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1. The Roles of C-type lectin receptors
in the development of colitis and
colorectal tumors

Xiaoqi Ye"? Ce Tang"’, Wei Han', Yulia
Makusheva', Haiyang Sun', and Yoichiro
Iwakura'

'Division of Experimental Animal Immu-
nology, Research Institute for Biomedical
Sciences, Tokyo University of Science, Japan
’The First Affiliated Hospital, Sun Yat-sen
University, China

C-type lectin receptors (CLRs), containing
an extracellular carbohydrate recognition domain
and intracellular signal transducing motif such as
immunoreceptor tyrosine-based activation motif
(ITAM) or immunoreceptor tyrosine-based
inhibition motif (ITIM), are one of innate immune
receptors mainly expressed on myeloid-lineage
cells such as dendritic cells (DCs) and
macrophages (Tang et al., J. Leukoc. Biol., 2019).
Some CLRs play important roles in the host
defense against fungal and bacterial infection by
recognizing specific carbohydrate components of
these pathogens. Recently, these immune
receptors have also been reported to be involved
in maintaining immune homeostasis of mucosa
by recognizing components of microbiota as well
as self-components, such as alarmins from dead
cells and non-canonical non-carbohydrate ligands.
Many glycans, such as mannose structures, Lewis-
type antigens and GalNAc, are components of
some tumor cells, which are able to be recognized
by some CLRs (Tang et al., J. Leukoc. Biol.,
2019). Therefore, it is important to clarify the
potential immunological roles of CLRs in not
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only fungal infection, but also inflammation,
autoimmune disease or even cancer.

Dectin-1, a member of C-type lectin receptor
family, recognizes B-glucans on fungal cell-wall
and activates anti-fungal immunity of the host.
This molecule is highly expressed in gut
macrophages and dendritic cells. We have
reported that inhibition of Dectin-1 signaling can
suppress Dextran Sodium Sulfate (DSS)-induced
and naive T cell-induced intestinal inflammation
by increasing intestinal Treg cells through
regulation of commensal Lactobacillus murinus
(Tang et al., Cell Host Microbe, 2015).
Furthermore, Dectin-1 signaling induces IL-17F
in the intestine, leading to the induction of anti-
microbial proteins (Kamiya et al., Mucosal
Immunol., 2018). These antimicrobial proteins
suppress the growth of a group of commensal
bacteria such as Clostridium cluster XIVa and
Lactobacillus, which can induce Treg cell
differentiation in the intestine. Therefore,
development of colitis is suppressed in /117f "
mice due to the expansion of these Treg-inducible
bacterial populations (Tang et al., Nat. Immunol.,
2018).

Dectin-1 is involved in the development of
tumors. Dectin-1 recognizes a N-glycan structure
on tumor cells and suppresses tumor growth by
activating NK cells (Chiba et al., Elife, 2014).
However, Dectin-1 can also promote pancreatic
cancer growth by recognizing galectin-9 on tumor
cells and suppressing M1 macrophage-mediated
T cell antitumor immunity (Daley et al., Nat.
Med., 2017). We found that the development of
colorectal tumors was suppressed in Dectin-1 KO
mice by using the APC""-DSS- and azoxymethane
(AOM)+DSS-induced colorectal tumor models.
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Blocking Dectin-1 suppresses prostaglandin E2
production in myeloid-derived suppressor cells
and enhances IL-22 binding protein expression,
which further prevents colorectal tumors
development (Tang et al., Nat. Commun., 2023).
Dendritic cell immunoreceptor (DCIR,
Clec4a?), a CLR family member, is
predominantly expressed in dendritic cells (DCs)
and macrophages. DCIR has an ITIM in the
cytoplasmic region and negatively controls
multiple signaling pathways by recruiting the
SH2 domain—containing protein tyrosine
phosphatases SHP-1 and SHP-2. We found that
asialo-biantennary N-glycan(s) (NA2) is a
functional ligand of DCIR (Kaifu et al., J. Exp.
Med., 2021). Previously, we reported that aged
Clec4a2”” mice spontaneously develop
autoimmune sialadenitis and enthesitis, an
inflammation at sites of attachment of ligaments,
tendons, and joint capsules to bones, and are
highly susceptible to collagen-induced arthritis
due to overexpansion of DCs (Fujikado et al.,
Nat. Med., 2008). Thl cell differentiation is
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joints due to over production of IFN-y (Maruhashi
et al., J. Immunol., 2015). Moreover, experimental
autoimmune encephalomyelitis (EAE), a mouse
model for multiple sclerosis, is exacerbated in
DCIR-deficient mice associated with severe
demyelination of the spinal cords (Seno et al.,
Exp Anim., 2015). These observations suggest
that DCIR is critically important for the
homeostasis of the immune system. Recently, we
reported that DCIR deficiency suppresses colitis
and colorectal tumors by enhancing granulocyte-
macrophage colony-stimulating factor (GM-CSF)
production. Blocking the ligand of DCIR by anti-
NA2 antibody also ameliorates colitis and
colorectal tumors efficiently (Sun et al., Cell Rep.,
2022). These observations suggested that DCIR is
a potential target for the treatment of these
diseases.

CleclA is a relatively poorly characterized
member of CLRs and is expressed by endothelial
cells and DCs. This receptor is structurally similar
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Figure 1. Mouse myeloid C-type lectins
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to Dectin-1, although it does not contain any
ITAMs or ITIMs. CleclA plays an important role
in host defense against pathological fungi,
particularly Aspergillus fumigatus, which contains
a ligand for Clec1A. We found that Clec/a” mice
are resistant to EAE model. Capacity of antigen
presentation in Clecla’ dendritic cells was
impaired, and expression of inflammatory
cytokines was greatly decreased in Clecla’™ mice
(Makusheva et al., Exp. Anim., 2022). Now, we
are analyzing the roles of this CLR in AOM+DSS
model and DSS-induced colitis model.

We are also analyzing the roles of Clec12B,
another CLR member, in the intestinal immune
system using AOM+DSS model and DSS-
induced colitis model.
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2. Blocking Dectin-1 prevents colorectal
tumorigenesis by suppressing
prostaglandin E2 production in
myeloid-derived suppressor cells and
enhancing IL-22 binding protein
expression
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Kadoki', Wei Han', Xiaoqi Ye" ? Yulia
Makusheva', Jianping Deng’, Bingbing Feng’,
Ding Qiu’, Ying Tan’, Xinying Wang’, Zehao
Guo’, Chanyan Huang’, Sui Peng’, Minhu
Chen’, Yoshiyuki Adachi’, Naohito Ohno’,
Sergio Trombetta‘, and Yoichiro Iwakura"”
*Laboratory for Immunopharmacology of
Microbial Products, School of Pharmacy,
Tokyo University of Pharmacy and Life
Sciences, Japan

‘Boehringer-Ingelheim, Ridgefield, CT, USA

Dectin-1 (gene Clec7a), a receptor for
B-glucans, plays important roles in the host
defense against fungi and immune homeostasis of

Blockade of Dectin-1 signaling
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Figure 2. B-glucans activate Dectin-1 to induce PGE2 and IL-1B production in CD11b" cells in colonic tumor
microenvironment. PGE2 and IL-1p promote CD11b" MDSC differentiation and proliferation. B-glucans activate
MDSCs to produce PGE2, that suppresses production of IL-22BP. Thus, excess Dectin-1 signaling aggravates
colorectal tumor development by enhancing PGE2 production and suppressing IL-22BP expression.
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the intestine. Although this molecule is also
suggested to be involved in the regulation of
tumorigenesis, the role in intestinal tumor
development remains to be elucidated. In this
study, we found that azoxymethane-dextran-

Min
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intestinal tumorigenesis are greatly suppressed in
Clec7a” mice independently from commensal
microbiota. Dectin-1 was preferentially expressed
on myeloid-derived suppressor cells (MDSCs). In
the Clec7a’~ mouse colon, the proportion of
MDSCs and MDSC-derived prostaglandin Es
(PGE») levels were reduced, while the expression
of IL-22 binding protein (IL-22BP; gene //22ra?2)
was up-regulated. Dectin-1 signaling induced
PGE:-synthesizing enzymes and PGE: suppressed
1122ra2 expression in vitro and in vivo.
Administration of short chain B-glucan laminarin,
an antagonist of Dectin-1, suppressed the
development of mouse colorectal tumors.
Furthermore, in patients with colorectal cancer
(CRC), the expression of CLEC74 was also
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observed in MDSCs and correlated with the death
rate and tumor severity. Dectin-1 signaling
upregulated PGE;-synthesizing enzyme
expression and PGE. suppressed IL22RA2
expression in human CRC-infiltrating cells. These
observations indicate a pivotal role of the Dectin-
1-PGE2-IL-22BP axis in regulating intestinal
tumorigenesis, suggesting Dectin-1 as a potential
target for CRC therapy.

3. Blocking DCIR mitigates colitis and
prevents colorectal tumors by
enhancing the GM-CSF-STATS
pathway

Haiyang Sun', Ce Tang"?, Soo-Hyun Chung',
Xiaoqi Ye', Yulia Makusheva', Wei Han',
Masato Kubo®, Shigeyuki Shichino’, Satoshi
Ueha®, Koji Matsushima®, Kazuho Ikeo’,
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Figure 3. @ DCIR deficiency suppresses colitis and colonic tumor in mice
e Blocking DCIR enhances IL-1p production by macrophages and stimulates ILC3
® [LC3-derived GM-CSF activates STATS5 to suppress intestinal inflammation and tumor
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Dendritic cell immunoreceptor (DCIR;
Clec4a?2), a member of the C-type lectin receptor
family, plays important roles in homeostasis of
the immune and bone systems. However, the
intestinal role of this molecule is unclear. Here,
we show that dextran sodium sulfate (DSS)-
induced colitis and azoxymethane-DSS-induced
intestinal tumors are reduced in Clec4a2” mice
independently of intestinal microbiota. STATS5
phosphorylation and expression of Csf2 and tight
junction genes are enhanced, while ///7a and
Cxcl2 are suppressed in the Clec4a2” mouse
colon, which exhibits reduced infiltration of
neutrophils and myeloid-derived suppressor cells.
Granulocyte-macrophage colony-stimulating
factor (GM-CSF) administration ameliorates DSS
colitis associated with reduced ///7a and

enhanced tight junction gene expression, whereas
anti-GM-CSF exacerbates symptoms.
Furthermore, anti-NA2, a ligand for DCIR,
ameliorates colitis and prevents colorectal tumors.
These observations indicate that blocking DCIR
signaling ameliorates colitis and suppresses
colonic tumors, suggesting DCIR as a possible
target for the treatment of these diseases.

4. The role of CTRP-PAQR pathways
in renal fibrosis development

Hsi-Hua Chi', Masanori A. Murayama"’ and
Yoichiro Iwakura'

’Institute of Biomedical Science, Kansai
Medical University

C1q/TNF-related proteins (CTRPs) including
CTRP6 are a group of secreted proteins which
have a complement C1g-like domain in common,
and play versatile roles in lipid metabolism,
inflammation, tumor metastasis and bone
metabolism. Previously we showed that CTRP6
binds adiponectin receptor 1 (AdipoR1), but not
AdipoR2, in vitro. We also showed that AdipoR2
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Fig. 4. The role of CTRP-PAQR pathways in renal fibrosis development
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is the receptor for CTRP3. Although adiponectin
is suggested to play a role in the development of
acute kidney injury and renal fibrosis, the results
are controversial, leaving the roles of AdipoR1
and AdipoR2 in the development of renal
tubulointerstitial fibrosis obscure. Thus, we are
now trying to generate Pagr KO mice to study
the roles of each CTRP and PAQR family
member in acute kidney injury and renal fibrosis
using various kidney disease models.

Unilateral ureter obstruction (UUO) model is
used for the analysis of pathogenic mechanisms
of kidney diseases, such as tubular cell injury,
interstitial inflammation, and fibrosis during
subacute as well as chronic kidney diseases. By
using a panel of gene knockout mice, we have
found that each PAQR has a distinct role by
interacting with a particular CTRP molecule in
UUO model. We are now analyzing downstream
signaling pathways of each receptor.

We also found that activation of complement
system is involved in renal fibrosis progression.
Previously, we showed that CTRP6 is a regulator
of the complement alternative pathway
(Murayama et al., Nat. Commun., 2015). Thus,
CTRP6 regulates renal fibrosis not only by
activating PAQR but also by inhibiting
complement alternative pathway.
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