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Abstract

Mast cells (MCs) have been thought to play a pathogenic role in the development of autoimmune

diseases, including experimental autoimmune encephalomyelitis (EAE), an animal model of MS.

However, an immunoregulatory function of these cells has been recently suggested. We

investigated the role of MCs in EAE using the W-sh mouse strain, which is MC deficient. W-sh

mice developed earlier and more severe clinical and pathological disease, with extensive

demyelination and inflammation in the CNS. The inflammatory cells were mainly comprised of

CD4+ T cells, monocyte/macrophages, neutrophils and dendritic cells (DCs). Compared to wild-

type mice, MC-deficient mice exhibited an increased level of MCP-1/CCR2, and CD44 expression

on CD4+ T cells, in addition to decreased production of Treg, IL-4, IL-5, IL-27 and IL-10. We

also found that levels of IL-17, IFN-γ, and GM-CSF were significantly increased in peripheral

lymphocytes from immunized W-sh mice compared with wild-type mice. Reconstitution of W-sh

mice downregulated susceptibility to EAE, which correlated with MC recruitment and Treg cells

activation in the CNS. These findings indicate that responsiveness is not required in the

pathogenesis of inflammatory demyelination in the CNS, and that, in the absence of MCs,

increased MCP-1, CCR2, IL-17, IFN-γ, CD44 and other inflammatory molecules may be

responsible for increased severity of EAE.
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Introduction

Experimental autoimmune encephalomyelitis (EAE) is a CD4+ T cell-mediated

demyelinating autoimmune disease of the central nervous system (CNS) in mice (1), which

serves as a model of multiple sclerosis (MS) in humans. EAE in rodents is characterized by

histological lesions in the CNS, typically consisting of demyelination and infiltrates of
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autoreactive T cells and other mononuclear cells (1). Autoreactive T cells directed against

myelin antigens produce high levels of proinflammatory cytokines such as IFN-γ, IL-17,

while resistance to, or recovery from, the disease is mediated through the immunoregulatory

cytokines IL-4, IL-5, IL-10, and IL-27, among others (2).

Mast cells (MCs) are derived from haematopoietic stem cells, which migrate into

vascularized tissues and serosal cavities where they complete their maturation (3). Although

these cells reside predominantly in tissue exposed to the external environment, including the

skin, intestinal tract, and trachea, they are also normally present in the heart, lymph nodes,

spleen, and the CNS (4, 5). The heterogeneity of these cells is suggested by their ability to

produce an array of both pro- and anti-inflammatory mediators and act as antigen-presenting

cells expressing a spectrum of co-stimulatory molecules (6). MCs and T cells can influence

one another in their function (7). MCs can act as antigen- presenting cells (APC), expressing

a spectrum of co-stimulatory molecules, including CD80, CD86, CD153, 4-1BB, CD40L,

and OX40L (6). Purified populations of MCs can present Ags to T cells by either MHC I- or

class II-restricted mechanisms (8, 9). Inducible MHC class II expression by MCs supports

effector and regulatory T cell activation. Most importantly, MCs process and present Ags

directly to T cells, with preferential expansion of Ag-specific regulatory T cells over other T

cells (10). Activated MCs, Tregs, and Th17 cells display tight spatial interactions (11, 12).

Thus, MCs are far more functionally diverse than previously thought and might act as

immunoregulatory cells that influence both innate and adaptive immunity in autoimmune

disease (4, 6, 13, 14).

Interestingly, recent studies have shown an immunoregulatory property for MCs in an allo-

transplantation system (15), autoimmune arthritis (16) and inflammatory bowel disease (17).

MCs have been suggested to be crucial to the development of EAE, given that a mast cell-

deficient mouse strain, WBB6F1-Kitw /Kitw-v(W/W-v), is resistant to this disease (18, 19).

However, other earlier reports showed that MC stabilizers did not ultimately alter severity of

the disease (20-22) and another study reported that MC accumulation in the CNS during

inflammation is dispensable for EAE (23). These results suggest that MCs have far greater

pleiotropic effects in CNS disease than previously thought, but the role of MCs in the

pathogenesis of MS/EAE still remains unclear.

In the present study we investigated the role of MCs in EAE using W-sh mice. We report the

novel finding of early onset and more severe EAE in W-sh mice, with extensive

inflammation and demyelination in the CNS. Potential mechanisms underlying this

observation are further investigated.

Materials and Methods

Mice and EAE induction

Eight- to ten-week-old female C57BL/6, KitW-sh/KitW-sh (W-sh) mice and their wild-type

controls were purchased from the Jackson Laboratory (Bar Harbor, ME). To induce EAE,

mice were injected s.c. with/without 200 μg of myelin oligodendrocyte protein (MOG)35-55,

in CFA containing 4 mg/ml Mycobacterium tuberculosis H37Ra (Difco, Detroit, MI) at two

sites on the back. Two hundred ng of pertussis toxin was given i.v. on days 0 and 2 post

Li et al. Page 2

J Immunol. Author manuscript; available in PMC 2014 October 17.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



immunization (p.i.). EAE was scored according to a 0∼5 scale as follows (24): 1, limp tail

or waddling gait with tail tonicity; 2, waddling gait with limp tail (ataxia); 2.5, ataxia with

partial limb paralysis; 3, full paralysis of one limb; 3.5, full paralysis of one limb with partial

paralysis of second limb; 4, full paralysis of two limbs; 4.5, moribund; and 5, death. All

work was performed in accordance with the guidelines for animal use and care at Thomas

Jefferson University.

Histopathology

On day 18 p.i., mice were extensively perfused, and spinal cords were harvested. Five-

micrometer sections were stained with H&E or Luxol fast blue (myelin stain). Slides were

assessed in a blinded fashion for inflammation and demyelination (25). For inflammation,

the following scale was used: 0, none; 1, a few inflammatory cells; 2, organization of

perivascular infiltrates; and 3, increasing severity of perivascular cuffing with extension into

the adjacent tissue. For demyelination, the following scale was used: 0, none; 1, rare foci; 2,

a few areas of demyelination; and 3, large (confluent) areas of demyelination.

Intracellular cytokine staining and FACS analysis

MNCs from the spinal cords and brain were isolated as previously described (25). Pooled

cells were washed in FACS buffer. After blocking with CD16/CD32 mAb, cells were

incubated with Abs to murine CD3, CD4, CD8, CD11b, CD11c, CD45, CD44, Gr-1 and

CD11a (all from BD PharMingen, San Jose, CA). To determine T cell phenotype (Th1, Th2,

Th17, and Treg), CD4+ T cells that produced IFN-γ, IL-4 and IL-17 and expressed Foxp3

were analyzed by flow cytometry. MNCs were stimulated with 15 μg/ml MOG35-55 peptide

for 72 h and restimulated with 50 ng/ml phorbol 12-myristate 13-acetate (PMA) and 750

ng/ml ionomycin for the last 4 h in the presence of 10 μg/ml Brefeldin A. Intracellular

cytokine staining (26) and Foxp3 staining were performed as described (25, 27). Cells were

analyzed by FACSAria flow cytometer (Becton Dickinson), and data obtained were

analyzed by FlowJo software (Tree Star).

Cytokine production and proliferation assay

Suspensions of MNCs from the spleen were prepared on day 10 p.i. Cells were cultured at a

density of 2.5 × 106/ml in medium containing MOG35-55 at final concentrations of 10 μg/ml,

Con A at 5 μg/ml, or without Ag/mitogen. Supernatants were collected after 48 h.

Quantitative ELISA for IFN-γ, GM-CSF, IL-4, IL-5, IL-10, IL-17 and MCP-1 was

performed using paired mAbs according to the manufacturer's recommendation (BD

PharMingen). To analyze MCP-1 production, spinal cord and supernatants of homogenized

spinal cords were prepared as described (28) and MCP-1 levels were quantified using

ELISA. To determine IL-17A, IL-27p28 and CCR2 mRNA expression, freshly isolated

splenocytes were assayed using real-time PCR, with β-actin expression serving as control.

Relative expression was calculated following the previously described protocol (25).

For proliferation, cells were cultured in triplicate with MOG35-55 (25 μg/ml), Con A (5 μg/

ml), or without Ag/mitogen. After 60 h of incubation, cells were pulsed for 12 h with 1 μCi

of [3H] methylthymidine, harvested, and [3H]-thymidine incorporation (cpm) was read using

a beta counter. The results were expressed as stimulation index, which was calculated by
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dividing the cpm from culture in the presence of Ag or mitogen by the cpm from culture

without Ag/mitogen.

Transfer of bone marrow-derived mast cells (BMMC) in W-sh mice

To prepare BMMCs, bone marrow cells from WT mice were differentiated for 5 weeks in

the presence of mouse IL-3 and stem cell factor (both from PeproTech, NJ) as previously

described (29). The purity of MCs was 98.7% as determined by CD117+FcεR-1α+

expression using flow cytometry. To observe the effect on EAE of transferring MC in mast-

deficient mice, MCs (5× 106 per mouse) were injected by tail vein injection to W-sh mice

before onset of EAE. Clinical signs were scored according to a 0∼5 scale as described (24).

Statistics

Clinical scores were analyzed using the Mann-Whitney U test, and all other experiments

were tested for statistical differences using unpaired, 2-tailed, Student's t tests. Differences

were considered significant if p<0.05.

Results

Increased susceptibility to EAE in mast cell-deficient W-sh mice

To investigate the role of MCs in the pathogenesis of EAE, we immunized W-sh mice and

their wild-type controls with MOG35-55 peptide in CFA. Chronic progressive EAE was

observed in immunized wild-type mice. No mice from this group (n =15) died or were

moribund during the time of observation. In contrast, W-sh mice developed earlier and more

severe EAE (Fig. 1A). Two of 13 mice in the W-sh group were moribund at day 17 p.i. The

difference in both time of EAE onset and clinical scores between the two groups was

significant (both p< 0.01). However, W-sh mice injected with the mixture CFA, pertussis

toxin, Mycobacterium tuberculosis H37Ra, but omitting MOG35-55, did not develop EAE

(data not shown).

Severe inflammatory demyelination characterizes EAE in W-sh mice

Consistent with clinical signs, typical MNC infiltration and demyelination foci were

observed in the white matter of the spinal cord of both wild-type (Fig. 1B,C) and W-sh mice

(Fig. 1D,E). Inflammation scores were 1.8 ± 0.3 in wild-type mice vs. 2.7 ± 0.1 in W-sh mice

(p<0.05) and demyelination scores were 1.6 ± 0.1 vs. 2.6 ± 0.2 (p<0.05; Fig. 1F). More

severe inflammatory infiltration in W-sh mice was further demonstrated by the significantly

increased total number of CNS-derived MNCs (2.8 × 105/spinal cord vs. 1.1 ×105 in wild-

type mice). These MNCs included increased CD4+ and CD8+ T cells (Fig. 2A),

macrophages (CD11b+CD45hi, 22.4% in W-sh vs. 7.9% in wild-type mice; Fig. 2B), and

neutrophils (Gr-1+CD45hi Fig. 2C). The numbers of CNS DCs, which included both

CD8α+CD11c+ and CD11b+CD11c+ cells, were increased in W-sh mice compared to wild-

type mice (Fig. 2D). Thus, a clear correlation was found between clinical and pathological

features of EAE in wild-type and W-sh mice.
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Increased proliferative responses to autoantigen and production of proinflammatory
cytokines in W-sh mice

At day 10 p.i., a MOG-specific proinflammatory response was observed in spleen-derived

lymphocytes from wild type mice. This response was characterized by vigorous MOG-

induced proliferation and production of inflammatory cytokines. In W-sh mice, which

developed more severe EAE, a significantly higher proinflammatory response was observed

compared to wild type mice, including increased proliferation of specific T cells to MOG

(p<0.05; Fig. 3A), high levels of proinflammatory cytokines IFN-γ, GM-CSF and IL-17

(Fig. 3B), and increased IL-17 mRNA expression (6-fold higher in W-sh mice than in wild-

type mice; Fig. 3C). In contrast, W-sh mice exhibited significantly decreased production of

Th2 cytokines IL-4 and IL-5 (both p<0.05), and IL-10 (p<0.001) (Fig. 3B). Expression of

the p28 subunit of IL-27 was also significantly lower in W-sh mice than in wild type mice

(p<0.05; Fig. 3C). Thus, W-sh mice exhibited a bias toward proinflammatory response to

autoantigen.

Th17 vs. Treg responses in W-sh mice

By intracellular staining, we found that the percentage of Th17 cells (CD4+IL-17+) in the

CNS was significantly increased in W-sh mice compared to wild-type mice (12.4 ± 2.2 vs.

5.9 ± 0.5; p<0.05); (Fig. 4A). In contrast, the CD4+Foxp3+ population in the CNS was

decreased from 6.4% in wild-type mice to 3.1% in W-sh mice (Fig. 4B). The percentage of

Foxp3+ cells in gated CD4+ T cells was analyzed at different time points of EAE (Fig. 4C).

We concluded that enhanced severity of EAE in W-sh mice is associated with increased

responses of self-reactive T cells and lower proportions of regulatory T cells.

W-sh cells express higher MCP-1/CCR2 and adhesion molecules

To define the mechanism underlying enhanced CNS infiltration in W-sh mice, we

determined the production of MCP-1 and the expression of its receptor CCR2, a chemokine/

receptor system that is involved in cell infiltration into the CNS (30, 31). CD44 and CD11a

are adhesion molecules required for the entry of encephalitogenic T cells into the CNS (32).

Although both molecules are expressed at low levels in naive T cells, activated T cells

express demonstrably higher levels. Consistent with the increased severity of clinical EAE,

we found significantly increased MCP-1 production and CCR2 expression (Fig. 5A) at day

10 p.i., the peak of peripheral T cell responses in wild-type mice. A significantly higher

proportion of CD44hiCD4+ T cells was also observed in W-sh mice as compared to wild-type

controls, while there was no significant difference in CD44hiCD8+ T cells (Fig. 5B). There

was no difference in CD11a expression between the two mouse strains (data not shown).

Transfer of bone marrow-derived MCs suppresses clinical EAE in mast cell-deficient mice

To confirm the in vivo regulatory function of MCs, we generated MCs from bone marrow

(Fig. 6A) and transferred them into naïve W-sh mice before onset of EAE (Fig. 6B), clinical

EAE was downregulated in these reconstituted mice. Proliferative capacity of CD4+ T cells

was downregulated in reconstituted W-sh mice (Fig. 6C). Consistent with the clinical scores,

splenocytes of mast cell-transferred mice produced significantly lower levels of MOG-

induced IL-17 and IFN-γ but higher IL-10 (Fig. 6D), and MC (c-Kit+CD45hi) accumulation
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in the spinal cord (Fig. 6E), accompanied by increased repopulation of Treg in the CNS

(Fig. 6F). These data provide direct evidence that MCs possess immunoregulatory

properties.

Discussion

In this study, we report that mast cell-deficient W-sh mice develop more severe MOG-

induced EAE, which is characterized by earlier onset, more severe paralysis, and more

extensive demyelination and inflammatory infiltration than were observed in mast cell-

sufficient mice. W-sh mice exhibited elevated proliferative responses to autoantigen,

increased production of proinflammatory cytokines/chemokines GM-CSF, IFN-γ, IL-17,

MCP-1, increased expression of CD44 on CD4+ T cells and CCR2 on MNCs, and decreased

levels of anti-inflammatory cytokines IL-4, IL-5 and IL-10. These observations suggest an

immunoregulatory role for MCs in the pathogenesis of CNS inflammatory demyelination.

MCs are classically known for their role in Th2 type immune responses including allergic

inflammation, asthma, and anaphylaxis. Heterogeneous MCs can produce an array of both

pro- and anti-inflammatory mediators (33), which are known to polarize T-cell

differentiation to Th1 (IFN-γ, IL-12), Th2 (IL-4, IL-13), Th17 (IL-6, TGF-β), and Tregs

(IL-10, IL-2, TGF-β) (3, 14). Moreover, MCs are required for limiting leucocyte infiltration

that associated with skin pathology (34). MCs can mediate the development of T cell

tolerance through the release of soluble mediators (34-36). These reports implicate MCs in

an ever-widening array of normal and pathological responses, including such diverse

processes as allograft tolerance (15), autoimmune arthritis (16, 37, 38), inflammatory bowel

disease (17, 39, 40), and VEGF- mediated angiogenesis in tissue repair or driving epithelial

cell carcinogenesis (41).

Disease severity of EAE in wild-type and W-sh mice correlated with the degree of CNS

inflammation and demyelination. Infiltrating cells were mainly comprised of CD4+ and

CD8+ T cells monocytes/macrophages, and neutrophils, which function as effectors and

amplifiers of CNS inflammation (42, 43). Of importance is that the total number of DCs in

the CNS was increased 2∼3-fold in W-sh mice, in both CD11b+ and CD8α+ DC subsets.

Increased numbers of DCs in the CNS may be sufficient to induce more severe

inflammation in W-sh mice given that CD8α+ DCs are a more potent DC subset than

CD11b+ DCs for initiating Th1-mediated immunopathology (25, 44). Therefore, increased

DCs in the CNS, together with significantly increased CD4+ T cells, may be sufficient to

induce more severe inflammation in W-sh mice.

MCs have been implicated in the process of DC mobilization and lymph nodes (LN)

activation (45-49). Activation of these MCs leads to the production of soluble mediators,

such as histamine (50), TNF (51, 52) and IL-1β (49), which promote the migration of

peripheral DCs into the LN. However, histamine H4R stimulation of DCs leads to the

suppression of IL-12 production but does not alter IL-10 secretion, thereby biasing DCs to

have an immunosuppressive character (53). MC-derived TNF-α contributes to maintaining

the immunosuppressive environment by increasing antigen presentation in the draining

lymph nodes (dLN) in an immunosuppressive manner (54). Our findings, combined with
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these effects, prove that MCs in EAE may maintain dLN-DC in a tolerizing rather than an

immune manner, especially at the onset of disease.

The observation of a greater number of infiltrating cells in the CNS of W-sh mice raises the

possibility that MCs may negatively regulate chemokine/chemokine receptor expression. To

study this possibility, we determined the expression of MCP-1 in spleen and the CNS and its

receptor CCR2, both of which are up-regulated in EAE and MS lesions (55). Although it has

been reported that MCP-1 might have an immunoregulatory property (56), the observation

that mice lacking MCP-1 exhibited decreased severity of EAE directly supports an

inflammatory role of this molecule in EAE (57). MCP-1 present in brain endothelial cells

contributes to increased brain endothelial permeability (58). Consistent with the increased

severity of clinical EAE, we found significantly increased MCP-1 production and CCR2

expression (Fig. 5) in W-sh mice. Our results are in agreement with the observation that

CCR2-/- mice did not develop clinical EAE or CNS histopathology, and showed a significant

reduction in T cells and CNS infiltrating monocyte subpopulations (30, 31). As CCR2 is an

important determinant of DC migration and localization (59, 60), increased CCR2 would

result in more profound DC infiltration in the CNS. Together, these data suggest that up-

regulation of CCR2 and MCP-1 in W-sh mice may promote up-regulation of DC infiltration

in the CNS, thus enhancing autoimmune inflammatory infiltration.

MCs are present in small numbers within secondary lymphoid organs, and their number

increases in lymph nodes in response to immune challenge (4, 13). It has been recently

observed that the number of MCs increases in bone marrow biopsy specimens in parallel

with the increase of Tregs (61). An increased mast cell population in Treg-rich lymphoid

infiltrates suggests that Tregs recruit and activate MCs in situ (15, 61). It has been shown

that transfer of Tregs enhanced survival, resulting in a marked increase in the number of

MCs in the peritoneal cavity (62). Fujita T et al. demonstrated that IFN-α treatment of

FcεR1-activated human MCs caused a shift from TNF to an enhanced production of IL-10

and TGF-β by T cells, with a concomitant decrease in OX40L expression (63). IL-10 and

TGF-β affected Treg cell differentiation and effector function (64), and induced alloreactive

CD4+CD25- T cells to acquire regulatory cell function (65). At the same time, the decrease

in OX40L expression may stabilize Treg lineage commitment and their suppressive activity

(11). Also, another study has reported that MC deficiency can directly down-regulate

expansion of Treg cells (10). In this study we verified that the T cell compartment of naive

W-sh mice was intact and that there were no intrinsic differences in T cell development in

the thymus or in peripheral T cell populations compared with their wild-type counterparts

(data not shown). It was only after MOG35-55 immunization that the enhancement in T cell

responses and decreased Foxp3 expression in infiltrating CD4+ T cells in W-sh mice were

evident. These data confirm a role for MCs in the generation of antigen-specific T cell

responses in vivo and are consistent with the report that MCs play a regulatory role in

inflammation and autoimmune diseases (15-17). Further, we found that the proportion of

CD44hi cells was significantly higher on CD4+ T cells in splenocytes of W-sh mice at early

time points post immunization. Thus, the characterization of peripheral immune-cell

cytokine response to MOG35-55 demonstrated that W-sh mice generate enhanced effector T

cell responses, with simultaneous reduction in antagonizing anti-inflammatory responses.
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These results, together with observations from others (15, 37), suggest that MCs play an

important role in regulating T cell functions.

IL-4, IL-13, IL-5 and IL-6 have been localized to MCs at both the protein and mRNA levels.

MCs have been named as the source of the large majority of these cytokines (66-68). It has

been reported that heterogeneity in MCs is based on cytokine expression (69). MCs release

Th2 cytokines independent of T cell help (70). However, although T cells are known to be

an important source of cytokines, they require activation and, in the case of Th2 cells,

priming with IL-4 before they can release them (71, 72). Moreover, Anderson et al. showed

that MCs can skew the development of a Th2-like immune response before Ag-mediated

activation (73). Thus, the early onset and severe disease in W-sh mice may explain, at least

in part, the decreased Th2 immune response in these mice.

The difference between our results and those of Secor et al. (19) may be due to differences

in the mast cell-deficient mouse strains used. In addition to mast cell deficiency, the reduced

c-Kit function in W/W-v mice results in many other phenotypic abnormalities. These include

macrocytic anemia, impaired melanogenesis, a virtual lack of interstitial cells of Cajal, and a

decline in the number of intestinal TCRγδ intraepithelial lymphocytes with age. W/W-v mice

also develop a high incidence of spontaneous inflammation, such as dermatitis (74). These

abnormalities may result in unexpected immune deficits and skew conclusions, including

these in EAE. Recently, W-sh mice have been used as a model for studies of mast cell

function in vivo (75). Phenotypic characterization of W-sh mice indicates that they have an

increased number of circulating neutrophils and an enlarged spleen (76, 77). In the spleen

W-sh animals have abundant neutrophils, an increased number of F4/80 positive cells

(macrophages) and megakaryocytes, while showing a normal number of DC (76). In the

bone marrow cell population W-sh animals also show an increased number of both CD45 +

and F4/80 positive cells. Therefore, the data presented by Secor et al. and those of the

present paper cannot be directly compared as they relate to the role played by MC. Indeed, it

has been recently found that W/Wv mice are resistant to anti-collagen/LPS-induced arthritis,

while W-sh mice are susceptible, suggesting that other host differences determine the extent

of MC involvement (37).

Given that both neutrophils and macrophages play a key role in the pathogenesis of EAE

(78), haematopoietic changes between MC-deficient strains could make a difference.

Depletion of MC in WBB6 could not influence neutrophil or monocyte recruitment, while in

W-sh, MCs could allow for a stronger reaction of Teff, which may be phagocyte-mediated.

The absence of MCs in W-sh animals may, for example, allow a more active neutrophilic (or

macrophagic) reaction.

In summary, we found that MCs have a suppressive role in EAE. Mechanisms underlying

more severe CNS inflammation include increased generation of Th17 cells and production

of proinflammatory cytokines, elevated MCP-1/CCR2 expression, decreased production of

anti-inflammatory cytokines IL-4, IL-5, IL-10 and IL-27, and decreased numbers of

CD4+Foxp3+ Tregs. The demonstration that the absence of MCs can enhance the severity of

EAE should encourage further study of these cells in experimental and human

autoimmunity.
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Fig. 1. W-sh mice develop more severe EAE
Female wild-type and W-sh mice (n = 5 in each group) were immunized with 200 μg of

MOG35-55 peptide in CFA. (A) Clinical EAE was scored daily according to a 0∼5 severity

scale. Data represent the mean clinical score ± SD. The overall clinical score was

significantly different between wild-type and W-sh mice (**, p<0.01). One representative

experiment of two is shown (total n =15 wild-type and 13 W-sh mice). Spinal cord histology

staining. Wild-type mice (B, C) and W-sh mice (D, E) were immunized with MOG35-55 in

CFA and sacrificed at day 18 p.i. Spinal cords were harvested after extensive perfusion, and
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5-μm sections were stained with H&E or Luxol fast blue (myelin stain). Demyelinating

lesions and inflammatory cell infiltration foci showed in the white matter (arrows). (F)
Mean values and SD of spinal cord histology (n= 5 each group). *, p<0.05. One

representative experiment of three is shown.
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Fig. 2. Pattern of cellular infiltrates in spinal cords of wild-type and W-sh mice
(A) Flow cytometric analysis. On day 18 p.i., mice were extensively perfused, and spinal

cords were harvested and pooled for each mouse group (n = 4 in wild-type mice and n = 5 in

W-sh mice). Total numbers of CD4+ and CD8+ T cells were calculated by multiplying the

percentage of total cell numbers in spinal cord. For infiltrating macrophages

(CD11b+CD45hi) and neutrophils (Gr-1+CD45hi), CD45hi cells were gated and their

expression of CD11b (B) and Gr-1 (C) were determined. (D) Percentages of CD11b+
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CD11c+ and CD8α+ CD11c+ DC subsets in spinal cord of wild type and W-sh mice. *,

p<0.05; **, p<0.01. One representative experiment of two is shown.
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Fig. 3. Autoantigen-induced proliferative response and cytokine production
Pooled splenocytes (4 ×105/well) from wild-type (n = 4) and W-sh mice (n = 5; day 10 p.i.)

were cultured with MOG35-55 at 10 μg/ml, Con A at 5 μg/ml, or without Ag/mitogen for

proliferative responses (A). (B) Production of cytokines was determined from 48 h culture

supernatants by ELISA. (C) mRNA expression of IL-17A and IL-27p28 in uncultured

splenocytes was determined by RT-PCR. Data represent mean values and SD of three

separate experiments. P values refer to comparison between two groups. *, p<0.05; **,

p<0.01 and ***, p<0.001.
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Fig. 4. Th17 vs. Treg responses in W-sh mice
(A) Inflammatory cells were isolated from pooled spinal cords of wild-type (n =4) and W-sh

mice (n = 5; day 18 p.i.) and were cultured for 48 h and stimulated with PMA/ionomycin in

the presence of Brefeldin A (10 μg/ml) for the last 4 hrs of culture prior to staining with

fluorescently labeled antibodies. Lymphocytes were gated, and IL-17 expression on CD4+ T

cells of wild-type and W-sh mice (n = 5 in each group) was determined and percentages of

IL-17+CD4+ T cells in spinal cord were calculated. *, p<0.05. (B) Foxp3 expression on

CD4+ T cells of CNS in W-sh mice and wild type control. **, p<0.01. (C) Foxp3 expression

on CD4+ T cells of the CNS at the different time points in W-sh mice and wild type control.

*, p<0.05. Data represent mean values and SD of three separate experiments.
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Fig. 5. W-sh-derived CD4 T cells exhibit increased MCP-1/CCR2 and CD44
(A) Spinal cord levels of MCP-1. Supernatants of homogenized spinal cords were prepared

as described in Materials and Methods and MCP-1 production was assayed by ELISA (n=4

each group; day 10 p.i.). CCR2 expression in spinal cord tissues was determined by real-

time RT-PCR. (B) Percentages of CD44hi CD4+ and CD8+ T cells in the spleen at day 10

p.i. were determined by flow cytometry (n=4 each group) *, p<0.05; **, p<0.01. Data

represent mean values and SD of three separate experiments.
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Fig. 6. Mast cell reconstitution effectively suppresses clinical EAE in mast cell-deficient mice
MCs were generated from bone marrow of wild-type mice, and the purity was 98.7% by

flow cytometry analysis. These cells were then injected i.v. at 5 × 106 to W-sh mice before

initiation of EAE. Mice receiving no cells served as control. (A) Flow cytometric analysis of

the in vitro differentiated BMMC population. Cells double positive for c-Kit and FcεR1

were considered MCs. (B) Clinical EAE was scored according to a 0∼5 scale as described

(n = 5 in each group). (C) At day 10 p.i., mice were sacrificed and splenocytes of mast cell-

reconstituted and PBS-treated mice were isolated. Splenocytes were cultured in the presence

of MOG35-55 peptide (25 μg/ml) for 3 days. Proliferative responses were measured by [3H]

thymidine incorporation. * p<0.05. (D) Splenocytes of mast cell-treated and non-treated
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W-sh mice were cultured with MOG35-55 peptide for 3 days. Supernatants were assayed for

production of IL-17, IL-10, and IFN-γ by ELISA. * p<0.05; ** p<0.01. MC (c-

Kit+CD45high) infiltration (E) and Foxp3 expression on CD4+ T cells (F) of CNS in mast

cell-reconstituted and PBS-treated mice. Data represent mean values and SD of three

separate experiments.
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