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Figure 6 Treatment with GPR15L mitigates colitis and promotes a homeostatic gut microbiome. (A-C) Acute dextran sodium sulfate (DSS) colitis
with littermate Gpr15/" mice treated with rectal GPR15L or placebo (PBS). (A) Left upper panel: schematic representation of the experimental
design. Left lower panels: weight course and clinical disease activity. Right upper panels: representative and quantitative endoscopic disease activity.
Right lower panels: representative and quantitative histologic disease activity. n=7-10 per group. Scale bars: 100 um. (B) Beta diversity (Bray-Curtis
dissimilarity) of faecal samples collected before (T1) and after (T2) DSS colitis. (C) Alpha diversity of faecal samples obtained at T1 and T2, indicated
by observed richness, Fisher diversity, Shannon diversity and inverse Simpson diversity. (D-H) Treatment of human faecal samples with GPR15L ex
vivo. (D) Schematic representation of the experimental design. Faecal suspensions were incubated with GPR15L or control solution for 16 hours under
anaerobic conditions. Samples were analysed by shotgun metagenomic sequencing (E-H). (E) Relative abundance of the bacterial species and genera.
(F) Beta diversity (Bray-Curtis dissimilarity) and alpha diversity (observed richness, Fisher diversity, Shannon diversity and inverse Simpson diversity).
(G) Upregulated metabolic pathways in GPR15L-treated samples as predicted by HUMANnN4 analysis. (H) Differential abundance analysis with bias
correction of 664 significantly requlated microbial species in GPR15L-treated versus GPR15L-untreated samples. Selected taxa are highlighted. n=7.
*p<0.05. PBS, posphate-buffered saline.
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Figure 7 GPR15L is downregulated in active human IBD and correlates with flare-free survival. (A—C) GPR15L in a German cohort of patients
with IBD. (A, B) qPCR analysis of GPRT5L mRNA expression in colon biopsies from healthy controls and patients with IBD (A) and stratified in the
UC subgroup according to endoscopic Mayo scores. n=20 (control), 36 (CD), 64 (UC). (C) Representative (left panels) and quantitative (right panel)
immunofluorescence analysis of epithelial GPR15L expression in healthy controls (n=13) and patients with UC (n=14) or CD (n=7). The epithelium
was defined by EpCAM expression and the mean fluorescence intensity (MFI) of the GPR15L signal within this region normalised to the MFI of
EpCAM. (D, E) GPR15L in a Swiss cohort of patients with UC. (D) Quantitative gPCR analysis of GPR75L mRNA expression in colon biopsies from
patients with ulcerative pancolitis stratified by the presence of endoscopic disease activity. n=9-10 per group. (E) Correlation of GPR15L expression
with microbial alpha diversity as indicated by Shannon diversity, Simpson diversity and inverse Simpson diversity. (F) GPR15L in the IBDome cohort.
Correlation of colonic GPR15L mRNA expression as determined by bulk RNA sequencing with endoscopic (left) and clinical (right) disease activity.
n=61. (G) Kaplan-Meier curve of flare-free survival in patients with UC in endoscopic remission from the Erlangen cohort stratified according to

GPR15L expression above (‘high’, blue) or below ('low’, red) the median of these patients. n=29. AU, arbitrary units; CON, healthy control; CD, Crohn's

disease; EpCAM, epithelial cell adhesion molecule; PMS, Partial Mayo score; UCEIS, Ulcerative Colitis Endoscopic Index of Severity. Scale bar: 50 ym.

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.
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models of colitis, our data clearly show that neither T cells nor
GPR1S are required for the beneficial role of GPR15L. More-
over, we provide comprehensive evidence for the crucial func-
tion that GPR15L exerts as a selective antimicrobial peptide to
shape homeostatic microbial communities and demonstrate that
this is closely mirrored by colitis phenotypes. Our findings on
increased epithelial cell death in Gpri5I” mice together with
the increased inflammation observed in these mice clearly argue
against a functional relevance for a potential delay in epithelial
proliferation.’* Thus, we conclude that the antimicrobial activity
is probably the essential mechanism to explain the impact of
GPR15L on experimental colitis.

This seems to contrast a recent report suggesting that Gpr151
promotes intestinal inflammation®* : O’Connor and colleagues
compared Gpr157Gpri15I” with Gpr15” mice in an acute DSS
colitis model and observed increased disease activity in Gprl5I-
proficient mice. Importantly, however, only modest differences
were observed, when Gpr15/ knockout and WT mice without
Gprl$ deficiency were compared in the acute DSS colitis model
and a trend towards increased disease activity was found with
Gpr151 knockout mice in the acute trinitrobenzene sulfonic acid
colitis model. Moreover, no littermate controls were used in
these experiments and mice were co-housed throughout, which
is associated with coprophagy-mediated microbiota exchange® **
and resulted in comparable beta-diversity in our experiments.
Thus, consistent with our data, this report highlights that
GPR1S-independent functions of GPR1SL are important in
the context of chronic colitis. However, while underscoring the
need for further investigations into the interplay of GPR15L
with GPR1S5, for which pleiotropic functions have also been
described® and might contribute to the observations, the exper-
iments were not designed to address the antimicrobial potential
of GPR15L and can therefore not be seen as a contradiction to
our findings.

Given the overall functional profile demonstrated by our and
other data,”® > GPR15L should be regarded as a host defence
peptide similar to defensins or cathelicidins such as Leucine-
Leucine-37 (LL-37),% for which similar MIC and IC,, have been
reported.””™ Functionally, these peptides similarly possess anti-
microbial properties as well as important roles for controlling
immune responses including immune cell recruitment.®® GPR15L
shares a highly cationic structure with these peptides, which there-
fore suggests that it might possess a similar mechanism of antimi-
crobial activity based on interaction with the negatively charged
wall of bacteria finally leading to pore formation and membrane
disintegration (Shai-Matsuzaki-Huang model).”*” This might also
explain the selective activity of GPR15L, since commensal gut
microbiota have developed strategies to decrease the potential
for such interactions.® While the identification of the exact anti-
bacterial mechanism of GPR15L was not within the scope of our
study, this speculation is supported by our data demonstrating salt-
sensitivity of the anti-microbial activity of GPR15L.*** Moreover,
in our functional prediction analyses, the stearate biosynthesis
pathway was upregulated in response to GPR15L, which might
indicate a membrane attacking antimicrobial effect of GPR15L
leading to membrane stress and consecutive modulation of phos-
pholipid biosynthesis, as studied for other membrane active anti-
biotics.®* Further studies are therefore warranted to investigate
the precise mechanism of action of GPR15L, for instance by using
super-resolution microscopy to visualise GPR15L-bacterial inter-
actions or by treating genetically modified bacteria with GPR15L
to explore its impact on specific bacterial metabolic pathways.

Beyond these mechanistic considerations, GPR15L was
associated with clear homeostatic footprints in microbial

consortia across different datasets as well as in antimicro-
bial assays at the species level. Specifically, we consistently
observed that commensal bacteria that have been associated
with protective functions for mucosal homeostasis such as
Prevotellaceae or Alistipes®® ?° 7 were enriched in the pres-
ence of GPR15L, while pathogenic bacteria such as E. coli or
E. faecalis®® ** decreased. On the other hand, in the absence
of GPR15L, Bacteroides and taxa such as Lachnoclostridium
that have been associated with IBD*® %7 ** were enriched
and key commensals such as Roseburia or Rikenella**°
decreased in their abundance. Although clear cause-effect
relationships between complex intestinal microbial consortia
and mucosal homeostasis or even chronic intestinal inflam-
mation still need to be established, the overall available
evidence clearly supports the interpretation that these
GPR15L-dependent trajectories in microbiome composition
promote homeostatic host-microbiota crosstalk. Additional
research is necessary to further formalise these conclu-
sions that are partly still based on correlations rather than
on causal evidence. Most importantly, this should include
FMT experiments on germ-free mice, not only to explore
the susceptibility to experimental colitis dependent on
microbial communities shaped in the presence or absence
of GPR15L, but also to longitudinally investigate the trajec-
tories in microbial composition in Gpri5/-competent hosts
receiving FMT from Gpr15I-deficient donors and vice versa.

Our observations on the effects of GPR15L on microbial
consortia from human stool and on its expression in patients
with IBD including a downregulation of GPR15L in active
UC across various cohorts, its co-regulation with microbial
alpha-diversity and its association with flare-free survival
strongly suggest that the antimicrobial properties and the
beneficial role against colitis observed in mice are conserved
in human patients. Thus, also based on the therapeutic
potential demonstrated in experimental colitis, this suggests
that GPR15L might serve as a future therapeutic approach
in IBD. In particular, topical delivery to the large intestine
might counteract disease driving dysbiosis and re-establish
homeostatic host-environment communication.®> Eventu-
ally, this might even hold promise in prophylactic settings.

Thus, collectively, our data not only uncover a previously
unknown role of GPR15L in modulating intestinal inflammation
but also open avenues towards novel strategies to mitigate IBD
based on selectively interfering with initial pathogenetic steps of
host-microbiota crosstalk complementing the established targets
in downstream pathways of immune system activation.
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