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BACKGROUND AND PURPOSE
In contrast to T-cell priming in the periphery, therapeutic strategies targeting the initiation step of T-cell trafficking into the
CNS have not been extensively investigated. In this study, we examined the effect of NSC-87877, a potent Src homology
2-containing protein tyrosine phosphatase 2 (SHP-2) inhibitor, on experimental autoimmune encephalomyelitis (EAE) and
elucidated its unique mechanism of action.

EXPERIMENTAL APPROACH
C57BL/6 mice were immunized with myelin oligodendrocyte glycoprotein35–55 and monitored for clinical severity of disease
and histopathological features in the CNS. Levels of cytokines in serum were measured by ELISA. Effects of NSC-87877 on
expressions of chemokines and cytokines in the CNS were determined by quantitative PCR.

KEY RESULTS
NSC-87877-treated mice developed conventional TH1 and TH17 responses, but were highly resistant to the induction of EAE.
NSC-87877 decreased the accumulation of lymphocytes in the CNS and increased the functional expression of chemokine
receptor CXCR7 on CD8+ T-cells. Adoptive transfer of T-cells from 2D2-transgenic mice restored EAE susceptibility in
NSC-87877-treated mice, indicating that NSC-87877 only targets the initial migration of pioneer T-cells. Furthermore,
T-cell-conditioned SHP-2-deficient mice treated with NSC-87877 were no longer resistant to EAE, suggesting that inhibition of
SHP-2 contributes to the amelioration of EAE by NSC-87877.

CONCLUSIONS AND IMPLICATIONS
NSC-87877 almost completely abolished the development of EAE by blocking the initial infiltration of pioneer CD8+ T-cells
into the uninflamed CNS. These results reveal a critical role for SHP-2 in regulating EAE pathogenesis and indicate that
NSC-87877 is a potential candidate for the treatment of relapsing-remitting multiple sclerosis.
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Abbreviations
BBB, blood–brain barrier; cSHP-2 KO, conditional SHP-2 knockout mice; CXCL, CXC chemokine ligand; CXCR, CXC
chemokine receptor; EAE, experimental autoimmune encephalomyelitis; MOG, myelin oligodendrocyte glycoprotein;
MS, multiple sclerosis; NSC-87877, 8-hydroxy-7-[(6-sulfo-2-naphthyl)azo]-5-quinolinesulfonic acid; SHP-2, Src homology
2-containing protein tyrosine phosphatase 2; TH, T helper

Introduction
Multiple sclerosis (MS) is an inflammatory disease of the CNS
that affects approximately 400 000 young and middle-aged
adults in the USA and 2.5 million individuals worldwide
(Noseworthy et al., 2000; Pelletier and Hafler, 2012).
Although its prevalence is only approximately 1 case per
1000 individuals in Europe and the USA, MS places a heavy
burden on both societies and individuals, as it severely
impairs a persons physical and social functions in the most
productive years of their life (Kobelt et al., 2000; Petermann
and Korn, 2011; Pelletier and Hafler, 2012). MS is classified
into four subtypes: relapsing-remitting MS, secondary pro-
gressive MS, primary progressive MS and progressive-
relapsing MS. In more than 80% of patients the disease is
initially manifest as a relapsing-remitting condition with
unpredictable clinical exacerbations of neurological symp-
toms (Miller and Rhoades, 2012; Miller, 2012). The goal of MS
therapy is to decrease the annual relapse rate and to prevent
the progression of disease and accumulation of physical dis-
abilities (Fox, 2010; Fox and Rhoades, 2012). Current disease-
modifying treatments for relapsing-remitting MS, such as
IFN-β, glatiramer acetate and natalizumab, have shown mar-
ginal efficacy or have significant safety concerns (De Jager
and Hafler, 2007; Singer et al., 2011; Chen et al., 2012; Fox
and Rhoades, 2012; Saidha et al., 2012). Thus, novel thera-
peutic strategies or new drugs are urgently required for the
treatment of relapsing-remitting MS.

In MS and its corresponding animal model, experimental
autoimmune encephalomyelitis (EAE) (Hemmer et al., 2006),
aberrant autoreactive T-cells combined with a dysfunctional
immune system play an important role (Hafler, 2004; Qin
et al., 2010). Multiple lines of evidence indicate that CD4+ T
helper cells (particularly TH1 and TH17 cells) are involved in the
pathogenesis of EAE and MS at different phases/stages and
sites of disease (Bettelli et al., 2004; Tzartos et al., 2008).
Although traditional studies have suggested the almost exclu-
sive role of CD4+ T-cells in MS, several lines of evidence
indicate that CD8+ T-cells are also potentially important in this
disease (Steinman, 2001; Neumann et al., 2002; Lassmann and
Ransohoff, 2004; Johnson et al., 2010; Mars et al., 2011;
Saxena et al., 2011). CD8+ T-cells are activated in the periphery
and then migrate into the CNS, where they reactivate, undergo
clonal expansion and cause targeted cell death (Kivisakk et al.,
2004; Lehner and Cresswell, 2004; Zang et al., 2004; Friese and
Fugger, 2005). Other studies have suggested that as compared
with CD4+ T-cells, CD8+ T-cells from patients with relapsing-
remitting MS in the acute disease phase display increased
adhesiveness and ability to migrate across the blood–brain
barrier (BBB) to be recruited into the inflamed brain (Battistini
et al., 2003; Johnson et al., 2010). The development of the
disease not only requires the initial priming of naive autore-
active T-cells in the periphery, but also critically depends on

the ability of antigen-specific T-cells to access the CNS, par-
ticularly the uninflamed CNS, to initiate tissue inflammation
(Ransohoff, 2009; Reboldi et al., 2009; Jain et al., 2010). A
‘two-wave hypothesis’ has been proposed to define the effector
stage of EAE (Zepp et al., 2011). In the first wave, antigen-
specific ‘pioneer’ T-cells cross the BBB and the ensuing restimu-
lation and activation allows other leukocytes to infiltrate and
accumulate. Many molecular determinants have been found
to control the migration of lymphocytes to the inflamed CNS.
For example, VLA-4 (very late antigen-4) has a key role in
controlling the migration of lymphocytes across the BBB by
interacting with the adhesion molecule VCAM (vascular cell
adhesion molecule) (Yednock et al., 1992; Reboldi et al., 2009).
However, the key factors that control the first step of migration
have not been identified (Carrithers et al., 2000).

It is also well established that chemokine receptors (see
Alexander et al., 2013), which are expressed on different
subsets of T-cells, provide specificity for the entry of lympho-
cytes into the CNS (Bromley et al., 2008; Reboldi et al., 2009).
Previous research indicated that the CXC chemokine receptor
7 (CXCR7), which is an alternative receptor for CXC
chemokine ligand 12 (CXCL12), is critical for mediating
CXCL12 internalization at endothelial barriers of the CNS
(Cruz-Orengo et al., 2011b). Additionally, other studies
suggest that ligand binding to the decoy receptor CXCR7
does not initiate typical activation of G protein signalling
pathways, but does activate MAPK signalling through the
recruitment of β-arrestin (Zabel et al., 2009; Rajagopal et al.,
2010). Previous findings also indicate that CXCR7 functions
primarily to sequester CXCL12 and thus regulate CXCR4
signalling (Boldajipour et al., 2008). All these findings suggest
an important role for chemokines especially CXCL12 and its
decoy receptor CXCR7 in the initation of cell migration into
the uninflamed CNS.

The two Src homology 2 domain-containing protein
tyrosine phosphatases (SHP-1 and SHP-2) are important for
the regulation of many different signal transduction path-
ways (Irandoust et al., 2009). Generally speaking, SHP-1 is
involved in the negative regulation of cell development and
activation (Deng et al., 2002), while SHP-2 has dual functions
in various types of disease (Chan and Feng, 2007;
Bard-Chapeau et al., 2011). It is reported that loss of SHP-1
enhances T-cell responses and exacerbates EAE (Deng et al.,
2002). Moreover, mice expressing a mutant form of SHPS-1, a
docking protein to recruit and activate SHP-1, are resistant to
EAE (Tomizawa et al., 2007). However, the potential role of
SHP-2 in EAE has not been investigated before now.

Recently, the molecular basis of the first steps in CNS
autoimmunity has been extensively studied with the hope of
identifying a new therapeutic approach for MS treatment. In
the present study, we evaluated the role of SHP-2 in the initial
steps of EAE using a potent SHP-2 inhibitor NSC-87877. The
unprecedented therapeutic efficacy of NSC-87877 in EAE
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made it possible to identify the key cell types and critical
factors responsible for the initial infiltration of effector cells
into the uninflamed CNS. This study provides compelling
evidence that CXCR7 expressed on pioneer CD8+ T-cells is the
key factor in the treatment of autoimmune disease and has
important implications for the development of a therapy for
relapsing-remitting MS.

Methods

Mice
Specific pathogen-free (SPF), 6–8-week-old female C57BL/6
and myelin oligodendrocyte glycoprotein (MOG)-specific
2D2 transgenic mice (C57BL/6 background) were purchased
from the Model Animal Research Center of Nanjing Univer-
sity (Nanjing, China). Shp2-floxed mouse was a kind gift
from Dr Gensheng Feng at Department of Pathology, School
of Medicine, University of California, San Diego, and Dr
Yuehai Ke at School of Medicine, Zhejiang University. All the
mice were kept under SPF conditions throughout the experi-
ments. The animals were housed, five per cage with food and
water ad libitum, on a 12 h light/dark cycle with lights on at
06:00 h and controlled (22-23°C) temperature. Animal
welfare and experimental procedures were carried out strictly
in accordance with the Guide for the Care and Use of Labo-
ratory Animals (National Institutes of Health, USA) and the
related ethical regulations of our university. All efforts were
made to minimize animals’ suffering and to reduce the
number of animals used. All studies involving animals are
reported in accordance with the ARRIVE guidelines for
reporting experiments involving animals (Kilkenny et al.,
2010; McGrath et al., 2010).

Generation of T-cell conditional SHP-2
knockout (cSHP-2 KO) mice
cSHP-2 KO mice (C57BL/6 background) were generated by
crossing shp-2flox/flox mice with CD4-Cre transgenic mice (Wu
et al., 2012).

Reagents
The SHP-2 inhibitor NSC-87877 and PHPS1 (phenyl hydra-
zono pyrazolone sulfonate 1) were purchased from Calbio-
chem (La Jolla, CA, USA). Mouse CD4 and CD8 MicroBeads
were purchased from Miltenyi (Bergisch Gladbach, Germany).
Anti-CD4-APC was purchased from BD Pharmingen (San
Diego, CA, USA). Anti-CD8-FITC and anti-B220-FITC were
purchased from eBioscience (San Diego, CA, USA). CXCL12
(SDF-1α) was purchased from Millipore (Billerica, MA, USA).
Incomplete Freund’s adjuvant, Pertussis toxin and sodium
fluorescein were purchased from Sigma-Aldrich (St Louis, MO,
USA). MOG residues 35–55 (MOG35–55) was purchased from
Chinapeptide (Shanghai, China), both displayed a purity
>95%. Heat-killed H37Ra strain of Mycobacterium tuberculosis
was purchased from Difco Laboratories (Detroit, MI, USA). All
other chemicals were purchased from Sigma-Aldrich.

EAE induction and drug administration
For standard EAE, female C57BL/6 mice were immunized s.c.
with 200 μg MOG35–55 emulsified in incomplete Freund’s

adjuvant containing 6 mg mL−1 Mycobacterium tuberculosis.
Pertussis toxin (400 ng per mouse) in PBS was administered
i.v. on the day of immunization and 48 h later. Mice were
examined daily and scored for disease severity using the
following scale: 0 = no symptoms; 1 = tail weakness; 2 = parapa-
resis (incomplete paralysis of one or two hind limbs); 3 = para-
plegia (complete paralysis of two hind limbs); 4 = paraplegia
with forelimb weakness or paralysis; and 5 = moribund or dead.
For treatment, NSC-87877 or vehicle (PBS) was administered
i.p. at 2.5 mg kg−1 daily according to different therapy proto-
cols. For adoptive transfer EAE, CD8+ T-cells from EAE mice
on day 10 post immunization were cultured in the presence
of MOG35–55 for 3 days. The resulting cell blasts (5 × 107 cells
per mouse) were adoptively transferred into irradiated (400
rad) C57BL per six recipients. The recipient mice also received
Pertussis toxin (400 ng per mouse) i.v. on the day of immu-
nization and 48 h later. In some experiments, naive T-cells
(1 × 106) from 2D2-transgenic mice were transferred i.v. into
mice 24 h before immunization.

Histopathology
Mice were killed by cervical dislocation. Spinal cords for his-
tological analysis were removed from mice and immediately
fixed in 4% paraformaldehyde. Paraffin-embedded 5 μm sec-
tions of spinal cord were stained with H&E or Luxol fast blue
and then examined by light microscopy.

Mononuclear cell (MNC) purification
For purification of infiltrating MNCs from the spinal cord,
mice were anaesthetized with 50 mg kg−1 pentobarbital
sodium i.p. and perfused through the left cardiac ventricle
with 30 mL PBS. Spinal cords were separately pressed through
a 40 μm cell strainer to obtain a single-cell suspension. MNCs
were purified by discontinuous gradient centrifugation in
75%/40% Percoll (GE Healthcare, Piscataway, NJ, USA).

T-cell proliferation and cytokine measurement
Lymph node-derived T-cells (3 × 105 per well) isolated from
EAE mice were restimulated with MOG35–55 for up to 72 h. Cell
proliferation was assayed by incorporation of [methyl-3H]-
thymidine (ICN Pharmaceuticals, Costa Mesa, CA, USA) at
0.5 μCi per well during the last 8 h of incubation, and the
uptake was measured as counts min−1. Culture supernatants of
MOG-reactive T-cells were collected 48 h later and evaluated
for IFN-γ, IL-17, IL-6, TNF-α, IL-4, IL-2 or IL-10 production
using the Cytometric Bead Array (CBA) cytokine assay kit (BD
Biosciences) according to the manufacturer’s instructions.

Flow cytometry
For surface-marker staining, cells were incubated with fluo-
rochrome conjugated Abs to CD4, CD8, B220 at recom-
mended dilution or isotype control Abs for 30 min on ice.
Flow cytometric analysis was performed on BD FACSCalibur
(BD Biosciences) and results were analysed using FlowJo soft-
ware (Tree Star, Ashland, OR, USA).

Determination of BBB permeability
BBB permeability was assessed by measuring tissue content of
sodium fluorescein, as described previously (Esaki et al.,
2010). In brief, mice were injected i.v. with 200 μL 5% sodium
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fluorescein in PBS. Thirty minutes later mice were anaesthe-
tized and perfused with a minimum of 50 mL of heparin
(1000 U L−1) in PBS. The spinal cord was then removed and
homogenized, and the homogenate was mixed with an
equal volume of 80% trichloroacetic acid before centrifuga-
tion at 10 000 × g for 10 min. The supernatant was diluted
with 0.8 volume of 5 M NaOH and then measured for fluo-
rescence at excitation and emission wavelengths of 485 and
538 nm respectively. Sodium fluorescein standard solutions
(1–1000 ng mL−1) were used to calculate the tissue content,
which was normalized to the total amount of protein in the
homogenate.

Quantitative real-time PCR
Total RNA was extracted from cells using Trizol Reagent (Inv-
itrogen, Carlsbad, CA, USA). One microgram of RNA was
reversely transcribed to cDNA. The mRNA expression was
determined by real-time PCR using iQ SYBR Green Supermix
(Bio-Rad, Richmond, CA, USA). Mouse β-actin gene was used
as endogenous control for sample normalization. Results are
presented as fold increases relative to the expression of mouse
β-actin. Sequences of PCR primer pairs are shown in Support-
ing Information Table S1.

Mouse genome microarray analysis
CD8+ T-cells were obtained from lymph nodes of EAE mice
treated with PBS or NSC-87877 on day 10 post immunization.
All the subsequent technical procedures, including RNA isola-
tion, quality control, concentration measurement of RNA,
cDNA synthesis, labelling of cRNA, hybridization and scan-
ning of the arrays, were done at Gene Company Limited
(Shanghai, China). Affymetrix Mouse Genome 430 2.0 Array
(a total six chips were used in this study; three chips for each
group) was used to probe the global gene expression profile
in mice following NSC-87877 treatment. Briefly, double-
stranded cDNA was synthesized from total RNA, with a T7 RNA
polymerase promoter site added to its 3′ end. Biotinylated
cRNAs were generated from cDNAs in vitro and amplified using
the BioArray T7 RNA polymerase labelling kit (Affymetrix,
Santa Clara, CA, USA). After purification of cRNAs, 20 μg of
cRNA was fragmented at 94°C for 35 min. Approximately
12.5 μg of fragmented cRNA was used in a 250 μL hybridiza-
tion mixture containing herring-sperm DNA, plus bacterial
and phage cRNA controls to serve as internal controls for
hybridization efficiency. Aliquots (200 μL) of the mixture were
hybridized to arrays for 18 h at 45°C in a GeneChip Hybridi-
zation Oven 640 (Affymetrix). Each array was washed and
stained with streptavidin-phycoerythrin and amplified with
biotinylated anti-streptavidin antibody on the GeneChip
Fluidics Station 450 (Affymetrix). Arrays were scanned with
the GeneArray G7 scanner to obtain image and signal inten-
sities. Upon comparison of the two groups, lists of genes that
were either induced or suppressed > twofold between the
NSC-87877- and vehicle-treated group are presented.

Migration assay
Three μm Transwells® (Corning, Acton, MA, USA) were used
to determine chemokine-specific migration patterns of
T-cells. CD8+ T-cells were harvested as previously described.
Recombinant chemokine ligand CXCL12 (100 ng mL−1, 1%

FBS DMEM) was placed in the bottom well. CD8+ T-cells
(3 × 105) were put into the upper chambers precoated with
fibronectin. After incubation at 37°C for 4 h, cells that
migrated from the top well through the filter were counted
using standard microscopy.

Western blot
Proteins were extracted in lysis buffer (30 mM Tris, pH 7.5,
150 mM NaCl, 1 mM PMSF, 1 mM sodium orthovanadate, 1%
Nonidet P-40, 10% glycerol, and phosphatase and protease
inhibitors). The proteins were then separated by SDS-PAGE
and electrophoretically transferred onto PVDF membranes.
The membranes were probed with antibodies overnight at
4°C, and then incubated with a HRP-coupled secondary anti-
body. Detection was performed using a LumiGLO chemilumi-
nescent substrate system (Cell Signaling Technology).

Statistics
Data are expressed as means ± SEM. Statistical analyses were
performed using one-way ANOVA followed by Student’s two-
tailed t-test. P < 0.05 was considered significant.

Results

SHP-2 inhibitor almost completely abolishes
the incidence of EAE in mice
To determine the role of SHP-2 in controlling inflammation
during the pathogenesis of EAE, a SHP-2 competitive inhibi-
tor, NSC-87877, was utilized in this study. NSC-87877
(2.5 mg kg−1) was i.p. administered to mice daily from the day
of immunization onward. After being immunized with a s.c.
injection of MOG residues 35–55 (MOG35–55), the mice devel-
oped a monophasic disease characterized by ascending
paralysis from day 10 after immunization. The pretreatment
with NSC-87877 resulted in a substantial delay in the onset
of the disease and a significant reduction in EAE severity,
accompanied by markedly reduced inflammation and demy-
elination in the affected spinal cord as compared with the
vehicle-treated mice (Figure 1A,B). Notably, most of the NSC-
87877-treated mice were completely resistant to the develop-
ment of EAE, and only a few (one of eight) developed
minimal disease symptoms. However, administration of NSC-
87877 starting from day 13 did not show such efficacy
(Figure 1C). This huge difference between these two regimens
indicates that a targeted blockade of SHP-2 mainly affects
the trafficking rather than the effectiveness of leukocytes
involved in the EAE. In addition, we performed experiments
in which NSC-87877 was administered to mice from day 8. As
a result, we found that administration of NSC-87877 starting
from day 8 also showed some efficacy (Supporting Informa-
tion Figure S1). These results suggest that the major effect of
NSC-87877 is on the migratory properties of leukocytes, but
not on their activation.

To determine whether the preventative effect of NSC-
87877 against EAE was associated with SHP-2, another
specific SHP-2 inhibitor, PHPS1, was administered to
MOG-induced EAE mice. As a result, PHPS1-treated mice
(1 mg kg−1 day−1) displayed the same reduction in disease
severity as NSC-87877-treated mice did (Figure 1D).
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SHP-2 inhibition leads to decreased
inflammation in the CNS without altering
peripheral T-cell responses during EAE
To investigate the mechanism by which NSC-87877 controls
EAE development and progression, we examined the antigen-
specific responses of peripheral T-cells isolated from EAE
mice. As shown in Supporting Information Figure S2A and B,
vehicle- and NSC-87877-treated mice (starting from day 0)
exhibited comparable levels of cytokines in both serum and
supernatant, including TH1 cytokines IFN-γ and TNF-α, TH2
cytokines IL-4 and IL-6, regulatory cytokine IL-10, and TH17
cytokine IL-17. Similar results were obtained with draining
lymph node T-cells in response to MOG35–55 peptide in vitro
(Supporting Information Figure S2C). These results suggest
that NSC-87877 does not affect the production of TH1/TH17/
TH2/Treg cytokines in vivo and in vitro. In addition, no

significant difference was observed in MOG35–55-specific
T-cell proliferation in vitro and in vivo between the vehicle-
and NSC-87877-treated groups (Supporting Information
Figure S3A,B). These data strongly suggest that the effect of in
vivo NSC-87877 administration on EAE does not involve the
modulation of peripheral antigen-specific immune responses.
Next, we assessed the ability of NSC-87877-treated T-cells to
polarize into effector T-cells in vitro. We stimulated naive
cells under the TH1-, TH17- or Treg-polarizing conditions. As
expected, NSC-87877 did not inhibit the production of either
IFN-γ in TH1-polarized T-cells, IL-17 in TH17-polarized T-cells,
or IL-10 in Treg-polarized T-cells (Supporting Information
Figure S3C).

Next, we wondered whether NSC-87877-induced decrease
in CNS inflammation was related to lymphocyte infiltration
and chemokine expression during EAE. To investigate this,

Figure 1
SHP-2 inhibition significantly ameliorates the clinical signs and disease progression of EAE. Active EAE was induced in C57BL/6 mice by flank s.c.
immunization with 200 μg of peptide MOG35–55. (A) SHP-2 inhibitor NSC-87877 (2.5 mg kg−1) or vehicle control was administered i.p. daily from
day 0 post immunization. Values are shown as the mean ± SEM of eight mice per group. (B) Spinal cord sections harvested from vehicle- or
NSC-87877-treated EAE mice on day 25 post immunization were analysed for degree of inflammation by H&E and for demyelination by Ponceau
2R-fast green (original magnification 200×). (C) NSC-87877 (2.5 mg kg−1) or vehicle control was administered i.p. daily from day 13 post
immunization. Values are shown as the mean ± SEM of six mice per group. (D) Active EAE was induced in C57BL/6 mice. SHP-2 inhibitor PHPS1
(1 mg kg−1) or vehicle was administered i.p. daily from the day of immunization. Values are shown as the mean ± SEM of five mice per group.
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spleen and spinal cords were collected from EAE mice at a
point when clinical symptoms peaked in the vehicle control
group. We found that, on day 16, cell numbers in the spleen
were greatly decreased in EAE mice but were up-regulated
following NSC-87877 treatment (Figure 2A). In addition, the
proportions of CD4+ and CD8+ T lymphocytes in infiltrated
cells from the brains and spinal cords of NSC-87877-treated
mice were much lower than those of vehicle-treated mice
(Figure 2B) on day 16 after MOG immunization. Also, real-
time RT-PCR analysis of mRNA isolated from the spinal cord
showed that the expressions of CCL2, CCL3, CCL5, CXCL10,
IFN-γ, IL-17, IL-1β, GM-CSF and IL-6 in the CNS were almost
completely eliminated in the NSC-87877-treated group com-
pared to the control group (Figure 2C).

Furthermore, the expressions of tight-junction proteins
and cell adhesion molecules were evaluated in the lumbar
spinal cord from vehicle- and NSC-87877-treated EAE mice.
The expressions of the adhesion molecules ICAM-1 (intercel-
lular adhesion molecule 1) and VCAM-1 were up-regulated
following EAE immunization. Interestingly, NSC-87877 treat-
ment selectively down-regulated ICAM-1 mRNA level in the
CNS and LFA-1 (lymphocyte function-associated antigen 1)
mRNA level in the lymph node (Figure 2D).

A pivotal step for triggering CNS inflammation is the
disruption of the BBB. Therefore, we examined the perme-
ability of BBB in NSC-87877-treated EAE mice on day 16
after immunization. Mice were injected i.v. with sodium
fluorescein followed by quantitative analysis of fluorescein
incorporation in the spinal cord 30 min later. The increased
uptake of fluorescein into the CNS as a result of EAE was
blocked almost completely by daily administration of
NSC-87877 (Figure 2E). The expressions of tight junction-
associated factors including occludin, ZO-1 (tight junction
protein 1) and claudin 3 were also recovered from the down-
regulation in the EAE (Figure 2F), suggesting that NSC-87877
may contribute to the preservation of BBB integrity, and
thereby impede the entry of inflammatory factors and cells
into the CNS.

Blocking the initial migration of pioneer
T-cells into the CNS is responsible for the
preventative effect of NSC-87877 in EAE
To examine whether NSC-87877 affects the initial migration
of pioneer T-cells into the CNS, we adoptively transferred
naive 2D2 T-cells into recipient C57BL/6 mice followed by
immunization with MOG35–55 24 h later. T-cells from 2D2-
transgenic mice were MOG-specific T-cells. After immunizing
mice with MOG35–55 in complete Freund’s adjuvant, these
MOG-reactive T-cells differentiated into effector cells and
migrated into the uninflamed CNS quickly. As shown in
Figure 3, adoptive transfer of T-cells from 2D2-transgenic
mice almost completely abolished the preventative effect of
NSC-87877 and restored EAE susceptibility in NSC-87877-
treated mice. Furthermore, to confirm the possibility that
NSC-87877 affects the migratory activity of lymphocyte, we
treated the 2D2 donors with NSC-87877 for 10 days before
the transfer of their cells. We found that the adoptive transfer
of T-cells from NSC-87877-pretreated 2D2 mice significantly
restored the inhibitory effect of NSC-87877 in EAE mice (Sup-
porting Information Figure S4).

Primed CD8+ T-cells are critical for the main
inhibitory effect of NSC-87877 on the
induction of EAE
The next experiments were performed to clarify the pheno-
typic characteristics of these lymph node cells in the circu-
lation, which were blocked out by the BBB. Our results
showed that lymph node cells from both vehicle-treated and
NSC-87877-treated mice contained CD4+ T-cells, CD8+ T-cells
and B-cells. The number of CD4+ and CD8+ T-cells but not
B-cells greatly decreased on day 10 (before onset of disease),
suggesting that T-cells may exit the lymph nodes to play a
role as pro-inflammatory cells. Treatment with NSC-87877
significantly inhibited this decrease in CD8+, but not CD4+

T-cells, on day 16 (peak of disease) (Figure 4A), indicating
that primed CD8+ T-cells are blocked in the periphery by
NSC-87877. Then we examined the functional status of
CD8+ T-cells from mice treated with NSC-87877. On day
10 after immunization, CD8+ T-cells were isolated from
vehicle- and NSC-87877-treated mice and we found that
there was no differences in the ability of these two groups
of CD8+ T-cells to proliferate (Supporting Information
Figure S5A), cytokine production (Supporting Information
Figure S5B) of respond to MOG35–55 stimulation. In addition,
comparable expression levels of cytotoxicity-associated
genes including perforin1, FasL and granzyme B were
observed in CD8+ T-cells isolated from the vehicle- and NSC-
87877-treated groups (Supporting Information Figure S5C).
These results suggest that the effects of NSC-87877 on EAE
are executed through inhibition of CD8+ T-cell migration
into the CNS.

The relevance of the effects of NSC-87877 on CD8+ T-cells
for EAE development in mice was further confirmed by adop-
tive transfer of MOG-reactive CD8+ T-cells from EAE mice into
normal recipient C57BL/6 mice. Recipients of CD8+ T-cells
from NSC-87877-treated mice showed almost no incidence of
EAE (Figure 4D–F).

NSC-87877 up-regulates chemokine receptor
CXCR7 expression by priming CD8+ T-cells
Next we examined what happened in CD8+ T-cells after the
treatment of NSC-87877 in EAE mice. We compared the
mRNA expression of CD8+ T-cells isolated from vehicle- and
NSC-87877-treated mice on day 10 after immunization using
the Mouse Genome 430 2.0 Array (Figure 5A). Both the quan-
titative real-time PCR results of the microarray (Figure 5B)
and the immunofluorescence detection of CXCR7 and CD8+

T-cells in the spinal cords of mice with EAE (Figure 5C)
showed that NSC-87877 significantly increased the expres-
sion of chemokine receptor CXCR7, but not the various other
factors, as compared with vehicle control. Previous studies
showed that CXCR7 (an alternative receptor for CXCL12)
functions primarily to sequestrate CXCL12 and thus nega-
tively regulates CXCR4 signalling (Boldajipour et al., 2008;
Zabel et al., 2009; Rajagopal et al., 2010). As shown in
Figure 5D, NSC-87877 significantly inhibited the ability of
T-cells to migrate towards CXCL12, demonstrating an
increase in the functional surface expression of CXCR7 in
CD8+ T-cells from NSC-87877-treated mice. Moreover,
CXCL12 increased JNK phosphorylation, but not NF-κB p65
phosphorylation in CD8+ T-cells from immunized mice and
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NSC-87877 markedly reduced this phosphorylation of JNK
induced by CXCL12 (Figure 5E).

SHP-2 is required for the amelioration of EAE
by NSC-87877
The effect of NSC-87877 on the development of EAE as men-
tioned earlier can be rationally linked to the inhibition of
SHP-2. To further validate this link, we constructed T-cell
cSHP-2 KO mice for further investigation. However, C57BL/6
mice lacking SHP-2 in CD4+ and CD8+ T-cells (Supporting
Information Figure S6A) developed the same severity of clini-
cal signs as the wild-type mice did (Figure 6A). Namely, the
incidence and maximal disease scores of EAE during the acute
phase (between days 10 and 20 post immunization) did not
differ between cSHP-2 KO mice and wild-type mice. It should

be noted that when we followed the progression of EAE for
over 50 days, we observed a relapsing-remitting course start-
ing from day 30 in wild-type mice, while mice with SHP-2-
deficient T-cells developed only an acute phase without
relapses (Supporting Information Figure S6B,C), The discrep-
ancy between cSHP-2 KO mice and NSC-87877-treated mice
may be attributed to multiple targets of NSC-87877 on
various cell types other than T-cells, as SHP-2 is a ubiquitous
phosphatase involved in a variety of cells/signal processes.
However, we also found that NSC-87877-treated cSHP-2 KO
mice were no longer completely, but only partially resistant
to the development of EAE (Figure 6A–C). The NSC-87877-
induced decrease in T-cell migration, increase in CXCR7
expression on CD8+ T-cells as well as down-regulation
of JNK phosphorylation in response to CXCL12 were

Figure 2
SHP-2 inhibitor NSC-87877 modulates the expression of associated factors in the spinal cord. (A and B) EAE was induced in C57BL/6 mice and
NSC-87877 was administered to mice as in Figure 1A. (A) Numbers of spleen cells from vehicle- and NSC-87877-treated mice after immunization
are shown. (B) Relative proportions of spinal cord infiltrating CD4+ and CD8+ T lymphocytes from vehicle- and NSC-87877-treated mice on day
16 post immunization are displayed. (C) The expressions of inflammatory factors in the spinal cord from vehicle- and NSC-87877-treated mice
on day 16 post immunization were measured via quantitative real-time RT-PCR. (D) RT-PCR analysis of ICAM-1, VCAM-1, LFA-1 and VLA-4 mRNA
expression in the spinal cord from vehicle- and NSC-87877-treated mice on day 16 post immunization. (E) NSC-87877 was administered to mice
as in Figure 1A, sodium fluorescein was injected i.v. on day 16 post immunization, and the spinal cord was dissected 30 min later and evaluated
for fluorescein incorporation. Data are expressed as mg sodium fluorescein mg−1 of spinal cord protein. (F) The mRNA levels of occludin, ZO-1,
claudin 3, and claudin 5 in the spinal cord from vehicle- and NSC-87877-treated mice on day 16 post immunization were measured by RT-PCR.
The housekeeping gene β-actin mRNA was used to normalize the relative amounts of mRNA. Values are given as the mean ± SEM. *P < 0.05;
**P < 0.01 versus EAE.
◀

Figure 3
Transfer of 2D2 T-cells reconstitutes EAE susceptibility in NSC-87877-treated mice. (A) C57BL/6 mice were adoptively transferred with naive 2D2
T-cells and then immunized with MOG33–55 24 h later for EAE induction. NSC-87877 (2.5 mg kg−1) or vehicle control was administered i.p. daily
from the day of immunization. Mice were observed daily for EAE severity (B), weight change (C) and incidence (D). Values are given as the
mean ± SEM of five mice per group.
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Figure 4
Blocking the infiltration of CD8+ T-cells into the CNS is responsible for the amelioration of EAE by NSC-87877. (A) Cells harvested from draining
lymph nodes of vehicle- or NSC-87877-treated mice on day 10 (before onset of disease) or day 16 (peak of disease) post immunization were
stained for CD4, CD8 and B220 followed by flow cytometric analysis. Cell numbers were calculated and displayed as percentages. **P < 0.01.
(B, C) Ag-specific donor CD8+ T-cells were obtained from draining lymph nodes of vehicle- or NSC-87877-treated mice on day 10 post
immunization. Then the cells were cultured in the presence of MOG35–55 for 72 h. Cultured cells were then adoptively transferred into normal
C57BL/6 recipients (5 × 107 per mouse), and the EAE severity (D), weight change (E) and incidence (F) were observed daily. Values are given as
the mean ± SEM of six mice per group.

▶
Figure 5
Increased expression of CXCR7 accounts for the block of the infiltration of CD8+ T-cells into the CNS by SHP-2 inhibitor NSC-87877 in EAE. (A)
CD8+ T-cells were isolated from vehicle- and NSC-87877-treated mice on day 10 post immunization. The mRNA expressions were detected by
Mouse Genome 430 2.0 Array. (B) The results of the microarray assay were verified by quantitative real-time RT-PCR analysis. The samples used
for validation were isolated from CD8+ T-cells of vehicle- and NSC-87877-treated mice on day 10 after immunization. (C) Confocal imaging
detection of CXCR7 (red) and CD8 (green) within the spinal cords of EAE mice treated with vehicle (top) versus NSC-87877 (bottom). Nuclei were
counterstained with DAPI (blue). (D) CD8+ T-cells derived from EAE mice were isolated by magnetic bead cell sorting and analysed for cell surface
chemokine receptor expression using an in vitro migration assay. (E) p-JNK and p-p65 were assessed by immunoblotting from total cell lysates.
The results represent one of similar results from three independent experiments. Densitometric analysis was performed on JNK phosphorylation
in three blots and presented as the ratio of phospho over total. Values are given as the mean ± SEM of three different experiments. **P < 0.01,
NS, no significance.
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also completely reversed in cSHP-2 KO mice, respectively
(Figure 6D–F). Collectively, these observations suggest that
SHP-2-regulated entry of CD8+ T-cells into the CNS is required
for the initiation of EAE.

Taken together, our results suggest a novel mode for the
pathogenesis of EAE in that SHP-2 regulates the initial trig-
gering step of EAE. In brief, the inhibition of SHP-2 triggers
an increased expression of CXCR7 on CD8+ T-cells. CXCR7
sequestrates CXCL12 and thus negatively regulates CXCR4
signalling, which contributes to the amelioration of EAE
(Figure 7).

Discussion and conclusions
In contrast to an effect on T-cell priming in the periphery,
therapeutic strategies targeting the initiation step of T-cell

trafficking across the BBB have not been extensively investi-
gated (Ransohoff, 2009; Reboldi et al., 2009; Jain et al., 2010).
In the present study, we addressed how NSC-87877, a potent
SHP-2 inhibitor, regulates the inflammatory process leading
to EAE pathogenesis and demonstrated, for the first time, that
it is very effective at reducing the occurrence of EAE
(Figure 1). Importantly, we found that NSC-87877 almost
completely prevented EAE development by blocking the
accumulation of inflammatory cells in the CNS. Collectively
our findings suggest that CXCR7 expressed on CD8+ T-cells is
essentially upregulated in the presence of SHP-2 inhibition
and negatively regulates the function of these cells, which are
critical for the initiation of EAE.

To explain the potent efficacy of NSC-87877 against EAE,
we first examined the effect of NSC-87877 on the production
of IFN-γ and/or IL-17, which are involved in the pathogenesis
of EAE (Bettelli et al., 2004; Hemmer et al., 2006; Komiyama

Figure 6
SHP-2 is required for the amelioration of EAE by NSC-87877. cSHP-2 KO mice were subjected to MOG-induced EAE. NSC-87877 (2.5 mg kg−1)
or vehicle was administered i.p. daily from the day of immunization. The EAE severity (A), weight change (B) and incidence (C) were observed
daily. Values are given as the mean ± SEM of five mice per group. (D) CD8+ T-cells derived from EAE groups of knockout mice were isolated by
magnetic bead cell sorting and analysed for cell surface chemokine receptor expression using an in vitro migration assay. (E) Confocal imaging
detection of CXCR7 (red) and CD8 (green) within the spinal cords. Nuclei were counterstained with DAPI (blue). (F) p-JNK was assessed by
immunoblotting from total cell lysates. The results represent one of similar results from three independent experiments. Densitometric analysis was
performed on JNK phosphorylation in three blots and presented as the ratio of phospho over total. Values are given as the mean ± SEM of three
different experiments. **P < 0.01, NS, no significance.
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et al., 2006; Steinman, 2007). However, when mice were
immunized with MOG35–55 peptide plus Pertussis toxin, NSC-
87877-treated mice failed to develop EAE symptoms, but still
developed conventional TH1 and TH17 responses. In particu-
lar, the response to MOG35–55 was similarly elevated in the
periphery T-cells from NSC-87877- and vehicle-treated mice.
Noteably all measured parameters on the TH1 and TH17
responses in the periphery were comparable between NSC-
87877- and vehicle-treated mice as well as between NSC-
87877- and vehicle-treated T-cells isolated from EAE mice
either on day 10 (before onset of disease, data not shown) or
day 16 (peak of disease, Supporting Information Figures S1
and S2). It should be noted that the efficacy of NSC-87877
against EAE varied enormously because of the different
administration regimens. The treatment of NSC-87877 start-
ing from day 0 post immunization almost completely
blocked the incidence of EAE while that starting from
approximately day 13 did not (Figure 1C). These findings
suggest that NSC-87877 treatment does not alter the
encephalitogenic response of periphery T-cells but affects
their ability to migrate into the CNS and cause inflammation.
In other words, NSC-87877 may attenuate EAE development
primarily by retarding the initial infiltration of inflammatory
cells into the uninflamed CNS. In fact, the relative propor-
tions of infiltrating CD4+ and CD8+ T lymphocytes in the
lumbar spinal cord on day 16 post immunization were greatly
decreased in the NSC-87877-treated mice (Figure 2A).

However, chemokines including CCL2, CCL3 and
CXCL10, and integrins such as LFA-1 and VLA-4 (Yednock
et al., 1992; Baron et al., 1993; Reboldi et al., 2009) have been
reported to be important for T-cell entry and subsequent
disease pathogenesis and we found that NSC-87877 almost

completely decrease the expressions of various inflammatory
factors including CCL2, CCL3, CCL5, CXCL10, TNF-α, IFN-γ,
IL-17, IL-1β and IL-6 in the spinal cord (Figure 2C). In addi-
tion, NSC-87877 treated mice had markedly decreased mRNA
levels of ICAM-1 in CNS and LFA-1 in lymph nodes at the
peak of disease (Figure 2D). These results suggest that an
inhibitory effect on the above chemokines, cytokines and
adhesion molecules may contribute to the dramatic effect of
NSC-87877 on EAE. Hence, NSC-87877 could abolish EAE
progression by inhibiting the migration of effector T-cells
into the CNS, rather than affecting their priming in lymph
nodes or their entry into the circulation.

Previously published descriptions of the two-wave
hypothesis and pioneer lymphocytes have emphasized the
importance of migration in the initial phases of EAE (Reboldi
et al., 2009). Consistent with the two-wave model, we found
here that the transfer of naive 2D2 T-cells into NSC-87877-
treated mice was sufficient to reconstitute the EAE suscepti-
bility (Figure 3). It is reported that the transcription factor
RUNX1 is a positive regulator of T-lymphocyte differentiation
and the phosphorylation of RUNX1 can negatively regulate
RUNX1 activity. At the same time, the tyrosine phosphatase
SHP-2 binds directly to RUNX1 and contributes to RUNX1
tyrosine dephosphorylation (Huang et al., 2012). Hence,
treatment with NSC-87877, an inhibitor of SHP-2, could
increase the phosphorylation of RUNX1, which could impair
T-cell differentiation. Moreover, SHP-2 has been implicated in
the regulation of CD4 and CD8 expression in thymocytes
(Nguyen et al., 2006). However, the results shown in
Figure 4A indicate that the expressions of CD4 and CD8 were
not changed by administration of NSC-87877 for 10 days.
This result, together with our findings that no significant

Figure 7
A novel mode for SHP-2-mediated regulation of the initial triggering step of EAE pathogenesis. NSC-87877, a potent SHP-2 inhibitor, increased
the expression of CXCR7 on CD8+ T-cells. CXCR7 sequestrated CXCL12 and thus negatively regulated CXCR4 signalling, which contributes to the
decreased CNS accumulation of lymphocytes and amelioration of EAE.
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difference was observed in MOG-specific T-cell proliferation
and cytokine production between vehicle- and NSC-87877-
treated group (Supporting Information Figures S2 and S3),
suggesta that NSC-87877 mainly targets the initial migration
of pioneer T-cells into the CNS during the initial phases of
EAE.

The next question we investigated was how NSC-87877
affects the migration step of T-cells into the CNS? We further
examined the phenotypic characteristics of the pioneer lym-
phocytes. Draining lymph nodes collected from NSC-87877-
treated EAE mice on day 16 post immunization showed a
significantly decreased percentage of CD8+ T-cells compared
with vehicle-treated mice (Figure 4A). Published research has
described ‘pioneer’ lymphocytes as specific activated T-cells
that migrate into non-inflamed CNS in the initial phases of
EAE. These pioneer cells could cross through choroid plexus
in a P-selectin-dependent way (TH1) or in a CCR6-dependent
way (TH17) (Carrithers et al., 2000; Reboldi et al., 2009).
However, these interactions seem to play a partial role in the
initial penetration of pioneer T-cells. Also there has been no
identification of a specific cluster of T-cells (TH1 vs. TH17 cells,
or CD4+ vs. CD8+ T-cells) that has an advantage in entering
the CNS (Hickey, 2000). In the present study, our results
suggest that CD8+ T-cells are likely to be involved in the
pioneer population and NSC-87877 blocks these CD8+ T-cells
from infiltrating into the uninflamed CNS.

Additionally, the results of the microarray assay per-
formed with CD8+ T-cells on day 10 post immunization indi-
cated that NSC-87877 treatment resulted in an evident
increase in the expression of the chemokine receptor CXCR7,
which led to a decrease in T-cell migration in response to
chemokine CXCL12 (also known as SDF-1α). It has been
shown that CXCL12 prevents the migration of infiltrating
cells from the perivascular space into parenchymal
(McCandless et al., 2006), thereby limiting inflammation.
Furthermore, CXCL12 was reported to redirect the polariza-
tion of effector Th1 cells into IL-10-producing T-cells, thereby
suppressing ongoing EAE (Meiron et al., 2008). However, a
truncated form of CXCL12 that antagonized CXCR4 reduced
CD4+ T-cells accumulation in the CNS and inhibited EAE in
mice (Kohler et al., 2008). These different published results
suggest that CXCL12 is not always protective in EAE and its
localization is of importance for regulating neuroinflamma-
tion. In our experiments, NSC-87877 treatment resulted in an
increase in the expression of CXCR7, which led to a decrease
in T-cell migration in response to CXCL12. The findings
obtained here also suggest that in contrast to CXCR7 expres-
sion in the CNS tissue (Cruz-Orengo et al., 2011a,b), CXCR7
expressed on CD8+ T-cells primarily functioned as a decoy
receptor that sequestrated CXCL12 to down-regulate CXCR4
signalling. Adoptive transfer of those CD8+ T-cells from NSC-
87877-treated mice yielded significantly less severe EAE
(Figure 4D–F), which further confirmed our hypothesis.

Although the critical factor targeted by NSC-87877, which
is responsible for its effect on CXCR7, still remains unknown,
we provide compelling evidence that supports the key role of
SHP-2 in mediating the efficacy of NSC-87877 in EAE. SHP-1
has been shown to be a negative regulator of EAE pathogen-
esis (Deng et al., 2002). Reduced SHP-1 activity leads to a
stronger T-cell response and exacerbates the clinical signs of
EAE (Tamir et al., 2000; Deng et al., 2002; Wasserman et al.,

2008). Moreover, direct administration of PHPS1, a specific
inhibitor of SHP-2, markedly ameliorated EAE (Figure 1D).
These findings shed light on the critical role of SHP-2 in an
autoimmune disease setting, which is different from that of
SHP-1. Our results clearly showed that NSC-87877 induced a
SHP-2 loss-of-function effect in EAE as cSHP-2 KO mice
treated with NSC-87877 developed severe EAE as compared
with wild-type mice. Thus, our findings indicate that NSC-
87877 may act through SHP-2 to activate CXCR7, thereby
modulating the ability of pioneer CD8+ T lymphocytes to
accumulate in the uninflamed CNS.

To our knowledge, the data presented herein are the first
to demonstrate that SHP-2 regulates chemokine receptor
CXCR7 expression on CD8+ T-cells. The finding that NSC-
87877 blocked the entry of T-cells into the CNS during the
early phase of EAE indicates the potential involvement of the
molecular determinant SHP-2 in the initial triggering step of
EAE pathogenesis. Given that relapsing-remitting MS may
be consistent with distinct waves of migration, the discover-
ies described herein support the use of NSC-87877 as a poten-
tial therapeutic agent for human relapsing-remitting MS.
Although therapeutic approaches utilizing small molecules
like NSC-87877 are rare among current MS therapies, the
present study provides a promising strategy/direction for the
development of more effective disease-modifying treatments
for human relapsing-remitting MS.
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Figure S1 SHP-2 inhibitor NSC-87877 ameliorates the clini-
cal signs and disease progression of EAE. Active EAE was
induced in C57BL/6 mice by flank s.c. immunization with
200 μg of peptide MOG35–55. NSC-87877 (2.5 mg kg−1) or
vehicle control was administered i.p. daily from day 8 post
immunization. Values are shown as the mean ± SEM of five
mice per group.
Figure S2 SHP-2 inhibitor NSC-87877 does not affect pro-
duction of TH1/TH17/TH2/Treg cytokines in vivo and in vitro.
Active EAE was induced in C57BL/6 mice by flank s.c. immu-
nization with 200 μg of peptide MOG35–55. SHP-2 inhibitor
NSC-87877 (2.5 mg kg−1) or vehicle control was administered
i.p. daily from day 0 post immunization. (A) Comparable
cytokines release in serum from vehicle- and NSC-87877-
treated EAE mice. Cytokines in serum from EAE mice were
measured by CBA cytokine assay on day 16 after immuniza-
tion. (B) Th1 and Th17 cells in lymphocytes derived from
vehicle- and NSC-87877-treated EAE mice at day 10. (C) Lym-
phocytes derived from vehicle- and NSC-87877-treated EAE
mice at day 10 after immunization were restimulated with
10 μg mL−1 MOG35–55 peptide for 48 h. Cytokine production
was determined by CBA cytokine assay. (D) Lymphocytes
were isolated from untreated EAE mice and examined for
MOG35–55-reactive cytokine production in the presence or
absence of 10 μM NSC-87877. Supernatants were analysed for
the indicated cytokines. Data are means ± SEM of three
independent experiments.
Figure S3 SHP-2 inhibitor NSC-87877 treatment does not
affect MOG35–55-specific T-cell proliferation as well as TH1,
TH17 and Treg cell differentiation. (A) Lymphocytes derived
from vehicle- and NSC-87877-treated EAE mice at day 10
after immunization were restimulated with MOG35–55 peptide
(10 μg mL−1) for 72 h. Proliferation was measured by [3H]-
thymidine incorporation. (B) Lymphocytes were isolated
from untreated EAE mice and examined for proliferation
stimulated with MOG35–55 in the presence or absence of
10 μM NSC-87877. (C) Naive CD4+ T-cells were purified by
MACS (magnetic-activated cell sorting) and then were dif-
ferentiated into TH1 (10 ng mL−1 IL-12, 1 μg mL−1 anti-IL-4),
TH17 (20 ng mL−1 IL-6, 1 ng mL−1 TGF-β, 10 μg mL−1 anti-
IFN-γ, 1 μg mL−1 anti-IL-4) or Treg (1 ng mL−1 TGF-β,
50 U mL−1 IL-2) cells in the presence of 10 μM NSC-87877 in
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vitro. The levels of cytokines were analysed by ELISA. Data are
means ± SEM of three independent experiments.
Figure S4 Transfer of 2D2 T-cells reconstitutes EAE suscepti-
bility in NSC-87877-treated mice. 2D2 mice were treated with
NSC-87877 for 10 days. C57BL/6 mice were adoptively trans-
ferred with these pretreated 2D2 T-cells and then immunized
with MOG33–55 24 h later for EAE induction. NSC-87877
(2.5 mg kg−1) or vehicle control was administered i.p. daily
from the day of immunization. Mice were observed daily for
EAE severity. Values are given as the mean ± SEM.
Figure S5 Functional status of CD8+ T-cells from mice
treated with NSC-87877. On day 10 after immunization,
CD8+ T-cells were isolated from vehicle- and NSC-87877-
treated mice. (A) CD8+ T-cells were restimulated with
MOG35–55 peptide (10 μg mL−1) for 72 h. Proliferation was

measured by [3H]-thymidine incorporation. (B) CD8+ T-cells
were restimulated with 10 μg mL−1 MOG35–55 peptide for 48 h.
Cytokine production was determined by ELISA. (C) The expres-
sions of genes in CD8+ T-cells were measured via quantitative
real-time RT-PCR.
Figure S6 Attenuated relapses of EAE in in cSHP-2 KO mice.
(A) CD4+ and CD8+ T-cells were isolated from the conditional
SHP-2-deficient mice. Cells were lysed for Western blot analy-
sis of SHP-2. (B,C) Active EAE was induced in wild-type and
cSHP-2 KO mice by flank s.c. immunization with 200 μg of
peptide MOG35–55. Mice were observed daily for EAE severity
(B) and weight change (C). Data are means ± SEM of 10 mice
in each group.
Table S1 Sequences of PCR primer pairs used in the present
study.
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