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1 | INTRODUCTION

Classical dendritic cells (cDC) are the essential antigen-
presenting cells of the body important for the generation
of tolerogenic, immunogenic and pathogenic adaptive
immune responses. Within the intestine, cDC are found
diffusely distributed within the intestinal lamina propria

The intestinal lamina propria (LP) contains distinct subsets of classical dendritic
cells (cDC), each playing key non-redundant roles in intestinal immune homeo-
stasis. Here, we show that glycoprotein 2 (GP2), a GPI-anchored protein and recep-
tor for bacterial type-I fimbriae, is selectively expressed by CD103*CD11b* ¢DC in
the murine small intestine (SI). GP2 expression was induced on CD103*CD11b"
cDC within the SI-LP and was regulated by IRF4, TGFBR1- and retinoic acid sig-
nalling. Mice selectively lacking Gp2 on CD103*CD11b* ¢DC (huLang—Cre.ngﬂ/ﬂ
mice) had normal numbers and proportions of innate and adaptive immune cells
in the SI-LP suggesting that GP2 expression by CD103*CD11b* ¢DC is not re-
quired for intestinal immune homoeostasis.

(LP). They are also present within gut-associated lym-
phoid tissues (GALT), including the Peyer's patches and
isolated lymphoid follicles. Within the LP, cDC scan
the tissue for foreign and self-antigen and subsequently
migrate via lymphatics to intestinal-draining mesen-
teric lymph nodes (MLN) where they present antigen
to T cells. The context of this interaction is essential in
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determining the outcome of the ensuing adaptive im-
mune response.

Murine cDC consist of two major cDC subsets; cDC1
and cDC2 that each play non-redundant roles in intestinal
immune homeostasis. Intestinal cDC1, identified by their
expression of XCR1, or as CD103*CD11b~ ¢DC, cross-
present epithelial derived antigen to CD8" T cells and are
critical for cross-tolerance as well as intestinal Thl and
intra-epithelial lymphocyte (IEL) homeostasis."™ In con-
trast, intestinal ¢cDC2, that include CD103*CD11b* and
CD103~CD11b* cDC, are essential for intestinal Th2 re-
sponses, and intestinal Th17 homeostasis.”** The pheno-
type and function of intestinal cDC is also regulated by local
environmental signals. For example, murine small intesti-
nal (SI) LP (SI-LP) cDC1 and c¢DC2 are locally imprinted
with the ability to generate the Vitamin A metabolite, ret-
inoic acid (RA), endowing these cells with an enhanced
ability to generate CCR9*a4p7" gut tropic T cells.>**!#1¢
Furthermore, local TGFp signalling modulates the pheno-
type and abundance of murine SI-LP cDC2 subsets.!” The
extent to which local signals imprint phenotypic and func-
tional specificities in intestinal cDC remains unclear.

Glycoprotein 2 (GP2) is a 78 kDa glycosylphosphati-
dylinositol (GPI)-anchored membrane protein expressed
by several epithelial glandular tissues, acinar cells of
the pancreas and microfold (M-) cells in the follicular-
associated epithelium (FAE) of Peyer's patches (PP)."**!
Functionally, GP2 binds, in a mannose-dependent man-
ner, to the FimH adhesin of type-I-fimbriated bacteria and
its expression by M cells promotes the uptake of and adap-
tive immune responses to these bacteria.?? ** Furthermore,
pancreas derived-GP2 was recently suggested to reduce
the adhesion and penetration of pathogenic Escherichia
coliinto the intestinal mucosa and to be protective in DSS-
induced colitis.*® In addition to its ability to bind type 1
fimbriated bacteria, GP2 has also been proposed to have
immunomodulatory functions on innate and adaptive im-
mune cells.”® Finally, GP2 is one of the major targets of
autoantibodies in Crohn's disease.?*™!

Transcriptional profiling of murine intestinal ¢cDC
has suggested that Gp2 transcripts are enriched in SI-LP
CD103*CD11b* ¢DC.!” Here, we demonstrate that GP2
is selectively expressed by a large proportion of murine
SI-LP CD103*CD11b* ¢DC2 and their migratory equiva-
lents in draining MLN, while being largely absent from
other immune cells in the intestine. GP2 expression on
CD103*CD11b* ¢DC2 was regulated by IRF4 and by en-
vironmental cues, including both TGFp and retinoic acid.
Finally, we found that mice whose CD103*CD11b* cDC2
lack gp2 have normal numbers and proportions of innate
and adaptive immune cells in the SI-LP, indicating that its
expression by cDC2 is not required for intestinal immune
homeostasis.

2 | MATERIALS AND METHODS

2.1 | Mice

The following mouse strains were used in the course of this
study: Itgax-Cre,** C57BL/6, C57BL/6 (CD45.1), C57BL/6
(CD45.1/CD45.2), B6.129S1-Irf4™Rd/3 33 gnRARS/ 1134
human-Langerin-Cre (huLang-Cre, kindly provided by Dr
D. Kaplan, University of Minnesota, Minneapolis, USA),35
MyD88"%¢ and Gp2"° mice.”® All mice were bred and
maintained at the Biomedical Center (BMC), Lund
University or Clinical Research Center, Malmd. Animal
experiments were performed in accordance with ethi-
cal permission from the Lund/Malmé Animal Ethics
Committee.

2.2 | Mouse genotyping

Genotyping was performed on mouse ear biopsies using
the following oligonucleotides: GP2 KO, flox and wt mice;
GP2_FW 5 CATCAACAAAACGGGACTCATA3', GP2_
RV1 5 CCTAGAAGGGACTACACTGG3’, GP2_RV2 5’
TTTTTAAAGGAATGAAAGGCTGT3'. hu-Langerin Cre
mice; iCRE_FW 5 GCACCTGGGCCAGCTCAACAT?3',
iCRE_RV5' TGGTCAAAGTCAGTGCGTTCA3’.IRF4flox
andwtmice;IRF4_FW 5 CCACTCTCTGCTTCCCTGTC3’
and IRF4 RV 5 CTCTCGACCAATTCCTCAAAGTS3' .
To discriminate IRF4 flox and delta mice; IRF4_FW1 5’
AGCTTGCCGTAGGTGGCATCG3’, IRF4_FW2 5’ CCA
CTCTCTGCTTCCCTGTC3' and IRF4_RV 5" CTTCCTC
ATCTCCGGGCCTTTCG3’. RARdn flox and wt mice;
ROSA1 (common) 5" AAAGTCGCTCTGAGTTGTTAT3?/,
ROSA2 5" GCGAAGAGTTTGTCCTCAACC3’ and ROSA3
(wt) 5 GGAGCGGGAGAAATGGATATG3'.

2.3 | Cellisolation

For isolation of LP cells, single-cell suspensions were
generated as previously described.'” In some instances
(see Section 3), Liberase TM (0.3 WuenschU/mL,
Roche) was replaced with Collagenase II (230U/mL,
Gibco). For isolation of cDC from non-digested intestine
and lung, tissues were cut into small pieces, placed on a
petri-dish filled with R10 medium (RPMI 1640 contain-
ing with 10% FCS (Sigma-Aldrich), 1 mM sodium pyru-
vate (Gibco), 10mM HEPES, 100 U/mL penicillin and
100 pg/mL streptomycin, 50 pg/mL gentamycin (Gibco),
50 uM 2-mercaptoethanol (Gibco)) at 37°C, 5% CO,, and
cells collected from the culture after 20 hours. For iso-
lation of MLN and splenic cells, organs were mashed
through a 70 pm cell strainer, except in Figure 3D where
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MLN were digested with collagenase II (230 U/mL) and
DNAse I (30 ug/mL, Roche), as described previously."’
Red blood cells in splenic cell suspensions were lysed
using ACK lysing buffer.

2.4 | Antibodies and flow cytometry
The following antibodies were used for flow cytometry:
NK1.1 (PK 136), CD19 (6D5 or 1D3), CD3e (17A2 or 145-
2C11), MHC II(IA/I-E) (M5/114.15.2), CD11b (M1/70),
CD8« (53-6.7), Ly6C (HK1.4 or AL-21), CD45.2 (104), B220
(RA3-6B2), CD45.1 (A20), TCRB (H57-597), CD8p (53-5.8
or YST156.7.7 or eBioH35-17.2), CD4 (RM4-5 or GK1.5 or
eBioGK1.5), Ter119 (TER-119), IFN-y (XMG 1.2), Siglec
H (551), CD11lc (N418), IL17A (TC11-18-10.1), FoxP3
(FIK-165), CD103 (M290), Siglec F (E50-2440), CD64,
(X54-5/7.1), CD135 (A2F10), CD117 (2B8), CD45.2 (104)
and XCR1 (ZET) all from eBioscience, BioLegend or BD
Biosciences. Antibody to GP2 (2F11 C3) was from MBL.
Flow cytometry was performed according to standard
procedures.’” Dead cells identified by addition of propid-
ium iodide (Invitrogen), Viability Dye eFluor®450 (eBio-
Science), or Red or Aqua LIVE/DEAD Fixable Dead Cell
Staining Kit (Life Technologies), and cell aggregates (iden-
tified on FSC-A vs FSC-W scatterplots) were excluded
from analyses. Intracellular staining was performed using
the FoxP3 Fixation/Permeabilization Kit (eBioscience)
according to manufacturer's instructions. Data were ac-
quired on a FACSAriall or LSRII (BD Biosciences) and
analysed using FlowJo software (Tree Star). Sorting was
performed on a FACSAriall or on a MoFlow®Astrios
(Beckman Coulter).

2.5 | Bone marrow chimeras

Mixed bone marrow (BM) chimeras were generated by
i.v. injection of CD45.2* Itgax-Cre.Tgfbr1" Rag1™'~ or
Tgfbr Rag1™~ BM'” with CD45.1" or CD45.17CD45.2"
C57B1/6 BM at a 1:1 ratio (2x10° cells/mouse) into irra-
diated (900rad) congenic CD45.1YCD45.2" or CD45.1"
C57Bl/6 recipients, respectively. Recipients received cip-
rofloxacin (100mg/mL, Bayer HealthCare AG) in their
drinking water for 3weeks, and analysis was performed
8 weeks after BM reconstitution.

2.6 | Invivo treatment with TLR ligands

C57BL/6 mice received R848 (20pg, InvivoGen) by oral
gavage or were injected i.p. with FliC (20 pg, kind gift from
Dr. Flores-Langarica, University of Birmingham, U.K.)

or polyl:C (100pg, Sigma-Aldrich). MLN were isolated
17 hours after treatment and analysed by flow cytometry.

2.7 | Invitro cell culture and cytokine
measurements

SI-LP, LI-LP and MLN cell suspensions were re-stimulated
in vitro with PMA (50ng/mL, Sigma-Aldrich) and
Ionomycin (500ng/mL, Sigma-Aldrich) for 4 hours. At
1 hour of re-stimulation, cells were treated with Brefeldin
A (3 pg/mL, BioLegend). For cDC cultures, FACS-sorted
cDC (2x 10" cells/well) were incubated in R10 medium, in
the presence or absence of LPS (1 pg/mL, Sigma-Aldrich)
or FliC (100ng/mL;) for 22hours at 37°C and 5% CO,.
Cells were analysed by flow cytometry, and levels of IL-6
in cell supernatants assessed using the cytometric bead
array (CBA) flex set kit (BD Bioscience) according to man-
ufacturer's instructions.

2.8 | Statistical analysis

Statistical significance was determined with Student's ¢
test except where indicated and GraphPad Prism software
(GraphPad).

3 | RESULTS

3.1 | GP2is selectively expressed by SI-
LP CD1037CD11b" ¢cDC

To assess GP2 expression by intestinal cDC, we initially
performed flow cytometry on SI-LP tissue that had been
digested with Liberase™ but failed to identify GP2 ex-
pressing cDC. To address the possibility that this pro-
tocol resulted in the loss of GP2 from the ¢DC surface,
GP2 expression was assessed on cDC that had migrated
out from tissue pieces after 20 hours overnight culture in
vitro (see Section 2). Under these conditions, GP2 was
expressed by a large proportion of SI-LP cDC, but not
other SI-LP CD45" cells, and by few c¢DC derived from
the large intestinal (LI) LP, lung or spleen (Figure 1A,
for gating strategy see Figure S1A,B). To assess whether
GP2 was expressed on a particular SI-LP ¢DC subset,
SI-LP derived c¢cDC were co-stained for CD103 and
CD11b to identify intestinal ¢cDC1 (CD103*CD11b~
¢DC) and cDC2 (CD1037CD11b" and CD103°CD11b")
(Figure 1B). GP2 was expressed almost exclusively by
CD103"CD11b™ SI cDC2 (Figure 1B,C); however, the
proportion of CD103*CD11b* ¢DC expressing GP2 was
highly variable between mice (Figure 1C). GP2 was also
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FIGURE 1

Identification of GP2-expressing cDC in the SI-LP. A, Representative flow cytometry analysis of GP2 expression on ¢cDC from

indicated organs. SI-LP, small intestinal lamina propria, LI-LP, large intestinal lamina propria. B, Representative flow cytometry plot and (C)

pooled data of GP2 expression within indicated cDC populations. D, Representative flow cytometry plot of GP2 expression on BM pre-cDC.

Data are from (A) 1 (lung data)—7, (B) 2, (C, D) 2-7 independent experiments. C, Each symbol represents an individual mouse and line

represents mean + SEM. See also Figure S1

selectively expressed on LI-LP derived CD103*CD11b"
cDC, although at a much lower frequency than observed
on SI-LP derived CD103*CD11b* ¢DC (Figure 1C). In
the spleen, GP2 expression was expressed on a minor
population of XCR1* ¢DC1 (Figure S1C,D), suggest-
ing that expression of GP2 is not restricted to the
cDC2 lineage. Collagenase II digestion of SI-LP pre-
served GP2 expression on CD103*CD11b* ¢cDC and
resulted in the detection of similar proportions of
GP2 expressing CD1037CD11b* ¢DC to that observed
using the ‘walk-out’ isolation procedure (Figure S1E).
In contrast, GP2 was barely detected on other SI-LP
CD45" cells after collagenase II digestion, including
CD64" macrophages (Figure S1F, data not shown).
Importantly, GP2 was not expressed by pre-cDC

(Figure 1E, for pregating see Figure S1G), indicating
that GP2 is induced on CD103*CD11b* ¢DC within the
SI-LP environment.

3.2 | SI-LP GP27CD103*CD11b*cDC
migrate to intestinal-draining MLN

SI-LP cDC migrate to the draining MLN'***° and can be
distinguished in the MLN from MLN-resident cDC based
on higher expression of MHCII* (Figure 2A). In the MLN,
GP2 expression was restricted to MHCII™ intestinal-
derived CD103*CD11b" ¢DC2 and was not expressed by
MLN-resident cDC1 or ¢cDC2 (Figure 2B,C). Oral or i.p.
administration of TLR ligands induces a rapid migration
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FIGURE 2 GP2*cDC in MLN in steady state and after in vivo TLR stimulation. A, Representative flow cytometry plots showing

the gating strategy to identify migratory and MLN-resident cDC subsets. Lineage (Lin); B220, CD19, NK1.1 and TCRp. B, Representative
flow cytometry plot gating on migratory MLN cDC (left), and histograms of GP2 expression within indicated ¢cDC population (right). C,
Frequency of GP2 expressing cells within the indicated MLN c¢DC subsets. Each symbol represents an individual mouse. D, Representative
flow cytometry plot of GP2 expression, and (E) total number of indicated cDC population in the MLN 17 hours after injection with FliC
(20 ng), R848 (20 pg), pI:C (100 pg) or PBS. Each symbol represents an individual mouse. F, Representative histogram of GP2 staining and
(G) CD80 and CD86 expression intensities and IL-6 secretion by sorted CD103*CD11b*GP2~ c¢DC, 22 hours after in vitro culture with FliC
(100ng/mL), LPS (1 ug/mL), or PBS (n/s, not stimulated). H, Representative GP2 staining and (I) percentage of SI-LP CD103*CD11b*
¢DC expressing GP2 (left) and median fluorescence intensity (MFI) of GP2 staining on GP2*CD103*CD11b* SI-LP ¢DC in Myd88™" and
Itgax—Cre.Myd88ﬂ/ﬂ mice. I, Each symbol represents an individual mouse. Data are from (A-C) 7, (D-E) 4, (F-G) 1 and (H-I) 3 independent
experiments. (C, E and I) Line represents mean + SEM. ns, non-significant, ****P <.0001
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FIGURE 3 GP2"CD103*CD11b" ¢DC are dependent on the transcription factor IRF4. A, Intracellular IRF4 staining within GP2* and
GP2~ CD103*CD11b* SI-LP cDC. B, Representative flow cytometry plots and (C) total number of CD103*CD11b* cDC from the SI-LP of
Irf4"" and Itgax-Cre.Irf4" "/~ mice isolated from the ‘walk-out’ method. D, Representative flow cytometry plots of GP2 expression, (E)
percentage of GP2* cells within the CD103*CD11b* ¢DC population and (F) total number of GP2*CD103*CD11b* and GP2"CD103*CD11b*
¢DC in the SI-LP of Irf#"" and Irgax-Cre Irf#"" "/~ mice. A-F, Data are from 2 to 3 independent experiments, with (C, E and F) each symbol
representing and individual mouse and line representing mean + SEM. **P <.01, ****P <.0001, ns, not significant

of SI-LP-derived cDC into the MLN.***! To assess whether
TLR ligands could drive the migration of GP2 express-
ing CD1037CD11b* cDC2 from the SI-LP into the MLN,
WT mice were injected i.p. with FliC (TLRS5 ligand) or
pL:C (TLR3 ligand), or orally with R848 (TLR7 ligand),
and accumulation of GP2¥*CD103*CD11b* ¢DC in the
MLN assessed 17 hours later. All three TLR ligands elic-
ited an accumulation of both GP2*CD103*CD11b* and
GP27CD103"CD11b*, cDC2 into the MLN (Figure 2D,E).
FliC and LPS failed to induce GP2 expression on flow cy-
tometry cell sorted GP2~CD103*CD11b* SI-LP ¢DC2 in
vitro despite inducing an upregulation of CD80/CD86 up-
regulation and IL-6 secretion in these cells (Figure 2F,G),
suggesting that accumulation of GP27CD103*CD11b"
cDC to the MLN likely reflects an enhanced mobiliza-
tion of these cells from the SI-LP rather than a de novo
induction of GP2 on CD103"CD11b* c¢DC2. Consistent
with the former, the proportion of GP2-expressing SI-LP
CD103*CD11b* ¢DC2 and levels of GP2 expression on
GP2* ¢DC2 was similar in Itgax—Cre.Myd88ﬂ/ﬂ mice and

Myd88"" littermates (Figure 2H,I). Thus, GP2 expression
by SI-LP CD103*CD11b* ¢DC?2 is independent of MyD88
signalling.

3.3 | GP2 expression on intestinal
CD103*CD11b" cDC requires IRF4

Mice whose cDC are deficient in Irf4 (Itgax—Cre.I}f4ﬂ/ﬂ
mice) have an almost complete loss of intestinal-derived
CD103*CD11b* ¢DC in MLN and an approximate 50%
reduction in SI-LP CD103"CD11b* ¢DC.”’ IRF4 was
expressed at similar levels by GP2™ and GP2~ SI-LP
CD103*CD11b* ¢DC (Figure 3A), and consistent with
previous findings,” SI-LP CD1037CD11b* ¢DC numbers
were reduced in Itgax-Cre.Irf4"" "/~ mice (Figure 3B,C).
Interestingly, the proportion of GP2 expressing
CD103"CD11b" ¢DC in the SI-LP of Itgax-Cre. Irf4" iV~
mice was reduced compared with Irf4ﬂ/ﬂ littermates
(Figure 3D,E), resulting in an almost complete loss of GP2
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expressing cDC2 in these mice (Figure 3F). Thus, IRF4 is
required for the generation and/or maintenance of GP2
expressing SI-LP CD1037CD11b* cDC2.

3.4 | Retinoic acid signalling in
intestinal cDC2 is required for optimal
expression of GP2

The vitamin A metabolite, retinoic acid (RA), is an im-
portant regulator of intestinal homeostasis and has been
implicated in intestinal cDC differentiation.**** To de-
termine whether RA signalling in SI-LP CD103*CD11b*
c¢DC modulates their expression of GP2, we generated
huLang-Cre.RARdn mice whose SI-LP CD103*CD11b"
cDC constitutively express a dominant negative form of
the retinoic acid receptor.***** The number of SI-LP
CD103CD11b", CD1037CD11b" and CD103"CD11b~
c¢DC and their migratory counterparts in the MLN were
similar in huLang-Cre.RARdn and RARdn littermates
(Figure 4A and Figure S2A), indicating that RA signalling
is not required for the maintenance or survival of intesti-
nal CD103*CD11b* ¢DC. However, the proportion of SI-
LP and MLN CD103*CD11b" cDC that expressed GP2 and
the levels of GP2 on SI-LP GP2" ¢DC was reduced Lang-
Cre.RARdn mice (Figure 4B,C and Figure S2B). Thus, RA
signalling in SI-LP CD103"CD11b* ¢DC is required for
their optimal expression of GP2.

3.5 | TGFp directly suppresses GP2
expression on intestinal cDC2

TGFp signalling in cDC has been suggested to play an im-
portant role in the generation of SI-LP CD103*CD11b*
¢DCs."” To determine the role of TGFpR1-signalling in
the generation of GP2* SI-LP ¢DC2, BM from CD45.1*
WT and either CD45.2% Itgax-Cre.Tgfbr" Ragi=/~
(Cre*) or control CD45.2% Tgfpr1™" Ragl™~ (Cre™) was
injected at a 1:1 ratio into irradiated CD45.17CD45.2*
recipients and the SI-LP ¢DC compartment of recipi-
ent mice assessed 8 weeks post-transfer. Consistent with
previous findings,"”” SI-LP CD103*CD11b* cDC deriv-
ing from Itgax—Cre.Tgfbrlﬂ/ﬂ.RagI_/_ BM had reduced
levels of CD103 (Figure 5A). In contrast, a larger pro-
portion of SI-LP CD103"CD11b* ¢DC derived from Itgax-
Cre.Tgfbri' Ragl™~ BM expressed GP2 and at higher
levels compared with CD103*CD11b" ¢DC derived from
WTor Tgfbr]ﬂ/ﬂ.Ragl ~“BM (Figure 5B,C). GP2wasalsoex-
pressed by asignificant proportion of SI-LPCD103"CD11b"
cDC deriving from Itgax-Cre.T; gfbrlﬂ/ﬂ.Ragl_/ ~ but not
WT or Tgfbr™" Ragi™'~ BM (Figure 5D). Furthermore,
in contrast to LI-LP CD103*CD11b* ¢DC that derived
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FIGURE 4 Intrinsic retinoic acid signalling promotes

GP2 expression in CD103*CD11b* cDC. A, Number of

indicated cDC subsets in SI-LP of RARdn™" and hu-Lang-
Cre.RARdn™" mice normalized to the mean of cell numbers from
the RARdn"" group. B, Representative GP2 staining and (C)
percentage of SI-LP CD103*CD11b* cDC expressing GP2 (left
panel) and median fluorescence intensity (MFI) of GP2 staining
on GP2*CD103*CD11b* SI-LP ¢DC cDC (right panel) in RARdn""
and hu—Lang—cre.RARdnﬂ/ﬂ mice normalized to the mean MFI of the
the RARdn™" group. A-C, Data are from 4 experiments with each
symbol representing an individual mouse and line representing
mean + SEM. ***P <.001, ns, not significant. See also Figure S2

from WT or Tgfbrlﬂ/ﬂ.Ragl_/ ~ BM, a large proportion
of LI-LP CD103*CD11b* ¢DC that derived from Itgax-
Cre.Tgfbrlﬂ/ﬂ.Ragl_/_ BM expressed GP2 (Figure 5E),
as did a small proportion of LI-LP CD103 CD11b"
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c¢DC2 (Figure 5F). GP2 was not expressed on SI-LP or
LI-LP CD103*CD11b~ ¢DC1 that derived from Itgax-
Cre.Tgfbr Rag1™~ BM (Figure S3A). Collectively,
these results suggest that TGFp signalling in intestinal
c¢DC2 suppresses their expression of GP2.

3.6 | GP2 expression on intestinal
CD103*CD11b" ¢DC2 is not required for
intestinal immune homeostasis

GP2 has been suggested to modulate innate and adaptive
immune cell responses.”***>° To determine whether GP2
expression by intestinal CD103*CD11b* ¢DC2 was impor-
tant for intestinal immune homeostasis, huLang-Cre mice
were crossed with Gp2™ to generate huLang—Cre.GpZﬂ/ﬂ
and Gp2ﬂ/ﬂ littermates. huLang—Cre.GpZﬂ/ﬂ mice had simi-
lar numbers of CD103"CD11b" and CD103*CD11b* cDC2
and CD103*CD11b~ ¢DC1 in the SI-LP, LI-LP and MLN as
Gp2"Mlittermate controls (Figure 6A and Figure S4A,B).
As expected, SI-LP and MLN CD103*CD11b* cDC
in huLang-Cre.Gp2"" mice lacked expression of GP2
(Figure 6B and Figure S4C).

To determine whether absence of GP2 on intestinal
CD1037CD11b* cDC2 impacted on intestinal immune cell
homeostasis, we assessed the intestinal adaptive and innate
immune composition of huLang- Cre.GpZﬂ/ Mand GpZﬂ/ Mit-
termates. HuLang-Cre.GpZﬂ/ﬂ and GpZﬂ/ﬂ littermates had
similar numbers of CD45" cells in both SI-LP and LI-LP

(Figure 6C). Similarly, the total number of IgA* plasma
cells (Figure 6D), CD4* and CD8" T cells (Figure 6E) as
well as the proportions of IFN-y*, IL-17" and FoxP3* cells
amongst SI-LP and LI-LP CD4" T cells did not differ in
the between huLang—Cre.GpZﬂ/ﬂ and Gp2ﬂ/ﬂ littermates
(Figure 6F, for gating strategy see Figure S4D). Regarding
innateimmune cell subsets, the SI-LP and LI-LP of huLang-
Cre.GpZﬂ/ﬂ mice contained similar numbers of tissue-
resident macrophages (CD64"CD11b"Ly6C MHCII"),
monocytes (CD64"CD11b*Ly6C**MHCII™), monocyte
intermediates (CD64"CD11b*Ly6C*MHCII") and neu-
trophils as Gp2™" littermates (Figure 6G,H), the latter in-
dicating that absence of GP2 on cDC2 does not result in
low-grade intestinal inflammation. Collectively, these re-
sults suggest that GP2 expression by CD103"CD11b" ¢DC
is not required for intestinal immune homeostasis.

4 | DISCUSSION

In the current study, we demonstrate that a large propor-
tion of SI-LP CD103*CD11b* ¢cDC2 express the zymogen
granule membrane protein GP2. GP2 was not expressed
on pre-DC, cDC2 in the lung, spleen or LI-LP suggest-
ing local induction in the SI-LP. Consistent with this,
we demonstrate a local and direct role for the vitamin
A metabolite, RA, in inducing GP2 expression on small
intestinal CD103"CD11b* ¢DC2 in vivo. In contrast, cell-
intrinsic absence of TGFp signalling resulted in enhanced
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GP2 expression on CD1037CD11b* ¢DC2 and upregula-
tion of GP2 on additional SI-LP and LI-LP cDC2 popu-
lations. SI-LP-derived GP2*CD103*CD11b* ¢cDC2 were
present in the MLN, and while GP2 expression on these
cells was independent of Myd88 signalling, migration
of GP2*CD103*CD11b* ¢DC2 to the MLN was dramati-
cally enhanced following administration of TLR agonists.

Finally, mice whose CD103"CD11b* ¢DC2 were defi-
cient in GP2 had normal immune cell composition and
numbers in LI-LP, SI-LP and MLN suggesting that cDC2-
derived GP2 is not required for maintaining intestinal
homeostasis.

We have previously shown that Irf4 is required
for the survival of SI-LP CD103*CD11b" cDC2; its
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absence leading to an approximate 50% reduction in
these cells.”” Interestingly, we here show that GP2 ex-
pressing SI-LP CD103"CD11b* ¢DC population but not
GP27CD1037CD11b* ¢DC are reduced in the absence of
Irf4. A likely explanation for these results is that IRF4,
in addition to promoting CD103*CD11b" ¢DC2 survival,
is required for the induction of GP2 on these cells, in-
creasing the numbers of GP2"CD103*CD11b* ¢DC2 in
Itgax-Cre.Irf4#"" mice. Alternatively, GP2"CD103*CD11b"
cDC2 as a population may be more dependent on IRF4
for their survival compared with their GP2-negative coun-
terparts. Future studies comparing the transcriptome of
GP2~ and GP27CD103*CD11b" cDC may help resolve
these possibilities.

The absence of GP2 on c¢DC precursors, on extra-
intestinal cDC2 and expression of GP2 on an only minor
fraction of CD103*CD11b* LI-LP cDC2 strongly indicates
that GP2 is induced on CD103*CD11b" ¢DC2 by factors
within the SI-LP environment. Here, we identify a role for
retinoic acid signalling in cDC in inducing GP2 expression
in SI-LP CD103*CD11b* cDC2. Of note, we have previ-
ously shown retinol levels to be higher in the SI compared
with the LI and that SI-LP cDC receive increased RA sig-
nals in the steady state compared with their counterparts
in the LI-LP."* Thus, enhanced RA signalling in the SI
may in part explain the increased expression of GP2 on
SI-LP compared with LI-LP CD103"CD11b" ¢DC2. Why
GP2 is not expressed by closely related CD103”CD11b"
cDC2, or by CD103"CD11b~ ¢DC1 in the SI-LP remains
unclear. One potential explanation is that these popula-
tions receive reduced RA signalling in situ compared with
CD1037CD11b* cDC2; however, we think this unlikely
since SI-LP CD1034+CD11b- ¢cDC1 are themselves a major
source of RA.P Alternatively, as discussed below, these
populations may in part receive local signals that inhibit
expression of GP2.

Cell intrinsic TGFfR signalling has been suggested to
playakeyrolein thedevelopmentof SI-LPCD103*CD11b"
cDC2 from CD103°CD11b* cDC2 intermediates.!” We
therefore hypothesized that TGFBR may also be re-
quired for the induction of GP2 on CD103"CD11b*
cDC2. Surprisingly, while SI-LP CD103"CD11b* ¢DC2
showed an expected reduction in CD103 expression, the
proportion of GP2 expressing CD103*CD11b* ¢DC2 as
well as the levels of GP2 expression on these cells in-
creased in the absence of TGFfR signalling. Moreover,
while in the absence of TGFR signalling SI-LP and LI-
LP CD103*CD11b~ ¢DC remained GP2~, a proportion
of SI-LP CD103 CD11b* ¢DC2 expressed GP2, as did
colon CD103*CD11b* and CD103"CD11b* cDC2, albeit
at lower levels compared with their corresponding popu-
lations in the SI-LP. Thus, TGFpR signalling acts to cur-
tail GP2 expression on cDC2 in both the SI-LP and LI-LP.

Why intestinal CD103"CD11b* ¢DC2, whose expres-
sion of GP2 appears to be suppressed in vivo by TGFp,
do not upregulate CD103 in response to such signals re-
mains unclear. Interestingly, despite our finding the GP2
is expressed by a subset of splenic cDC1, and thus not
restricted to a specific cDC subset, absence of TGFpR
signalling failed to induce GP2 expression on SI-LP and
LI-LP cDCI1. Collectively, our findings suggest that GP2
expression by cDC is regulated by a complex interplay of
local environmental factors.

Our observation that GP2 is expressed on a subset of
SI-LP-derived CD1037CD11b* c¢DC in the MLN, and these
cells increase in number following in vivo TLR stimula-
tion indicates that cDC-derived GP-2 may play a role in
the regulation of intestinal adaptive immune responses.
Consistent with this possibility, GP2 has been implicated
in modulating T cell responses.”® Despite this, we did
not observe alterations in intestinal adaptive immune
cell numbers or proportions in mice whose intestinal
cDC lacked GP2, demonstrating that GP2 expression by
intestinal cDC is not required for the establishment and
maintenance of this compartment in the steady state.
Importantly, however, our studies were performed on
mice housed in pathogen-free conditions and in non-
challenged situations, and it will be interesting in future
studies to explore the role of cDC-derived GP2 in models
of intestinal infection and inflammation. In this regard,
GP2 contains protease cleavage sites,”" and we speculate
that inflammation-driven induction of metalloprote-
ases®>>® might result in the release of GP2 from the cDC
surface into the LP where it could possibly act as a soluble
immunomodulatory mediator.

In summary, we demonstrate that GP2 is expressed by
a large population of SI-LP CD103*CD11b* ¢DC and that
expression of GP2 by intestinal cDC is regulated by local
environmental signals including RA and TGFp. Further
studies are required to address whether GP2" and GP2~
CD103*CD11b* ¢DC represent developmentally and
functionally distinct cDC subsets, or different activation
stages of the same subset as well as the importance of
CD103"CD11b* ¢DC-derived GP2 in intestinal infection
and inflammation.
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