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The C-type lectin receptor Clec1A plays an important
role in the development of experimental autoimmune
encephalomyelitis by enhancing antigen presenting
ability of dendritic cells and inducing inflammatory
cytokine IL-17
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Abstract: Clec1A, a member of C-type lectin receptor family, has a carbohydrate recognition domain in its
extracellular region, but no known signaling motif in the cytoplasmic domain. Clec7a is highly expressed in
endothelial cells and weakly in dendritic cells. Although this molecule was reported to play an important role in the
host defense against Aspergillus fumigatus by recognizing 1,8-dihydroxynaphthalene-melanin on the fungal surface,
the roles of this molecule in un-infected animals remain to be elucidated. In this study, we found that Clec1a™~ mice
develop milder symptoms upon induction of experimental autoimmune encephalomyelitis (EAE), an animal model
for multiple sclerosis. The maximum disease score was significantly lower, and demyelination and inflammation of
the spinal cord were much milder in Clec1a™~ mice compared to wild-type mice. No abnormality was detected in
the immune cell composition in the draining lymph nodes and spleen on day 10 and 16 after EAE induction. Recall
memory T cell proliferation after restimulation with myelin oligodendrocyte glycoprotein peptide (MOG;5_s5) in vitro
was decreased in Clec1a™™ mice, and antigen presenting ability of Clec1a™~ dendritic cells was impaired.
Interestingly, RNA-Seq and RT-gPCR analyses clearly showed that the expression of inflammatory cytokines
including //17a, II6 and Il/1b was greatly decreased in Clec7a™ mice after induction of EAE, suggesting that this
reduced cytokine production is responsible for the amelioration of EAE in ClecTa™ mice. These observations
suggest a novel function of Clec1A in the immune system.

Key words: Clec1a, C-type lectin receptor, experimental autoimmune encephalomyelitis, IL-17

(Received 2 December 2021 / Accepted 3 January 2022 / Published online in J-STAGE 8 February 2022)
Corresponding author: Y. Iwakura. email: iwakura@rs.tus.ac.jp

Supplementary Figures: refer to J-STAGE: https://www.jstage.jst.go.jp/browse/expanim

@@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives
AECETE (by-nc-nd) License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

©2022 Japanese Association for Laboratory Animal Science


http://creativecommons.org/licenses/by-nc-nd/4.0/

CLECIA IS IMPORTANT IN EAE DEVELOPMENT

Introduction

Multiple sclerosis is an autoimmune disease that af-
fects the central nervous system (CNS) and causes
various symptoms including fatigue, vision dysfunction,
muscle weakness, and pain [1, 2]. Although the etiology
and pathogenesis are not known completely, the main
mechanisms of the disease are suggested to be autoim-
mune in nature and involve breakdown of blood-brain
barrier and inflammatory cell infiltration into the central
nervous system, resulting in demyelination and oligo-
dendrocyte cell death [3—5]. Experimental autoimmune
encephalomyelitis (EAE) is a commonly used mouse
model of multiple sclerosis, and in this model, myelin
oligodendrocyte-specific immune responses are induced
by injecting myelin oligodendrocyte glycoprotein pep-
tide (MOGg35_55) [4, 6]. In this model, an inflammatory
cytokine IL-17A, which is produced by Th17 cells as
well as 0 T cells [7, 8], plays a central role for the de-
velopment of disease by activating other immune cells
and recruiting neutrophils to the CNS [9—-11]. Although
this model has some limitations as not all traits are
similar to human disease, this is a valuable instrument
in the analysis of multiple sclerosis in vivo [4, 12].

C-type lectin receptor (CLR) is an innate immune
receptor that is mainly involved in the host defense
against pathogens. CLRs recognize carbohydrate mol-
ecules on the pathogen surface by a carbohydrate recog-
nition domain (CRD) of the molecule in a calcium-de-
pendent manner [13-16], and transduce positive or
negative signaling through the immunoreceptor tyrosine-
based activating motif (ITAM) or immunoreceptor tyro-
sine-based inhibitory motif (ITIM) in the cytoplasmic
domain, respectively. CLRs are particularly known to
be crucial for the host defense against fungi and extra-
cellularly growing bacteria [17-21]. CLRs can also
recognize a number of other ligands than carbohydrate
molecules and are involved in various processes includ-
ing dead cell sensing and removal [22-24], cancer cell
recognition [25, 26], and inflammatory diseases [27-30].
Furthermore, several CLRs were shown to mediate the
development of EAE [31, 32].

CleclA is one of CLRs that is also called MelLec or
Clecl. Although this receptor was first described more
than twenty years ago, it remains poorly characterized
[33, 34]. Structural analysis of Clec1 A shows that it pos-
sesses a conventional carbohydrate recognition domain
and a transmembrane domain. However, no sequence
similar to ITAM or ITIM is detected, suggesting that
Clecl A may have other mechanisms for the signal trans-
duction [34]. This receptor also lacks sequence important
for classic Ca?*-dependent binding, thus it may suggest

existence of alternative ligands other than carbohydrates
[33]. Quantitative RT-PCR examination showed high
levels of Clecla mRNA expression in lungs, lymph
nodes (LNs), spleen, and aorta of rats [35]. Flow cyto-
metric analysis demonstrated that in mice this protein is
highly expressed on CD45-negative CD31-positive en-
dothelial cells of lungs, liver, heart, kidney, and small
intestine while no expression was detected on CD45-
positive leukocytes [36]. On the other hand, Robles et
al. reported that human CleclA is expressed on blood
DCs, monocyte-derived DCs and monocytes, and is re-
sponsible for dampening the activation of these cells and
Thl and Th17 responses [37]. Screening of CleclA li-
gands by analyzing Clec1A-Fc binding to various fungal
species by flow cytometry revealed that 1,8-dihy-
droxynaphthalene-melanin in Aspergillus fumigatus (A.
fumigatus) is one of the ligands [36]. Upon infection
with 4. fumigatus, CleclA plays a key role in the anti-
fungal immunity by inducing CXCL1 and CCL2 and
recruiting neutrophils through recognition of the fungal
ligand. Furthermore, a single nucleotide polymorphism
in humans suggests that Clec1 A also plays an important
role for the protection against fungi in humans [36].

Many CLRs are involved not only in the host defense
against pathogens, but also in the regulation of the im-
mune system and the development of autoimmunity and
tumors. For example, Mincle is important for the defense
against fungi and mycobacteria, and also suppresses ant-
tumor immunity by promoting myeloid-derived-suppres-
sor-cell-mediated immune suppression via recognition
of damaged cell-derived SAP-130 [38]. Dectin-1 is
important not only in the defense against fungal infection
but also in eradication of tumors and regulation of coli-
tis [27, 39, 40]. Furthermore, we showed that many CLRs
are involved in the regulation of the immune system and
development of autoimmune and allergic diseases [27,
29, 32, 41-43]. Since the structure of CleclA is quite
unique and distinct from other CLR family members, we
are very much interested in the roles of this molecule in
other immune functions than anti-fungal immunity. Be-
cause Clecl A can induce CXCL1 and CCL2 and recruit
neutrophils, it seemed likely that Clec1A is also involved
in inflammatory process. Thus, we examined the effects
of CleclA-deficiency on the development of EAE. We
found that the development of EAE was significantly
suppressed in Clecla™™ mice, suggesting a novel func-
tion for CleclA in the regulation of an inflammatory
CNS disease.
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Materials and Methods

Mice

C57BL/6J mice (designated as wild-type, WT, mice)
were obtained from CLEA Japan (Tokyo, Japan) and
were housed in the same facility as Clecla~ mice. Eight
to thirteen-week-old mice of the same sex were used for
the experiments. 2D2 TCR transgenic (2D2 Tg) mice
were purchased from the Jackson Laboratory. All mice
were kept under specific pathogen-free conditions with
y-ray sterilized normal diet (F1, Funabashi Farm, Chiba,
Japan), acidified (0.002 N HCI, pH 2.5) tap water, and
autoclaved wooden chip bed in environmentally con-
trolled clean rooms at the Center for Animal Disease
Models, Research Institute for Biomedical Sciences,
Tokyo University of Science. The experiments were car-
ried out according to the institutional ethical guidelines
for animal experiments and the safety guidelines for gene
manipulation experiments, after approval by the institu-
tional committees.

Generation of Clec1a™ mice

Clecla™™ mice were generated using homologous
recombination techniques. Briefly, DNA fragments for
the 5’ and 3” homologous arms (1.4 and 8.0 kbp, respec-
tively) were amplified by PCR from the C57BL/6J mouse
BAC library containing Clecla gene (RP23-394L7,
Advanced GenoTechs Co., Tsukuba, Japan). The target-
ing vector was constructed by replacing the genomic
region containing the initiation codon in the exon 1 of
the Clecla gene with the DNA fragment containing the
EGFP gene and the neomycin resistance gene under the
phosphoglycerate kinase 1 promoter (Neo") which was
flanked by lox P sequences (Supplementary Fig. 1). A
diphtheria toxin A fragment under the control of MCl1
promoter (DT-A) was ligated at the 3’ end of the target-
ing vector for negative selection. The targeting vector
was linearized by Sacll digestion, and electroporated
into C57BL/6N mouse ES cells (EGR-101), and G418
resistant colonies were selected. Homologous recombi-
nants were screened by Southern blot hybridization
analysis with the 3’ and Neo' probes. A clone of targeted
ES cells was used for generation of chimeric mice by an
aggregation method [39]. To generate heterozygous oft-
spring, male chimeric mice were mated with C57BL/6J
female mice. Genotypes were determined by PCR with
the following primer-sets; Common forward: 5’-GT-
GAATAATGCGTTGCTCTCTGCC-3’, WT reverse:
5’-GATGTGCTCAGATTGCTCGAGAGG-3’, and Mu-
tant (EGFP) reverse: 5’-CTGAACTTGTGGCCGTT-
TACGTCG-3’. The lack of Clecla transcript was con-
firmed by quantitative real-time PCR. Clecla™ mice
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were obtained by intercrossing Clecla*’~ mice, then
heterozygous embryos obtained by backcrossing to a
C57BL/6J mouse were frozen at F7 generation. After
recovery, Clecla™~ mice were obtained by intercrossing
these Clecla*"mice, and maintained as a homozygous
deficient state for 8~14 generations, and used for the
experiments.

EAE model

EAE was induced according to the protocol of active
immunization [6]. Eight to twelve-week-old male and
female mice were subcutaneously (s.c.) immunized with
100 ul of emulsion containing 100 g myelin oligoden-
drocyte glycoprotein (MOG) peptide MEVGWYRSPF-
SRVVHLYRNGK: MOGs;s_s5, Scrum Inc., Tokyo, Japan)
in Incomplete Freund Adjuvant (Thermo Scientific,
Waltham, MA, USA) supplemented with 500 ug of heat-
killed (hk)-Mycobacterium (M.) tuberculosis H37RA
(BD difco, Sparks, MD, USA) (CFA) on day 0. On the
same day and day 2, mice were injected intraperitone-
ally (i.p.) with 200 ng of pertussis toxin (PTX) (List
Biological Laboratories, Campbell, CA, USA). MOG/
CFA injection was repeated on day 7. Mice were fol-
lowed up until day 28 and disease score was assessed
daily as follows: 0 — normal; 0.5 — partially paralyzed
tail; 1 — complete tail paralysis; 2 — weakness in hind
limbs; 2.5 — one hind limb paralyzed; 3 — two hind limbs
paralyzed; 3.5 — weakness in fore limbs; 4 — paralysis
of one fore limb; 4.5 — paralysis of both fore limbs; 5
— moribund state.

Histological staining

Samples of the spinal cord were collected from WT
and Clecla™~ mice at day 28 after induction of EAE.
Mice were euthanized, spinal cords were excised and
fixed in 10% neutral-buffered formalin. L1-L5 region
was dehydrated in ethanol gradients, paraffin embedded,
and cut to 10 um sections by GenoStaft Co., Japan. Af-
ter rehydration, the specimens were stained with hema-
toxylin and eosin.

The same paraffin-embedded samples of the spinal
cord were cut into 10 um, and after dehydration, stained
by Luxol Fast Blue and counterstained with Cresyl Vio-
let. Images were observed under a Keyence BZ-9000
microscope (Osaka, Japan) and analyzed by ImageJ
software (National Institutes of Health, Bethesda, MD,
USA).

RNA-Seq analysis

Inguinal draining LNs (dLNs) from WT and Clecla ™/~
mice (n=5 in each group) were collected in a steady-state
and at day 10 and 16 after EAE induction. Total RNA
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was extracted using Mammalian Total RNA Miniprep
kit (MilliporeSigma, Burlington, MA, USA) and RNAs
from each group were pooled with equal amounts. Total
RNA sequencing was conducted by Rhelixa Japan. RNA-
Seq library was constructed, followed by next-generation
sequencing on Illumina platform with total raw reads at
40 million per sample. The raw sequencing data were
processed using Galaxy platform. The reads were
trimmed by Trimmomatic, and then aligned by HISAT2
referred to genome GRCm38 (mm10). Data were trans-
formed to log2 (TPM+1) for further analysis. Genes with
fold change >1 or <l were considered as upregulated
and downregulated genes, respectively. Upregulated and
downregulated genes were used for KEGG pathway
analysis. Heatmaps were normalized by row and plotted
using pheatmap R package and GraphPad Prism soft-
ware. RNA-Seq raw and processed data were deposited
in GEO repository with the accession number
GSE190289.

Reverse transcription quantitative real-time PCR
(RT-gPCR)

For the analysis of gene expression, RNA was iso-
lated using Mammalian Total RNA Miniprep kit (Mil-
liporeSigma). Then, RNA concentration was measured
by NanoDrop 2000c (Thermo Scientific) and 50 ng of
RNA was treated with a High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Waltham, MA,
USA) to generate cDNA. Next, cDNA was diluted 20
times and used in RT-qPCR prepared with TB Green®
Premix Ex Taq™ (Takara, Kusatsu, Japan). Data were

calculated using 27ACt

method and normalized to Gapdh,
Hprt or Actb. The following primers were used:

Gapdh forward 5’-TTCACCACCATGGAGAAGGC-3’,
Gapdh reverse 5’-GGCATGGACTGTGGTCATGA-3’,
Hprt forward 5’-AGCTACTGTAATGATCAGTCAACG-3’,
Hprt reverse 5~ AGAGGTCCTTTTCACCAGCA-3’,
Actb forward 5°-CAATAGTGATGACCTGGCCGT-3’,
Actb reverse 5’-AGAGGGAAATCGTGCGTGAC-3’,
1117a forward 5’-TTTAACTCCCTTGGCGCAAAA-3’,
1117a reverse 5°>-CTTTCCCTCCGCATTGACAC-3’,
111b forward 5°-CAACCAACAAGTGATATTCTCCATG-3’,
111D reverse 5’-GATCCACACTCTCCAGCTGCA-3’,
116 forward 5’-GAGGATACCACTCCCAACAGACC-3’,
16 reverse 5’-AAGTGCATCATCGTTGTTCATACA-3,
Csf2 forward 5°-GGCCTTGGAAGCATGTAGAGG-3’,
Csf2 reverse 5°-GGAGAACTCGTTAGAGACGACTT-3’,
1110 forward 5’-GCTCTTACTGACTGGCATGAG-3’,
1110 reverse 5’-CGCAGCTCTAGGAGCATGTG-3,
Ifng forward 5°-GAACTGGCAAAAGGATGGTGA-3’,
Ifng reverse 5°-TGTGGGTTGTTGACCTCAAAC-3’,
Tnf forward 5’~-GCCTCCCTCTCATCAGTTCT-3,

Tnfreverse 5’-CACTTGGTGGTTTGCTACGA-3’,
Clecla forward 5-ATGCAGGCCAAATACAGCAG-3,
Cleclareverse 5’-CCAGAATACAGGCTTATGGTGGT-3".

In vitro MOG restimulation

On day 7 after EAE induction, mice were euthanized
and sacrificed by cervical dislocation. Inguinal and axil-
lary LNs were excised and disrupted by the hard part of
a syringe plunge. Cells were passed through 100 xm mesh
and seeded in a 96 well plate (Iwaki, Japan) at 3 x 10°
cells/200 ul/well in RPMI1640 medium containing 10%
FCS, 1% B-mercaptoethanol, 100 U/ml penicillin, and
100 ug/ml streptomycin. MOG peptide at different final
concentrations as shown was added, and cells were incu-
bated at 37°C 5% CO, for 72 h. For cell proliferation
analysis, [P’H]TdR (5 zCi/ml; PerkinElmer, Waltham, MA,
USA) was incorporated for 10 h at the end of incubation,
the radioactivity incorporated into acid-precipitable frac-
tion was measured with a MicroBeta? RI counter (Perki-
nElmer), and presented as counts per min (cpm).

Co-culture of 2D2 Tg T cells and DCs

The spleen, mesenteric LNs, and dLNs were prepared
from WT and 2D2 Tg mice and tissue was destroyed
using a syringe plunge and filtered through 100 xm mesh.
After treatment with hemolysis buffer (140 mM NH,CI
and 17 mM Tris-HCI, pH 7.2), cells were treated with
anti-CD16/CD32 antibody (2.4G2 Ab, produced in-
house) to reduce non-specific binding. Next, Thyl.2" T
cell were isolated using Thyl.2 microbeads with an
autoMACS Pro separator (Miltenyi Biotec, Bergisch
Gladbach, Germany). For isolation of DCs, WT or
Clecla™™ mouse spleens were treated with 2 U/ml Lib-
eraseTM (MilliporeSigma) and 20 U/ml DNasel (Mil-
liporeSigma) for 30 min at 37°C in shaking water bath.
Following hemolysis and CD16/CD32 blocking, DCs
were collected by sorting CD11¢" cells from splenocytes
by depleting Thy1.2 and CD19* cells with an autoMACS
Pro separator. T cells (2 x 10%) and DCs (0.5 x 10%) were
co-cultured for two days in RPMI1640 medium contain-
ing 10% FCS, 1% B-mercaptoethanol, 100 U/ml penicil-
lin, and 100 xg/ml streptomycin in the presence of MOG
peptide at the indicated concentrations. After 48 h, [°H]
TdR was incorporated for 12 h, the radioactivity was
measured with a MicroBeta® RI counter (PerkinElmer),
and presented as cpm.

Preparation of single cells from organs

Single cell suspensions from dLNs were obtained by
dissociating the tissue with a syringe plunge. For isola-
tion of single cells, minced organs (spleen, lung) were
treated with mixture of 2 U/ml LiberaseTM (Millipore-
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Sigma) and 20 U/ml DNasel (MilliporeSigma) in
RPMI1640 medium containing 10% FCS, 1%
B-mercaptoethanol, 100 U/ml penicillin, and 100 x#g/ml
streptomycin, for 30 min at 37°C water bath with shak-
ing. Then the suspension was passed through sterile
gauze and washed with FACS buffer (Hanks’ Balanced
Salt Solution containing 2% FCS).

Flow cytometry

Single cell suspensions from dLNs and spleen were
prepared. Following hemolysis, cells were stained with
specific antibodies at 1-2.5 ug/ml for 30 min at 4°C
according to the manufacture’s manual. After a wash in
FACS buffer, samples were fixed with 4% paraformal-
dehyde overnight at 4°C. Then, samples were washed,
diluted in FACS buffer, and analyzed by a BD FACS-
Canto™ II flow cytometer. FlowJo FACS software was
used for flow cytometry data analysis.

Antibodies against CD3 (145-2C11) and CD19 (1D3)
were obtained from BD Biosciences (Franklin Lakes,
NJ, USA), and antibodies against CD45.2 (104), CD45.1
(A20), CD4 (GK1.5), CD8 (53-6.7), CD1lc (N418),
F4/80 (BM8), y6TCR (GL3), and MHC class II
(M5/114.15.2) were obtained from BioLegend (San Di-
ego, CA, USA), and antibodies against Foxp3 (FJK-16S)
were obtained from eBioscience (San Diego, CA, USA).

Measurement of antibody (Ab) titer against MOG
peptide

The titer of anti-MOG;5_s5 antibodies was measured
by ELISA as described [32]. Briefly, 96-well plates were
coated with MOGs;s_s5 peptide (100 ug/ml in 40 ul per
well) by incubating at 4°C overnight. Then, plates were
washed with PBS-T (PBS containing 0.01% Tween20)
three times and blocked by 1% BSA in PBS-T for 1 h at
room temperature. After washing, 40 ul of 20-fold di-
luted sera were incubated in duplicates for 1 h at room
temperature. Next, alkaline phosphatase-labeled goat
anti-mouse Igs (SantaCruz Biotechnology, Dallas, TX,
USA) were reacted for 1 h at room temperature, followed
by the addition of p-nitrophenyl phosphate substrate
(MilliporeSigma). The titer of anti-MOG3;5_ss antibody
is given as an absorbancy value at 405 nm.

Preparation of bone marrow-derived myeloid cells

Bone marrow (BM) was extracted from the tibia and
femur, and red blood cells were eliminated using hemo-
lysis buffer. Then, BM cells were cultured at 2 x 10°
cells/ml in RPMI1640 supplemented with 10% FCS, 100
U/ml penicillin, 100 gg/ml streptomycin, 1%
B-mercaptoethanol, and 50 ng/ml recombinant mouse
FIt3L (Fms-like tyrosine kinase 3-ligand) (Peprotech,
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Cranbury, NJ, USA) for 10 days. Loosely adherent and
non-adherent cells were collected on day 10.

For preparation of GM-CSF-induced DCs (GMDCs),
BM cells were cultured at 2 x 103 cells/ml in RPMI11640
supplemented with 10% FBS, 100 U/ml penicillin, 100
ug/ml streptomycin, 1% B-mercaptoethanol, and recom-
binant mouse GM-CSF (20 ng/ml; Peprotech, Rocky
Hill, NJ, USA) in non-treated dishes. Loosely adherent
and non-adherent cells were collected on day 8.

For preparation of BM macrophages, BM cells were
cultured at 2 x 10 cells/ml in RPMI1640 supplemented
with 10% FBS, 100 U/ml penicillin, 100 xg/ml strepto-
mycin, 1% B-mercaptoethanol, and recombinant human
M-CSF (20 ng/ml; R&D Systems, Minneapolis, MN,
USA). On day 7, adherent cells were collected by scrap-
ing with 2.5 mM EDTA/PBS.

Cell stimulation

For cell stimulation experiments, FL-DCs (1 x 10%/
well) were incubated in the presence of poly (I:C) (50
uM, InvivoGen, San Diego, CA, USA) or zymosan (100
ug/ml, MilliporeSigma) at 37°C for 24 h. Then, cells
were analyzed by flow cytometry for specific cell activa-
tion markers.

For stimulation of spleen cells, spleens were cut and
incubated with a mixture of 2 U/ml LiberaseTM (Mil-
liporeSigma) and 20 U/ml DNasel (MilliporeSigma) in
RPMI1640 medium containing 10% FCS, 1%
B-mercaptoethanol, 100 U/ml penicillin, and 100 xg/ml
streptomycin, for 30 min at 37°C water bath with shak-
ing. Then, the suspension was passed through sterile
gauze and 5 x 10° cells in 200 ul were seeded in a 96-
well plate. Indicated concentrations of LPS, PTX or M.
tuberculosis were added in 10 ul of PBS. Polymyxin B
(10 ug/ml) (MilliporeSigma) was added to all wells to
exclude the influence of LPS in PTX or M. tuberculosis
samples. After 16 h incubations cells were collected, and
RNA was isolated using Mammalian Total RNA Mini-
prep kit (MilliporeSigma) with further RT-qPCR analy-
sis.

Mixed lymphocyte reaction

Splenic CD4* and CD8" T cells from BALB/cA mice
were sorted by autoMACS Pro separator. WT and Cle-
cla”” FL-DCs (CD24" or CD11b") from C57BL/6 mice
were sorted by BD FACSAria II. Then, 2 x 10° T cells
were co-cultured with DCs at indicated ratios for three
days. Then, T cell proliferation was assessed by [P H]TdR
incorporation, the radioactivity was measured with a
MicroBeta? RI counter (PerkinElmer), and presented as
cpm.
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Statistics

Data were analyzed using the GraphPad Prism soft-
ware (La Jolla, CA, USA). Statistical analysis was per-
formed using Student’s #-test except for the disease score
and Igs ELISA. Mann-Whitney U test was used to de-
termine statistical significance of disease score. Welch’s
t test was used for analysis of Igs. Differences of P<0.05
were considered statistically significant. Data are pre-
sented as mean + SD.

Generation of Clec1a™~ mice

Clecla™™ mice were generated by deleting the exon
I using homologous recombination techniques in a
C57BL/6N-derived ES cell (Supplementary Fig. 1A).
Homologous recombination was confirmed by Southern
blot hybridization analysis and genotypes were deter-
mined by PCR (Supplementary Fig. 1B and C). The
Clecla gene expression was completely disappeared in
homozygous deficient mice (Supplementary Fig. 1D).
Homozygous Clecia-deficient mice were normally born
at the Mendelian ratio from heterozygous parents, grew
healthy, and were fertile. No apparent abnormalities were
observed at least one year of age.

We observed relatively high Clecla expression in the
lung, heart, and LNs under physiological conditions (Fig.
1A). High levels of Clecla expression were observed in
CD317" endothelial cells (Fig. 1B), consistently with the
observation by Stappers et al. [36]. Low, but significant
levels of expression were observed in CD11¢* DCs and
CDI11b" monocytes. Furthermore, Clecla expression
level was measured in BM-derived myeloid cells, includ-
ing DCs generated from BM cells by treating with 50
ng/ml FIt3L for 10 days (FL-DCs), DCs generated from
BM cells by treating with 20 ng/ml GM-CSF for 8 days
(GMDCs), and BM-derived macrophages (BMMs), gen-
erated by culture of BM cells in presence of 20 ng/ml
M-CSF. Relatively high level of Clecia expression was
detected in CD24" FL-DCs, which represents ¢cDCI, in
comparison to CD11b* FL-DCs, which represents ¢cDC2,
or GMDCs and BMMs (Fig. 1C). The composition of
immune cells such as T cells and B cells was normal in
these Clecla™~ mice (Fig. 1D). Additionally, the amount
of naive (CD44CD62L") and memory (CD44"CD62L")
T cells was similar between WT and Clecla™~ mice, as
well as the expression of an activation marker CD69 in
CD44* or CD62L" T cells (Fig. 1E). Furthermore, the
content of total CD11ch and MHCIIM DCs, resident DCs
(CD11ch DCs), and migratory DCs (MHCIIM DCs) in
axillary and inguinal LNs in Clecla™"
parable to WT mice (Fig. 1F).

mice were com-

Development of EAE is suppressed in Clec1a™"
mice

Next, we examined possible involvement of Clecl A
in the development of EAE. We found that the disease
score estimated by the levels of paralysis of the tail and
legs was lower in Clec/a™’~ mice than that in WT mice,
although the difference was not always statistically sig-
nificant (Fig. 2A, B, and Supplementary Fig. 2). As
shown in Fig. 2B and Supplemetary Fig. 2, the develop-
ment of EAE was statistically significantly suppressed
in 5 experiments in total 8 independent trials with simi-
lar tendency in the rest of experiments. In this signifi-
cantly suppressed experiment shown in Fig. 2B, mean
maximum score was lower in Clecla™’~ mice than that
in WT mice (Fig. 2C), but average disease onset day was
similar between these mice (Fig. 2D). Histological ex-
amination revealed that inflammatory cell infiltration
was significantly suppressed in Clec/a™~ mice compared
to WT mice (Fig. 2E). Demyelination of the spinal cord
assessed by LFB staining was also significantly sup-
pressed in Clecla™’~ mice compared with WT mice,
consistent with the neurological symptoms (Fig. 2F).
These results show that EAE development is suppressed
in Clecla™" mice.

Cell composition in the spleen and dLNs after EAE
induction is similar between Clec7a™’~ mice and WT
mice

Cell composition was checked at two time points after
EAE induction: 1) before development of EAE symp-
toms (day 10), and 2) at the peak of the disease (day 16).
As shown in Fig. 3, the proportion of CD4", CD8" T,
and B (CD197) cells in the spleen (Fig. 3A) and axillary
and inguinal dLNs (Fig. 3B) was comparable between
WT and Clecla™’~ mice at day 10 and 16 after EAE.
However, CD19" B cell percentage was slightly de-
creased in Clecla™’/~ mice at day 16 in spleen (Fig. 3A).
The proportion of F4/80" macrophages, CD11b" myeloid
cells, and CD11c* DCs were low in the dLNs at day 10
after EAE induction, but significantly increased at day
16 in both WT and Clecla™™ mice (Fig. 3B), although
the increase of F4/80" cells, CD11bM cells, and CD11¢*
cells was not observed in the spleen (Fig. 3A). MHCIT*
CDl1l1c* DCs were marginally decreased in Clecla™"
mice compared with WT mice at day 10 and slightly
increased in the draining LNs at day 16 (Fig. 3B).

Recall memory T cell proliferation is decreased in
Clec1a™" mice after immunization with MOG peptide
while Ab production against MOG peptide is normal

As demyelination of the spinal cord was likely to be
caused by the T cell-mediated immune response against
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Fig. 1. Tissue specificity of Clecla expression under physiological conditions. A. Tissue specific expression of
Clecla was examined using RT-qPCR. The expression levels relative to f-actin expression are shown. B.
Splenocytes were separated into CD11c* cells and CD11b* cells after sorting out the mixture of T and B
cells by MACS. Also, dissociated lung cells were separated into CD45" cells and CD45™ cells, and CD45~
fraction was further separated into CD31" cells and CD31~ cells. Then, Clecla expression in these cell
populations was analyzed by RT-qPCR. C. Clecla expression was measured by RT-qPCR in BM-derived
cells including FL-DCs (CD24* and CD11b*), GM-DCs, and BMMs. FL-DCs were sorted by BD FAC-
SAria II. D. Immune cell composition in the spleen was compared between WT and Clecla™~ mice using
flow cytometry. CD3"CD19%, CD3*CD19~ and CD3 CD19" cells (left panel). CD4" cells and CD8" cells
in CD3" cells (right panel). E. CD44"CD62L" cells and CD44 CD62L" cells in CD4* cells (left panel).
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MOG [44], we examined recall memory T cell prolif-
eration against MOG peptide. Draining LN cells were
prepared from MOG peptide-immunized mice at day 7
after EAE induction before the development of the symp-
toms, and T cell proliferative response against MOG
peptide was examined by [PH]TdR incorporation (Fig.
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4A and Supplementary Fig. 3A-H). [*H] incorporations
were reduced in LN cells from Clec/a™~ mice compared
with WT mice, although significant reduction was ob-
served only in 4 experiments out of 9 independent trials
(Fig. 4B and Supplementary Fig. 3A—H). These results

suggest that T cell sensitization was impaired in Cle-
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Clecla™~ (n=10) mice were immunized with MOG peptide in CFA s.c. and PTX was injected i.p. on the same day. On day two,
second PTX was injected. Then, on day seven, immunization with MOG peptide in CFA was repeated. Mice were sacrificed on
day 28 and analyzed histologically. B. Mean clinical score of WT (white circle) and Clecla™'~ (black circle) mice were measured
every day by assessing tail and limbs paralysis. The figure shows representative of total 8 independent experiments with similar
results, in which 5 of the experiments showed significant difference. The data of the other 7 experiments are shown in Supple-
mentary Fig. 2. Statistical significance was calculated by Mann-Whitney U test. *P<0.05. C. Mean maximum disease score of
WT and Clecla™~ mice shown in B. Statistical significance was calculated by Mann-Whitney U test. **P<0.01. D. Average
onset day of WT and Clecla™~ mice shown in B. E. Histological analysis of the spinal cord of EAE-induced mice. Left panels.
On day 28, a half of the mice shown in B (n=5 for each) were sacrificed, and the spinal cords were excised, formalin fixed, and
sections (10 um) were stained with H & E. Then, the tissue sections were inspected with x4 (upper) and x40 (lower) objectives
(left panels). Scale bar represents 100 zm. Arrows show the sites where inflammatory cells infiltrate. The images were analyzed
by ImagelJ software and quantified the number of infiltrating cell clusters. Average of infiltrating cell cluster number/ section is
shown. The figures show representative of 5 mice for each. Statistical significance was calculated by Mann-Whitney U test.
**P<0.01. F. The same spinal cord samples used in E were used for LFB staining. Left panels: the same spinal cord sections as
C were stained with LFB and photos were taken under a microscope. The tissue sections were inspected with x4 (upper) and x40
(lower) objectives (left panels). Scale bar represents 100 um. Right panel: LFB stained area was measured using ImagelJ software.
The figures show representative of 5 mice for each. Statistical significance was calculated by Mann-Whitney U test. **P<0.01.
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*P<0.05, ***P<0.001, ****P<0.0001.

cla™” mice compared with WT mice.

Next, we examined antibody production against MOG
after EAE induction. The disease score graph of this
experiment is presented on Fig. 2B. We found that sim-
ilar levels of Abs were detected in the serum of both WT
and Clecla™~ mice (Fig. 4C). These observations sug-
gest that antibody production against MOG peptides is
normal in Clecla™ mice.

DC cell differentiation is normal in Clec7a™~ mice
while antigen-presenting ability of DCs is moderately
decreased

Next, we examined the differentiation and antigen-
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presenting ability of Clecla™~ mouse DCs. First, we
induced DC differentiation from BM cells by treating
with 50 ng/ml FIt3L for 10 days (FL-DCs), which is
reported to include ¢cDC-like populations [45]. CD24",
which represents cDC1, as well as CD11b", which rep-
resents cDC2, FL-DCs were normally differentiated from
both WT and Clecla™’~ BM cells (Fig. 5A). Expression
of cell surface markers for maturation and activation
state of DCs, such as I-A/I-E, CD80 and CD86, was
comparable between WT and Clecla™’~ FL-DCs (Fig.
5B). Furthermore, the expression of I-A/I-E, CD80 and
CD86 after stimulation with zymosan or Poly (I:C) was
also similar (Fig. 5C). In addition, cytokine gene expres-
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Fig. 4. Recall memory T cell proliferation of Clecla~~ mice is decreased upon in vitro restimulation with MOG peptide. A. Sche-
matic presentation of T cell restimulation experiments after induction of EAE. WT (pooled, n=5) and Clecla™~ (pooled,
n=>5) mice were immunized with MOG peptide according to the standard protocol. On day seven after induction of EAE,
draining LNs were collected, and cells (3 x 10°) were stimulated in vitro with indicated concentrations of MOG peptide.
After three days incubation, cells were treated with [PH]TdR for 12 h, and acid precipitable radioactivity was measured. B.
MOG peptide-dose-dependent [*H]TdR incorporations were compared between T cells from WT and Clecla™~ mice. Four
well replicates were counted. The results with similar tendency were reproduced in 6 experiments out of total 9 experiments,
but significant difference was observed only in 4 experiments. These data are shown in Supplementary Fig. 3. Statistical
significance was calculated by Student’s ¢ test. ¥ P<0.05. C. Ab titer in serum against MOG of each Ig subtype was measured
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sion levels were analyzed after stimulation of spleen  cells (Fig. 5D).

cells with LPS, PTX, and M. tuberculosis. We found that Next, antigen-presenting ability of these FL-DCs was
the expression levels of //6 and Tnfwere similar between = examined. For this, we performed mixed lymphocyte
Clecla™~ mouse-derived cells and WT mouse-derived  culture using these BMDCs from C57BL/6 background
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Fig. 5. DC differentiation is normal in Clec/a™’~ mice while antigen-presenting ability of DCs is moderately decreased. A. FL-DCs were
induced to differentiate from BM cells with 50 ng/ml FIt3L for 10 days, and CD11¢*B220" (pDC) cells and CD24*CD11b~ (CD8*-
like) and CD11b*CD11c* cells were analyzed by FACS. B. Cell surface markers including I-A/I-E, CD80 and CD86 on FL-DCs
(pDC, CD24" and CD11b" cells) were examined by FACS. C. Cell surface markers were examined after stimulation with zymo-
san and poly (I:C). D. The expression of //6 (upper) and Tnf (lower) was measured by RT-qPCR after stimulation of splenic cells
with LPS, PTX, or M. tuberculosis (M.tub) at designated concentrations. Polymyxin B (10 xzg/ml) was added to all samples. The
result is representative of 2 independent experiments. E. Antigen presenting ability of C57BL/6J FL-DCs (2 x 103 cells) was
examined by allogeneic mixed lymphocyte response with increased number of BALB/c mouse-derived CD4 cells or CDS cells.
T cell proliferative response was measured by [?’H]TdR incorporation. F. Antigen-presenting ability of DCs from Clecla™ mice
was examined using MOG-specific 2D2 Tg T cells. Upper panel: Schematic presentation of 2D2 Tg T cell stimulation experiments
after co-culture with DCs in the presence of MOG. WT (pooled, n=5) and Clecla™~ (pooled, n=5) mouse splenic CD11c* DCs
(5 x 103 cells/100 ul) were cultured together with 2D2 Tg mouse Thy1.2* T cells (2 x 103 cells/100 ul) in the presence of increas-
ing concentrations of MOG peptide. After two days, cells were treated with [PH]TdR for 12 h, and acid precipitable radioactivity
was measured. Lower panel: [?’H]TdR incorporations are shown. DCs from WT mice: white bars, Clec/a™~ mice: black bars. Four
well replicates were counted. The figure shows representative of two individual experiments. The second experiment graph is
showed in Supplementary Fig. 31. Statistical significance was calculated by Student’s ¢ test. *P<0.05.
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mice. When CD24* or CD11b" FL-DCs were cocultured
with BALB/c mouse-derived CD4" and CD8" T cells,
allogeneic MHC-stimulated T cell proliferation was
similar between WT and Clecla™~ mouse-derived FL-
DCs (Fig. S5E).

Furthermore, we examined antigen-presenting ability
of Clecla™~ DCs against MOG peptide. Thy1.2" cells
were isolated from spleens and dLNs of 2D2 Tg mice,
which express a transgenic MOG-specific T cell receptor,
and CD11c¢" DCs were purified from the spleen cells of
WT or Clecla™’~ mice by MACS. Then, 2D2 Tg T cells
and DCs from either WT or Clecla™ mice were co-
cultured in presence of various concentrations of MOG
peptide (Fig. 5F). T cell proliferation was measured by
[*H]TdR incorporation after three-day-culture. We found
that T cell proliferation tended to be lower with Cle-
cla™’~ mouse DCs than that with WT DCs as the antigen-
presenting cells (Fig. 5F). These results together with
the results shown in Fig. 4B suggest that antigen-pre-
senting ability of DCs of Clecla™™ mice is impaired.

Inflammatory cytokine gene expression is reduced
in Clec1a™" mice

Next, gene expression in Clec/a™™ mice was exam-
ined by RNA-seq analysis. Inguinal dLNs were col-
lected from WT and Clecla™~ mice in a steady-state as
well as after EAE induction at day 10 and day 16. The
disease score graph of this experiment is presented on
Supplementary Fig. 2D. As shown in Fig. 6, expression
levels of 506 genes were up-regulated while 399 genes
were decreased in Clec/a”~ mice even under physiolog-
ical conditions (Fig. 6A). After induction of EAE, ex-
pression levels of 471 genes were increased and 391
genes demonstrated down-regulation in Clecla”’~ mice
at day 10 (Fig. 6A). At day 16, 470 genes expression
level were increased and at the same time 487 genes were
decreased in Clecla”’~ mice (Fig. 6A).

Then, KEGG pathway database was used for analysis
of pathways that were different between WT and Cle-
cla™ mice. Several pathways, including IL-17 signaling
pathway, TNF signaling pathway, chemokine signaling
pathway, and inflammation-associated signaling path-
~~ mice on day 10 after
EAE induction even before onset of the neurological

ways were attenuated in Clecla

symptoms (Fig. 6B). Interestingly, only minor pathways
were affected in a steady-state and on day 16, when the
symptoms were most severe (Supplementary Fig. 4A).

According to the pathway analysis, we compared the
expression of cytokines, chemokines, and transcription
factors of these genes (Fig. 6C, Supplementary Fig. 4B,
and C). We found that the expression levels of 1/23a,
1115, and Foxp3 were low in ClecIa™™ mice in a steady-

state, while those of /14, 115, and Tslp were higher com-
pared to WT mice. Interestingly, the expression of in-
flammatory cytokines such as 7/17a, 116 and I/1f, was
substantially increased in WT mice, but not in Clecla™"
mice, at day 10 before the development of symptoms.
In contrast, the difference was marginal at day 16 after
development of paralysis (Fig. 6C, Supplementary Fig.
4B, and C). The expression of several chemokines such
as Ccl2, Ccl7, Cxcll, Cxcl2 and Cxcll0 was similarly
significantly decreased in Clec/a™’~ mice at day 10 com-
pared to WT mice (Fig. 6C). On the other hand, the
expression of genes such as 1120, Irf2, 114, 1121, and Rora,
was rather higher in Clecla™’~ mice than WT mice (Fig.
6C and Supplementary Fig. 4B). Interestingly, at day
16, inflammatory cytokine gene expression was already
leveled off. We confirmed these results by RT-qPCR
analyses using the same samples and independently pre-
pared RNA samples, although the difference was not
statistically significant in the latter experiment (Fig. 6D
and Supplementary Fig. 5).

In this report, we have first shown that the develop-
ment of EAE is suppressed in Clec/a™’~ mice compared
with WT mice, indicating a novel function of CleclA.
CleclA is highly expressed in CD31" endothelial cells
and lower levels in myeloid cells. DC content and other
immune cell contents were normal in dLNs and the
spleen under physiological conditions, as well as on day
10 and day 16 after EAE induction. Myeloid cells such
as F4/80" macrophages, CD11b* myeloid cells and MH-
CII* CD11c" DCs, but not of CD4" and CD8" T cells,
were similarly increased at day 16 compared to day 10
in the draining LNs of both WT and Clec/a™ mice. No
abnormality in DC cell differentiation induced by FIt3L
was observed. Gene expression of //6 and Tnf in Cle-

cla™

~ mouse splenocytes after stimulation with PTX or
M. tuberculosis was similar to that in WT mouse cells.
Furthermore, antibody production against MOG peptide
was also similar between WT and Clecla™’~ mice. How-
ever, we found that recall memory T cell proliferation
after in vitro restimulation of T cells from EAE-induced
mice with MOG peptide was reduced in cells from
Clecla™’ mice, suggesting T cell priming was impaired
in Clecla™'~ mice. MOG-specific 2D2 Tg T cell prolif-
eration upon stimulation with MOG peptide in the pres-
ence of Clecla™~ DCs was also reduced, suggesting that
antigen-presenting ability of DCs was impaired in these
mutant mice. These observations indicate that antigen-
presenting ability of DCs is impaired in Clecla™~ mice,
resulting in the insufficient T cell priming against MOG.
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ment that is shown in Supplementary Fig. 2D. Second independent experiment result is shown in Supplementary Fig. 5, and its
disease score graph is shown in Supplementary Fig. 2E. Statistical significance was calculated by Student’s 7 test. *P<0.05, **P<0.01.
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We have generated Clecla™'~ mice using C57BL/6N-
derived ES cells and these mice were backcrossed for 2
generations to C57BL/6J mice, and we used C57BL/6J
mice as the control. It was reported that C57BL/6N mice
and C57BL/6J mice have some differences in immune-
related genes [46, 47]; C5S7BL/6] mice have a defect in
recruiting neutrophils to inflammatory sites compared
with C57BL/6N mice due to a missense mutation in the
NirpI2 gene. However, because Clecla™’~ mice devel-
oped milder EAE than that observed in C57BL/6J WT
mice, this phenotype cannot be explained by the effect
of this mutation in the control mice. Thus, we consider
that the phenotype that we observed in Clecla™~ mice
is not caused by the difference of the genetic background,
but caused by the Clec/a mutation itself.

We observed significant suppression of recall memo-
ry T cell proliferation only in 4 experiments out of 9
experiments (Supplementary Fig. 3). However, because
T cell response of Clecla™~ mouse-derived T cells was
always lower than that of WT T cells, we considered that
T cell response was impaired in the mutant mice. 2D2
Tg T cell proliferation suppression was also observed in
only one of two experiments. Regarding these results,
significant suppression of the development of EAE was
also observed only 5 times in 8 experiments, although
the development tended to reduce in other 3 experiments
(Supplementary Fig. 2). Therefore, it is possible that we
could not detect significant difference in recall memory
T cell proliferation because EAE developments were not
significantly different between Clecla”’~ mice and WT
mice in these experiments, although the symptoms of
EAE did not develop yet at day 7 after MOG immuniza-
tion when dLN cells were prepared. We also could not
detect any abnormalities in T cell proliferation in mixed
lymphocyte culture and antibody production against
MOG. These observations suggest that the effect of
CleclA-deficiency on DC function is only marginal,
reflecting low levels of the expression of Clec/a in DCs.

We found that cytokine expression such as IL-17A,
IL-6, and IL-1f, which are known to play important roles
in the development of EAE, was greatly reduced in
Clecla™" mice at day 10 after EAE induction. Decreased
inflammatory cytokine expression was not a result of
EAE suppression, because any symptoms did not yet
develop at day 10. Enhanced cytokine expression was
no more observed at day 16, when the paralysis was
maximum. Thus, we conclude that reduced cytokine
production is not a result but the cause for the impaired
EAE development in Clec/a™'~ mice.

Several groups including our group indicated that IL-
17A plays an important role in the development of EAE,
because EAE development is suppressed in ///7a-defi-

cient mice [48, 49]. CCR6"Th17 cells can cross the
blood-brain barrier by an active transport mechanism
involving the interaction with the CCL20* 5th lumbar
cord [11]. MOG-specific Th17 cells produce IL-17A by
reacting to the myelin sheath of the nerve, and IL-17A
induces production of inflammatory cytokines such as
IL-1B, TNF, and IL-6, and recruits neutrophils through
induction of chemokines CXCR2, causing inflammation
in the CNS [50].

Cytokines such as IL-6, IL-1p and TGF-p can promote
the differentiation of Th17 cells from naive T cells [51,
52].IL-23 + IL-1 directly induce //7a expression in yd
T cells [8, 53], which are also involved in the early phase
pathogenesis of EAE [7, 8]. Furthermore, components
of M. tuberculosis, such as trehalose-6,6-dimycolate,
induce Th17 cell differentiation through induction of
cytokines, such as IL-1f, IL-6 and IL-23, via activation
of the FcRy-Syk-Card9 pathway [54]. PTX is also known
to induce IL-1f and IL-6 by activating TLR4 on myeloid
cells [55, 56].

Two possibilities are conceivable for the involvement
of CleclA in the development of EAE and associated
cytokine production. One is that cytokine production in
myeloid cells or endothelial cells after treatment with
M. tuberculosis and PTX is impaired in Clecla™ mice.
The other is that cytokine production induced by MOG-
specific T cell response is reduced in Clecla™™ mice.
Regarding the former possibility, it seemed possible that
cytokine production after treatment with M. tuberculosis
and PTX is reduced in Clecla™'~ mice. This is because,
upon treatment with stimulants such as LPS or IL-1J,
cytokine and chemokine production are induced not only
in myeloid cells but also in endothelial cells in which
CleclA is highly expressed [57, 58]. Thus, we tried to
purify endothelial cells from Clecla™~ mouse brain and
lungs to examine the cytokine production after treatment
with M. tuberculosis and PTX, but unfortunately, prepa-
ration of intact endothelial cells was quite difficult for
us, and we could not examine cytokine production from
endothelial cells. However, we consider this former pos-
sibility less likely, because initial cytokine production
induced by these adjuvants should have finished by day
10 after EAE induction, when we observed the cytokine
expression. Furthermore, the expression of //6 and Tnf
in spleen cells after treatment of LPS, PTX or M. tuber-
culosis was similar between Clecla”’~ mice and WT
mice.

Regarding the latter possibility, we showed that the
antigen-presenting ability of DCs is impaired in Cle-

’~ mice, explaining why the development of EAE

—/—

cla”
was suppressed in Clecla™™ mice after MOG immuniza-
tion. In this context, we found that IL-6 and IL-1p pro-
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duction, which are thought to be produced mostly in
myeloid cells, were impaired in Clec/a™~ mice at day
10 after immunization, indicating some abnormalities in
these cells, in which low levels of Clecla is expressed.
Because these cytokines as well as antigen presentation
by DC is important for the induction of Th17 cell dif-
ferentiation, decreased I/17a expression in Clecla™~
mouse dLNs is considered to be caused by a deficiency
of Clecla™™ DCs. Consistent with our observations,
recently it was reported that A. fumigatus-induced pul-
monary allergic inflammation is suppressed in Clecla™’~
mice associated with a decrease of Th17 cell population,
suggesting involvement of Clec1A in the differentiation
of Th17 cells [59].

Although it is known that 1,8-dihydroxynaphthalene-
melanin in 4. fumigatus is a ligand for Clecl A, it seems
unlikely that this molecule is present in uninfected mice.
Thus, our observation suggests presence of an endoge-
nous ligand (s). In this context, it was reported recently
that histidine-rich glycoprotein (HRG), which is a mul-
tifunctional plasma protein and stimulates human neu-
trophil phagocytosis and prolongs neutrophil survival,
is a ligand for CleclA [60]. Interestingly, HRG sup-
presses high mobility group box-1-protein-induced in-
flammatory responses of endothelial cells through inter-
action with CleclA [61].

In summary, we have first shown that CleclA is in-
volved in the development of EAE by enhancing antigen-
presenting activity of DCs. Because CleclA is highly
expressed in blood vessel endothelial cells, it is tempting
to speculate that this molecule is also involved in the
pathogenesis of EAE by regulating Th17 cell transport
through the blood-brain barrier [11]. Clearly, further
investigation is necessary to elucidate the mechanism
why the development of EAE is suppressed in Clecla™’~
mice.
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