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ABSTRACT Copolymer 1 (Cop 1) is a synthetic basic
random copolymer of amino acids that has been shown to be
effective in suppression of experimental allergic encephalomy-
elitis and has been proposed as a candidate drug for multiple
sclerosis. Cop 1 is immunologically cross reactive with myelin
basic protein (BP) and was shown to inhibit murine BP-specific
T-cell lines of various H-2 restrictions. In the present study these
findings were extended to include human T-cell lines. Cop 1
competitively inhibited the proliferative responses and interleu-
kin 2 secretion of six BP-specific T-cell lines and 13 clones with
several DR restrictions and epitope specificities. Conversely, BP
inhibited-albeit to a lesser extent-the response of all the Cop
1-specific T-cell lines and clones, irrespective of their DR re-
strictions. Another random copolymer of tyrosine, glutamic
acid, and alanine, denoted TGA, had no effect on these lines.
Neither Cop 1 nor BP inhibited the response of lines and clones
specific for purified protein derivative. Cop 1 and BP exerted
their cross-inhibitory effects only in the presence of antigen-
presenting cells. These results suggest that Cop 1 can compete
with BP for the binding to human major histocompatibility
complex molecules. In view of recent studies implicating BP
reactivity in multiple sclerosis, these findings suggest a possible
mechanism for the beneficial effect of Cop 1 in this disease.

Myelin basic protein (BP) is the major autoantigen involved
in the induction of experimental allergic encephalomyelitis
(EAE), a cell-mediated autoimmune disease of the central
nervous system (1). EAE serves as an animal model for
human demyelinating diseases including multiple sclerosis
(MS) (2). Although the myelin components that act as the
autoantigen in MS have not been identified yet, recent studies
suggest that T-cell reactivity to BP may be of significance in
this disease (3).
We have reported that suppression of EAE in various

animal species may be affected by copolymer 1 (Cop 1), a
synthetic basic random copolymer of amino acids (4-8). The
immunological cross reactivity of Cop 1 with BP was con-
clusively established at the humoral level, using monoclonal
antibodies to either BP or Cop 1 (9), and at the cellular level
(10, 11). Studies in mice suggest two possible mechanisms for
Cop 1 activity in EAE. (i) Induction of antigen-specific
suppressor cells; Cop 1 was found to induce suppressor T
cells specific to BP that mediate prevention of clinical EAE
(7). (ii) Competition with BP for binding to major histocom-
patibility complex (MHC) molecules. It was demonstrated
that Cop 1 can competitively inhibit the response to BP of
murine T-cell lines and clones specific to different epitopes of
BP and involving different H-2 restrictions (12).

In a double-blinded clinical trial, Cop 1 was demonstrated
to reduce the number of relapses in early exacerbating-
remitting MS (13). To find out whether the MHC-blocking

mechanism may be relevant also in MS, we have exploited
human T-cell line technology. Others demonstrated (14-18)
the isolation of BP-specific T-cell lines reactive to multiple
T-cell epitopes on BP, from MS patients and normal individ-
uals. We now report that Cop 1 can inhibit the response of
various BP-specific human T-cell lines and clones, irrespec-
tive of their DR restriction. Similarly, BP inhibited T-cell
clones specific to Cop 1 of various HLA origins. The results
also indicate that the site of competition between BP and Cop
1 is most probably the MHC. This activity may form the basis
for the effect of Cop 1 in MS.

MATERIALS AND METHODS
Antigens. BP was isolated from spinal cords of rat, bovine,

and human white matter as described (19). The synthetic
peptides p-li, p5-18, p89-101, p114-122, pl47-162, and p160-
177 of the human BP [according to the 177-residue numbering
system (16)] were synthesized by the Merrifield solid-phase
method (38) and purified by HPLC. Cop 1, a random copol-
ymer composed of L-alanine, L-glutamic acid, L-lysine, and
L-tyrosine in a residue molar ratio of 6.0:1.9:4.7:1.0 (4) was
obtained from Teva (Petach Tikva, Israel). TGA, a random
polymer of tyrosine, glutamic acid, and alanine in a residue
molar ratio of 2.0:1.0: 1.0, was synthesized and characterized
as described (20). Purified protein derivative (PPD) of tuber-
culin was obtained from Statens Serum Institute (Copenha-
gen).

Antibodies. Monoclonal anti-DR and anti-DQ antibodies
were obtained from Serotec.

T-Cell Lines. Human T-cell lines were derived from pe-
ripheral blood mononuclear cells (MNCs) according to Burns
et al. (14), by incubating 5 x 106 cells in a 24-well culture plate
with BP (100 ,ug/ml), Cop 1 (50 Ag/ml), and PPD (25 Ag/ml)
in an enriched RPMI 1640 medium supplemented with 10%
(vol/vol) heat-inactivated autologous serum. After 7 days of
culture, the cells were transferred to culture medium con-
taining 10% fetal calf serum (BioLab, Jerusalem) and recom-
binant human interleukin 2 (IL-2; 20 units/ml; Boehringer
Mannheim).
The cells were grown continuously in this medium with

periodic exposure to antigen presented on irradiated (3000
rad; 1 rad = 0.01 Gy) autologous MNCs as antigen-presenting
cells (APCs), every 14-18 days.

T-Cell Clones. T-cell clones were generated according to
Ota et al. (21) by plating limited number of cells in 96-well
plates. For each antigen, 120 wells were plated; each well
contained 2 x 105 cells and rat BP (RBP; 50 /ig/ml), 5 x 104

Abbreviations: APC, antigen presenting cell; BP, basic protein;
BBP, bovine BP; RBP, rat BP; Cop 1, copolymer 1; EAE, experi-
mental allergic encephalomyelitis; MHC, major histocompatibility
complex; IL-2, interleukin 2; MNC, mononuclear cell; MS, multiple
sclerosis; PPD, purified protein derivative.
*Present address: Department of Neurology, Assaf Harofeh Medical
Center, Israel.
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cells and Cop 1 (25 ,4g/ml), or 3 x 104 cells and PPD at 12.5
,ug/ml. Under these conditions less than 20% of the wells
were positive for the selecting antigen.

Epstein-Barr Virus-Transformed B-Cell Lines. These lines
were initiated according to Brenner et al. (22) by culturing 20
x 106 MNCs with B95.8 cell line supernatant (gift from Talma
Brenner, Hadassah Hospital, Jerusalem), for 1 h at 37TC. The
cells were then washed and cultured in RPMI medium with
10% fetal calf serum and cyclosporin A (10 tug/ml) to deplete
T cells.

T-Cell Proliferation Assay. T cells (1 x 104 cells per well)
were cultured with 0.5 x 105 to 1 x 105 irradiated (3000 rad)
MNCs or 0.25 x 105 to 0.5 x 105 Epstein-Barr virus-
transformed B cells (10,000 rad) in the presence of various
concentrations of antigen. Cultures were plated in 200 Al of
enriched medium containing 10% heat-inactivated autolo-
gous serum in microtiter plates. At the end of a 48 h
incubation, the cultures were pulse-labeled with 1 ,uCi of
[3H]thymidine (1 Ci = 37 GBq) and harvested 16 h later. The
mean thymidine incorporation (cpm) was calculated for trip-
licate cultures. Standard deviations from triplicate cultures
were within 10% of the mean value.

Assay of IL-2 Secretion. Cultures were plated as described
for the proliferation assay, and 24-48 h later, 50 ,ul of culture
supernatant was collected. The supernatants were tested for
IL-2 activity, either immediately or stored at -20°C until
assayed. IL-2 activity was measured by the ability of the
supernatants to support the growth of IL-2-dependent CTLD
cell line. CTLD cells (104 cells per well) were cultured with
the tested supernatants diluted 1:1 with culture medium in a
final volume of 0.1 ml. After a 24-h incubation, 1 ,Ci of
[3H]thymidine was added for 5 h. The cultures were further
processed as described above.

Inhibition Studies. Inhibition of the T-cell proliferative
activity and IL-2 secretion was studied by adding various
concentrations of the inhibitors tested plus the stimulating
antigen to the assay system. Inhibition was calculated as
percent inhibition = [1 - (Acpm in the presence of inhibitor/
Acpm in the absence of inhibitor)] x 100.

Inhibition of T-Cell Response in the Absence of APCs. We
used a modification of the protocol described by Bums et al.
(23) for induction of antigen-specific tolerance in vitro. The
lines tested were taken 9 days after the last stimulation, when
the number ofMNCs is minimal, washed twice, and split into
three portions. These samples were further incubated with

culture medium containing IL-2, IL-2 medium plus bovine BP
(BBP; 50 ug/ml), or IL-2 medium plus Cop 1 (50 ,ug/ml).
After a 72-h incubation under these conditions, the cells were
washed three times and tested in the T-cell proliferation assay
described above.

RESULTS

Characterization of Human T-Cell Lines and Clones. Sev-
eral human T-cell lines specific to BP of various origins,
human BP, BBP, and RBP, were isolated from peripheral
blood lymphocytes of one normal individual and three MS
patients. In addition, lines specific to Cop 1 or PPD were
selected from these four donors. The reactivity ofthese T-cell
lines could be measured by both T-cell proliferation and IL-2
secretion assays. The results summarized in Table 1 demon-
strate that all the lines are highly reactive and specific for the
selecting antigen.
From one healthy individual, SI, 13 T-cell clones reactive

with BP, 17 clones specific to Cop 1, and 17 clones specific
to PPD were generated. Representative clones of each spec-
ificity are listed in Table 2. The HLA restriction of the lines
and clones was determined by testing the responses of the
clones in the presence of anti-DR and anti-DQ monoclonal
antibodies. All the tested lines and clones, regardless of their
specificity, were shown to be DR restricted. Furthermore, by
using APCs from the four donors to assess the responses of
the clones, it was possible to assign precisely the DR-
restricting allele of each clone. As can be seen (Table 2), the
BP-specific clones exhibited two DR restriction patterns-
nine clones that reacted only with autologous or matched
APCs of the donor RG, were identified as DRwll-restricted,
represented in Table 2 by clones I-11 and 1-39. Four clones
were DR7-restricted (reacted also with APCs from the donor
SS), e.g., clones II-9 and II-18. Cop 1-specific clones showing
the same types ofrestrictions could also be demonstrated. On
the other hand, all the PPD clones were DR7-restricted.
The epitope specificity of the BP clones was determined

using the synthetic peptides corresponding to these epitopes.
Two epitope specificities were defined: the sequence 1-11 in
five DRw-11 clones and the sequence 160-177 in two DR-7
clones. In some clones the epitope specificity could not be
determined, as the clones were not reactive with any of the
peptides tested.

Table 1. Specificity of T-cell lines
Response (stimulation index)

BP Cop 1 PPD

HLA- IL-2 IL-2 IL-2
Donor DR haplotype Line Proliferation secretion Proliferation secretion Proliferation secretion

SI 7,w11 S-BBP 8.5 35.0 1.0 0.9 1.1 1.2
S-Cop 1 0.9 0.8 25.2 13.9 0.9 0.8
S-PPD 1.0 1.1 0.9 1.1 53.9 27.5

RG 7,wll R-BBP 21.0 10.5 1.2 1.1 0.9 0.8
R-HBP 5.4 6.3 0.9 0.8 0.8 0.7
R-Cop 1 0.9 1.2 11.2 11.1 0.9 0.8
R-PPD 0.8 1.2 0.9 0.8 53.5 27.3

SS 2,7 SS-HBP 5.8 10.2 1.1 NT 0.9 NT
SS-Cop 1 1.1 0.9 11.2 23.4 0.8 NT
SS-PPD 1.0 NT 0.9 NT 41.1 29.3

LL 2,w13 L-BBP 8.4 12.3 1.0 NT 0.8 NT
L-RBP 19.2 10.2 1.1 NT 1.2 NT
L-Cop 1 1.1 0.9 20.8 32.2 1.3 NT
L-PPD 0.9 1.1 1.2 NT 45.9 20.7

Donor SI was a normal control; donors RG, SS, and LL had MS. BP lines were tested with the corresponding BP at 2.5 gg per well. The
Cop 1 and PPD lines were tested with BBP. Cop 1 and PPD were used at 1 Ag per well. NT, not tested. Stimulation index = cpm with antigen/cpm
without antigen.
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Table 2. Characterization of T-cell clones

Antigenic DR BP Stimulation index
Clone specificity restriction epitope Proliferation IL-2 secretion
I-11 RBP w11 1-11 21.2 33.2
1-39 RBP w11 ND 55.3 26.7
11-9 RBP 7 ND 56.2 7.6
11-18 RBP 7 160-177 37.7 40.1
C-54 Cop 1 w11 23.3 35.1
C-58 Cop 1 7 25.2 15.6
C-82 Cop 1 7 60.5 26.3
C-87 Cop 1 w11 20.7 11.3
P-35 PPD 7 58.5 28.6
P-96 PPD 7 143.5 81.5
P-97 PPD 7 73.1 144.6

Stimulation index is as defined in Table 1 in response to the selecting antigen. The antigen
concentrations were as indicated in Table 1. Epitope specificity was defined when the stimulation index
was at least half of that obtained with intact BP. ND, not defined.

Inhibition of BP-Specific T-Cell Lines and Clones by Cop 1.
None of the BP-specific lines and clones could be directly
stimulated by Cop 1. However, the effect of Cop 1 on the
specific response of these lines and clones could be demon-
strated by competition reactions, when incubation was per-
formed with various concentrations of BP and Cop 1. The
results with a representative line S-BBP, are shown in Fig. 1.
Cop 1 inhibited BP activation of the S-BBP line in a com-
petitive dose-dependent manner. As can be seen (Fig. 1A),
50% inhibition of the proliferative response to BP could be
obtained when a 10-fold excess of Cop 1 was added to the
culture, in the linear phase of the dose-response curve to BP,
and up to 100lo inhibition was obtained by using 20-fold
excess of Cop 1. The response of this line to BP, as followed
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FIG. 1. Inhibition of lines derived from donor SI. (A) Inhibition
of the proliferative response of S-BBP cells to BBP. e, Response to
BBP without inhibitors; A and *, response to BBP plus Cop 1 (5 Mg
and 10 Lg, respectively); *, response to BBP plus TGA (10 Mg). (B)
Inhibition of BBP-induced IL-2 secretion by S-BBP line. Bars: open,
response to BBP (1 Mg) without inhibitors; solid, response to BBP
plus Cop 1 (10 Mg); hatched, response to BBP plus TGA (10 Mg). (C)
The effect of Cop 1 and BBP on the proliferative response of S-PPD
line. *, Response to PPD without inhibitors; A, response to PPD plus
top 1 (10 Mg); *, response to PPD plus BBP (10 gtg). (D) Inhibition
of S-Cop 1 line proliferative response by BBP. e, Response to Cop
1 without inhibitors; A, response to Cop 1 plus BBP (5 Mg); *
response to Cop 1 plus TGA (5 Mg).

by IL-2 secretion, could also be completely inhibited by Cop
1 (Fig. 1B). The inhibition of the response to BP was specific
to Cop 1, as another random polymer of amino acids, TGA,
did not inhibit the response to BP assayed by cell prolifera-
tion (Fig. 1A) and IL-2 secretion (Fig. 1B).
The effect ofCop 1 was tested on all the BP clones isolated

from donor SI and the various BP lines originating from the
three MS patients. All the BP lines and clones, irrespective
of their specificity, were inhibited by Cop 1 to various
extents. The results obtained with various lines and clones
are illustrated in Fig. 2; 70-100o inhibition of the prolifera-
tive response was achieved with the various clones when a
20-fold excess of Cop 1 was used.

Inhibition of Cop 1-Specific T-Cell Lines and Clones by BP.
The Cop 1 lines and clones that were generated from the four
donors were highly reactive and specific to Cop 1. No
cross-stimulation with BP was observed by any of the lines
or clones. To further establish the nature of competition
between BP and Cop 1, the effect ofBP on the Cop 1 lines and
clones was tested. As can be seen in Fig. iD, S-Cop 1 line

Clone/Line DR- Phiymidine incorporation (cpmxlO3)

I-11 Will A
1-39 Wl1

E-9 7

E-18 7
R-BBP 7/Wit

R-HBP 7/WII
SS-HBP 2 / 7
L-RBP 2/13

C-54 WIl B
C-58 7
C-82 7 _

C-87 WVl
R-Copl 7/WiI
SS Cop 2/7
L-CopI 2/13

10 20 30

FIG. 2. Effect of Cop 1 and BP on the proliferative response of
BP- and Cop 1-specific T-cell lines and clones. (A) The proliferative
responses of BP-specific T-cell lines and clones. (B) The proliferative
responses of Cop 1-specific T-cell lines and clones. The responses to
BP alone (open bars), to Cop 1 alone (solid bars), and to BP plus Cop
1 (hatched bars) are shown.
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could be competitively inhibited by BBP, but to a lesser
degree than the inhibition of the response of the BP line by
Cop 1 (Fig. 1A). A nonrelevant polymer such as TGA had no
effect on the response to Cop 1. A similar extent of inhibition,
ranging from 25 to 60%o, was obtained with all the other lines
and clones tested in the presence of a 20-fold excess of BP
(Fig. 2B). The cross inhibitory effects of BP and Cop 1 seem
to be specific as BP and Cop 1 did not inhibit any of the PPD
lines and clones tested, as shown for S-PPD line (Fig. 1C).

Blocking of T-Cell Lines in the Absence of APC. To define
more precisely the site of competition between BP and Cop
1, inhibition studies without APCs were performed. BP- and
Cop 1-specific lines were preincubated with the tested anti-
gens, added to the culture medium for 3 days. Subsequently,
the cell lines were tested for their proliferative response to
antigen presented on APCs. The response to IL-2 was
followed in all cultures as a measure of the capacity of the
cells to respond to proliferating signal. Results of such
experiments are illustrated in Fig. 3. Preincubation of the
S-BBP line with BP for 3 days resulted in complete anergy of
the line to antigen-induced proliferation, while it still prolif-
erated in response to IL-2. Preincubation with Cop 1 did not
affect at all the response of the line to BP (Fig. 3A). Con-
versely, when S-Cop 1 line was incubated with Cop 1, 92%
inhibition ofthe proliferative response to Cop 1 was obtained,
whereas BP had no effect on this activity (Fig. 3B). Similar
results of antigen-specific induced anergy were demonstrated
with R-BBP and R-Cop 1 lines (data not shown). These
results indicate that BP and Cop 1 cannot exert cross-
inhibition in the absence of APCs.

DISCUSSION
The present report extends our previous studies demonstrat-
ing inhibition by Cop 1 of the response of BP-specific murine
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FIG. 3. Inhibition of lines derived from donor SI in the absence
of APCs. (A) Inhibition of the proliferative response of S-BBP line.
(B) Inhibition of the proliferative response of S-Cop 1 line. Groups
of bars: -, responses of the line without preincubation with antigen;
BBP, responses after a 3-day preincubation with BBP; Cop 1,
response after a 3-day preincubation with Cop 1. The proliferative
responses to BBP (5 Ag), Cop 1 (5 ,ug), and IL-2 (20 units/ml) were

tested. Ag, antigen.

T-cell lines (12) to humans. The results reported here con-
clusively establish that human T-cell lines of several HLA
restrictions and BP epitope specificities are inhibited by Cop
1 (Table 2 and Fig. 2).

In the EAE system, the role of BP in disease induction is
well established and T-cell lines reactive with immunodom-
inant regions of BP are indeed capable of mediating the
disease (1). In MS, however, the role ofBP has been debated
for many years. Though we (24) and others (25, 26) have
demonstrated that it is possible to detect cellular immune
response to BP in MS patients, the responses have been
generally quite low and inconsistent. The introduction of the
T-cell line technology (27) enabled the isolation of BP-
specific lines and clones from MS patients and normal
individuals, as demonstrated by several groups (14-18). The
uniform feature of these T cells is their expression of the CD4
molecule and the recognition of BP in the context of MHC
class II products. In EAE there is usually dominance of one
major encephalitogenic epitope that is recognized by BP-
sensitized cells (1). A similar phenomenon was reported for
T cells from MS patients, which seem to interact preferen-
tially with a distinct BP epitope, 84-102 (21). In contrast,
several other reports demonstrated responses of human
T-cell lines from MS and healthy controls to multiple epitopes
on BP (15-18). Our results, showing that different BP-
specific T-cell clones isolated from one individual responded
to at least three epitopes corresponding to the sequences 1-11
and 160-177 or undefined epitopes (Table 2), therefore,
confirm the finding of multiple epitopes of BP.

In addition to BP-specific lines and clones, we could select
T-cell lines specific to PPD from all donors; this is expected
since most people respond vigorously to this antigen, due to
vaccination against tuberculosis. We were also able to select
lines specific to Cop 1, which is less expected since this is a
synthetic amino acid copolymer. Yet peripheral blood lym-
phocytes from most individuals proliferate in response to Cop
1 (28) and the isolation of Cop 1-specific T-cell lines was also
demonstrated by another group (23). All the lines and clones
prepared in the present study, irrespective of their antigenic
specificities, were restricted by DR alleles. The BP- and Cop
1-specific clones were restricted to the two DR alleles of the
donor, whereas PPD-specific clones showed dominant re-
striction to only one allele (Table 2). This may indicate some
heterogeneity in the response to BP and Cop 1, both ofwhich
are multideterminant antigens.
BP and Cop 1 are immunologically cross reactive, on the

humoral level (9) and on the cellular level, by using in
vivo-sensitized primary lymphocytes (10, 11). However, on
the level of T-cell lines, most murine BP-specific T-cell lines
do not cross react with Cop 1 (12). The present study and the
results ofBums et al. (23) demonstrate the same phenomenon
for human T-cell lines and clones. This may be due to the fact
that the isolation of T-cell lines favors a specific selected
population of CD4 T cells that respond to effector and not
suppressor determinants. The present study demonstrates
that, nevertheless, BP and Cop 1 seem to competitively
inhibit T-cell lines specific to the counterpart antigen and do
not inhibit the irrelevant PPD lines. Cop 1 was usually a more
effective inhibitor of BP responses than BP was of Cop 1
responses. This inhibition is not due to toxic effects, as it can
be reversed by increasing the concentration of the homolo-
gous antigen in culture.

It has been demonstrated that specific T-cell activation can
be inhibited by unrelated peptides as well, due to competition
for antigen presentation (29-32). To further establish the role
of the MHC in the presently investigated system, experi-
ments in which the competing antigens were added to the
T-cell lines in the absence of APCs were performed. The
results indicate that under these conditions T-cell inhibition
was obtained only with the homologous antigen, probably by
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blocking the specific T-cell receptor, whereas BP and Cop 1
showed no cross-inhibitory effects. These results indicate
that indeed the site of competition between BP and Cop 1 is
not the T-cell receptor and suggest it is likely to be the MHC
molecules on the APCs. It should be noted that similar results
were previously reported by Burns et al. (23) and were
interpreted as showing a lack of cross reactivity. In the
presence of APCs, we demonstrated the higher efficacy of
inhibition by Cop 1 in the BP T-cell system as compared with
that ofBP in the Cop 1 T-cell system, which may be indicative
of its higher affinity to MHC molecules. It was recently
claimed that Cop 1 did not inhibit human T-cell lines reactive
to BP (33). These latter results, which seem to contradict our
data, may be due to the use of outdated Cop 1.
Of special importance is the finding that Cop 1 was found

to block T-cell responses linked to several H-2 haplotypes in
the murine system (12) and responses linked to a variety of
DR alleles involving various epitopes of the BP in the human
system (the present work). The ability of Cop 1 to interact
with a large array of MHC molecules may be due to the fact
that Cop 1, which is a random polymer, contains different
sequences that are able to bind to different MHC haplotypes.

In addition to the capacity to inhibit antigen-specific pro-
liferative responses, Cop 1 was also found to inhibit IL-2
secretion. Such activity may be of special relevance in MS in
vivo, since the number of activated T cells was reported to be
elevated in MS patients (34, 35). Such activated cells produce
IL-2 as well as other cytokines that may contribute to the
aggravation of the pathological symptoms and progression of
the disease (36).

It has been reported that in vivo competition between
pathogenic and nonpathogenic self peptides can be applied to
prevention ofEAE (37). Cop 1, when simultaneously injected
with BP, also blocks EAE induction, probably by interfering
with T-cell activation. If indeed BP is a pathogenic factor in
MS, as suggested recently by several lines of evidence (3),
then the ability of Cop 1 to compete with BP for binding to
various DR molecules may be a significant element in the
beneficial effect of Cop 1 in MS patients.
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