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Multiple sclerosis (MS) is a degenerative autoimmune disease of the CNS. Experimental autoimmune encephalomyelitis (EAE) is a
commonly used murine model for MS. Here we report that CD137 ligand (CD137L, 4-1BB ligand, TNFS9), a member of the TNF super-
family, is critical for the development of EAE. EAE symptoms were significantly ameliorated in CD137L �/� mice. In the absence of
CD137L, myelin oligodendrocyte glycoprotein (MOG)-specific T-cells secreted lower levels of Th1/Th17 cell-associated cytokines. MOG-
specific T-cells also trafficked less efficiently to the CNS in CD137L �/� mice, possibly as a consequence of reduced expression of vascular
cell adhesion molecule-1 (VCAM-1), which regulates leukocyte extravasation. Thus, CD137L regulates many functions of MOG-specific
T-cells that contribute to EAE and may represent a novel therapeutic target for the treatment of MS.

Introduction
Multiple sclerosis (MS) is a T-cell-mediated autoimmune disease
that affects the CNS (Goverman, 2009). The murine model of
experimental autoimmune encephalomyelitis (EAE) has been
used to elucidate many aspects of MS pathogenesis (Baxter,
2007). In EAE, priming of antigen-specific T-cells occurs in the
periphery after immunization with a myelin-derived peptide.
The encephalitogenic T-cells subsequently migrate to the CNS
where they are reactivated by antigen-presenting cells (APCs)
presenting self-antigen (Bailey et al., 2007). After the reactivation
of effector T-cells in the CNS, a second wave of myeloid cells
enters the CNS and causes demyelination resulting in the clinical
manifestations of EAE, such as limb weakness and paralysis
(Juedes and Ruddle, 2001; King et al., 2009; Mildner et al., 2009).

Optimal priming of T-cells by APCs requires engagement of
the T-cell receptor (TCR) and costimulatory molecules expressed
on T-cells (Racke et al., 2000). A number of studies have shown
important roles for different costimulatory molecules in the de-
velopment of EAE (Croxford et al., 1998a). The costimulatory
molecule CD28 and its ligands B7-1 and B7-2 are critical for both
the induction and effector phase of EAE (Chang et al., 1999).
Several costimulatory molecules belonging to the TNFR/TNF su-

perfamily have been implicated in EAE (Racke et al., 2000).
For instance, CD137 (4-1BB, TNFRSF9) and CD137 ligand
(CD137L, 4-1BB ligand, TNFS9) are increased in serum and CSF
of MS patients (Sharief, 2002; Liu et al., 2006, 2008). CD137 is
mainly expressed by activated T-cells but can also be expressed by
dendritic cells, natural killer (NK) cells, neutrophils, and endo-
thelial cells. It delivers potent costimulatory signals to T-cells that
enhance cytokine secretion, proliferation, and survival. CD137L
is constitutively expressed by APCs and is upregulated upon cell
activation. Interestingly, in addition to acting as a ligand by cross-
linking CD137, CD137L can receive signals and transmit them
into the cells on which it is expressed, a process referred to as
reverse signal transduction (Shao and Schwarz, 2011).

Here we show that CD137L is critical for EAE development.
Priming, cytokine secretion, and trafficking of myelin oligoden-
drocyte glycoprotein (MOG)-specific T-cells and inflammatory
monocytes were deregulated in CD137L�/� mice leading to a
significant amelioration of EAE symptoms. Decreased leukocyte
infiltration to the CNS correlated with a lower expression of vas-
cular cell adhesion molecule-1 (VCAM-1), which is essential for
the ability of T-cells to cross the blood– brain barrier.

Materials and Methods
Mice. C57BL/6 mice were obtained from the Centre for Animal Re-
sources of the National University of Singapore. CD137L �/� mice were
a gift of Amgen and bred in-house under pathogen-free conditions. In-
stitutional guidelines for animal care and use were followed throughout
the experiments.

Induction of EAE and clinical evaluation. Six- to eight-week-old male
C57BL/6 or CD137L �/� mice were injected subcutaneously with 100 �g
of myelin oligodendrocyte glycoprotein peptide, MOG35–55 (Sigma-
Aldrich) and 1 mg of heat-killed Mycobacterium tuberculosis H37RA
(Difco) emulsified in complete Freund’s adjuvant (CFA). Pertussis toxin
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(200 ng in PBS; List Biological Laboratories) was injected intraperitone-
ally on days 0 and 2 after immunization. EAE clinical symptoms were
scored daily as follows: 0, no clinical signs; 1, loss of tail tonicity; 2,
impaired righting reflex; 3, partial hindlimb paralysis; 4, total hindlimb
paralysis (Croxford et al., 1998b).

Immunohistochemistry. Mice were killed by an overdose of CO2. Spinal
cords were removed from perfused mice by intrathecal hydrostatic pres-
sure using PBS, embedded in OCT compound (Tissue-Tek, Electron
Microscopy Science) and frozen at �80°C. Cryosections (6 �m) from the
lumbar region of the spinal cord were fixed with cold acetone for 5 min,
blocked with 0.2% BSA for 10 min, and then stained with antibodies
against CD68 (AbD Serotec), TCR-� (eBioscience), CD31 (Millipore),
or VCAM-1 (Abcam). Fluorescently conjugated Cy3, Cy2, Dy649, or
Dy549 secondary antibodies (Jackson ImmunoResearch Laboratories)
were used for detection. Sections were counterstained with DAPI for cell
nuclei visualization and mounted for analysis. To detect demyelination,
sections were incubated with Luxol fast blue to stain myelin and with cresyl

violet for counterstaining. Specimens were
viewed by fluorescence microscopy (Axio Imag-
er.Z1, Axiocam HRM camera; Carl Zeiss Micro
Imaging). MetaMorph software (Molecular De-
vices) was used to analyze the images.

Cell proliferation assay and cytokine quantifica-
tion. Lymph node cells (5 � 105 cells/200 �l) ob-
tained from MOG-immunized mice at day 10
post-immunization (p.i.) were stimulated with
different concentrations of MOG35–55 peptide or
media alone for 4 d in 96-well round bottom
plates. During the last 18 h, cultures were pulsed
with 0.5 �Ci of [3H]thymidine (PerkinElmer)
and incorporated radioactivity was measured us-
ing a TopCount Microplate Scintillation Counter
(Packard Instruments). From a duplicate plate,
supernatants were collected after 72 h of culture
and frozen at �80°C until analyzed by ELISA
(R&D Systems or eBioscience). Serum cytokines
were analyzed using BioPlex (Bio-Rad).

Preparation of CNS-infiltrating mononuclear
cells for flow cytometry. Mice were perfused
through the left cardiac ventricle with 50 ml of
PBS. The spinal cords of 3– 8 mice per group
were removed by intrathecal hydrostatic
pressure using PBS, pooled, and homoge-
nized through a 70 �m cell strainer. After
centrifugation, the cells were resuspended in
30% isotonic Percoll (Sigma-Aldrich) and
overlaid onto a 70% isotonic Percoll solu-
tion. The gradient was centrifuged at 500 � g
for 20 min at room temperature. The mono-
nuclear cells were collected from the inter-
phase and washed with PBS. Infiltrating CNS
cells were characterized by fluorescence-activated
cell sorting (FACS). T-cells were stained with the
following antibodies: anti-CD45-V500 (BD
PharMingen), anti-CD3-A700, anti-CD4-PE-
Cy7, anti-CD25-APC, anti-CD137-PE, anti-
Foxp3-PerCP-Cy5.5, anti-CD8-PB (BD
PharMingen). For staining of myeloid cells,
anti-CD45-V500, anti-CD11b-PE, anti-
CD11c-PerCP-Cy5.5, anti-Ly6C-APC, anti-
Ly6G-PE-Cy7, and anti-B220-FITC were
used. For intracellular cytokine staining,
cells were restimulated ex vivo for 5 h with 50
nM Phorbol 12,13-dibutyrate (PdBu) and
500 ng/ml ionomycin calcium salt (Sigma-
Aldrich) or media alone, in the presence of
brefeldin-A (eBioscience), then surface-
stained for anti-CD45-V500, anti-CD3-
A700, and anti-CD4-FITC. After fixation/
permeabilization with the BD Fix/Perm kit,

cells were stained with anti-IFN-�-APC and anti-IL-17A-PE (BD
PharMingen) antibodies. Mononuclear cells from the spleens were
obtained by mechanical disruption through a 70 �m nylon cell
strainer. For blood samples, �500 �l of blood were collected in 0.5 M

EDTA-containing tubes. After centrifugation, red blood cells from
single-cell suspensions of either spleens or blood were lysed, and then
washed and stained for surface markers as described above. Analysis
was performed with an LSR Fortessa flow cytometer (BD Biosciences)
and FlowJo software (Version 9.3.1, TreeStar). Unless otherwise
stated antibodies were from eBioscience. All stainings were incubated
for 30 min at 4°C and contained a live/dead fixable dead stain kit in
APC-Cy7 (Invitrogen). Total cell numbers were determined by flow
cytometry using CountBright Absolute Counting Beads (Invitrogen).

Statistical analysis. Prism software (Version 5, GraphPad) was used to
analyze the data using the unpaired Student’s t test. p � 0.05 was consid-
ered statistically significant.
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Figure 1. CD137L �/� mice are partially resistant to EAE. A, Clinical score of WT (filled circles) and CD137L �/� (empty
triangles) mice immunized with MOG35–55 in CFA and PTx. B, Weight of mice during the course of the disease. Results represent
means � SEM (n � 8 –10/group). **p � 0.01. C, Spinal cord sections from EAE mice at day 18 p.i. were evaluated for demyeli-
nation using Luxol fast blue staining and cresyl violet for counterstaining. Images are representative staining of 4 mice per group
from two independent experiments. D, Lymph node cells from MOG-immunized mice were harvested 10 d p.i. and cultured with
indicated concentrations of MOG35–55 peptide for 4 d. Cells were pulsed with [ 3H]thymidine for the last 18 h of culture and
[ 3H]thymidine incorporation in WT (filled circles) and CD137L �/� (empty triangles) lymph node cells was analyzed. E–G, Levels
of IFN-� (E), TNF-� (F ), and IL-17A (G) in the culture supernatants of WT (black bars) and CD137L �/� (white bars) DLN cells
cultured in presence of 100 �g/ml MOG peptide were determined by ELISA after 72 h of culture. Results are means � SEM (n �
3/group). *p � 0.05. H–J, The levels of IFN-� (H ), TNF-� (I ), and IL-17A (J ) in the sera of WT (black bars) and CD137L �/� (white
bars) mice at day 18 post-MOG immunization were determined by BioPlex-ELISA. Results show means � SEM (n � 3– 4/group).
Results are representative of three independent experiments.
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Figure 2. Reduced infiltration of immune cells in the spinal cord of CD137L �/� EAE mice. A, Histological analysis of spinal cord sections from WT and CD137L �/� MOG-immunized mice at day
18 p.i. stained with anti-CD68 (green), anti-TCR-� (red) and DAPI (blue). Data are representative of two independent experiments. B, Cells isolated from the blood of naive mice were stained for CD3,
CD4, CD8, CD45, CD11b, CD11c, Ly6C and Ly6G and analyzed by FACS. C–F, Cells isolated at day 18 p.i. from pooled spinal cords (C, D) or spleens from individual mice (E, F ) of MOG-immunized mice
were stained for CD3, CD4, CD8, CD25, CD137, Foxp3, CD45, CD11b, CD11c, B220, Ly6C and Ly6G and analyzed by FACS. C, D, Graphs represent 4 independent experiments with 3– 8 spinal cords
pooled per group and were combined for statistical analysis. G, Dot-plots gated on CD4 � T-cells represent activated CD4 �CD137 � T-cells and CD4 �CD25 �Foxp3 � Tregs cells in the spinal cord.
H, Phenotypic analysis of CNS infiltrating myeloid cells. Depicted dot-plots are gated on live cells. Microglia were differentiated from monocytes (Mo) (CD45 hiCD11b hi) by their intermediate CD45
expression CD45 intCD11b hi. Ly6G and Ly6C were used to identify inflammatory monocytes (Ly6C hiLy6G int) and neutrophils (Ly6C intLy6G hi). Inflammatory dendritic cells were identified as
CD45 hiCD11b intB220 �CD11c � cells.
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Results
Decreased EAE susceptibility of CD137L �/� mice
Previous studies indicated a role for CD137 and its ligand in MS
(Sharief, 2002; Liu et al., 2006, 2008). To gain further insight into
the role of CD137-CD137L in EAE, we immunized wild-type
(WT) and CD137L�/� mice with MOG35–55 peptide. All WT
mice (8 of 8) developed EAE-related symptoms whereas only
60% of CD137L�/� mice (6 of 10) developed clinical signs of
EAE (Fig. 1A). The mean day of disease onset was similar for WT
and CD137L�/� mice (13 � 0.9 vs 14.7 � 1.6, respectively).
However, the mean clinical score at the peak of disease, day
18 p.i., was significantly reduced in CD137L�/� mice (0.6 � 0.3
compared with 3.2 � 0.4 in the WT mice). The mean EAE score
was also reduced when disease-free mice were excluded from the
analysis (1.6 � 0.7 in CD137L�/� mice compared with 3.2 � 0.4
in WT mice (p � 0.05)). In agreement with a milder disease
progression, CD137L�/� mice transiently lost weight, but recov-
ered their initial weight by day 20 p.i. (Fig. 1B). MS is a demyeli-
nating inflammatory disorder (Goverman, 2009). To assess CNS
demyelination in CD137L-deficient and WT mice, spinal cord
sections were stained with Luxol fast blue to stain myelin. Histo-
logical examination of the spinal cord revealed that the CNS of
CD137L�/� mice was protected from demyelination in contrast
to WT mice (Fig. 1C). In summary, our data demonstrate that the
initiation and progression of EAE critically depends on CD137L
expression.

Defective T-cell activation in CD137L �/� EAE mice
T-cells play a key role in the development of EAE (Goverman,
2009). CD137L was shown to deliver costimulatory signals that
can augment T-cell activation and survival (Wang et al., 2009).
To determine whether the resistance of CD137L�/� mice to EAE
was due to a defect in the priming of autoreactive T-cells, we
restimulated draining lymph node (DLN) cells from day 10 p.i.
EAE mice with MOG peptide in vitro. No difference in the incor-
poration of thymidine between groups was observed suggesting
that the ability of DLN cells to proliferate was not reduced in
CD137L�/� EAE mice (Fig. 1D). To test whether effector func-
tions of T-cells were impaired in CD137L�/� EAE mice, we mea-
sured the level of secreted cytokines that are important for the
pathogenesis of EAE (Murphy et al., 2010). Restimulation of
DLN cells derived from CD137L�/� EAE mice induced lower
levels of IFN-�, TNF-� and IL-17A, compared with DLN cells of
WT mice (Fig. 1E–G). In agreement with this observation, IFN-�,
TNF-� and IL-17A serum levels of CD137L�/� EAE mice were
reduced when compared with WT mice (Fig. 1H–J). These data
suggest that impaired secretion of cytokines by T cells contributes
to the reduced susceptibility of CD137L�/� mice to EAE.

Decreased infiltration of leukocytes in the spinal cord of
CD137L �/� EAE mice
EAE immunopathology is characterized by perivascular infiltra-
tion of the CNS by inflammatory cells (Goverman, 2009). To test
whether the absence of CD137L leads to fewer infiltrating im-
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Figure 3. Decreased numbers of effector CD4 � T-cells in CNS of MOG-immunized CD137L �/� mice. Isolated spinal cord cells at day 18 p.i. were restimulated ex vivo with PdBu and ionomycin
or media alone for 5 h in the presence of brefeldin-A. Cells were stained for CD45, CD3, CD4 and intracellular IFN-� and IL-17A expression and analyzed by FACS. A, Dot-plots depict CD4 and
intracellular IFN-� (left) or IL-17A (right) expression derived from WT (top row) and CD137L �/� (bottom row) mice. B, Absolute numbers of CD4 � T-cells producing IFN-� or IL-17A in spinal cord
are shown in the graph. Data represent means � SEM of 3 independent experiments (n � 3– 8) combined for statistical analysis.
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mune cells in the CNS, sections of the spi-
nal cord were analyzed by fluorescence
microscopy for the presence of immune
cells at day 18 p.i. A similar distribution of
immune cells, mainly consisting of T cells
and monocytes was found in the lateral
and ventral white matter spinal cord in
both mouse strains (Fig. 2A). No infiltrat-
ing cells were observed in the CNS of naive
mice from either genotype (data not
shown). Moreover, the number of T cells
and monocytes in the blood of naive mice
was similar in both strains (Fig. 2B). To
quantify and characterize the T-cell and
monocyte subsets, mononuclear cells
from pooled spinal cords were isolated at
the peak of disease and analyzed for ex-
pression of different immune cell mark-
ers by FACS. In agreement with the
immunohistological analysis, the num-
ber of infiltrating T-cells and monocytes
in the spinal cord of CD137L �/� mice
was significantly decreased when com-
pared with WT mice (Fig. 2C,D). In con-
trast, similar numbers of leukocytes were
present in the spleen (Fig. 2E). Regulatory
T-cells (Tregs) (CD4�CD25�Foxp3�) can
suppress the development of EAE (Zhang et al., 2010). To test
whether CD137L�/� mice were protected from EAE due to ele-
vated Tregs numbers, we measured CD25 and Foxp3 expression in
the infiltrating CD4� T-cells of the CNS and in the spleen of EAE
mice. The percentage and absolute numbers of Tregs were de-
creased in the spinal cords, but not spleen, of CD137L�/� mice
when compared with WT mice (Fig. 2F,G). To test the activation
status of CD4� T-cells in the CNS and spleen of EAE mice, we
stained T-cells for CD137 expression. Similar numbers of acti-
vated CD4� T-cells were present in the spleen of WT and
CD137L�/� EAE mice (Fig. 2F). However, the number of
CD4�CD137� T cells was decreased in the CNS of CD137L�/�

when compared with WT mice (Fig. 2G). CNS infiltrating in-
flammatory monocytes are important in the effector phase of
EAE (Mildner et al., 2009), whereas neutrophils have been shown
to play a role during the early developmental phase of EAE
(McColl et al., 1998). In fact, fewer inflammatory monocytes
(Ly6C hiLy6G int) and neutrophils (Ly6C intLy6G hi) were found in
the spinal cords of CD137L�/� mice. Hence, the reduced infil-
tration of the CNS by immune cells may contribute to the lower
susceptibility of CD137L�/� mice to EAE.

Reduced cytokine secretion by CNS infiltrating T-cells in
CD137L �/� EAE mice
IFN-� secreted by Th1 cells and IL-17 produced by Th17 cells play
an important role in the pathology of EAE (Murphy et al., 2010).
To investigate whether the reduced T-cell numbers in the CNS of
CD137L-deficient mice result in lower numbers of IFN-�- and
IL-17-producing T-cells, spinal cord mononuclear cells of WT
and CD137L�/� EAE mice were isolated at day 18 p.i., restimu-
lated ex vivo and stained for intracellular IFN-� and IL-17A. The
percentage and absolute number of CNS infiltrating CD4�

T-cells that secrete IFN-� and IL-17A were reduced in
CD137L�/� EAE mice when compared with WT mice (Fig.
3A,B). In summary, our data suggest CD137L is critical for the

recruitment and/or reactivation of Th1 and Th17 cells in the spi-
nal cord of EAE mice.

Impaired upregulation of VCAM-1 in the CNS of CD137L �/�

EAE mice
Infiltration of immune cells into the CNS follows the breakdown
of the blood– brain barrier. The extravasation of leukocytes into
the CNS is mediated by adhesion molecules upregulated on in-
flamed vascular endothelium, such as VCAM-1 (Engelhardt and
Ransohoff, 2005). Since we observed impaired T-cell and mono-
cyte infiltration in the CNS of CD137L�/� EAE mice, we com-
pared the expression of VCAM-1 on the vascular endothelium of
CD137L�/� and WT EAE mice. VCAM-1 was highly expressed
on vascular endothelial cells in the CNS of WT but not
CD137L�/� EAE mice (Fig. 4A,B). These data indicate that
CD137L deficiency is associated with decreased endothelial
VCAM-1 expression, which likely contributes to the reduced leu-
kocyte infiltration to the CNS and a reduced EAE pathogenesis.

Discussion
In this study, we examined the role of CD137L costimulation and
its importance in the development of EAE. Our results show that
CD137L�/� mice are highly resistant to EAE induction and the
associated demyelination. Their resistance correlated with re-
duced cytokine secretion by lymph node cells, which suggests a
critical role for CD137L in the priming of T-cells during EAE.
Furthermore, fewer immune cells were present in the CNS of
CD137L�/� mice indicating that CD137L is important for traf-
ficking and/or stimulation of immune cells in the CNS, a key
event in the pathogenesis of EAE (Goverman, 2009). CD137L was
found to play an important role for the recruitment and/or acti-
vation of IFN-� and IL-17A secreting CD4� T-cells in the CNS.
The reduced cytokine production and CD137 cell surface expres-
sion of CD4� T-cells in the CNS of CD137L�/� mice could lead
to impaired activation of microglia cells. IFN-� and IL-17A up-
regulate MHC-class II and costimulatory molecules on microglia
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Figure 4. Reduced VCAM-1 expression in spinal cord of CD137L �/� mice at the peak of EAE. A, Spinal cord sections from WT
(top) and CD137L �/� (bottom) MOG-immunized mice at day 18 p.i. were stained for CD31 (red), VCAM-1 (green) and DAPI (blue).
Staining was analyzed by fluorescence microscopy. B, Quantification of the VCAM-1 � endothelial cells in the spinal cord. Results
show average area of double-positive cells � SEM (n � 6). Images are representative of two independent experiments.
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(Murphy et al., 2010) and CD137�CD4� T-cells may stimulate
CD137L-dependent killing of myelin-producing oligodendro-
cytes by microglia (Yeo et al., 2011). These results suggest that
CD137L could regulate several important steps required for EAE
development.

A key event in the pathogenesis of EAE is the migration of
leukocytes from blood vessels into the CNS (Engelhardt and
Ransohoff, 2005). Several studies have shown the involvement
of CD137-CD137L signaling in leukocyte recruitment at sites
of inflammation (Drenkard et al., 2007; Jeon et al., 2010).
Here, we observed reduced cellular infiltrates in the CNS of
CD137L-deficient mice, suggesting that CD137-CD137L in-
teractions may affect inflammatory cell trafficking to the CNS.
The adhesion molecule VCAM-1 binds to VLA-4 expressed by
leukocytes and is an essential factor for leukocyte extravasa-
tion to the CNS (Cruz-Orengo et al., 2011). CD137L might be
critical for VCAM-1 expression as engagement of CD137 on
the vascular endothelial cells by an agonistic CD137 antibody
was shown to increase the expression of VCAM-1, ICAM-1
and E-selectin, leading to enhanced recruitment of T-cells in a
tumor model (Palazón et al., 2011). In line with these studies,
we observed decreased VCAM-1 expression in the CNS of
CD137L �/� EAE mice. In addition, VCAM-1 upregulation is
induced by TNF-� (Gimenez et al., 2004), which we found
reduced in CD137L-deficient mice. The decreased VCAM-1
expression in the CD137L �/� mice correlated with reduced
leukocyte infiltration to the CNS.

In contrast to our findings, two studies observed that stimu-
lation of CD137 using an agonistic anti-CD137 antibody reduced
the severity of EAE (Sun et al., 2002; Kim et al., 2011). Stimulating
CD137 in vivo using an agonistic antibody overactivated T cells,
which lead to deletion of pathogenic T cells. Moreover, anti-
CD137 antibody treatment inhibited the generation of Th17 cells
and instead skewed T-cell differentiation toward Tregs. Recent
studies found that engagement of CD137 on Tregs enhanced their
immune suppressive capacity (Elpek et al., 2007; Zhang et al.,
2007). These results support the possibility that agonistic anti-
CD137 antibody treatment may lead to reduce EAE pathogenesis
by enhancing the activity of Tregs. Contrary to the enhancement
of Tregs numbers observed in the previous studies we found sim-
ilar numbers of Tregs in the spleens of WT and CD137L�/� EAE
mice, but reduced numbers of Tregs in the spinal cord of
CD137L�/� mice. These results suggest that Tregs do not contrib-
ute to the protection of CD137L�/� mice from EAE. Another
explanation for the differences observed by Sun et al. (2002) and
Kim et al. (2011) and our study may be due to the bidirectional
signaling in CD137-CD137L system. The use of agonistic anti-
CD137 antibody is expected to maintain or even enhance signal-
ing through CD137 while signaling through CD137L would be
reduced as CD137 is bound to the antibody. However, in
CD137L-deficient mice both signaling of CD137 as well as that of
CD137L are abrogated. The CD137L reverse-signal transduction
pathway is thought to amplify inflammatory reactions. A recent
study showed that triggering the CD137L signaling pathway in
epithelial cells was sufficient to initiate acute tissue inflammation
(Kim et al., 2012). This can explain why in our system the lack of
CD137L signaling leads to a reduced inflammation of the CNS
and therefore reduced EAE susceptibility of CD137L�/� mice.

In summary, our data show that CD137L�/� mice are largely
resistant to EAE. We present evidence that CD137L is important
for the activation of encephalitogenic T-cells effector function
and trafficking to the CNS. The reduced infiltration of T-cells and
inflammatory monocytes into the CNS correlated with impaired

VCAM-1 upregulation. The demonstration of a key role of
CD137L costimulation in EAE may have important implications
for MS, and our data suggest that CD137L could be a promising
target for intervention in MS and possibly other autoimmune
diseases.
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