11b expression was assessed by flow cytometry.

Efferocytosis assay

Freshly isolated human monocytes from HVs were incubated for
2 days at 37°C with M-CSF (100 ng/ml) to drive the differentiation
into macrophages. Two-day monocytes and freshly isolated PMNs
were labeled for 10 min at 37°C with cell proliferation dye (CPD)
eFluor 670 and 450 (Thermo Fisher Scientific), respectively. Macro-
phages were incubated with the selected mAb (10 pg/ml) for 1 hour
and then mixed with PMN at a 1:2 ratio for 60 min. Efferocytosis
was quantified by flow cytometry. The percentage of phagocytic
macrophages was calculated as the number of CPD e450+ macro-
phages per total number of macrophages x 100.

Human PMN isolation and related biological assays

PMN were isolated as described previously (89). Briefly, after a
Ficoll gradient of blood from HVss, the pellet was collected, the PMN
were separated on a dextran gradient, and red blood cells were
lysed with water. Then, the PMN were incubated with coated anti-
ChemR23 mADbD or a control Ab at 10 ug/ml in RPMI 1640 medium.
Viability of PMN was assessed using a LIVE/DEAD kit (Thermo
Fisher Scientific) after a 24-hour mAb incubation and quantified by
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microscopy imaging (Zeiss Axiocam). NETosis was evaluated on the
same images. Caspase-3/7 activity was estimated by using the
CellEvent Caspase-3/7 probe (Thermo Fisher Scientific) at 2 uM
after 10 hours of culture with mAbs and quantified by microscopy
with a Nikon Ti2 microscope. ROS production was investigated
after 5 hours of ChemR23 activation and revealed with 5 uM
CM-H2DCFDA (Thermo Fisher Scientific) and 2 uM CellTracker
Deep Red (Thermo Fisher Scientific) using a A1RSi confocal micro-
scope (Nikon). All quantifications were realized using five random
recorded x20 pictures and analyzed using Fiji software. CD62L
(clone DREG-56) expression was revealed by flow cytometry after
4 hours of mAb incubation, and CD62L shedding was measured by
ELISA using a commercial kit (BD).

ChemR23 signaling

PMN (1.5 x 10%/ml) or M1 macrophages (1.5 x 10%/ml) obtained
from hPBMCs or murine bone marrow were stimulated with hIgG1
control or anti-ChemR23 mAbs (10 ug/ml) for different times. Cells
were lysed by adding 300 pl of radioimmunoprecipitation assay
buffer 1x (Cell Signaling) with protease inhibitor cocktail (Sigma-
Aldrich). ChemR23 signaling pathway was analyzed either by WB
(western blot) or ELISA. Briefly, 20 ug of proteins was loaded in
Mini-PROTEAN TGX gel (Bio-Rad, 10 wells, 4 to 15%) and then trans-
ferred onto a microcellulose membrane. After 2 hours of saturation in
tris-buffered saline-5% bovine serum albumin, the membranes were
incubated with primary antibodies: anti-P-p44/42 MAPK (T202/Y204)
(1:1000) or anti-P-Akt (S473) (1:1000) purchased from Cell Signaling,
for 1 hour at room temperature. Proteins were incubated with horse-
radish peroxidase (HRP)-coupled secondary antibodies (anti-rabbit
IgG, HRP-linked antibody from Cell Signaling, 1:5000) for 1 hour at
room temperature and then revealed with the chemoluminescent
Super SignalTM West Femto ECL detection system. WB images and
quantification were obtained with Image Lab. For some experiments,
P-ERK and P-Akt were measured by ELISA using commercially
available kits (R&D Systems).

PMN transmigration

Chemotaxis of PMN was evaluated in a Boyden chamber using
a monolayer of human dermal microvascular endothelial cells
(HDMECs) (0.2 x 10° cells per well) coated overnight in the upper
chamber on a 0.1% gelatine layer. IL-8 (50 ng/ml) was used as the
chemoattractant in the bottom part of the chamber, and PMN (3 x
10° cells per well) and Abs (10 ug/ml) were added in the upper part
of the chamber. After a 90-min incubation at 37°C in an incubator
with 5% CO,, the bottom part of the chamber was collected. Migrated
cells were counted by flow cytometry using counting beads (123count
eBeads, Thermo Fisher Scientific). CD62L expression (DREG-56)
and shedding (R&D Systems) were analyzed by flow cytometry and
ELISA, respectively, on PMN incubated with either the anti-ChemR23
or hIgG1 control mAbs at 10 ug/ml for 1 to 4 hours.

Preclinical colitis models

DSS colitis was induced in 8-week-old male C57BL/6] mice by
addition of 2.5% (w/v) DSS in drinking water for 6 days. On day 6,
DSS supplementation was discontinued, mice were euthanized after
clinical recovery, and colon length was measured. Anti-ChemR23 or
anti-hIgG1 mAbs were intraperitoneally administered at 1 mg/kg
every 2 days from day 0 to day 6. RvEl was injected intraperito-
neally daily at 50 pg/kg starting on d0 for 5 days. TNBS colitis was
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induced by intrarectal injection of 200 ul of a solution containing
5 mg of 2,4,6-trinitrobenzenesulfonic acid (Sigma-Aldrich) in
50% ethanol (VWR International). Mice were administered with
anti-ChemR23 or anti-hIgG1l mAbs intraperitoneally at 1 mg/kg on
day 0 and day 2 (two injections) or RvE1 daily at 50 ug/kg for 3 days
starting on d0. Adoptive transfer of 0.5 x 10° CD4" CD45Rb™&" T
cells from C57BL/6] wild-type female mice was conducted by injec-
tion intraperitoneally into RaglKO female mice at 5 weeks old.
Anti-ChemR23 mAb or hIgG1 control mAb was administered when the
mice developed the disease by intraperitoneal injection three times a
week for 3 weeks. IL-10 KO mice were curatively injected intra-
peritoneally with anti-ChemR23 or hIgG1 (1 mg/kg) three times
a week for 2 weeks. The Abs were administrated when the mice lost
5% of their initial weight and/or presented a stool score > 1. Disease
appearance was observed by weighting the mice three times a week
and evaluating the stool score as follows: 0 > normal consistency;
1 > soft consistency but still formed; 2 > diarrhea but still formed;
3 > diarrhea; 4 > diarrhea with blood. Mice were euthanized at
25% of body weight loss. Ri was determined for each stool score as
previously described (71). Tiax and Tsg of stool score were measured,
and Ri was calculated as follows: Tpn,, — T50, thus representing the
required time necessary to recover 50% of maximal stool score.

Preclinical tumor models

Colorectal carcinoma MC38 cells or CT26 (0.5 x 10° cells per mouse)
were injected subcutaneously in 8-week-old C57BL/6] male mice
or 8-week-old Balb/c female mice, respectively. Tumor development
was measured three times a week and calculated as follows: (length x
width) 1.5 x 0.52. Anti-ChemR23 or hIgG1 control mAbs were
administered at 1 mg/kg when the tumor volume was between 50
and 100 mm” for MC38 and from d7 after tumor inoculation for
CT26 for 3 weeks. For the azoxymethane (AOM)-DSS model,
7-week-old female C57BL/6] mice were intraperitoneally injected
with azoxymethane (7.5 mg/kg, Sigma-Aldrich). Then, three 5-day
cycles of 1% DSS in drinking water separated by 14-day cycle of regular
drinking water were performed starting 5 days after AOM injection.
Eighty days after AOM injection, the mice were euthanized, colon
length was measured, and the aberrant crypt foci were counted.

Colon-, spleen-, and bone marrow-infiltrating

leukocyte immunophenotyping

To collect colonic immune infiltrating cells, colon pieces were incu-
bated in 10 ml of solution 1 [PBS, 30 mM EDTA (ethylenedi-
aminetetraacetic acid), and 1.5 mM dithiothreitol] for 10 min at 37°C
under agitation. After filtration, colon pieces were treated with 10 ml
of solution 2 (PBS and EDTA 30 mM) for 10 min at 37°C under
agitation and lastly filtered and incubated in 5 ml of collagenase D
(Sigma-Aldrich) and 25 pl of deoxyribonuclease I (Sigma-Aldrich)
solution for 15 min at 37°C under agitation. Splenocytes and bone
marrow cells were isolated after lysis of red blood cells, and immune
cells were immunophenotyped. Cell mortality was evaluated with
a viability dye (Life Technologies). Leukocytes were stained with
fluorochrome-conjugated anti-mouse antibodies: F4/80 (BM8), CD11b
(M1/70), I/Ab (AF6-120.1), CD3e (500A8), CD4 (RM4-5), CD8
(53-6.7), NK1.1 (PK136), Ly6G (1A8), and CD19 (1D3), all from BD
Pharmingen and anti-mouse ChemR23 (clone 477806) from R&D
Systems. Fluorescence-activated cell sorting analysis was conducted
using a BD Pharmingen LSR II, Canto II flow cytometers, and Flow]Jo
software (Tree Star).
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Immunohistochemistry

Colon samples from Rag1 KO mice were frozen in Tissue-Tek (Thermo
Fisher Scientific) and cut into 10-pum sections. Immunofluorescence
was performed with an anti-mouse CD3 Ab (500A2) and an anti-
mouse Ly6G (1A8). Sections were scanned and analyzed using stan-
dard fluorescence microscopy and NDPview2 imaging software
(Hamamatsu). T cell and PMN infiltration was analyzed by measur-
ing the fluorescence intensity in the different channels or manually
counted and related to the tissue surface or DAPI (4’,6-diamidino-
2-phenylindole)-positive cells, respectively. Tissue morphology
(inflammation and vasculitis) and fibrosis were revealed by H&E
staining or Masson’s trichrome staining, respectively. Submucosa
and mucosa thickness was determined using NDPview2 imaging
software.

Nanostring analysis

RNAs from mouse colon of DSS, TNBS, or RaglKO preclinical
models were extracted in the RLT buffer with an RNeasy Mini kit
(Qiagen) supplemented by B-mercaptoethanol at 1%. Gene ex-
pression was quantified with the NanoString nCounter platform
using 50 ng of total RNA in the nCounter Mouse Immunology Panel
(NanoString Technologies). The code set was hybridized with the
RNA overnight at 65°C. RNA transcripts were immobilized and
counted using the NanoString nCounter Sprint. Normalized expres-
sion data were analyzed with the nSolver software. Standardized not
log,-transformed counts were used for differential gene expression
analysis with the R package DESeq2 [Love, M. I, Huber, W. & Anders,
S. Moderated estimation of fold change and dispersion for RNA-seq
data with DESeq2. Genome Biol. 15, 550 (2014)]. Genes were ranked
in order of differential expression and P value score. Gene set
enrichment analysis was performed with the GSEA software with
1000 permutations.

Statistical analysis

Continuous variables are expressed as means + SEM unless otherwise
indicated and compared with the nonparametric Mann-Whitney
two-sided test or Kruskal-Wallis tests with Dunn’s ad hoc pairwise
comparisons for more than two groups. Graft survival was calculated
using the Kaplan-Meier method. The log-rank test was used to
compare survival times between different groups. The Spearman test
was used for correlation analyses. P values of <0.05 were considered
statistically significant. All statistical analyses were performed on
GraphPad software (GraphPad Software, San Diego, CA).

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/14/eabd1453/DC1

View/request a protocol for this paper from Bio-protocol.
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