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Abstract: Dendritic cell immunoreceptor (DCIR) is a C-type lectin receptor containing a carbohydrate 
recognition domain in its extracellular portion and an immunoreceptor tyrosine–based inhibitory motif, 
which transduces negative signals into cells, in its cytoplasmic portion. Previously, we showed that 
Dcir–/– mice spontaneously develop autoimmune diseases such as enthesitis and sialadenitis due to 
excess expansion of dendritic cells (DCs), suggesting that DCIR is critically important for the 
homeostasis of the immune system. In this report, we analyzed the role of DCIR in the development 
of experimental autoimmune encephalomyelitis (EAE), an autoimmune disease model for multiple 
sclerosis. We found that EAE was exacerbated in Dcir–/– mice associated with severe demyelination 
of the spinal cords. The number of infiltrated CD11c+ DCs and CD4+ T cells into spinal cords was 
increased in Dcir–/– mice. Recall proliferative response of lymph node cells was higher in Dcir–/– mice 
compared with wild-type mice. These observations suggest that DCIR is an important negative 
regulator of the immune system, and Dcir–/– mice should be useful for analyzing the roles of DCIR in 
an array of autoimmune diseases.
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Introduction

Multiple sclerosis (MS) is an autoimmune inflamma-
tory disease, in which myelin sheath surrounding the 

axon of a nerve cell is damaged, eventually causing 
neurological disorders, such as diplopia, bladder dys-
function, tremor and ataxia [7]. experimental autoim-
mune encephalomyelitis (eAe) is the most popular ani-
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mal model for MS, in which mice are immunized with 
myelin oligodendrocyte glycoprotein (MoG) as an au-
toreactive antigen. T cell infiltration into the spinal cords 
and pro-inflammatory cytokine production from the in-
filtrated cells are pathogenic for the development of EAE 
[14]. both Th17 cells, which secrete iL-17, and Th1 cells, 
which produce Interferon(IFN)-γ, are detected in the 
affected spinal cords [39]. however, the pathogenic roles 
of IFN-γ are controversial. Peripheral administration of 
IFN-γ had no effect on the development of EAE, where-
as intraventricular administration of IFN-γ alleviated or 
resolved the neurological deficits [3, 12, 43]. Thus, Th1 
cells are dispensable, or rather beneficial, for the devel-
opment of eAe. on the other hand, iL-17 is crucial for 
the development of encephalomyelitis; the development 
of EAE is significantly suppressed in Il17–/– mice [20]. 
iL-23 is an important cytokine which induces naive T 
cells to differentiate Th17 cells. Il23a–/– mice do not 
develop EAE and IL-23 deficient T cells are less en-
cephalitogenic than wild-type (wT) T cells [21, 41]. 
Granulocyte-macrophage colony-stimulating factor 
(GM-CSf), which stimulates dendritic cells (dCs) to 
secret iL-23, is also pathogenic in eAe [9]. Thus, en-
cephalitogenic Th17 cells play crucial roles in the devel-
opment of eAe. however, the mechanism how Th17 cell 
differentiation is controlled is largely unknown.

dCs play an important role in the development of eAe 
as the antigen presenting cells to encephalitogenic T cells 
[15]. dCs present antigens from pathogens as well as 
from self to activate the acquired immune system. fur-
thermore, dCs sense pathogens by an array of innate 
immune receptors by recognizing pathogen associated 
molecular patterns such as glycoproteins, lipoproteins, 
and polysaccharides, which are exposed on the surface 
of pathogens, causing induction of cytokines and patho-
gen-specific T cell polarization [19, 31]. Innate immune 
receptor-mediated signalings are also important for the 
development of eAe [27]. C-type lectin receptors 
(CLrs) are one of such receptors [34] and regulate T cell 
responses in eAe [1, 15, 30, 45]. however, the regula-
tory mechanisms involving CLrs have not been eluci-
dated yet.

dendritic cell immunoreceptor (dCir; also named 
C-type lectin domain family 4 member a2 (Clec4a2) and 
C-type lectin super family 6 (Clecsf6)) is a CLr family 
protein, which contains carbohydrate recognition domain 
in the extracellular part and the immunoreceptor tyro-
sine-based inhibitory motif (iTiM) in the cytoplasmic 

region [2]. because iTiM transduces negative signaling, 
dCir is implicated in the suppression of cell function 
upon recognition of the ligands [11, 32, 33]. Previously, 
we found that Dcir is expressed in dCs and macrophages 
and the expression is greatly enhanced in the joints of 
rheumatoid arthritis models such as hTLV-i transgenic 
mice and IL-1 receptor antagonist deficient mice [10]. 
We showed that aged DCIR deficient (Dcir–/–) mice 
spontaneously developed sialadenitis and enthesitis, as-
sociated with elevated serum autoantibodies and dC 
expansion [11]. Moreover, Dcir–/– mice were more sen-
sitive to collagen-induced arthritis, with elevated colla-
gen-specific T cell responses, augmented antibody pro-
duction against type ii collagen, and expansion of dC 
population. we showed that dC expansion was caused 
by the deficiency of DCIR, because DCIR regulated the 
differentiation and proliferation of dCs by suppressing 
GM-CSf signaling through the inhibition of signal 
transducer and activator of transcription 5 phosphoryla-
tion [11]. These findings indicate that DCIR is an impor-
tant regulator of the immune system by regulating the 
physiological levels of dCs in vivo and suggest that 
dCir may be involved not only in the development of 
autoimmune arthritis but also in a wide range of autoim-
mune diseases.

To examine this possibility, we have analyzed the ef-
fects of DCIR deficiency on the development of EAE 
using Dcir–/– mice. we showed that the development of 
eAe was exacerbated in Dcir–/– mice, with higher inci-
dence, earlier onset, and severer symptoms than in wT 
mice. Histological analyses showed enhanced inflamma-
tion in the spinal cords of Dcir–/– mice, where inflam-
matory score and demyelination of the nerves in the 
white matter were increased compared to those of wT 
mice. Infiltration of immune cells including CD4+ T cells 
and Cd11c+ dCs into the spinal cord was greatly in-
creased in Dcir–/– mice at the late phase of eAe. More-
over, recall T cell proliferative response of Dcir–/– mice 
against MoG35-55 peptide was higher than that of wT 
mice. These results clearly demonstrate that dCir plays 
an important role in the development of eAe.

Materials and Methods

Mice
Dcir–/– mice [11] were backcrossed to C57bL/6j (ja-

pan SLC, japan) over twelve generations. Age- and 
gender-matched wT C57bL/6j mice were purchased 
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from Japan SLC. All mice were kept under specific 
pathogen–free conditions in environmentally controlled 
clean rooms at the Center for experimental Medicine 
and Systems biology, the institute of Medical Science, 
the university of Tokyo, and research institute for bio-
medical Sciences, Tokyo university of Science. All 
animal experiments were approved by the committees 
for animal experiments of both universities and con-
ducted according to the institutional ethical guidelines 
for animal experiments and the safety guidelines for gene 
manipulation experiments.

Induction and evaluation of EAE
Progressive EAE was induced in WT and Dcir–/– mice 

by subcutaneous immunization with 300 µg of MoG35-55 
peptide (MEVGWYRSPFSRVVHLYRNGK) emulsified 
in 100 µl of incomplete freund’s adjuvant (ifA) (Ther-
mo Scientific, USA) and PBS (1:1) supplemented with 
500 µg non-viable Mycobacterium Tuberculosis h37rA 
(difco Laboratories inc., uSA) on day 0 and 7. MoG35-

55 peptide was synthesized by solid-phase synthesizing 
methods and purified by HPLC by Prof. Ohmi (The In-
stitute of Medical Science, The university of Tokyo, 
japan). we judged the development of eAe by macro-
scopic evaluation. The clinical scores were graded as 
follows: 0, no disease; 1, limp tail; 2, hind limb weak-
ness; 3, hind limb paralysis; 4, hind and fore limb pa-
ralysis and 5, moribund state. The mean clinical score 
was calculated by averaging the scores of all the mice 
in each group, including animals that seemingly did not 
develop eAe. Cumulative disease score is the sum of 
daily clinical scores of each individual mouse during the 
observation period and reported as an average within 
each group.

Histological analysis
At day 30 after immunization, mice were anesthetized 

with avertin (Sigma-Aldrich, uSA) and perfused with 
PBS to rinse blood off from the spinal cords through the 
intracardiac route using a peristaltic pump set (ATTo, 
Japan) at a flow rate of 2 ml/min, followed by perfusion 
with 10% formalin neutral buffer solution, ph 7.4. Spi-
nal cords, which were embedded in paraffin (Sakura 
finetek, japan) using Tissue-Tek (Sakura finetek), were 
cross-sectioned at the between L3 and L5 level with 6 
µm thickness, using a tissue microtome (bioCuT mi-
crotome; Leica, Germany, or Sledge Microtome iVS-
410; Sakura finetek). Serial sections were stained with 

hematoxylin and eosin (h&e) (Sigma-Aldrich) or luxol 
fast blue (Lfb) (nacalai Tesque, inc., japan, or MuTo 
pure chemicals Co., LTd., japan). images were taken 
using a microscope (CKX41; OLYMPUS, Japan) with 
a camera (DP21; OLYMPUS). The inflammation condi-
tions were evaluated using at least three tissue sections 
of the lumber spinal cord per mouse, followed by the 
instructions described below. We determined inflamma-
tion scores as follows: 0, no inflammation; 1, cellular 
infiltration only in the perivascular areas and meninges; 
2, mild cellular infiltration (less than one third part of 
the white matter is infiltrated with inflammatory cells); 
3, moderate cellular infiltration (more than one third part 
of the white matter is infiltrated with inflammatory cells); 
and 4, infiltration of inflammatory cells are observed in 
the whole white matter [25, 37]. we calculated demyelin-
ation as follows; pictures of the spinal cord were taken 
after Lfb staining, the demyelinated area was deter-
mined with imagej software (national institutes of 
health, uSA) and the ratio of demyelinated area/total 
area was calculated.

Measurement of anti-MOG35-55 antibody titers in serum
The titer of anti-MoG35-55 antibodies was detected by 

eLiSA as described [28, 35], with the following modi-
fications. Briefly, MOG35-55 peptide (3 μg per well) were 
coated on 96-well plates by incubating at 4°C overnight. 
After substantial washing with PBS, 30 μl of 100-fold 
diluted sera was incubated in duplicates for 1 h at room 
temperature. After washing, alkaline phosphatase-la-
beled goat anti-mouse igs (ZYMed, uSA) were reacted 
for 1 h at room temperature, followed by the addition of 
p-nitrophenyl phosphate substrate (Sigma-Aldrich). The 
titer of anti-MoG35-55 antibody was given as an absor-
bancy value at 415 nm.

Purification of lymphocytes in lymph nodes and infiltrated 
cells in the spinal cords

eAe-induced mice were anesthetized with avertin and 
perfused with PBS. Then, brachial and axillary lymph 
nodes (Lns) were collected and pooled. The entire spinal 
column was removed by gross dissection and spinal 
cords were ejected by a flush with a syringe attached in 
an 18-gauge needle. The Lns and spinal cords were in-
cubated in 200 u/ml collagenase from Clostridium his-
tolyticum (Sigma-Aldrich) in hbSS for 30 min at 37°C 
separately. Then, meshed lymphocytes were counted and 
analyzed. The cell suspension of dissociated spinal cord 
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tissue in 30% Percoll (Sigma-Aldrich) was overlaid on 
a 70% Percoll in a 15 ml polypropylene tube and centri-
fuged at 2,200 rpm for 20 min at room temperature. Cells 
were collected from the interface between 30 and 70% 
Percoll.

Flow cytometric analysis
Whole spinal cord infiltrated cells or 2.0×105 lympho-

cytes were stained with 2 µg/ml monoclonal antibodies 
(mAbs) after Fcγ receptor blocking with 2.4G2 Ab. Af-
ter cell surface staining, cells were fixed with 4% para-
formaldehyde and permeabilized with 0.1% saponin, and 
then intracellular staining was performed. Anti-mouse 
Cd11c (n418 or hL3), Cd4 (rM4-5 or GK1.5), Cd8 
(53-6.7), Cd40 (3/2, 3), Cd80 (16-10A1), Cd86 (GL-1), 
major histocompatibility complex class ii (MhC class 
ii) (M5/114.15.2), granulocyte-differentiation antigen-1 
(Gr-1) (RB6-8C5), IFN-γ (XMG1.2) and IL-17A (TC11-
18H10.1) were purchased from Biolegend (USA). Phco-
erythrin (PE)-conjugated IL-17A (TC11-18H10) and 
biotin-conjugated anti-mouse oX40 ligand (oX40L) 
(RM134L) were purchased from BD Pharmingen (USA). 
PE/Cy7-conjugated streptavidin was purchased from BD 
bioscience (uSA). Stained cells were detected with a 
fACSCanto ii flow Cytometer (becton, dickinson and 
Company, uSA) and analyzed with bd fACS diva 
(becton, dickinson and Company) and flowjo software 
(Tree Star, uSA). dead cells which stained by 7-Amino 
Actinomycin d (7-AAd) were excluded.

MOG35-55-specific T cell proliferation
wT and Dcir–/– mice were subcutaneously immunized 

with 100 µg of MoG35-55 peptide emulsified in 100 µl 
of IFA (Thermo Scientific) and PBS (1:1) supplemented 
with 250 µg Mycobacterium Tuberculosis h37rA (dif-
co Laboratories inc.) on day 0. They were intraperitone-
ally administrated with 200 μg of pertussis toxin (List 
biological Labs, inc., uSA) in 100 μl PBS on day 0 and 
2. brachial and axillary Ln cells were harvested at day 
7 after immunization and cultured at 3 × 105 cells/well 
in 96-well culture plates with or without MoG35-55 for 
3 days. [3h]Tdr (0.25 µCi/ml) was incorporated for the 
last 6 hr and the radioactivity was measured with a Mi-
croBeta (PerkinElmer, Inc., USA).

Statistical Analysis
we used the Student’s t-test for statistical evaluation 

of all results except for the eAe cumulative incidence 

and clinical score; they were evaluated by chi-square 
test and the Mann-whitney u-test, respectively.

Results

DCIR–/– mice develop severer EAE compared to wild-
type mice

To investigate the pathological role of dCir in eAe, 
we monitored the development of clinical signs of eAe 
in Dcir–/– mice after immunization with MoG35-55. un-
der our experimental conditions, two-third of wT mice 
developed eAe. by contrast, all the Dcir–/– mice devel-
oped eAe (fig. 1A, individual data are shown in Supple-
mentary fig. 1 and Supplementary Table 1) and the 
onset of the disease in Dcir–/– mice was earlier than that 
of wT mice (Dcir–/–; 16.4 ± 1.2, wT; 18.7 ± 2.7, *P < 
0.05) (fig. 1b). Also, the clinical score of Dcir–/– mice 
(1.83 ± 0.46 at 23 days) was severer than that of wT 
mice (0.67 ± 0.48 at 23 days, *P < 0.05) (fig. 1C), and 

Fig. 1. The development of eAe is exacerbated in Dcir–/– mice. 
wT and Dcir–/– mice were immunized subcutaneously with 
MoG35-55 peptide emulsified in CFA, and the development 
of neurological symptoms was monitored for 30 days. (A) 
Cumulative incidence of eAe. (b) The average days of 
eAe onset among eAe developed mice in each group. (C) 
Mean eAe clinical score. (d) Mean maximum score in 
each mouse group. (e) Cumulative eAe scores in wT and 
Dcir–/– mice over the course of the experiment. The data 
show combined results of three independent experiments 
with 5–16 mice for each group (individual data are shown 
in Supplementary fig. 1 and Supplementary Table 1). To-
tal number of mice examined was 27 for wT mice and 29 
for Dcir–/– mice. data are expressed as the means + SeM 
for each group. *P<0.05 and ***P<0.005 vs. wT mouse 
score.
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the maximum score of the symptoms was higher (Dcir–/–; 
2.24 ± 0.33, wT; 1.11 ± 0.43, ***P < 0.005) (fig. 1d). 
The cumulative disease score during day 10 to 30 was 
also higher in Dcir–/– mice (Dcir–/–; 18.0 ± 3.5, wT; 7.0 
± 4.2, ***P < 0.005) (fig. 1e).

next, histopathology was examined in these mice. To 
examine the degrees of infiltration of immune cells in 
the spinal cords, a series of tissue sections of inflamed 
spinal cords at the lumber level from eAe-induced mice 
were stained with h&e (fig. 2A). h&e staining showed 
that the infiltration of mononuclear cells and polymor-
phonuclear leukocytes into the spinal was observed at 
widespread area and inflammatory score was increased 
in Dcir–/– mice compared with wT mice (figs. 2A and 
b). furthermore, Lfb staining displayed that demyelin-

ation, which corresponds to weaker stain at anterior and 
lateral funiculus (arrowheads indicated the sites of de-
myelination) of the nerves in the white matter, was en-
hanced in Dcir–/– mice compared with wT mice, (fig. 
2C and d). These demyelinated nerves were observed 
at the same site of inflammation (Figs. 2A and C). Fur-
thermore, Gr-1+ cell infiltration into spinal cord tended 
to be increased in Dcir–/– mice at day 28 after immuniza-
tion (Supplementary fig. 2). Therefore, the severe pa-
ralysis seen in Dcir–/– mice is correlated with significant 
increases of inflammation and demyelination of the 
spinal cord. These results indicate that Dcir–/– mice are 
highly susceptible to the development of eAe, suggest-
ing that dCir negatively regulates the development of 
eAe.

Fig. 2. histopathological examination of the eAe-developed spinal cords. (A) At day 30 after immunization, tissue sections of the 
spinal cords were stained with H&E. (B) Histological scores (inflammatory score) of the inflammatory lesions. (C) LFB-
stained serial sections of (A). Their inflammatory scores are; WT = 1, and Dcir–/– = 2. (D) Demyelination was calculated 
with the LFB-stained sections. Representative sections depicting inflammation and demyelination in the lumbar spinal cords 
of EAE mice. Arrows indicate infiltration of inflammatory cells in (A) and demyelination of the nerves in (C), and ex-
panded pictures of anterior nerve-root are shown in lower panels. The percentage of demyelinated area was calculated as 
described in materials and methods. Quantitative results were obtained at least three sections per mouse from five mice in 
each group. The data are representative of two independent experiments with similar results. Their eAe clinical scores at 
day 30 were; WT = 0 or 1, Dcir–/– = 1 to 3. We used the same or serial sections. Scale bar: 200 μm. each graph represents 
as the mean + Sd. *P<0.05 vs. wT mouse score.
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As autoreactive antibodies were detected in sera of 
MS patients [46] and antibodies specific to MOG35-55 
can amplify inflammation and demyelination in the cen-
tral nervous system [24, 26], we measured the titer of 
MoG35-55-specific antibodies in the serum of immunized 
mice. The igM-type anti-MoG35-55 antibodies did not 
significantly change in the serum. Antibody levels of the 
igG1 and igG2a subtype against MoG35-55 were in-
creased after immunization with MoG35-55, but that of 
the igG2b subtype was not increased (fig. 3). however, 
no difference of antibody levels of these subtypes or 
total igG was observed between Dcir–/– mice and wT 
mice, suggesting that dCir is dispensable for the pro-
duction of autoantibodies.

Infiltration of CD11c+ cells and CD4+ T cells into the 
spinal cord is increased in Dcir–/– mice

Autoreactive T cells play an important role in the de-
velopment of EAE. We found that infiltration of CD4+ 
and Cd11c+ cells in the spinal cord was significantly 
increased in Dcir–/– mice at 20 days after immunization, 
when the clinical score of Dcir–/– mice was significantly 
higher than that of wT mice (figs. 4A and b). Cd4+ and 
Cd11c+ cells in the draining Lns were also increased in 
Dcir–/– mice (figs. 4C and d). The proportion of Cd4+ 
T cells was significantly increased in the LNs of Dcir–/– 

mice at 7 days after immunization, whereas Cd11c+ dCs 
were not (figs. 5A and b). in spinal cord, the intensity 
of activation/maturation markers such as MhC class ii, 
Cd40, Cd80, Cd86, or oX40L on Cd11c+ cells, how-
ever, was unchanged between wT and Dcir–/– mice at 
day 20 (fig. 6A). The intensity of these activation/
maturation markers was also similar in Ln cells (fig. 6b). 
Moreover, the proportions of Th17 cells and Th1 cells, 
which are considered to be important for the develop-
ment of eAe [14, 23, 44], in Lns were similar between 
wT and Dcir–/– mice (figs. 7A and b). Thus, these re-
sults demonstrate that cell infiltration into the spinal cord 
is greatly enhanced in Dcir–/– mice, resulting in the ex-
acerbation of eAe.

MOG35-55-specific lymphocyte proliferative response is 
enhanced in Dcir–/– mice

we next examined the proliferative response to 
MoG35-55 of lymphocytes from mice immunized with 
MoG35-55 and CfA plus pertussis toxin. Lymphocytes 
were collected from the draining Lns of wT and Dcir–/– 
mice at 7 days after immunization. we found that the 
proliferation of Dcir–/– lymphocytes was significantly 
enhanced than that of wT mice (fig. 8). These results 
suggest that immunization efficiency is enhanced in 
Dcir–/– mice.

Fig. 3. MoG35-55-specific antibody levels in the serum of EAE-
induced mice are similar between wT and Dcir–/– mice. 
Sera (wT, Dcir–/–: n=8 each) were collected at 20 days 
after immunization, and the levels of MoG35-55-specific 
antibodies were determined by eLiSA. The data are ex-
pressed as means + Sd, and are representative of two in-
dependent experiments. *P<0.05 vs. wT mouse score.

Fig. 4. The numbers and proportions of infiltrated cells in the 
whole spinal cord (A, b) and in lymph nodes  (Lns) (C, 
d) are increased in Dcir–/– mice. At 20 days after immu-
nization, single cell suspensions were prepared from the 
spinal cords and LNs. Cells were analyzed by flow cytom-
etry after staining with antibodies against indicated anti-
gens. The data are expressed as means + Sd, and are com-
bined results of two independent experiments (A, b; wT, 
Dcir–/–: n=6 each, C, D; WT, Dcir–/–: n=9 each). *P<0.05, 
**P<0.01 and ***P<0.005 vs. wT mice.
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Discussion

in this report, we showed that the development of eAe 
was significantly exacerbated in Dcir–/– mice. The eAe 
score was significantly increased in Dcir–/– mice, indicat-
ing that dCir is an important regulator of the disease. 
because autoantibodies play an important role in the 
development of autoimmune diseases such as rheumatoid 
arthritis [4, 17, 22, 36] and MS [16, 26, 29], MoG35-55-spe-
cific Ig production was examined in EAE-induced mice. 
however, we found that serum levels of MoG35-55-spe-
cific antibodies of the IgM, IgG1, IgG2a, and IgG2b 
subclasses were similar in Dcir–/– mice and wT mice. 
Consistent with these results, we previously reported 
that serum levels of MoG35-55-specific Ig are not cor-
related with the development of eAe [20]. furthermore, 
it was reported that autoantibody levels are not always 
proportional to eAe disease scores [18]. These results 
suggest that antibody-mediated humoral immune re-
sponses are dispensable for the development of eAe. 

On the other hand, we found that infiltration of DCs and 
Cd4+ T cells into the spinal cord was significantly in-
creased in Dcir–/– mice, suggesting Cd4+ T cell-medi-
ated cellular immune responses are important for the 
development of eAe.

dCs play a central role in regulating the acquired im-
mune system [6, 42]. Activation of T cells against patho-
gens and tolerance induction of autoreactive T cells are 
tightly controlled by dCs. if this regulation fails, T cells 
incorrectly recognize self-antigens and develop autoim-
munity. dCs are also one of key modulators of enceph-
alitogenic T cells, as shown in human MS and murine 
eAe [6]. during the development of eAe, peripheral 
DCs are sufficient to present antigens to prime myelin-
reactive T cells and initiate disease development 
[8, 15, 30]. we found that recall T cell proliferative re-
sponse against MoG35-55 antigen was significantly aug-
mented in T cells from Dcir–/– mice, indicating that T 
cell priming is facilitated in Dcir–/– mice.

it was reported that pathogenic Th17 cells, which is 

Fig. 5. Cd4+ cells are increased in draining lymph nodes (Lns) 
of Dcir–/– mice after MoG35-55 and CfA immunization. At 
day 7 after immunization, single cell suspensions were 
prepared from the LNs. Cells were analyzed by flow cy-
tometry after staining with antibodies against antigens. 
The cell numbers and proportion of Cd11c+ and Cd4+ 
cells were shown in (A) and (b) (wT, Dcir–/–: n=15 each). 
The data are expressed as means + Sd, and are combined 
results of three independent experiments. **P<0.01 vs. wT 
mice.

Fig. 6. The expression of activation markers on Cd11c+ cells is 
similar between wT and Dcir–/– mice. (A, b) Single cell 
suspensions were prepared from spinal cords (A) and 
lymph nodes (Lns) (b) at day 20 after MoG35-55 and CfA 
immunization (WT: n=10, Dcir–/–: n=9). Cells were ana-
lyzed by flow cytometry after staining with antibodies 
against indicated antigens. The data are expressed as means 
+ Sd, and are combined results of two independent ex-
periments.
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important for the development of eAe, secrete GM-CSf, 
promoting accumulation of inflammatory macrophages 
into the CnS and activating dCs to induce iL-23 produc-
tion. The secreted iL-23 in turn promotes Th17 cell dif-
ferentiation, forming an amplification loop [5, 9]. We 
have previously shown that dCir negatively regulates 
dC differentiation and proliferation by suppressing GM-
CSf receptor signaling through the iTiM in this molecule 
[11]. indeed, we found that the Cd11c+ dC number was 
significantly increased in the inflamed spinal cord and 
Lns of Dcir–/– mice. however, the expression of Cd80, 
Cd86 and MhC class ii molecules on Cd11c+ dCs was 
normal in Dcir–/– mice, indicating that dCir may not be 
involved in the maturation/activation of dCs. The ex-

pression of Cd40 and oX40L, other activation markers, 
was also normal in these mice. Although we could not 
detect preferential expansion of Th17 cells in Lns 
(fig. 7) nor increased production of iL-17 and iL-23 
(data not shown), total Cd4+ cells in the spinal cord and 
LNs were significantly increased in these Dcir–/– mice. 
Accordingly, total Th17 cell number in the spinal cord 
and draining Lns should be increased in these mice to 
promote inflammation after immunization with MOG 
peptides (fig. 4). Therefore, these observations suggest 
that excess antigen presentation due to increased dC 
number which is caused by the hyper-responsiveness of 
dCs to GM-CSf, but not activation status of dCs, is 
responsible for the enhanced differentiation/proliferation 
of T cells after immunization with MoG35-55.

MS is an inflammatory disease in the central nervous 
system associated with demyelination of nerve cells, 
axonal loss/damage and gliosis. There is several MS 
types in terms of the clinical course; relapsing-remitting 
MS, secondary progressive MS (the late stage of relaps-
ing-remitting MS) and primary progressive MS. its 
clinical signs differ depending on the inflammation sites; 
the most common manifestations are somatosensory, 
pyramidal-motor and visual manifestations. Similar neu-

Fig. 7. Cytokine expression in Ln Cd4+ T cells is similar between 
wT and Dcir–/– mice. (A, b) Single cell suspensions were 
prepared from Lns at day 20 after MoG35-55 and CfA im-
munization, and after PMA/ionomycin stimulation, cells 
were stained with antibodies against indicated antigens and 
analyzed by flow cytometry (A). The proportion of IFN-γ+, 
iL-17+ and IFN-γ+ iL-17+ Cd4+ cells are shown in (b) 
(wT, Dcir–/–: n=8 each). The data are expressed as means 
+ Sd, and are combined results of two independent ex-
periments.

Fig. 8. T cell recall proliferative response against MoG35-55 pep-
tide is enhanced in lymphocytes from Dcir–/– mice. Ln 
cells were harvested from mice (n=6) at day 7 after im-
munization with MoG35-55, CfA, and pertussis toxin. 
Pooled cells were incubated in the presence or absence of 
MoG35-55 peptide for 3 days. [3h]Tdr was incorporated 
over the last 6 hr, and the incorporation of [3h] into acid 
insoluble fraction was measured. data are presented as 
means + Sd, and are representative of two independent 
experiments. *P<0.05 and **P<0.01 vs. wT mice.
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roinflammatory disorder called EAE is induced experi-
mentally in animals by injecting myelin antigens. Symp-
tomes of eAe differ depending on the experimental 
conditions including the animals and the induction 
methods. C57bL/6 mice immunized with MoG35-55 in 
CFA with a booster injection at 7 days after the first 
immunization show the symptoms resembling secondary 
progressive MS with a gradual neurological deteriora-
tion. eAe clinical signs are scored as paralysis of their 
tail and extremities [13, 38, 40]. Tissue injury in both 
MS and eAe could be seen in the white matter of CnS 
[13, 14]. eAe was induced in Dcir–/– mice similarly as 
in C57BL/6 WT mice, but infiltration of leukocytes into 
the spinal cord was much enhanced and the histopathol-
ogy was severer than that of WT, although the infiltrating 
cell population was similar to that of wT.

Taken together, these observations clearly show that 
dCir is important not only in the development of auto-
immune arthritis but also in the development of eAe, 
suggesting that dC regulation mediated by dCir is 
generally important for the development of autoimmune 
diseases. Thus, targeting dCir to harness dC differen-
tiation/proliferation is one of important strategies to 
prevent or limit autoimmune diseases, and small com-
pounds which can activate dCir or agonistic antibodies 
should be good candidates to treat autoimmune diseases. 
Moreover, because dCir also regulates other signals, 
such as toll-like receptor signals [32, 33], and is ex-
pressed in cells other than dCs, such as macrophages 
[2], targeting dCir may also be useful to control broad-
er range of diseases including infectious diseases. our 
studies also indicate that Dcir–/– mice are useful for the 
studies of autoimmune diseases, because autoimmunity 
is easily induced in these mice. Clearly, further investi-
gation is needed to elucidate the functions and roles of 
dCir under healthy conditions and in diseases.
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