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Abstract

Multiple sclerosis (MS) is an autoimmune disease mediated by myelin autoantigen-specific T cells. Experimental autoimmune

encephalomyelitis (EAE) induced by immunization of mice with a myelin oligodendrocyte glycoprotein (MOG) peptide emul-

sified in killed Mycobacterium tuberculosis-containing complete Freund’s adjuvant (CFA-EAE) is frequently used as a model

of MS. Mycobacterium bovis BCG, a vaccine strain with various biological response modifier activity, has been reported to

ameliorate clinical symptoms of the CFA-EAE although precise mechanism has not yet been documented. Since the CFA-EAE

uses adjuvant with mycobacterial antigens, it is possible that mycobacterial antigen-specific T cells induced by CFA and those

by therapeutic BCG inoculation recognize same antigens, and the cross-reactivity modulate the EAE. To exclude the influ-

ence of the cross-reactivity, we established a modified murine EAE model (CWS-EAE) which does not induce mycobacterial

antigen-specific T cells. Inoculation of BCG 6 days after the CWS-EAE induction successfully ameliorated EAE symptoms,

suggesting the therapeutic effects of BCG is independent of the mycobacterial antigen-specific T cells induced by CFA-EAE

protocol. With the CWS-EAE model, we confirmed that induction of MOG-specific Th17 in the spleen and central nervous

system (CNS) decreased with disappearance of demyelination lesions by the BCG inoculation. The amelioration of CNS pathol-

ogy was not linked to changes in the number of macrophages, neutrophil and conventional dendritic cells (DC) but associated

with decrease of plasmacytoid DC in CNS. The results suggest that BCG inoculation suppress both systemic and CNS Th17

response in the EAE mice and the mechanism may involve modulation of plasmacytoid DC.
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Summary

Multiple sclerosis (MS) is an autoimmune disease mediated by myelin autoantigen-specific T cells. Experimen-
tal autoimmune encephalomyelitis (EAE) induced by immunization of mice with a myelin oligodendrocyte
glycoprotein (MOG) peptide emulsified in killed Mycobacterium tuberculosis -containing complete Freund’s
adjuvant (CFA-EAE) is frequently used as a model of MS. Mycobacterium bovis BCG, a vaccine strain
with various biological response modifier activity, has been reported to ameliorate clinical symptoms of the
CFA-EAE although precise mechanism has not yet been documented. Since the CFA-EAE uses adjuvant
with mycobacterial antigens, it is possible that mycobacterial antigen-specific T cells induced by CFA and
those by therapeutic BCG inoculation recognize same antigens, and the cross-reactivity modulate the EAE.
To exclude the influence of the cross-reactivity, we established a modified murine EAE model (CWS-EAE)
which does not induce mycobacterial antigen-specific T cells. Inoculation of BCG 6 days after the CWS-EAE
induction successfully ameliorated EAE symptoms, suggesting the therapeutic effects of BCG is independent
of the mycobacterial antigen-specific T cells induced by CFA-EAE protocol. With the CWS-EAE model, we
confirmed that induction of MOG-specific Th17 in the spleen and central nervous system (CNS) decreased
with disappearance of demyelination lesions by the BCG inoculation. The amelioration of CNS pathology
was not linked to changes in the number of macrophages, neutrophil and conventional dendritic cells (DC)
but associated with decrease of plasmacytoid DC in CNS. The results suggest that BCG inoculation sup-
press both systemic and CNS Th17 response in the EAE mice and the mechanism may involve modulation
of plasmacytoid DC.

Introduction

Mycobacterium bovis bacille de Calmette et Guérin (BCG) is a vaccine strain used not only to prevent
tuberculosis, but to modulate immune responses in several immune-mediated diseases (1). Clinical trials of
BCG therapy against T cell-mediated autoimmune diseases including type I diabetes and multiple sclerosis
(MS) has been reported with promising results (2–4). To establish more effective protocol of the BCG therapy,
it is important to elucidate cellular and molecular mechanism of the BCG therapy. To this end, analyses in
animal models of the autoimmune diseases are useful. Mouse experimental autoimmune encephalomyelitis
(EAE) model is frequently used as an animal model of MS. As a standard EAE model, C57BL/6 mice are
immunized with myelin oligodendrocyte glycoprotein (MOG) 35-55 peptide emulsified in complete Freund’s
adjuvant (CFA) which contains killedMycobacterium tuberculosis (Mtb) (CFA-EAE mice) (5). This protocol
induces MOG-specific Th17 cell-dependent central nervous system (CNS) inflammation and demyelination
(6,7).

BCG is used worldwide as a vaccine against tuberculosis because antigenicity of Mtb is extensively shared
with that of BCG (8). It imply that Mtb in CFA activates mycobacterial Ag-specific T cells which cross-
reactive to BCG (9). Although BCG inoculation has been reported to ameliorate symptoms of CFA-EAE
mice (10–13), therapeutic effects of BCG on the CFA-EAE mice could be attributed to T cell cross-reactivity
between Mtb in CFA and therapeutically inoculated BCG. To rule out influence of such cross-reactivity, an
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EAE model induced without CFA is required.

In the present report, we established an EAE model induced with cell wall skeleton (CWS). CWS is a protein
antigen-deprived cell wall extract of BCG cell wall (14) with strong stimulant activity to innate immunity
(15). The mice immunized with MOG peptide plus CWS emulsified in incomplete Freund’s adjuvant (IFA)
(CWS-EAE mice) showed EAE symptoms with MOG-specific Th17 cells, but no T cell response to mycobac-
terial antigens. BCG inoculation into the CWS-EAE mice 6 days after the induction resulted in ameliorated
clinical symptoms, and reduced Th17 cells in the spleen and CNS. Analysis of non-lymphoid cells infiltrated
into the CNS of the CWS-EAE mice showed decrease of plasmacytoid dendritic cells (pDC) which have been
reported to regulate EAE. Implications of the observations are discussed.

Materials and methods

Animals

C57BL/6 mice were purchased from Japan SLC (Hamamatsu, Japan). Female mice of 10-15 week-old were
used in all the experiments. The animal experiments were done under approval of University of the Ryukyus
Animal Experiment Committee.

CWS preparation, CWS-EAE induction and evaluation of clinical symptoms

CWS was prepared according to the method of Uenishi et al . (14) with some modifications. In brief, M.
bovis BCG Tokyo 172 (ATCC 35737) was cultured and heat-killed at 801°C for 30 minutes. Prewashed BCG
was suspended in water, disrupted by Mini DeBEE (BEE International, South Easton, MA) at 35 kpsi, and
centrifuged at 6,800 × g for 10 minutes at 25°C. Subsequently, supernatant was centrifuged at 18,000× g
for 1 hour at 25°C to crude CWS pellet. To eliminate proteins, the crude CWS was incubated with pronase
at 37°C for 4 hours in 10 mM Tris-HCl buffer (pH 8.0) containing 5% 2-propanol and centrifuged to yield
pellets. The pellets was washed with 2-propanol then dried in vacuo to obtain CWS.

CWS-EAE was induced in the C57BL/6 mice by the following method: 2 mg/ml of MOG35-55 peptide (MBL,
Nagoya, Japan) and 1 mg/ml of CWS emulsified in IFA (BD, San Jose, CA) was administered subcutaneously
at upper and lower back with 0.1 ml/site. Two hours and 24 hours after the subcutaneous injection, 400 ng
of pertussis toxin (BioAcademia, Osaka, Japan) was intraperitoneally (i.p.) injected. Some groups of mice
were also i.p. inoculated with 2X107 CFU BCG Tokyo 172 strain (Japan BCG Laboratory, Tokyo, Japan)
suspended in PBS at the indicated time point.

Mice were monitored for clinical symptoms and scored 0 to 5 as follows: 0, no obvious changes in motor
function. 0.5, tip of tail is limp. 1.0, limp tail. 1.5, limp tail and hind leg inhibition. 2.0, limp tail and
weakness of hind legs. 2.5, limp tail and dragging of hind legs. 3.0, complete paralysis of hind legs or
paralysis of one front and one hind leg. 3.5, complete paralysis of hind legs with movement around the cage,
or hind legs together on one side of the body. 4.0, complete hind leg and partial front leg paralysis. 4.5,
complete hind and partial front leg paralysis, with no movement around the cage. 5.0, spontaneous rolling
in the cage, or dead due to paralysis. Mice were euthanized at score 5.

Cell preparation and culture

Spleen and lymph node cell suspensions were prepared by squeezing the organs between two glass slides.
When lymph node cells are used, inguinal and axillar lymph nodes were pooled. To enrich CD4+ T cells
from the spleen cells, cells were stained with FITC-conjugated anti-CD4 mAb (BioLegend, San Diego, CA),
followed by anti-FITC microbeads (Miltenyi Biotech, Bergisch Gladbach, Germany). CD4+ cells were sorted
using AutoMACS cell sorter (Miltenyi Biotech).

To prepare bone marrow-derived macrophages (BMDM), bone marrow cells were collected from the femurs
and tibias of mice, cultured with RPMI-1640 medium containing 10% FBS and 30% L-929 culture super-
natant at 2.5 X 106 cells/ml for 7 days with changing medium every 2-3 days. The BMDM were collected,
suspended in RPMI1640 medium supplemented with 10% FBS and antibiotics (penicillin G and strepto-
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mycin), and cultured at 5 X 105 cells/ml in 24 well plate with or without 10 μg/ml CWS or BCG for 16
hours.

To prepare CNS-infiltrating cells, CNS were minced using GentleMACS Dissociator (Miltenyi Biotech),
incubated with 125 U/ml collagenase I (ThermoFisher Scentific, Carlsbad, CA) and 60 U/ml DNase I
(Wako Pure Chemical, Osaka, Japan) for 30 minutes at 37°C, and pass through a stainless steel mesh. The
cells were suspended in 37% Percoll, and centrifuge at 800 × g for 20 minutes at room temperature. The
pellets were used as CNS-infiltrating cells.

For in vitro antigen stimulation of T cells, 2.5 X 105cells were cultured with 10 μg/ml of MOG peptide or 5
μg/ml of purified protein derivative (PPD) from Mtb (Japan BCG Laboratory) in 200 μl RPMI1640 medium
supplemented with 10% FBS and antibiotics (penicillin G and streptomycin) with adherent spleen cells as
antigen presenting cells for 48 hours.

Flow cytometry (FCM)

Cells were stained with mAb specific to leukocyte surface markers, and analyzed with FACSCANTO flow
cytometer (BD). In some experiments, cells were stimulated with 10 μg/ml MOG35-55 peptide in the pres-
ence of spleen adherent cells as antigen presenting cells for 20 hours. GolgiPlug was then added, incu-
bated for 3 hours, then cells were collected, stained with mAbs against leukocyte surface antigens, fixed,
permeabilized and stained for intracellular cytokines using Cytofix/Cytoperm kit (BD) according to the
manufacturer’s instructions. The antibodies used were Alexa Fluor 700-conjugsted anti-CD4 (BioLegend,
San Diego, CA), APC-conjugated anti-CD4 (eBiosceince, San Diego, CA), Alexa Fluor 647-conjugated anti-
CD11b (BioLegend), biotin-conjugated anti-CD11c (BD), APC/Cy7-conjugated anti-CD45.2 (BioLegend),
PE/Dazzle 594-conjugated anti-CD45/B220 (BioLegend), PE-conjugated anti-TCR β (BioLegend), biotin-
conjugated anti-TCR β (BD), PerCP/Cy5-conjugated anti-TCR γδ (BioLegend), FITC-conjugated anti-Gr1
(eBioscience), PerCP/Cy5-conjugated anti-PDCA1 (BioLegend), PE-conjugated anti-IL-17A (BD), Alexa
Fluor 700-conjugated anti-IFN-γ (BioLegend), and FITC-conjugated anti-IL-10 (BioLegend) mAb. For
biotin-conjugated mAb, PE/Dazzle 594-, PE/Cy7- or APC/Cy7-conjugated streptavidin (BioLegend) were
used as secondary reagents. The data of FCM was analyzed using FACS DIVA software (BD).

To analyze multiple non-lymphoid cell populations in the CNS, FCM data of CD45+ cells (four form the
EAE mice, and four from the EAE plus BCG mice) was concatenated, then dimensionality of the data was
reduced by t-distributed stochastic neighbor embedding (tSNE) algorithm (16) using FlowJo software (BD)
. To visualize leukocyte populations in two-dimensional tSNE plots, manually-gated populations of known
phenotype were overlaid onto the plots.

Histological analysis

Spinal cord of mice fixed by perfusion of 4% paraformaldehyde were embedded in paraffin. Serial paraffin
sections were stained with hematoxylin and eosin (HE) to visualize inflammatory cell infiltration and with
Luxol fast blue to visualize demyelinated lesions.

Enzyme-linked immunosorbent assay (ELISA)

IL-1β, IL-10, IL-17A, IL-12/23 p40, IFN-γ and TNF in culture supernatants were titrated with ELISA
method using DuoSet kits (R&D, Minneapolis, MN) according to the manufacturer’s instructions. IL-1b

Statistical analysis

To compare data of two groups, Student‘s t test was applied. To compare more than three groups, one-way
analysis of variance (ANOVA) was performed followed by Tukey-Kramer multiple comparison test. All the
statistical analyses were carried out using the GraphPad InStat software (GraphPad Software, La Jolla, CA).
A P value of <0.05 was considered to indicate a significant difference.

Results

Induction of EAE with an adjuvant that do not activate mycobacterial Ag-specific T cells.
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To establish an EAE system induced without mycobacterial antigen-containing adjuvant, we analyzed pos-
sibility to use CWS as an adjuvant to induce EAE since CWS has been reported to activate conventional
dendritic cells (cDC) via stimulation of TLR (15). As shown in Fig. 1A, CWS induced production of pro-
inflammatory cytokines TNF-α and IL-1β as BCG did. Furthermore, IL-12/23 p40, which is required for
induction of Th17and Th1 immunity, is induced by CWS at much higher level compared to that induced
by BCG. An anti-inflammatory cytokine IL-10 was also induced by CWS. These data suggest that CWS
could be served as Th17 or Th1-inducing adjuvant with IL-10 mediated suppression of excess inflammatory
response.

We next immunized mice with MOG peptide emulsified in CWS-containing IFA. As shown in Fig. 1B, the
MOG+CWS immunization induced EAE and the incidence was 100% (Table 1). The EAE induced with
CWS is referred as the “CWS-EAE” hereafter. Lymph node cells from the CWS-EAE mice produced IL-17A
but not IFN-γ in response to MOG peptide while they produced neither IL-17A nor IFN-γ in response to
mycobacterial PPD (Fig 1C). These results demonstrated that the CWS adjuvant successfully induced EAE
without induction of mycobacterial Ag-specific T cell response.

Suppression of EAE symptoms by BCG treatment of mice before or after CWS-EAE induction
.

To analyze whether BCG suppresses EAE induced in the absence of mycobacterial antigen-containing adju-
vant, BCG was i.p. inoculated into the CWS-EAE mice two weeks before or two days after the immunization
(Fig. 2A). BCG inoculation two weeks before CWS-EAE induction resulted in significant decrease of clinical
score from day 14 to day 19 after the induction (Fig 2B) although there was no significant difference in
incidence and maximal clinical score (Table 1). When BCG was inoculated two days after the CWS-EAE
induction, not only clinical score but also disease incidence and maximal clinical score decreased (Fig 2C
and Table 1). These results suggest that BCG treatment suppress EAE even in the absence of immunization
with mycobacterial antigen-containing adjuvant which activate mycobacterial Ag-specific T cells.

Since treatment of autoimmune diseases would be started after onset of autoimmune response, we next
asked whether BCG inoculation effectively suppresses the CWS-EAE model on day 6 of EAE induction
when autoreactive Th17 response is establishing (Fig 3A). Although 100% incidence was observer with or
without the late BCG i.p. inoculation, the BCG-inoculated group showed lower clinical score from day 10
of EAE induction (Fig 3B), lower maximal clinical score (Fig. 3C), and delayed disease onset (Fig. 3D).
Histological analysis demonstrated demyelinated lesions with inflammatory cell infiltration in the CWS-EAE
mice while BCG inoculation into the CWS-EAE mice resulted in normal appearance of the lumber spinal
cord (Fig 4). All the results indicate that the BCG inoculation effectively suppresses EAE even at late stage
of MOG-specific Th17 induction.

MOG-specific T cell response in peripheral lymphoid organ modified by the BCG inoculation
into the CWS-EAE mice.

To analyze the mechanism of the late BCG inoculation-mediated suppression of the EAE, MOG-specific
Th17 cell response was analyzed using spleen CD4+ T cells on day 28 of the CWS-EAE induction. The
ratio of IL-17A+ cells in the spleen CD4+ T cells significantly decreased while the ratio of IFN-γ+ cells was
not changed by the BCG inoculation on day 6 after the CWS-EAE induction (Fig 5A). ELISA analysis of
the culture supernatants of the spleen CD4+ T cells also showed that secretion of IL-17A but not IFN-γ
significant decreased when BCG was inoculated. Since BCG was inoculated on day 6 after the CWS-EAE
induction when MOG-specific Th17 cell development would be already started, BCG may suppress expansion
and/or maintenance of MOG-specific Th17 cells.

CNS-infiltrated T cells modified by the BCG inoculation into the CWS-EAE mice.

To further analyze mechanism of suppression of EAE by the late BCG inoculation, we next analyzed pheno-
type of T cells infiltrated in the CNS of the CWS-EAE mice. As shown in Fig 6A, the ratio of TCRαβ+ CD4+

T cells significantly decreased by the BCG inoculation into the CWS-EAE mice while the ratio of TCRγδ+
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T cells was not significant different between the two groups. When the infiltrated cells were stimulated with
MOG peptide and cytokine production was analyzed by intracellular staining, the BCG inoculation resulted
in significant decrease of IL-17A+ CD4+ T cell population while IFN-γ+CD4+ cells showed no significant
change (Fig 6B). ELISA analysis of supernatants from the MOG-stimulated CNS-infiltrated cell culture also
showed that secretion of IL-17A but not that of IFN-γ significant decrease by the BCG inoculation (Fig 6C).
All the results demonstrated that the late BCG inoculation into the CWS-EAE mice resulted in decrease of
MOG-specific Th17 cells in the CNS, which may be a cause of decreased clinical score in the mice.

CNS-infiltrated non-lymphoid cells modified by the BCG inoculation into the CWS-EAE mice.

Non-lymphoid cells in the CNS have pivotal role in development of EAE as effector or regulator cells. We
next compared CNS-infiltrated non-lymphoid cell populations in the CWS-EAE mice with or without BCG
inoculation on day 6 of the EAE induction. To visualize multiple non-lymphoid cell lineage, t-SNE plot
of FCM data are shown in Fig 7A. Unexpectedly the ratio of two important effector cells, macrophages
(CD11b+CD11clowGr1low cells) and neutrophils (CD11b+ Gr1high cells), are not different between the two
groups of mice. cDC (CD11b+ CD11chighGr1low cells) which are important in antigen presentation to T cells
were also at similar level between the two group of mice. Interestingly, pDC (PDCA1+CD11clow cells) were
significantly decreased by the BCG inoculation into the CWS-EAE mice (Fig 7B,C). The phenotype of the
pDC were further confirmed to be CD11blowB220+ (Fig 7B) which is consistent with previously reported
pDC phenotype (17). pDC have been reported to regulate EAE in suppressive (13,18–20) or enhancing
manner (21), and the BCG inoculation would cause suppression of the EAE via reduction of EAE-enhancing
function of pDC.

Discussion

In the present report, we demonstrated therapeutic effects of BCG on murine autoimmune encephalomyelitis
using an EAE model induced with an adjuvant free of Mtb which share antigenicity with BCG. It has been
reported that BCG therapy ameliorate human MS (1–4), and the mechanism has been analyzed using the
CFA-EAE mouse model induced with Mtb-containing adjuvant (10–13). Since BCG share antigenicity with
Mtb, effects of the BCG inoculation on the CFA-EAE model could be influenced by the Mtb/BCG-cross-
reactive T cells. Inoculation of other mycobacterial preparations including killed Mtb, killed Mtb-containing
CFA, and 12 kD protein of Mtb-derived PPD before the CFA-EAE induction also ameliorated EAE (22–24).
In the systems, reactivation of Mtb-specific T cells by CFA could have pivotal effects in suppression of EAE.
To rule out influence of the cross-reactivity between BCG and Mtb in CFA during BCG therapy against
EAE, an EAE model which do not induce mycobacterial Ag-specific T cells are required. The CWS-EAE
model did not induce mycobacterial Ag-specific T cell response, and BCG inoculation before or after the
CWS-EAE induction effectively suppressed symptoms of the EAE. These data clearly demonstrates that
BCG can suppress EAE irrespective of the presence of Mtb during EAE induction. The CWS-EAE model
is therefore a very useful model to analyze mechanisms of BCG-mediated suppression of EAE.

Our analyses with the CWS-EAE model demonstrated that BCG i.p. inoculation on day 6 of EAE induction
suppress CNS autoantigen-specific pathogenic Th17 response in both the spleen and CNS. Similar results
were obtained using other models. Intracerebral inoculation of BCG 21 days before CFA-EAE induction
completely blocked development of encephalomyelitis with decreased MOG-specific Th17 and Th1 responses
in the CNS but not in peripheral lymphoid organs (12). Subcutaneous (s.c.) inoculation of BCG inactivated
by extended freeze-drying on the day of the CFA-EAE induction resulted in decrease of total Th17 and Th1
in the CNS and spleen (13). These observations suggest that BCG inoculation may suppress development of
EAE in two mechanisms. First, BCG suppress development of MOG-specific Th17 in peripheral lymphoid
organs which is supported by our experiments and that of the experiments of inactivated BCG s.c. into the
CFA-EAE model (13). Second, BCG suppresses migration of the CNS autoantigen-specific Th17 into the
CNS when BCG accessed in the CNS. This is demonstrated by intracerebral BCG inoculation to the CFA-
EAE mice (12). It is possible that i.p. inoculation of BCG not only suppressed induction of MOG-specific
Th17 cells, but also inhibited migration of the Th17 cells into CNS after distribution of BCG in the CNS.
We need further information on access of BCG or BCG-phagocytosed macrophages into the CNS to clarify
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which mechanism is dominant in the BCG i.p. therapy model of EAE.

In contrast to Th17-mediated EAE model, a Th1-mediated EAE model of Lewis rat failed to show therapeutic
effect of BCG. When Lewis rats were immunized with myelin basic protein emulsified in CFA, EAE was
induced with Th1 infiltration into the spinal cord (25). In the rat EAE model, BCG inoculation failed to
ameliorate EAE symptoms (26). The observation suggests that BCG inoculation is effective to prevent EAE
when it depends on Th17 but it may not effective to Th1-dependent EAE. Since various T cell populations
including Th17, Th1 and CD8 T cells are involved in MS (27), BCG therapy could be effective only on
MS patients with autoantigen-specific Th17 as dominant pathogenic T cells. Study on correlation between
phenotype of pathogenic encephalitogenic T cells and efficacy of BCG therapy in MS patients would give
useful information to select MS patients with good response to the therapy.

Various lymphoid and non-lymphoid cells in the CNS other than conventional T cells have been reported
to positively regulate murine EAE. Similar to Th17, TCR γδ T cells infiltrated in the CNS of EAE mice
produce IL-17A and enhance migration of neutrophils and monocyte-deriver macrophages in the CNS to
enhance EAE (28,29). Although BCG inoculation suppressed Th17 in the CNS, TCR γδ T cells was not
influenced by BCG inoculation in our experimental setting. Therefore, TCR γδ T cells are not involved in
the mechanism of the BCG-mediated suppression of EAE. Macrophages and neutrophils induced by IL-17A
into the CNS are also important in pathogenesis of EAE (30,31). Unexpectedly, the non-lymphoid leukocytes
were not decreased by BCG therapy to EAE. It is possible that the inflammatory cells in the CNS failed
to induce pathogenic demyelination when Th17 response is below optimal level. Further analysis of the
immune status in the CNS of the BCG-treated CWS-EAE mice will clarify why inflammatory lesions and
demyelination is suppressed in the presence of the inflammatory cells.

pDC have been reported to have important role in regulation of EAE in both positive and negative man-
ner. Depletion of pDC from day 8 of EAE induction (18), or pDC-selective MHC class II abrogation (19)
exacerbated clinical symptoms with enhanced Th17 and Th1 responses. When MOG peptide-loaded pDC
were transferred to EAE-induced mice after onset of the disease, the mice showed decreased symptoms (20).
These observations support suppressive role of pDC to EAE. In contrast, pDC depletion before EAE induc-
tion resulted in suppression of EAE symptoms with reduced Th17 response which seems to be mediated by
type I interferon (21). This suggests possibility of pDC-mediated enhancement of EAE. In a BCG therapy
model, it was reported that suppression of EAE by inactivated BCG was cancelled by pDC depletion, and
transfer of pDC derived from bone marrow of inactivated BCG-treated mice suppressed EAE (13). From the
observation, it is estimated that pDC participate in suppression of EAE after BCG treatment. Unexpectedly,
our observation demonstrates that BCG inoculation resulted in decrease of pDC in CNS of the CWS-EAE
mice. Although the function of CNS-infiltrating pDC in the CWS-EAE mice is unclear, it is possible that
decrease of pDC resulted in down regulation of pDC-mediated enhancement of Th17 response as observer
by Isaksson et al. (21). We need further functional analyses to clarify real regulatory function of CNS pDC
against EAE, and the CWS-EAE system would be useful in the analysis.
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Guérin on the evolution of new enhancing lesions to hypointense T1 lesions in relapsing remitting MS. J
Neurol. 2003;250(2):247–8.

4. Ristori G, Romano S, Cannoni S, Visconti A, Tinelli E, Mendozzi L, et al. Effects of Bacille Calmette-
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Figure legends

Fig. 1 Induction of EAE by MOG immunization with CWS as a mycobacterial antigen-free adjuvant. A)
BMDM were cultured with or without 10 μg/ml of CWS or BCG, and cytokines in the supernatants were
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titrated by ELISA. A representative data of two independent experiments is shown. * P <0.05 in one
way ANOVA and Tukey-Kramer multiple comparisons test. B) C57BL/6 mice were s.c. inoculated with
MOG peptide emulsified with IFA and CWS and clinical symptoms of the CWS-EAE mice was monitored
as described in Materials and Methods. The experiments were repeated more than five times and all the
mice used showed clinical symptoms. The data shown is a representative data with 10 mice. C) Lymph
node cell suspensions were prepared on day 28 of the CWS-EAE induction, cultured in the presence or
absence of mycobacterial antigen (PPD) or MOG peptide, and cytokines in the supernatants were titrated
by ELISA. A representative data of two independent experiments are shown. * P <0.05 in one way ANOVA
and Tukey-Kramer multiple comparisons test.

Fig. 2 BCG inoculation ameliorates clinical symptoms of the CWS-EAE mice. A) A schematic representa-
tion of experimental protocol. B,C) BCG inoculation 14 days before (B) or 2 days after (C) the CWS-EAE
induction suppressed clinical symptoms of EAE. *P <0.05,#P <0.005 compared to the CWS-EAE mice
without BCG inoculation in Student’s t test.

Fig.3 BCG inoculation six days after the CWS-EAE induction ameliorated symptoms of the EAE. A) A
schematic representation of experimental protocol. B) BCG inoculation 6 days after the CWS-EAE induction
suppressed clinical symptoms of EAE. The data is a representative of three independent experiments. *P
<0.05, #P <0.005 compared to the CWS-EAE mice without BCG inoculation in Student’st test. C,D)
Maximal clinical score (C) and onset of disease (D) were compared between the CWS-EAE mice and those
with BCG inoculation on day 6 of the induction. Statistical analysis was carried out with Student’s t test.

Fig. 4 BCG inoculation ameliorated demyelinated lesions of CWS-EAE mice. The CWS-EAE mouse
(middle panels) showed inflammatory cell infiltration (HE staining) with demyelination lesions (arrowheads
in Luxol blue staining) while the CWS-EAE mouse with BCG inoculation on day 6 (lower panels) showed
no inflammatory or demyelinated lesion as the normal spinal cord (upper panels).

Fig. 5 BCG inoculation suppressed MOG-specific Th17 response in the spleen of the CWS-EAE mice.
Spleen cells were prepared on day 28 of the induction, enriched for CD4+ cells, and stimulated with MOG
peptide in the presence of normal spleen adherent cells as antigen presenting cell. A) Production of IL-
17A and IFN-γ by CD4+ T cells were analyzed by FCM. A representative contour plots are shown and
summarized in bar graphs. B) Culture supernatants were analyzed by ELISA for their contents of IL-17A
and IFN-γ. Statistical analysis was carried out with Student’s ttest.

Fig. 6 BCG inoculation suppressed MOG-specific Th17 response in the CNS of the CWS-EAE mice. CNS-
infiltrated cells were prepared on day 28 of the CWS-EAE induction with or without BCG inoculation on
day 6. A) TCR and CD4 expression of the freshly isolated CNS-infiltrated cells were analyzed by FCM. A
representative contour plots are shown and summarized in bar graphs. B) The CNS-infiltrated cells were
cultured with spleen antigen presenting cells with MOG peptide, and production of IL-17A and IFN-γ by
CD4+ T cells were analyzed by FCM. A representative contour plots are shown and summarized in bar
graphs. C) Culture supernatant from B was analyzed by ELISA for their contents of IL-17A and IFN-γ, and
calculated to represent cytokine production per total CNS-infiltrated cells. Statistical analysis was carried
out with Student’s t test.

Fig. 7 BCG inoculation on day 6 of the CWS-EAE induction suppressed accumulation of pDC but did
not affect macrophages, neutrophil and cDC in the CNS of the CWS-EAE mice. A) Multiple parameter
FCM data of CNS-infiltrated CD45+ cells are shown in tSNE plot. Colors correspond to manual annotation
of non-lymphoid leukocyte populations. Representative profiles of CNS-infiltrated cells from a CWS-EAE
mouse and a CWS-EAE mouse with BCG inoculation are shown. The right table indicate phenotypes of
analyzed populations and percentages of the populations in the plot. B) FCM profile of pDC identified in
the CNS-infiltrated cells as PDCA1+CD11clowCD11b+ B220+ cells. C) Percentage and absolute number of
pDC in the CNS. Statistical analysis was carried out with Student’s t test.
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