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Abstract
IL-17- and IFN-γ-secreting T cells play an important role in autoimmune responses in multiple
sclerosis and the model system experimental autoimmune encephalomyelitis (EAE). Dendritic
cells (DCs) in the periphery and microglia in the CNS are responsible for cytokine polarization
and expansion of this T cell subset. Our results indicate that in vivo administration of a signal
transduction inhibitor that targets DCs to mice with EAE led to a decrease in CNS infiltration of
pathogenic Ag-specific T cells. Since this approach does not target T cells directly, we assessed
the effects on the APCs that are involved in generating the T cell responses. Since in EAE and
multiple sclerosis, both microglia and peripheral DCs are likely to contribute to disease, we
utilized a bone marrow chimera system to distinguish between these two populations. These
studies show that peripheral DCs are the primary target but that microglia are also modestly
affected by CEP-701, as numbers and activation states of the cells in the CNS are decreased after
therapy. Our results also showed a decrease in secretion of TNF-α, IL-6, and IL-23 by DCs as
well as a decrease in expression of costimulatory molecules. We further determined that levels of
phospho-Stat1, Stat3, Stat5, and NF-κB, which are signaling molecules that have been implicated
in these pathways, were decreased. Thus, use of this class of signal transduction inhibitors may
represent a novel method to treat autoimmunity by dampening the autoreactive polarizing
condition driven by DCs.

The pathogenesis of many autoimmune diseases is dependent on activation of CD4+ T cells.
While most current therapies for autoimmune disorders have targeted T cells, which are the
direct mediators of autoimmune diseases, the contribution of dendritic cells (DCs)3 to
autoimmune disease has been more extensively examined in recent years. We have focused
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on inhibiting the DCs as a method to decrease the autoreactive response. Our previous
studies and those of others showed that signaling through FLT3 helps to maintain survival in
DCs, and that inhibition of DCs with the kinase inhibitor CEP-701 led to the improvement
of established disease in a mouse model for multiple sclerosis (MS), experimental
autoimmune encephalomyelitis (EAE). In the present report, we have extended these
findings to investigate both peripheral DCs and CNS-resident microglia as targets for this
therapy and to identify more detailed mechanisms of action.

Both peripheral DCs and CNS-resident microglia are likely to participate in the presentation
of myelin proteins to T cells. The exact mechanism by which autoimmunity is generated is
not known, and while ultimately the pathology of both MS and EAE resides in the CNS, Ag
presentation to T cells may occur in the periphery, with subsequent trafficking of activated T
cells to the CNS (1). There is also evidence that T cells can be activated within the CNS (2).
Thus, it is likely that during some phases of disease, both APCs in the periphery and CNS-
resident APCs contribute to T cell activation, as further suggested by studies showing the
activation of T cells by peripheral DCs as well as trafficking of those DCs into the brain (3).
Resident microglia have been shown to be important for Ag presentation and additionally as
mediators of epitope spreading (4-7). Further evidence for an important role of microglial
activation in the pathogenesis of EAE was shown in a recent study in which a chemical
inhibitor of microglial activation led to an improvement in EAE (8). Thus, targeting both of
these populations of APCs could be potentially beneficial.

DCs provide an attractive target both because of their potential to activate and polarize
autoreactive T cells and because of their secretion of cytokines that help to recruit other cells
to the site. Additionally, in some cases, DCs and microglia may have direct pathogenic
effects themselves. Thus, we evaluated the effects of inhibiting signal transduction on both
the stimulatory and cytokine profiles of DCs. Specifically, major functions of DCs in
activating autoreactive responses include stimulation of T cells, and through the skewing of
immune responses. In this light, one particular cytokine that has come into focus recently for
its possible role in autoimmune disease is IL-23. IL-23 was first reported in 2000 as a
cytokine that shared the p40 subunit of IL-12 but had some significantly different properties
(9). The secretion of IL-23 and the generation and expansion of Th17 cells have been shown
to be contributory to several autoimmune disease models, including diabetes (10), arthritis
(11), and EAE/MS (12-15). Studies have indicated that secretion of a number of cytokines is
likely to be important in the generation and expansion of Th17 cells; while IL-23 plays a key
role in expansion of Th17 cells, IL-6, IL-21, and TGFβ are thought to be critical for lineage
differentiation (16-21).

CEP-701 was originally developed as a FLT3 inhibitor because of its relative selectivity for
this pathway (22). We initially evaluated the use of CEP-701 in DCs because of the well-
known role of FLT3 in DC development. For example, in vivo administration of FLT3
ligand (FL) generates large numbers of functional DCs (23, 24), and mice lacking either FL
(25) or receptor (26) have significant deficiencies in DC populations. Our previous studies
showed that mature DCs express active FLT3 and that treatment of DCs with CEP-701
inhibited its phosphorylation (27). As further evidence of the importance of this molecule in
generating autoimmune disease, another study showed that treatment of mice with a FL-Ig
led to a worsening of EAE (28). We show in the present report that mice deficient in FL
have a delayed onset of disease. Based on these and additional reports demonstrating the
importance of FLT3 in DC development and function, our hypothesis is that at least a part of
the mechanism of disease amelioration is due to inhibition of FLT3 in DCs. However, as
with most drugs, there is not absolute specificity, and other pathways, including Jak2 (29),
may possibly be targets as well.
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Many cytokines that are important for DC function depend on signaling through NF-κB
(30), Stat1, Stat3, and Stat5 (31). NF-κB has been shown in multiple systems to have an
impact on both survival and cytokine secretion in DCs (32-34), including regulating
expression of both IL-6 (35), which has been shown to be a proinflammatory cytokine in the
context of EAE/MS (3), and IL-23 (30). Thus, we also analyzed the effects of CEP-701 on
downstream signaling molecules and the subsequent impact on cytokine expression.

Materials and Methods
Mice

Mice were purchased from the National Cancer Institute (except where noted otherwise) and
maintained in the Johns Hopkins Oncology Animal Facility. All procedures were conducted
under approved protocols, and mice were euthanized at appropriate signs of distress for the
studies involving EAE. The 2D2 mice were a gift from Dr. V. Kuchroo (Harvard Medical
School) and maintained in the Johns Hopkins University animal facility. FL-deficient mice
(25) were bred and maintained in the Johns Hopkins University animal facility. Bone
marrow-derived dendritic cell (BMDCs) were generated by flushing bone marrow from the
femurs and tibias, and the cells were propagated by following a modified protocol (36). Day
8 and day 10 DCs were used for the experiments as noted. ELISA kits were purchased from
Pierce (for TNF and IL-6) and eBiosciences (IL-23) and used according to the
manufacturer’s recommendations.

2D2 CD4+ isolation
Spleens and lymph nodes were harvested from 8-wk-old naive 2D2 female mice. A single-
cell suspension was prepared, RBCs were lysed in hypotonic buffer (ACK lysis buffer;
BioSource International/BioFluids), and CD4+ cells were selected with a MACS CD4
negative selection kit (Miltenyi Biotec) and LS columns (Miltenyi Biotec) per the
manufacturer’s instructions. After selection, cells were counted and the viability was
determined by trypan blue exclusion (>99%), while the purity based on Vα3.2, Vβ11, and
CD4 (>92%) was assessed by FACS (BD FACSCalibur; BD Biosciences). Immediately
following isolation, cells were injected i.v. into mice.

Western analysis
Western analysis was conducted as previously described (27) for experiments utilizing
whole cell lysates. Nuclear extracts were isolated using NE-PER extraction reagents from
Thermo Scientific. Abs were purchased from Cell Signaling Technologies.

Perfusion and immunostaining
Mice were processed with some modifications, according to methods described in Curtin et
al. (37). Mice were anesthetized with 1 ml of Avertin (Sigma-Aldrich) and perfused through
the left cardiac ventricle with 30 ml of oxygenated Tyrode’s solution (Sigma-Aldrich) plus
10 U/ml heparin (Sigma-Aldrich). The forebrain and cerebellum were dissected and spinal
cords flushed out with HBSS (Invitrogen) by hydrostatic pressure. CNS tissue was passed
through a cell strainer and pelleted and digested in HBSS-based enzyme solution of DNAseI
(0.1 mg/ml) (Roche) and Liberase Blendzyme 2 (0.03 mg/ml) (Roche) for 15 min at 37°C
with intermediate shaking. Ten milliliters and 5 ml of enzyme solution were used for brain
and cord, respectively. Enzyme digestion was followed by blocking solution (10% FCS, 10
mM EDTA in HBSS) for 5 min with 40 and 20 ml per brain and cord, respectively. The
tissue was pelleted and resuspended in 5 ml of 30% isotonic Percoll (GE Healthcare)
(diluted with 10x HBSS (Invitrogen) and distilled water). The tissue was underlaid with 5 ml
of 70% isotonic Percoll. Mononuclear cells were isolated from the 30/70 interphase after
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gradient centrifugation. Collected cells were washed in 7× volume of FACS buffer (2 mM
EDTA, 5% FCS in PBS), pelleted, and counted.

Cells were resuspended in FACS buffer and stained with anti-mouse CD16/CD32 (BD
Biosciences) for 5 min and afterward with different combinations of Abs CD45.1-FITC,
CD45.2-PE, CD45.1-allophycocyanin (eBioscience), CD11b-PECy7, CD11b-PerCP-Cy5.5,
CD11c-allophycocyanin, CD86-PE, CD4-PerCP, Vα3.2-FITC, and Vβ11-PE (BD
Biosciences) for 20 min at 4°C. For intracellular cytokine staining, cells were isolated as
described and stimulated in culture medium containing PMA (50 ng/ml; Sigma-Aldrich),
ionomycin (1 μg/ml; Sigma-Aldrich), and monensin (GolgiStop, 4 μl/6 ml; BD Biosciences)
at 37°C in a humidified 5% CO2 atmosphere for 4 h. After CD16/CD32 blocking and
staining of surface markers (Vα3.2, Vβ11, and CD4), cells were fixed and permeabilized
using Cytofix/Cytoperm and Perm/Wash buffer from BD Biosciences according to the
manufacturer’s instructions. The cells were stained with IL-17-allophycocyanin
(BioLegend), IFN-γ-PerCP-Cy5.5 (eBioscience), and corresponding isotype controls. Cells
were incubated (1:100) at 4°C for 20 min and washed twice in Perm/Wash before analysis.
All analysis was done using four-color BD FACSCalibur (BD Biosciences).

EAE induction
EAE was induced by injecting the mice s.c. (into the flanks) with 200 μl of an emulsion (1:1
PBS/CFA, made by syringe extrusion) containing 100 μg of myelin oligodendrocyte
glycoprotein (MOG)35–55 peptide (MEVG WYRSPFSRVVHLYRNGK) (Invitrogen) in
PBS and 400 μg of Mycobacterium tuberculosis extract H37Ra (Difco) in CFA (Sigma-
Aldrich). Additionally, the mice received 200 ng of pertussis toxin (List Biological
Laboratories) i.v. after immunization and 48 h later. In some experiments, 5 × 106 2D2
CD4+ T cells were adoptively transferred i.v. before immunization. When needed, mice
were injected with either vehicle control or CEP-701 (Cephalon) (20 mg/kg, twice a day, 12
h apart) for 8 days before tissue harvest. Clinical signs of EAE were assessed by a blinded
observer based on the following scale: 0, no abnormalities noted; 0.5, loss of tail tonicity; 1,
loss of tail reflex; 2, affected gait; 2.5, hind limb paresis; 3, full hind limb paralysis; 3.5
front limb paresis; 4, front and hind limb paralysis; 5, moribund/death.

Statistical analysis
All statistics shown were conducted using the GraphPad Prism program. Unless otherwise
indicated, t tests were conducted to determine statistical significance.

Results
Signaling through FLT3 contributes to EAE pathogenesis

To delineate the role of FLT3 in EAE, we compared the course of disease in wild-type mice
and mice deficient in FL. Fig. 1 shows that mice lacking FL (denoted FLT3L−/−) developed
a later course, with a significant delay in progression of disease. An analysis of the area
under the curve shows that there is a significant difference in disease severity until a plateau
at approximately day 30 (p = 0.016), at which time the difference becomes not significant,
although there was a trend toward less severe disease, indicating that signaling through
FLT3 contributes to the pathology of EAE.

In vivo administration of CEP-701 decreases numbers of Th17 and Th1 2D2 cells in the
CNS

Our previous studies showed that treatment of mice with CEP-701 significantly improved
the clinical course of established disease in mice inflicted with EAE (27). The present
studies were designed to assess the mechanisms behind the observed therapeutic effect.
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Because it is ultimately activated T cells that cause disease, we first utilized a model system
in which we could directly assess changes in the numbers and characteristics of Ag-specific
pathogenic T cells that infiltrated into the CNS. For these studies, we tracked T cells that are
specific for MOG (obtained from the 2D2 transgenic mice) (38) in control and treated mice
and analyzed their numbers and phenotypes after treatment. In these experiments, we first
adoptively transferred 2D2 T cells into host C57BL/6 mice, which were then immunized
with MOG35–55 and treated with either the vehicle control or CEP-701. Eight days later,
mice were perfused, and brains and spinal cords were harvested. Cells were analyzed for
TCR markers identifying the 2D2 T cells and for intracellular production of IL-17 and IFN-
γ. Our results show that treatment with CEP-701 decreased both the infiltration of 2D2 cells
into the CNS as well as their secretion of these two critical cytokines (Fig. 2). This decrease
in influx and/or reactivation of Th17 cells may account for a significant part of the observed
beneficial effect of the therapy.

CEP-701 therapy in vivo diminishes the numbers and activation states of both peripheral
DCs and microglia in the CNS

Our previous studies had shown that this therapy targeted DCs and that downstream effects
on T cell responses were likely due to the effects on the DCs and not to direct effects on the
T cells themselves (27). We thus sought to assess the impact of CEP-701 therapy on the DCs
in the periphery that migrated into the CNS as well as on the resident microglia. Although
pathogenic T cells exert their effects in the CNS, their activation is dependent on their
interactions with APCs, whether by DCs in the periphery or by microglia in the CNS.
Peripheral DCs migrate into the brains in EAE, so to be able to distinguish these infiltrating
cells from resident microglia, we utilized a bone marrow chimera system in which we could
differentiate the origin of APCs that were found in the brain at a given point during the
course of disease. To differentiate these cell types, we first transplanted C57BL/6 (CD45.2)
mice with bone marrow from the congenic CD45.1 B6.SJL donor mice and allowed them
sufficient time to fully engraft. Thus, the peripheral blood and bone marrow of these mice
express CD45.1 on their hematopoietically derived cells, but the microglia retain expression
of CD45.2. Following engraftment, mice were immunized with MOG35–55 and treated with
either vehicle control or CEP-701. The mice were treated for 8 days and then they were
perfused and their brains and spinal cords were analyzed to determine the origin and
phenotype of the APCs present. After immunization, there was a high level of trafficking of
peripherally derived DCs into the brains, as expected. Treatment of mice with CEP-701 led
to a decrease in numbers in the CNS of both peripherally derived DCs and resident
microglia (which also express FLT3, data not shown), although to a much lesser extent than
do peripheral DCs at this time point. This suggests that at least part of the mechanism of
action may be through decreasing the numbers of both of these types of APCs that are found
in the brain during EAE. Additionally, there was a consistent decrease in the percentage of
CD86high cells in both peripherally derived DCs and in microglia, indicating a decrease in
the activation state of both infiltrated and resident APCs (Figs. 3 and 4).

Signal transduction inhibition decreases the secretion of IL-23, IL-6, and TNF-α and the
expression of costimulatory molecules by DCs

To further dissect the mechanism by which FLT3 inhibition has efficacy in this autoimmune
disease model, we also tested whether other cytokines known to contribute to an
inflammatory/autoimmune state are decreased in cultured DCs by treatment with CEP-701.
For these studies, BMDCs were generated in culture and then treated with CEP-701.
Supernatants were harvested for the analysis of cytokine secretion and FACS for analysis of
costimulatory molecule expression. As shown in Fig. 5a, decreases in IL-23 TNF and IL-6
were observed by ELISA at time points that precede apoptosis (which occurs at >24 h after
exposure).
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DC-mediated stimulation of T cells occurs through the expression of costimulatory
molecules by DCs that directly interact with cognate molecules on T cells. Therefore, we
also measured levels of expression of CD86 and CD40 after treatment. Cells were treated as
above and analyzed for expression of annexin V and costimulatory molecules. As shown in
Fig. 5b, both CD86 and CD40 were significantly decreased in viable cells (gated on annexin
V-negative cells) after exposure to drug. Thus, the effects of CEP-701 in ameliorating EAE
may be mediated in part not only by induction of DC apoptosis but also through a decrease
in DC function as well.

Decrease of NF-κB, Stat1, Stat3, and Stat5 in DCs after treatment
We hypothesized that one mechanism of action of signal transduction blockade in DCs
leading to the observed changes in cytokine secretion and costimulatory expression was
through the disruption of downstream signaling pathways. We thus assessed effects of
CEP-701 treatment of DCs on signaling pathways known to be important components in the
production of cytokines. For these studies, DCs were generated as above and exposed to
vehicle or inhibitor for the indicated times and then analyzed by Western analysis.
Treatment of DCs with CEP-701 led to a decrease in NF-κB activation (Fig. 6a), which
could help to explain the decrease in inflammatory cytokine expression that we observed in
vivo.

We also assessed the impact of treatment on the phosphorylation/activation state of Stat1,
Stat3, and Stat5 (Fig. 6b). The results show a decrease in Stat1 (albeit to a much lesser
degree), Stat3, and Stat5 activation after inhibition, indicating the possibility that these
molecules may also play a part in generating a therapeutic effect.

Discussion
Our studies suggest that using a signal transduction inhibitor to target pathways in APCs
may be a novel method to limit the trafficking of peripheral DCs into the brain and
concomitant pathogenic T cell responses. Th17 cells have been shown to be required for
EAE, at least in some settings and stages of disease (39-41). We used the MOG-specific
transgenic 2D2 T cells to assess the infiltration of Ag-specific Th17 cells into the CNS and
showed that there was a significant decrease in the numbers of these cells following
treatment. While IL-17 has recently come into focus as being a critical cytokine in EAE,
there is evidence that Th1 cells also play a role in disease at certain time points (42), and
activation of these cells may constitute an independent event (43). Our results that IFN-γ-
secreting 2D2 cells were also decreased suggest the potential for this therapy to inhibit the
influx of Th1 cells into the CNS as well. Our previous studies showed that T cells are not
direct targets for this class of inhibitors (27), and thus blocking this pathway in DCs may
provide a novel means to diminish autoimmunity by inhibiting the activation of autoreactive
T cells. CEP-701/lestaurtinib was originally developed for its selectivity against FLT3;
however, it has been shown to inhibit Jak2 as well (29). To support our hypothesis that
FLT3 plays a role in the pathogenesis of EAE, we compared the course of disease in wild-
type mice and those deficient for FL. The mice deficient for FL had a significant delay in the
onset and progression of disease, indicating that FLT3 contributes to the severity of disease.
Thus, we hypothesize that while other targets may also be involved, FLT3 signaling is an
important pathway in this disease process.

We assessed the effects of treatment of mice with CEP-701 on both peripherally derived
DCs and CNS derived-microglia in EAE. Although their relative contributions to the
activation and reactivation of pathogenic T cells have not been clearly demonstrated,
numerous studies have shown that both cell types likely play a role in disease. In EAE, mice
are immunized peripherally, thus initiating the response outside the CNS, and many studies
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have shown that infiltration of peripherally derived CD11c+ DCs mediate disease and are
necessary for lesion formation in EAE. It was recently shown that migration of monocyte-
derived DCs in the inflamed brain leads to stimulation of pathogenic Th17 responses as a
result of blood-brain barrier-secreted factors (13). However, microglia are likely to be
involved in the reactivation of T cells and possibly in the initial onset of disease (44).
Activation of microglia has been shown to be necessary for the onset of disease in some
settings (45). Additionally, one recent study evaluated mice relatively early in the course of
disease and identified areas of microglial inflammation, with magnetic resonance imaging
results paralleling those of MS in humans (46). Furthermore, resident microglia may also
present Ag and thus contribute to ongoing disease. Recent studies showed that Th1 and
Th17 cells preferentially migrate across the blood-brain barrier, and that expansion of Th17
cells occurs locally (47). Our studies show that there was a dramatic decrease in both the
numbers and the activation states of peripherally derived DCs and a more subtle effect on
microglia at a relatively early time point. These findings may account for the decrease in
activation and migration of activated pathogenic T cells observed. While in the early stages
of disease, it is likely that the influx of peripheral DCs is primarily responsible for pathology
in this model system, it is possible that activated CNS-resident microglia may play a greater
role in later stages of the process and in human disease, which may be due either to directly
targeting microglia or alternatively could be a secondary result from the earlier events.

Cytokine secretion by DCs is necessary for activation as well as for polarization of T cells.
Because of the significance of IL-23 and IL-6 (48) in the generation and/or expansion of
Th17 cells, we analyzed these cytokines as well as TNF-α, which perpetuates the
inflammatory process through recruitment of cells and also has the potential for direct
toxicity. IL-6 has been associated with a number of autoimmune conditions, including
rheumatoid arthritis, systemic lupus erythematosus, MS, transverse myelitis (49), and others.
IL-6 is proposed to work both by generating the recruitment of inflammatory cells and by
contributing to the differentiation of Th17 cells as mentioned above. As T cells are not
directly affected by CEP-701 (27), the change in secretion of both IL-23 and IL-6 could
have a significant impact on the reduction of Th17 cells in this setting.

We next sought to assess whether CEP-701 treatment of DCs would affect pathways that are
potentially important for DC function, and thus we assessed changes in activation of some of
these molecules that are known to participate in DC survival and/or function. We first
analyzed NF-κB activation since many of the inflammatory and activation-inducing
cytokines are mediated by NF-κB (50-52). NF-κB has been shown in multiple systems to
have an impact on both survival and cytokine secretion in DCs (32-34), including mediating
expression of IL-6 (35) and IL-23, in that mice deficient in the c-Rel component of NF-κB
had significantly diminished p19 production, indicating the importance of this pathway in
IL-23 generation (30). Our results show that CEP-701 inhibited the activation of NF-κB,
suggesting that may this pathway be a mediator involved in the suppression of DC
activation.

We also analyzed Stat1 and Stat5, which have been identified as transcription factors that
were up-regulated after stimulation of DCs with GM-CSF, indicating that they may play a
role in activation of DCs (53). The importance of Stat5 was also shown in mice deficient in
this molecule, which showed defects in growth and proliferation of monocytes (54).
Furthermore, relevant to both activity and survival, during the final maturation stages of
myeloid differentiation, Stat5 was shown to have an antiapoptotic effect (55). Stat3 has been
shown to play an indispensable role in mediating effects of FLT3 on development of DCs in
that mice deficient for Stat3 had significantly lower numbers of DCs and did not respond to
FL stimulation (56). Furthermore, forced expression of FLT3 in the megakaryocyte/
erythroid progenitor population led to an activation of Stat3 (57), providing additional
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evidence for the linkage of these two pathways. Since FLT3 is a target of CEP-701, we
evaluated levels of phospho-Stat3 and Stat5, which were significantly decreased after
treatment, while pStat1 was less affected. This finding suggests that there is specificity to
the pathways targeted by CEP-701 and that general induction of apoptosis may not be
entirely responsible for the observed effects and that the effects of inhibiting signaling may
be mediated by specific downstream pathway molecules. The exact pathway by which these
inhibitors have this effect is not known. Previous studies have indicated that the inhibition of
Stat3 and Stat5 phosphorylation by CEP-701 is likely an indirect effect of inhibiting FLT3
kinase activity, as FLT3 is not known to directly phosphorylate the Stats (58). Also, no
tyrosine kinase inhibitors studied to date are specific for a single kinase, so some fraction of
the reduced phosphorylation observed could be due to CEP-701 inhibiting another kinase
pathway that also leads to Stat phosphorylation.

Results of our studies thus indicate that CEP-701 treatment of mice with EAE led to a
decrease in the influx of pathogenic Th17 cells and APCs capable of reactivating them in the
brain. Taken together, these findings suggest that targeting signaling pathways in DCs may
be a novel method to treat autoimmune disease by decreasing these downstream pathogenic
responses.
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FIGURE 1.
Mice deficient in FL have a delayed onset of EAE. EAE was induced in age-matched wild-
type or FL−/−) mice. No therapy was given to either group; mice were scored daily. Shown
is the course of disease, with the averages and SEM for each group (10 mice/group); this
result is representative of three independent experiments. Difference in disease course was
significant up to day 30 by area under the curve analysis.
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FIGURE 2.
Treatment of mice with CEP-701 decreases trafficking into CNS and IL-17 and IFN-γ
expression of pathogenic 2D2 cells. Purified CD4+ 2D2 cells were injected into C57BL/6
mice, which were then immunized with MOG35–55. Mice were treated for 8 days with either
vehicle control or CEP-701. Mice were then perfused, brains and spinal cords harvested, and
single-cell suspensions were prepared for FACS analysis. Cells were analyzed for Vα3.2/
Vβ11/IFN-γ and IL-17. Representative FACS plots are shown as well as all data points.
Each point shown on the graph represents three pooled mice from two different experiments.
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FIGURE 3.
Treatment of mice with CEP-701 decreases trafficking of peripheral DCs into the brain and
their activation state. Bone marrow chimeras (CD45.1→CD45.2) were established such that
peripherally derived DCs (CD45.1) could be distinguished from CNS-resident microglia
(CD45.2). EAE was induced and mice were treated for 8 days with either vehicle control or
CEP-701 (20 mg/kg, twice daily). Mice were perfused and brains and spinal cords were
harvested and prepared for FACS analysis. Cells were analyzed for expression of CD11c,
CD45.1, CD45.2, and CD86. Shown are representative plots from individual mice and
graphs of all mice. Each point shown on the graph represents three pooled mice from two
different experiments.
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FIGURE 4.
CEP-701 decreases the numbers and activation state of brain-resident microglia. EAE was
induced in the CD45.1→CD45.2 transplanted mice, which were then treated for 8 days with
either vehicle control or CEP-701. Mice were then perfused and brains were harvested and
prepared for FACS analysis. Cells were analyzed for expression of CD11c, CD45.1,
CD45.2, and CD86. Shown are representative plots from individual mice and graphs of all
mice. Each point shown on the graph represents three pooled mice from two different
experiments.
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FIGURE 5.
a, CEP-701 decreases production of IL-23, IL-6, and TNF by DCs. BMDCs were treated
with no inhibitor (vehicle, labeled V) or the concentrations of CEP-701 shown on the graph
for ~12 h before analysis. Supernatants were harvested and cytokine quantification was
conducted by ELISA. The results of these studies are shown in each graph; a representative
result is shown for each cytokine and is representative of three to five experiments for each.
b, CEP-701 decreases costimulatory molecule expression in annexin V-negative DCs.
BMDCs were treated for 16 h and then labeled with Abs to CD11c, annexin V, and either
CD86 (top) or CD40 (bottom). Shown are histograms of these two molecules, gated on
CD11c+annexin V− cells, and a graph with statistical analysis for three different
experiments.
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FIGURE 6.
CEP-701 targets specific signaling pathways necessary for DC function. BMDCs were
treated with no CEP-701 (vehicle) or 50 nM CEP-701 for 1 h to assess changes in signaling
molecules. Cells were lysed and either nuclear extracts (for NF-κB) (a) or whole cell lysates
(for pStat1, pStat3, and pStat5) (b) were prepared. Shown are representative Western
analyses for these molecules and densitometry analysis.
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