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Abstract

T cell activation involves not only recognition of antigen
presented by the MHC, but also nonspecific interactions
termed "costimulation." The costimulatory molecules B7-
1 and B7-2 are ligands on antigen-presenting cells for the
CD28and CTLA-4 receptors on T cells. Previously, a fusion
protein consisting of human CTLA-4 linked to human Fc
was shown to bind B7-1 and B7-2 with high avidity and to
prevent specific T cell activation. Here we investigated the
effects of a recombinant fusion protein consisting of the
extracellular domain of human CTLA-4 bound to mouse
IgG2a Fc (CTLA4-Fc) upon experimental autoimmune en-
cephalomyelitis, a T cell-mediated disease that serves as a
model for multiple sclerosis. CTLA4-Fc prevented experi-
mental autoimmune encephalomyelitis in 26 of 28 CTLA4-
Fc-treated mice (median maximum score 0), whereas 28 of
30 mice treated with control mouse IgG2a developed disease
(median maximum score 2.75). Less inflammation and vir-
tually no demyelination or axonal loss occurred in CTLA-4-
Fc-treated compared with control-treated mice. Activated
splenocytes from CTLA4-Fc-treated mice were able to
transfer disease adoptively to naive recipients. These results
indicate a key role for the B7/CD28 system in the develop-
ment of actively induced murine experimental autoimmune
encephalomyelitis, suggesting an area of investigation with
therapeutic potential for multiple sclerosis. (J. Clin. Invest.
1995.95:2783-2789.) Key words: allergic encephalomyelitis
* demyelinating disease * T lymphocyte * autoimmune dis-
ease * T cell costimulation

Introduction

Antigen-specific T cell activation requires not only the TCR-
mediated signal after recognition by the TCRof processed anti-
gen presented in the context of MHCmolecule, but also a
second, nonspecific signal, termed costimulation, that is the
result of other receptor-ligand interactions ( 1). One costimula-
tory pathway involves the interaction of B7-1 and B7-2 mole-
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cules on antigen-presenting cells with the CD28 molecule on
T cells and results in paracrine levels of IL-2 secretion and
proliferation (2-6). Importantly, inhibition of CD28 costimula-
tion in conjunction with delivery of the TCR-mediated signal
can result in T cell anergy or hyporesponsiveness (7-9).
CTLA-4 is a second receptor on T cells for B7-1 and B7-2 (10)
and is homologous to CD28 (11). Although CTLA-4 binds B7-
1 with 20-fold higher avidity than CD28 (10), a clear role for
CTLA-4 in T cell activation has not been demonstrated (12).
Because CTLA-4 binds to B7-1 and B7-2 with high avidity and
this binding occurs across species (13), a fusion protein of
human CTLA-4 and the Fc region of Ig has been useful in
studies of the effects of inhibition of CD28 costimulation.
CTLA-4-Fc has been shown to inhibit specific T cell activation
both in vitro (10) and in vivo (14-17).

To investigate a role for CD28 costimulation in central ner-
vous system (CNS) autoimmune demyelination, we used exper-
imental autoimmune encephalomyelitis (EAE),' a T cell-me-
diated inflammatory demyelinating disease that serves as a
prime model for human multiple sclerosis (MS) ( 18, 19). EAE
is known to be induced by CD4+ T cells (20, 21). The patho-
genesis of MS, though not fully understood, also appears to
involve activated T cells (22-25). The current studies investi-
gated in EAEthe effects of systemic therapy with a recombinant
fusion protein consisting of human CTLA-4 and murine IgG2a
Fc upon the clinical course, CNShistologic changes, and gener-
ation of encephalitogenic, IL-2-producing T cells.

Methods

Mice. Pathogen-free female SJL/J mice aged 6-12 wk (the Jackson
Laboratories, Bar Harbor, ME) were housed and maintained in microiso-
lator cages in accordance with guidelines of the Washington University
Committee for the Humane Care of Laboratory Animals and the Na-
tional Institutes of Health regarding laboratory animal welfare. Sentinel
mice were periodically checked for infection, and none was found.

Antigens and EAE induction. CNSmyelin was purified from guinea
pig spinal cords (Rockland, Gilbertsville, PA) as described (26), emul-
sified in a 1:1 mixture of sterile saline and complete Freund's adjuvant
(Difco Laboratories Inc., Detroit, MI), and injected subcutaneously at
two sites on the back (base of tail and dorsal neck) to induce EAE.
Each mouse received 0.5 mgof whole myelin in 0.1 ml of emulsion and
200 ng of pertussis toxin (List Laboratories, Campbell, CA) dissolved in
100 Ml of sterile PBS administered intravenously on days 0, 2, and 7
postimmunization (PI). Clinical disease was scored from 0 to 5 in a
blind fashion at least 6 d/wk according to accepted criteria (20). Re-

1. Abbreviations used in this paper: CNS, central nervous system;
CTLA4-Fc, CTLA-4 bound to murine IgG2a; EAE, experimental auto-
immune (allergic) encephalomyelitis; LNC, lymph node cell; MBP,
myelin basic protein; MS, multiple sclerosis; PI, postimmunization;
PLP, proteolipid protein; SC, spleen cell.
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lapses were defined as worsening by at least 1 point lasting at least 2
d. Mice were weighed weekly during the acute EAE time period.

CTLA-4-Fc and control 1g. A soluble fusion protein consisting of
the extracellular domain of human CTLA-4 and a mouse IgG2a Fc was
prepared. The Fc region of mouse IgG2a was generated by reverse
transcription followed by PCRamplification using poly(A)' RNAiso-
lated from the L243 hybridoma cell line (ATCC HB55; American Type
Culture Collection, Rockville, MD) and the IgG2a-specific sense primer
5'-GATCGGATCCGAGCCCAGAGGGCCCACAATCAAGCC-3'
and antisense primer 5'-GATCAAGCTTAGATCTTATCATTTACC-
CGGAGTCCGGGAGAA-3'(27). The purified PCRproduct was di-
gested with BamHI and BglII and cloned into the BamHI site of
pMON3360B(28), yielding plasmid pMON24210. The signal peptide
and extracellular domain of CTLA-4 was generated by PCRamplifica-
tion using a thymus cDNA library (HL1074a; Clontech, Palo Alto, CA)
as template and the CTLA-4-specific sense primer 5 '-CCATGGATC-
CATGGCTTGCCTTGGATTTCAG-3'and the antisense primer 5'-
GATCGGATCCGAAGTCAGAATCTGGGCACGGTTC-3'(11). The
purified BamHI digested product was cloned into the BamHI site of
pMON24210, yielding transfection vector pMON24218. Transfection
and isolation of a stable cell line expressing 2-5 pig/ml CTLA-4-Fc
were performed as previously described (28), using Western blot analy-
sis developed with goat anti-mouse Fc to identify the recombinant
protein. Recombinant CTLA-4-Fc was purified using protein A affinity
chromatography. A purified mouse myeloma IgG2a antibody (UPC-10;
Sigma Chemical Co., St. Louis, MO) was used as a control treatment.
Mice received 75 jsg per dose CTLA-4-Fc or control antibody in 200
jil of sterile PBS on the day before and the day of immunization and
then 3 times per week for a total of 10 doses (0.75 mg). The investi-
gator administering the treatments was blinded as to the contents of the
syringes.

CNShistology. Mice were anesthetized with methoxyfluorane and
perfused with buffered 2.5% glutaraldehyde. One mouse (A554; see
Fig. 1 and Table I) was perfused on day 16 PI at grade 4.5 (moribund),
along with a matched counterpart (A548). The additional eight mice
were also perfused in pairs during acute EAEwithin the period of active
treatment. CNStissues were removed, postfixed in 1%osmium tetroxide
(Electron Microscopy Sciences, Fort Washington, PA), dehydrated
through graded alcohols, and embedded in EMBED812 (Electron Mi-
croscopy Sciences) as described (29). 8-16 l-,uM thick tissue sections
taken from each level of the CNS(optic nerves, cerebrum, cerebellum,
brainstem, and cervical, thoracic lumbar, and sacral spinal cord regions)
were placed on glass slides, stained with toluidine blue, and assessed
blindly from 0 to 5' for inflammation, demyelination, axonal necrosis
(30). These data were subjected to statistical analysis.

Proliferation assays. Guinea pig myelin basic protein (MBP) was
purified from guinea pig spinal cords (Rockland, Gilbertsville, PA) as
described (31). Proteolipid protein (PLP) was purified from normal
brain obtained at autopsy as described (32). The major encephalitogenic
SJL epitope of PLP, amino acids 139-151 (HCLGKWLGHPDKF;ref-
erence 33), and the major SJL encephalitogenic epitope of MBP, amino
acids 87-99 (VHFFKNIVTPRTP), were synthesized using an auto-
mated peptide synthesizer (model 431A; Applied Biosystems, Inc., Fos-
ter City, CA) using FastMOC chemistry by the Protein and Nucleic
Acid Chemistry Laboratory at Washington University School of Medi-
cine (St. Louis, MO). Proliferation assays were performed on draining
lymph node cells (LNCs) and splenocytes from four mice in each
treatment group, at 15 or 16 d PI. Cells were cultured at 8 X 105 per
well in quadruplicate in 96-well plates with media alone; whole MBP
(at 25, 50, and 100 jig/ml); whole PLP (at 25, 50, and 100 jig/ml);
MBP87-99 (at 10, 20, and 50 jig/ml); PLP 139-151 (at 10, 20, and
50 jg/ml); or 2 jig/ml Con A (Sigma Chemical Co.). During the final
18 h, 0.5 ,uCi per well [methyl-3H]thymidine (25Ci/mmol; Amersham
Corp., Arlington Heights, IL) was added to each well. The plates were
then harvested (Tomtec, Orange, CT) and counted by liquid scintillation
using a Betaplate 1205 (Wallac, Gaithersburg, MD).

IL-2 bioassay. The IL-2/4-dependent CTLL-2 cell line was used
for the bioassay of IL-2 in the supernatants of spleen cells (SCs) from
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Figure 1. The clinical course in a representative experiment. All five
control-treated mice developed EAE (*, A550; *, A551; -, A552; *,
A553; A, A554). All five mice treated with CTLA-4-Fc remained clini-
cal grade 0 during the time of observation (X). Treatments began at
day 1 and ceased on day 18. Mice sacrificed for histology are denoted
by an asterisk. The grade 4.5 control-treated mouse (A) perfused on
day 16 was sacrificed owing to its moribund state. By study design, a
CTLA-4-Fc-treated counterpart was perfused at the same time.

mice from the two treatment groups according to published methods
(34). Briefly, the supernatants of 48-h cultures activated with 20 ug/
ml PLP139-151 were added in serial dilutions in triplicate to CTLL-2
cells seeded in 96-well, flat-bottomed plates, and proliferation of the
CTLL-2 cells was measured by incorporation of tritiated thymidine as
previously described. In preliminary experiments, the ability of SCs to
generate IL-2 was shown to be dependent on peptide 139-151 dose,
with 20 ,g/ml as an optimal dose. To assess the contribution of IL-2
versus 1L-4 to CTLL-2 proliferation, 50 ,g/ml rat anti-IL-2 mAb (31
/Lg/ml neutralized 1 U/ml IL-2; Genzyme Corp., Boston, MA) was
added to wells containing 12.5-100% supernatant in parallel to un-
treated wells.

Serial transfer of EAE. SCs from six CTLA4-Fc-treated mice
obtained at 16 d PI were cultured at 8 x 106 cells per 2-ml well in
RPMI 1640 plus 10% FBS with either 50 jtg/ml MBP(one recipient),
2 Og/ml Con A (one recipient), or 20 Og/ml PLP peptide 139-151
(four recipients) for 48 h and washed twice before intravenous injection
of 108 cells into each naive syngeneic recipient. 108 SCs from six
control-treated mice (16 d PI) cultured with 50 ,g/ml MBP(one recipi-
ent), 2 ug/ml Con A (one recipient), or 20 ug/ml PLP peptide 139-
151 (two recipients) were injected intravenously into naive syngeneic

recipients.
Statistical analyses. Comparisons of the maximum clinical scores

were done using the nonparametric Van der Waerden two-sample test
of the rank scores, which does not make distributional assumptions
about the variability within groups. For the analysis of the histological
data, a Split-Plot factorial design ANOVAwas used to test for overall
group differences in inflammation, demyelination, and axonal necrosis.

Results

Clinical. CTLA-4-Fc treatment completely prevented develop-
ment of clinical EAE in 26 of 28 CTLA-4-Fc-treated mice
(Fig. 1 depicts a representative experiment). 28 of the 30 con-
trol-treated mice developed EAE, with mean onset at 13.8±1.7
d PI and with a median maximum clinical score of 2.75 (mean
maximum clinical score 2.8+1.4). Comparison of the maxi-
mumclinical scores for each animal from the two treatment
groups revealed a significant clinical benefit with CTLA-4-Fc
(P < 0.0001). During the acute EAEperiod, the CTLA-4-Fc-
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Figure 2. Representative CNSsections from
CTLA-4-Fc-and control-treated mice. (a)
SJL mouse, clinical grade 4, 16 d PI with
CNSmyelin, treated with control IgG2a. A
I-jim plastic-embedded section from the an-
terior columns of the lower lumbar spinal
cord shows a demyelinated lesion within the
CNSparenchyma beneath the meningeal sur-
face. Note the numerous inflammatory cells,
extensive gliosis, clusters of healthy ap-
pearing demyelinated axons (arrow), and
occasional necrotic axons (asterisks). In-
flammatory cells are located in the CNSpa-
renchyma as well as in the perivascular space
and meninges. Anterior horn gray matter is
at the lower edge (toluidine blue stain,
x400). (b) SJL mouse, clinical grade 0, 16
d PI, treated with CTLA-4-Fc. A l-pIm sec-
tion from the lower lumbar spinal cord shows
healthy appearing myelinated axons. Perhaps
two lymphocytes can be discerned attached
to the meningeal vessel above. The anterior
horn is at the lower right (toluidine blue
stain, X400).

treated group maintained normal body weights, whereas the
control-treated group lost a mean of 11% (range = 0-25%) of
body weight. Seven mice (four CTLA-4-Fc treated, three con-
trol treated) were not sacrificed for histology or serial transfer
but were maintained and followed clinically for 14-17 wk after
cessation of treatment on day 18 PI. All three control-treated
mice had clinical relapses superimposed upon chronic disease,
after cessation of treatment. None of the CTLA-4-Fc-treated
mice ever developed clinical EAE. The overall health of the
CTLA-4-Fc recipients remained good throughout the study.

CNShistopathology. To determine whether CNSpathology
corresponded with clinical findings, 10 mice (5 CTLA-4-Fc
treated, 5 control treated) were perfused in pairs for histologic
analysis. Three pairs were sacrificed at day 16 PI (one pair
from experiment 1, two pair from experiment 2) and two pairs
at day 21 PI (both pairs from experiment 1). Blinded scoring
of all levels of the CNS for inflammation, demyelination, and

axonal necrosis revealed significantly less inflammation (P
= 0.004), demyelination (P = 0.004), and necrosis (P
= 0.022) in the CTLA4-Fc-treated group overall. Demyelin-
ation and axonal necrosis were almost absent in the CNS of
CTLA-4-Fc-treated mice when compared with the CNS of
control-treated mice (Fig. 2, a and b). Table I shows histologic
scores for the spinal cord, the area of greatest pathologic
involvement in this model.

Proliferation studies. Lymphoid cells derived from control-
treated and CTLA-4-Fc-treated mice proliferated to peptide
139-151 of PLP in each of 14 experiments over a time period
ranging from 7 to 35 d PI (Fig. 3). However, proliferation to
PLP peptide was less in cells from the CTLA-4-Fc-treated
group in 11 of 14 experiments. The decreased proliferation was
most pronounced at the earlier time points and equalized at later
times PI. In comparison, proliferative responses to Con A were
similar in both groups of cells (data not shown). No significant
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Table L Histologic Analyses of Spinal Cord Tissues from CTLA-4-Fc- and Control IgG2a-treated Mice

CTLA-4-Fc-treated mice Control IgG2a-treated mice

Spinal cord region Mouse Inflammation Demyelination Necrosis Mouse Inflammation Demyelination Necrosis

Cervical and thoracic A548 0.0 0.0 0.0 A554 2.7 1.5 0.7
Lumbar and sacral A548 0.0 0.0 0.0 A554 3.0 2.1 0.8
Cervical and thoracic A545 1.0 0.5 0.0 A550 2.1 1.0 0.8
Lumbar and sacral A545 1.1 0.1 0.0 A550 2.2 1.3 1.5
Cervical and thoracic A547 1.0 0.0 0.0 A551 1.6 2.0 2.4
Lumbar and sacral A547 1.6 0.3 0.0 A551 2.2 3.1 2.8
Cervical and thoracic A576 0.0 0.0 0.0 A583 3.5 2.0 0.5
Lumbar and sacral A576 0.1 0.0 0.0 A583 2.6 3.1 1.8
Cervical and thoracic A578 0.2 0.0 0.0 A586 1.1 0.3 0.3
Lumbar and sacral A578 0.3 0.0 0.0 A586 2.3 0.5 0.0

Inflammation, demyelination, and axonal necrosis were scored as described in Methods. Numbers represent the mean score of two to four slides.
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Figure 3. Proliferation by draining LNCs to PLP peptide 139-151. Comparisons of the specific proliferation to varying doses of PLP peptide 139-

151 by LNCs from CTLA-4-Fc-treated (o) and control IgG2a-treated (A) mice at 7 d PI (A) 12 d PI (B), 15 d PI (C), and 35 d PI (D).
Stimulation index = mean proliferation with antigen/mean proliferation in the absence of antigen.
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proliferation to whole PLP, whole MBP, or the encephalitogenic
MBPpeptide 87-99 was observed in cells from either group.

IL-2 bioassay. Bioassays were performed on SCs owing to
insufficient numbers of draining LNCs to perform both prolifer-
ation and IL-2 assays. Splenocytes from both treatment groups
(7-20 d PI) elaborated IL-2 upon activation in vitro with 20
,ug/ml PLP 139-151 in six separate experiments. CTLL-2 pro-
liferation was abolished by the addition of antibody to IL-2,
confirming that IL-2 (and not IL-4) was responsible for CTLL-
2 cell proliferation. Decreased IL-2 was noted in the superna-
tants of SCs derived from the CTLA-4-Fc-treated mice when
compared with the control-treated mice (Fig. 4).

Serial transfer experiments. To determine whether T cells
capable of inducing EAEwere present and functional in CTLA-
4-Fc-treated mice, SCs from CTLA-4-Fc-treated mice were
activated by culturing with antigen or mitogen for 48 h before
transfer into normal SJL females. PLP peptide-activated SCs
from CTLA-4-Fc-treated mice activated with the encephalito-
genic 139-151 amino acid peptide of PLP transferred typical
clinical EAE into four of four naive recipients, with all animals
unequivocally ill by day 9 after cell transfer. The maximum
clinical scores of these animals were 2.0, 2.5, 2.5, and 3.5. SCs
from control-treated mice also transferred EAE into two of two
recipients after activation in vitro with PLP 139-151, with
maximum clinical scores of 2.0 and 4.0 and onset by day 9
after transfer. SCs from neither CTLA4-Fc-nor control-treated
mice transferred EAE after a 2-d culture with MBPor Con A,
even though large numbers of cells (108) were transferred.
Histologic analysis was performed on the CNS of two of the
six recipients of PLP peptide-activated SCs from CTLA4-Fc-
treated mice, revealing marked inflammation and demyelination
and mild to moderate axonal necrosis in both cases, which are
typical histologic features of EAE (29).

Discussion

EAE serves as a prime model for the study of T cell-mediated
inflammatory CNSdemyelination, as observed in MS. A variety
of therapies directed at disease-inducing T cells (e.g., 35-39)
have been effective in inhibiting EAEinduced in highly inbred
rodent strains with a known antigen, though none have yet
been successfully applied in the treatment of ("outbred") MS
patients. As with other T cell-mediated autoimmune diseases,
the ideal therapy for MSshould inhibit putative autoimmune T
cells without interfering with the normal immune functions of
other T cells. Practically, MStherapies must be effective despite
being first administered after initiation of the immune event and
should not depend upon precise knowledge of the autoantigen.
In the present work, a controlled, blinded study of the effect of
the fusion protein CTLA-4-Fc upon murine EAE induced with
CNS myelin was performed. Wefound a profound inhibition
of the clinical and histologic manifestations of EAE, which
continued after cessation of treatment with CTLA-4-Fc. These
findings implied that costimulation delivered through CD28was

necessary for the function of EAE-inducing cells in this model
for MS, since CTLA-4-Fc acts by blocking the CD28 ligands,
B7-1 and B7-2. Myelin antigen-specific T cell proliferation was

decreased but present in CTLA4-Fc-treated mice. Blockade of
costimulation, by preventing the activation of T cells, would be
expected to prevent the production of large quantities of IL-2
and result in the decreased production of other lymphokines
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Figure 4. Bioassay of IL-2 in supernatants from CTLA4-Fc-and con-

trol-treated mice. Comparisons of [3H]thymidine incorporation by
CTLL-2 cells cultured with varying dilutions of supernatants derived
from CTLA-4-Fc-treated (A) and control-treated (o) mice at 7 d PI
(A), 10 d PI (B), and 15 d PI (C). Proliferation was abrogated by the
concomitant addition of 50 ktg/ml anti-IL-2 in A and B.
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such as IFN-y, lymphotoxin, and TNFa (40), which have been
implicated in the pathogenesis of EAE and MS(41-46).

Previously, a recombinant fusion protein of human CTLA-
4 and human Fc was found to block the B7-1 /B7-2:CD28 sig-
naling pathway. This CTLA-4-Ig has been shown to inhibit T
cell proliferation and IL-2 jploduction in primary in vitro re-
sponses and to induce T cell hyporesponsiveness or anergy to
subsequent antigen challenge (6, 8, 9). CTLA-4-Fc was shown
to induce a state of long-term donor-specific tolerance in a
xenogeneic pancreatic islet cell transplant model ( 14), compati-
ble with T cell anergy. In other studies involving cardiac allo-
graft transplantation using the same fusion protein, long-lasting
tolerance was not achieved, although graft survival was mod-
estly prolonged (16). In a related study, it was found that
CTLA-4-Fc, when administered with donor-specific transfu-
sion, was effective even after introduction of specific antigen,
suggesting that it was acting upon events involved in the ampli-
fication rather than induction of the specific T cell immune
response (17). In further support of this notion, a recent study
showed effective treatment of established murine lupus-like dis-
ease using CTLA-4-Ig (47). Thus, in previous studies, CTLA-
4-Fc treatment in vivo uniformly produced immunosuppression,
but the induction of T cell anergy was variable. The present
studies with CTLA-4-Fc resulted in highly effective long-term
suppression of EAEconcomitant with the development of lym-
phocytes in these successfully treated animals that could recog-
nize the encephalitogenic epitope of the myelin antigen PLP
and could transfer disease after in vitro culture (48). Therefore,
CTLA-4-Fc treatment either did not induce anergy or induced
T cell anergy in vivo that was overcome during in vitro culture
before cell transfer. Furthermore, analyses of LL-2 production
by PLP peptide-activated SCs revealed supernatants of SCs
from each treatment group to support growth of the IL-2-de-
pendent cell line, CTLL-2, although there was less IL-2 in the
supernatants from CTLA-4-Fc-treated mice. Taken together,
these data suggest that CTLA-4-Fc very effectively blocked
activation of EAE-inducing T cells in vivo, but did not prevent
generation of cells (possibly memory T cells) that could be
activated in vitro to proliferate and to become encephalitogenic
and transfer EAE. The immunoregulatory network that presum-
ably prevents the in vivo activation of these cells remains to be
determined.

Actively induced EAEpresents the. opportunity to study the
effect of CTLA-4-Fc treatment upon naive T cells. Of note,
recent studies indicate differing requirements for costimulation
among naive versus memory T cells. Naive T cells appear to
have more stringent requirements for costimulation (49, 50)
than memory T cells. Memory cells may be activated in certain
situations without costimulatory signaling, although activation
is enhanced by costimulation (49). Treatment with an agent
such as CTLA-4-Fc may not be effective if instituted after
induction of an ongoing process with one antigen. However,
recent data from several laboratories suggest special therapeutic
possibilities for CD28 costimulation blockade in relapsing EAE
and perhaps MS. Weand others have demonstrated using the
EAEmodel that during a CNSautoimmune process, acquisition
of immunoreactivity to new CNSantigens (51-54) can occur.
Thus, the possibility exists that intervention to block CD28
costimulation, even after the initiation of a CNSautoimmune
process and the generation of memory T cells to one antigen,
might prevent progression by blocking antigenic determinant
spreading. The present data, indicating a crucial role for CD28

costimulation in actively induced EAE, suggest an area of inves-
tigation with potential for inhibition of the putative T cell-
mediated autoimmune response in MS, even despite our current
lack of knowledge of the identity of the MSautoantigen(s).
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