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1.  Introduction

Copaxone is the commercial name of an FDA approved
drug for the treatment of multiple sclerosis (1).  It
consists of a synthetic polymer of amino acids, denoted
Copolymer 1 (Cop 1), composed of L-alanine, L-lysine,
L-glutamic acid and L-tyrosine.  This is a novel and
unique drug not only since it is the first drug based on
an antigen-specific suppression of an autoimmune
disease, but also because this is the first case in which
a synthetic polymeric substance  comprises the main
ingredient of a drug (2).
We are familiar with the use of biopolymers, for
packaging a drug, for slow and controlled release, and
for many other uses, but never as the active ingredient
against a disease.  In the following, we intend to discuss
the chemistry of this substance, its polymeric nature,
and its development into  a drug against the
exacerbating-remitting type of multiple sclerosis [3].
Cop 1 is effective because it is related immunologically
to the myelin basic protein (MBP), a substance in the
myelin sheath of the brain that seems to be the main
cause of the autoimmune phenomena in multiple
sclerosis.  In this particular case the agent is a synthetic
product, a copolymer of amino acids.  Hence, the drug
is specific for this disease.  But, it can serve as  a
prototype of specific drugs-vaccines against
autoimmune diseases.  Vaccines against infectious
diseases are known to be highly specific.  We have
extended this concept to autoimmune diseases:
whenever it is possible to identify the putative cause
of the diseases, it should be possible to find a close
molecular analog which will combat the disease. In
this particular case the agent is a synthetic product, a
copolymer of amino acids.

2.  Chemistry of polyamino acids -
Polymeric aspects

In a typical polycondensation or polyaddition, the
polymerization occurs through the reaction of growing
chains with growing chains, resulting in a very broad

distribution of molecular weights.  The situation is
totally different in polymerization of ethylene oxide,
where a growing chain can react only with a monomer,
leading to a much narrower, Poissonian, distribution
of molecular weights.  Poly-a-amino acids are prepared
usually from N-carboxy-a-amino acid anhydrides [4],
and this polymerization occurs through the growth of
chains by reaction only with monomers and not with
each other [5].  The polymerization is essentially devoid
of a termination reaction, but two types of termination
reactions have been shown to occur: a general
intermolecular termination reaction in which a growing
peptide chain reacts with an N-carboxyamino acid
anhydride to yield a ureido compound with a terminal
carboxyl group [6]; and a specific intramolecular
termination reaction, in the case of glutamic acid,
leading to an unreactive terminal pyrrolidone ring [5].
As these occur very rarely, the experience is that
polymers and copolymers of amino acids possess a
narrow molecular weight  distribution.
The length of the polymer will depend on the ratio
between the monomer and the initiator which is usually
a primary or secondary amine.  Keeping this ratio
constant leads to high reproduciblity of molecular size
in different batches of the polymers.  Furthermore, the
rate of polymerization is an intrinsic property of the
different N-carboxyanhydride derivatives, and hence,
different samples of a polymer with the same
composition of amino acids, although of random
sequence in their nature, will be very similar in their
physical and chemical properties.

3.  Synthetic antigens - Use of amino acid
copolymers in immunology

As early as 1960 we showed that a multichain amino
acid copolymer, composed of a backbone of poly-L-
lysine, with chains of poly-DL-alanine attached to the
amino groups of polylysine, and elongated with short
chains of L-tyrosine and L-glutamic acid - all prepared
by polymeric techniques - is immunogenic, leading to
the production of specific antibodies in a variety of
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experimental animals [7].  This led to a series of studies
towards the elucidation of the molecular basis of
immune phenomena [8,9], as well as to the discovery
of the determinant-specific genetic control of the
immune response [10,11].  The role of size,
composition, optical configuration of the component
amino acids, electrical charge, etc. has been defined,
and the special importance of the steric conformation
has been stressed, leading to the definition of sequential
and conformational antigenic determinants (epitopes)
[12].  This led in turn to the development of synthetic
vaccines against infectious diseases [13,14], and to
efforts to deal with autoimmune diseases [15].
It all began as basic research into the mechanisms
involved in the induction and suppression of
experimental allergic encephalomyelitis (EAE), which
is the primary animal model for MS.  EAE is an acute
neurological autoimmune disease, induced by the
injection in complete Freund’s adjuvant (CFA) of brain
- or spinal cord-derived substances which constitute
the encephlitogenic antigens.  These include several
proteins such as myelin basic protein (MBP),
proteolipid protein (PLP), myelin oligodendritic
glycoprotein (MOG) and others. The disease is
mediated by CD4+ autoreactive T cells, which
recognize the encephalitogenic antigen(s) in
association with major histocompatibility complex
(MHC) class II molecules.  These autoreactive cells
migrate into the central nervous system (CNS) and
mediate the pathogenic process.  When we started our
research in 1967, the only encephalitogenic material
identified in the CNS was the MBP, and the only
information available about it was its overall amino
acid composition.   It is of interest that MBP, under
different conditions (e.g. in the absence of CFA) was
capable of suppressing EAE rather than inducing the
disease [16].
Our approach to the study of EAE and its suppression
was the synthetic one, using copolymers of amino acids
whose composition resembled to a certain extent that
of natural MBP, in order to simulate its ability to induce
or suppress EAE.  None of the copolymers proved to

be encephalitogenic even after conjugation with brain
lipids, but some, particularly Cop-1, showed high
efficacy in suppressing EAE [17].
Cop-1 is a synthetic amino acid copolymer composed
of L-alanine, L-lysine, L-glutamic acid and L-tyrosine
in a residue molar ratio of 4.2:3.4:1.4:1.0.  It was shown
to suppress EAE induced by MBP in a variety of
animals, including guinea pigs, rabbits, mice and two
species of monkeys - rhesus monkeys and baboons [18].
The results clearly indicated that there was a remarkable
degree of suppression of EAE by Cop-1 in all species
studied, although different encephalitogenic
determinants of MBP were involved in disease
induction in the different species.  Indeed, our studies
have shown that the suppressive effect of Cop-1 in EAE
is a general phenomenon and is not restricted to a
particular species, disease type or the encephalitogen
used for EAE induction [3,15].  Furthermore, Cop 1
was effective in suppressing also the chronic-relapsing
EAE, a disease which shows a closer resemblance to
MS, that can be induced either in guinea pigs by MBP,
or in mice by PLP.  In both species Cop1 reduced both
the incidence and the severity of the relapses[1].

4.  Immunological cross-reactivity between
MBP and Cop 1

Since EAE is autoimmune in nature, and its
pathogenicity involves T cells sensitized to MBP, the
specific inhibition by Cop 1 may be explicable in terms
of an immunological cross-reaction between Cop 1 and
MBP.  Studies have been performed to test this
hypothesis at both the cellular and humoral levels of
the immune response.
Using monoclonal antibodies raised against MBP, we
could demonstrate clearly that several monoclonal anti-
MBP antibodies reacted with Cop 1 and vice versa [19].
At the cellular level, a marked cross-reaction was
observed both in vivo in the delayed hypersensitivity
skin test and in vitro by measuring lymphocyte
transformation [20].  Of particular interest is the very
good correlation between the extent of immunological
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cross-reactivity and suppressive effect on EAE of
various materials.  Thus, D-Cop 1, a polymer
resembling Cop 1 in all parameters except that it is
composed of D-amino acids rather than L-amino  acids,
does not cross-react with MBP and has no suppressing
activity whatsoever [21].  It is therefore plausible that
the immune response/intervention by Cop 1 is the basis
for its suppressive effect on EAE.

5.  Clinical studies with Cop 1 in MS

In view of the putative resemblance between EAE and
MS and the assumption that  MBP may be involved in
the pathogenesis of MS, preliminary clinical trials using
Cop-1 were conducted on MS patients.  These were
begun after toxicity studies in experimental animals
showed that Cop 1 was nontoxic after both acute and
subchronic administration to mice, rats, rabbits and
beagle dogs [1], and that there was no significant uptake
by any of the animal organs.
Our clinical trials have included two preliminary open
trials and two double blind phase II trials, one involving
exacerbating- remitting (ER) patients [22] and another
one on chronic progressive (CP) patients [23].  The
results of the phase II trial on ER patients demonstrated
a remarkable decrease in the number of relapses during
the two years of the trial, as well as in the rate of
progression of the disease in Cop 1-treated patients
compared with the placebo control.  After a successful
pivotal multicenter  phase III clinical trial [24,25],
which was conducted in 11 medical centers in the
United States and involved 251 patients, the US Food
and Drug Administration decided to approve Cop 1
( Copaxone ) as a drug for MS.   Copaxone has since
been approved in Israel, Canada, Argentine, and several
countries in Europe.  It is being used by thousands of
patients with highly successful results.

6.  Mechanism of activity of Cop 1

a.  Induction of antigen-specific suppressor cells
We have demonstrated that mice pretreated with Cop

1 in incomplete adjuvant became resistant to further
EAE induction.  This state of unresponsiveness could
be adoptively transferred to normal recipients by spleen
cells from Cop 1 treated donors, and the cells
responsible for the suppressive activity were identified
as T lymphocytes [26].  Furthermore, we have
demonstrated the generation of suppressor T-cell
hybridomas and lines from spleen cells of mice
rendered unresponsive to EAE by Cop 1.  Both cell
types produce in vitro inhibition of MBP specific
effector lines and in vivo inhibition of clinical EAE
[27].  Recent results revealed that these T suppressor
cells secrete Th2 cytokines after exposure to either Cop
1 or MBP [28].  These cytokines may mediate the
therapeutic effect of Cop 1 in disease induced not only
with MBP but also with other encephalitogens by the
mechanism of bystander suppression .    The
induction of such specific suppressor cells by Cop 1
is therefore one mechanism by which its therapeutic
effect is delivered.
b.  Inhibition of antigen-specific T-cell responses
It has been demonstrated that Cop 1 can competitively
inhibit the response to MBP of diverse MBP-specific
murine and human T cell lines and clones, which have
different MHC restrictions and respond to different
epitopes of MBP, while having no effect on PPD-
specific T cell clones [29, 30]. These  studies  suggest
that the site of competition between MBP and Cop 1
is most likely to be the MHC-binding site.  In order to
demonstrate the direct binding of Cop 1 to MHC
molecules on antigen-presenting cells (APC) and to
study the specificity, affinity and time course of these
interactions, we used a biotinylated derivative of Cop
1 and a fluorimetric method to follow the binding [31].
Cop 1 exhibited a very high and indiscriminate binding
to different types of APC of various H-2 and HLA
haplotypes.  The specificity of the binding was
confirmed by its inhibition with either the relevant anti-
MHC class II antibodies or unlabelled analogs.  The
binding of Cop 1 to MHC class II molecules was more
rapid and efficient than that of MBP.  Moreover, Cop
1 inhibited the binding of MHC and other
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encephalitogens to the MHC molecules and could even
efficiently displace MBP from the MHC class II
binding groove.  This inhibition of binding to the APC
is, however, of rather broad  specificity, and not limited
to the MBP.
Specificity for the MBP was recently displayed,
however, by the competition that occurs at the level of
the T-cell receptor between the complex of MBP-
derived peptides with class II MHC antigen, and the
complex of Cop 1 with class II antigens.  This was
corroborated by the antagonistic effect of Cop1, where
it inhibited the presentation of MBP or its
encephalitogenic epitope to the T-cell receptor in  a
strictly antigen-specific manner (32).

7.  Proposed mode of action of Cop 1 in EAE
and MS

Cop 1 affects EAE, and therefore by extrapolation MS,
at various levels of the immune response involved,
which differ in their degree of specificity.  Binding of
Cop 1 to the MHC class II molecules, which is the
least specific step, is a prerequisite for its effect by any
mechanism.  Following this interaction, two
mechanisms were clearly shown to be effective:
1) Cop 1 binding to the relevant MHC leads to the
activation of T suppressor cells, which are activated
by suppressive determinants shared between MBP and
Cop 1.  This mechanism is a specific one and results
from the cross-reactivity between Cop 1 and MBP.
2)  Cop 1 can compete for binding to MHC class II
molecules with several myelin-associated antigens,
resulting in inhibition of antigen-specific T cell effector
functions (i.e. proliferation, interleukin secretion and
cytotoxicity).
This mechanism may be less specific, as MHC
blockade may lead to interference with other immune
responses.  However, this does not seem to be the case,
as Cop-1 did not inhibit responses to ovalbumin or
lysozyme.  Furthermore, D-Cop 1, which bound to
MHC class II molecules as efficiently as Cop 1 and
competed with MBP for binding, did not inhibit MBP-

specific T cell lines, and did not inhibit EAE when
coinjected with the encephalitogenic emulsion.  These
findings may suggest that the nonspecific MHC
blocking is a necessary but not sufficient step, which
requires an additional step involving antigen-specific
mechanisms such as induction of crossreactive T cell
tolerance, or T cell receptor antagonism.   Regardless
of the mechanism involved, the ability of Cop 1 to
suppress disease which is induced not only by MBP
but by other myelin-associated proteins as well, is very
important, since these antigens might be potential
autoantigens in MS.

8.  Conclusion

Copaxone is the only non-interferon novel drug for
the treatment of multiple sclerosis.  It is a synthetic
polymer of amino acids, and has a specific effect on
the autoimmune process involved in EAE and in MS.
The results of clinical trials with Cop 1 indicate that it
is a promising low-risk MS-specific drug for the
treatment of relapsing MS, capable of slowing
progression of disability and reducing the relapse rate.
As an antigen-specific intervention, Cop 1 has the
advantage of reduced probability of long-term damage
to the immune system.
As for the chemistry angle  of this drug, it is of interest
that Copaxone is the first drug of a polymeric nature
approved for treatment of a disease.  This is a
macromolecular preparation obtained by polymeric
techniques, in which probably no two molecules are
completely identical.  The microheterogeneity of Cop
1 can actually be part of its success, as it may contain
sufficient different amino acid sequences that could
successfully compete with the encephalitogenic
antigens for class II MHC antigens of many different
genetic backgrounds.  This, as well as its high safety
profile, make Copaxone a first choice drug that will
hopefully alleviate the suffering of many MS patients.
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