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ABSTRACT Neurodegenerative diseases, whatever their primary causes, are characterized by certain
common features, one of which is their self-perpetuating nature. The ongoing progression of the disorder is
due to the effects of destructive self-compounds, whose presence in the tissues is an outcome of the early
phase of the disease and which gradually destroy remaining functional neurons. Studies in our laboratory
have led to the recent formulation of a novel concept of protective autoimmunity as the body’s mechanism
of defense against these destructive self-compounds. This autoimmune response to central nervous system
(CNS) insults is mediated by T-cells and presumably operates by activating and regulating local microglia
and infiltrating macrophages (inflammatory response) to carry out their function of clearing destructive
material from the tissue at risk. We suggest that a well-controlled autoimmunity counteracts and
overcomes the destructive effects of the potentially harmful self-compounds, at the cost of some loss of
tissue. An additional risk to the individual is the induction of an autoimmune disease, which is likely to
occur if the autoimmune response is malfunctioning. An optimal balance of the various factors will lead to
an outcome of maximal benefit at minimal cost to the tissue. A procedure for safely boosting the
autoimmune response, by vaccination with a weak self-crossreactive antigen such as glatiramer acetate
(also known as Cop-1) was found to protect rats from glutamate toxicity, a major mediator of the spread of
damage and a well-known causative factor in neurodegenerative disorders. Cop-1, when administered
according to a different regimen, is an FDA-approved drug for the treatment of multiple sclerosis. Different
formulations of the same drug can therefore be used to treat two extreme manifestations of chronic
degenerative diseases of the CNS. Drug Dev. Res. 56:143–149, 2002. �c 2002 Wiley-Liss, Inc.
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AUTOIMMUNITY LEADING TO A BENEFICIAL
OUTCOME IN NEURODEGENERATIVE DISORDERS

Neurodegenerative syndromes are commonly
associated with ongoing neuronal losses in the central
nervous system (CNS). In all of these disorders,
regardless of their location in the CNS, the progressive
neuronal loss follows a similar pattern and is perpe-
tuated by similar toxic mediators [Hovda et al., 1991].
It is interesting to note that destructive components
common to neurodegenerative diseases have also been
identified in autoimmune diseases viewed as myelin
disorders, such as multiple sclerosis (MS) [Bjartmar

and Trapp, 2001; Meyer et al., 2001; Olsson et al., 2000;
Perry and Anthony, 1999]. Among these components
are excitatory amino acids (such as glutamate), nitric
oxide, and free radicals causing oxidative stress
[Greenamyre et al., 1999; Hartwick, 2001; Rothstein,
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1995a,b]. Immune activity is widely thought to have
negative effects in all patients with neurodegenerative
disorders [Asghar and Pasch, 2000; Burt et al., 2000;
Choy, 2000; McMurray, 2001; Wimer, 1998], not only
in those with definite etiology of autoimmune disease.

Studies in our laboratory have shown that
immune cells in general, and autoimmune T-cells in
particular, play an essential role in protecting the
injured CNS from the effects of self-destructive
compounds (such as mediators of toxicity causing
secondary degeneration) [Fisher et al., 2001; Hauben
et al., 2000b; Moalem et al., 1999; Schwartz and
Cohen, 2000; Schwartz and Kipnis, 2001]. In certain
strains of rats with partial crush injury of the optic
nerve [Yoles and Schwartz, 1998], we found that
passive transfer of autoimmune T-cells reactive to
myelin-related self-antigens confers a neuroprotective
effect by reducing secondary degeneration of the
damaged neural tissue [Fisher et al., 2001; Moalem
et al., 1999], while at the same time inducing a
transient autoimmune syndrome experimental auto-
immune encephalomyelitis (EAE) [Ben-Nun and
Cohen, 1982; Kim et al., 1998]. Further studies by
our group showed that protective autoimmunity is a
physiological response to the insult. The spontaneous
ability to manifest a protective autoimmune response
was found to vary among individuals, in apparent
correlation with their ability to resist the induction (by
myelin-associated antigens) of an autoimmune disease
[Kipnis et al., 2001]. We further observed that a T-cell-
dependent protective mechanism also operates when
the CNS insult is of a biochemical rather than a
mechanical nature [Schwartz and Kipnis, 2001]. Thus,
direct exposure of the eye to glutamate (by intravitreal
injection) causes dose-dependent death of the retinal
ganglion cells, but the identical injection has different
long-term effects on mice of differing genetic back-
grounds. In mice deprived of mature T-cells, however,
these strain-related differences were wiped out, so that
the relatively resistant strains lost their advantage.
Interestingly, boosting of the T-cell response by myelin-
associated antigens, although beneficial when the insult
was inflicted on the myelinated axons, had no effect
when the insult was directed to the retinal ganglion
cells [Schori et al., 2001a,b].

These and other results led us to propose that
protective autoimmunity is the body’s mechanism of
protection and repair in the case of insults by self-
compounds and that autoimmune disease is an out-
come of failure to control this mechanism [Schwartz
and Kipnis, 2001]. We further suggest that autoimmu-
nity and neurodegenerative disorders are two extreme
manifestations of the same process, namely, an auto-
immune response, and that the competition between

self-destructive compounds and autoimmunity deter-
mines the final outcome and expression of the process.

We recently observed that retinal ganglion cells
subjected to glutamate insult can benefit from auto-
immune T-cells that are specifically reactive to antigens
residing in the eye. It thus appears that for T-cells to be
beneficial, they should be activated within the site of
their activity. This means that they should recognize
their antigen-presenting cells at that site [Schwartz and
Mizrahi, 2002].

Based on our results, it seems that the presence
of activated microglia or invading macrophages at the
sites of CNS tissue damage in acute or chronic
disorders cannot be used as an argument either for
or against the contribution of such cells to the well-
being of the damaged tissue. It is possible that the
reason for the initial recruitment and activation of
these immune cells is to facilitate the clearance of cell
debris and threatening self-compounds from the site,
either by aiding phagocytosis or by activating the
resident microglia so as to increase their buffering
capacity in a receptor-specific manner [Schwartz and
Kipnis, 2002].

Taken together, the results described above
suggest that the immune system can protect against
the consequences of CNS insults. It is also clear that
the protective immune response should be well-
regulated. To translate the protective response into a
therapeutic vaccine, it is necessary to find a way to
boost the T-cell response to self-antigens residing at the
site of damage while avoiding the development of an
autoimmune disease, which would endanger the tissue.
In seeking a potent antigen that would meet the criteria
of activating self-reactive T-cells without risking healthy
tissue, we decided to test Cop-1 [Kipnis et al., 2000;
Schori et al., 2001a], a compound that (when
administered according to a different regimen) has
proved useful as a treatment for patients with the
relapsing–remitting form of MS [Sela, 1999a,b].
Experimental results from our group support the
possible use of Cop-1 as a therapeutic vaccine for
other neurodegenerative disorders, not necessarily in
the category of autoimmune diseases.

Cop-1 IN AUTOIMMUNE DISEASE

Copolymer 1 or Cop-1 (Copaxones), also known
as glatiramer acetate, is a synthetic amino acid polymer
(4.7–11 kDa) composed of four amino acids (L-alanine,
L-lysine, L-glutamic acid, and L-tyrosine) in a defined
molar ratio [Teitelbaum et al., 1971, 1997b]. It was
originally synthesized to mimic the activity of myelin
basic protein (MBP) in inducing EAE in laboratory
animals [Teitelbaum et al., 1997a], but was found to be
nonencephalitogenic and even to suppress MBP-
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induced EAE [Weiner, 1999]. Cop-1 blocks chronic-
relapsing EAE induced in an (SJL/J�Balb/c) F1

mouse model by application of mouse spinal cord
homogenate or encephalitogenic peptides of proteoli-
pid protein (PLP) [Teitelbaum et al., 1996]. The
polymer is thought to bind to the relevant major
histocompatibility complex (MHC) proteins and acti-
vate T-suppressor cells triggered by determinants
common to Cop-1 and MBP [Teitelbaum et al., 1997a].

The precise mechanisms by which Cop-1 pre-
vents the development of EAE and ameliorates MS are
not yet fully understood. Nevertheless, some important
immunological properties of this copolymer have been
discovered. Cop-1 shows partial cross-reactivity with
MBP, mediated both by T-cells and by antibodies. Cop-
1 can serve as an antagonist of the T-cell antigen
receptor for the MBP immunodominant epitope
[Aharoni et al., 1998]. It can also bind to various
MHC class II molecules [Fridkis-Hareli et al., 1997]
and prevent them from binding to T-cells with several
antigen-recognition properties. In a recently published
commentary, Hafler [2002] Hafler referred to Cop-1 as
a ‘‘universal APL’’ (altered peptide ligand) or a
‘‘universal antigen’’ and formulated a novel view of
the effect of Cop-1 in patients with MS. In rodents,
Cop-1 suppresses the encephalitogenic effect of
myelin-associated autoreactive T-cells. Passive transfer
of Cop-1-specific T-cells was found to prevent the
development of EAE induced in rats or mice by MBP
[Aharoni et al., 1993], PLP [Teitelbaum et al., 1996], or
whole spinal cord homogenate [Aharoni et al., 1997]. In
humans, daily treatment with Cop-1 leads to a
tendency to the development of a response of the
Th2/Th3 type over time [Duda et al., 2000].

Cop-1-activated T-cells were found to be neuro-
protective in several models of CNS injury as well,
where myelin-associated antigens are not active, such
as the insult caused by direct exposure of retinal
ganglion cells to glutamate toxicity [Schori et al.,
2001a]. Thus, on the basis of our results as well as
suggestions in the literature, we view Cop-1 as an
antigen that has the capacity for low-affinity activation
of a wide range of self-reactive T-cells and thereby
overcomes the specificity barrier of tissue self-antigens.
Being similar to both self-antigens and weak, Cop-1
can serve the two goals of activating self-reactive T-cells
without risk of autoimmune disease and failing to
activate dominant self-epitopes. It therefore seems
that, if administered according to a suitable regimen in
each case, enabling different modes of action, treat-
ment with Cop-1 can be beneficial against both
autoimmune diseases (e.g. MS) and neurodegenerative
diseases (e.g. Alzheimer’s disease, AD). In the former
case, the Cop-1 molecules are used to suppress a wide

range of self-reactive T-cells, whereas in the latter case
they activate the immune response in a well-regulated
way. The regimen will differ in these two cases.

Csp-1 AS A WEAK UNIVERSAL SELF-ANTIGENF
A SAFE THERAPEUTIC VACCINE FOR
NEURODEGENERATIVE DISORDERS

Our initial assumption was that Cop-1, by cross-
reacting with MBP or other components of myelin,
might enable Cop-1-specific T-cells to recognize the
damaged tissue, accumulate there, and undergo
activation resulting in neuroprotection [Kipnis et al.,
2000]. More recent studies showed, however, that T-
cells reactive to Cop-1 do not proliferate when exposed
to myelin proteins [Qin et al., 2000]. After partial crush
injury of the rat optic nerve, myelin epitopes are
exposed at the site of injury. Following injury,
peripheral lymphocytesFregardless of their antigenic
specificityFenter the CNS [Owens et al., 2001;
Schmidt et al., 1997]. T-cells reactive to myelin proteins
are activated at the site of injury or in the cervical
lymph nodes, where the drainage of CNS antigens
probably takes place [Aloisi et al., 2000a,b]. Recent
studies in our laboratory showed that activation of
autoimmune T-cells after injury is a prerequisite for
neuroprotection and that such activation can be
boosted by immunization with self-antigens (in this
case, myelin proteins) [Fisher et al., 2001; Hauben et
al., 2000a,b]. These findings led us to suggest that upon
passive transfer of Cop-1-specific T-cells or active
immunization with Cop-1, T-cells arriving at the site of
injury will serve a dual role: first, they will trigger
proinflammatory activity, and later they will terminate
their own activation [Kipnis et al., 2000]. Examination
of this possibility indeed showed that Cop-1-reactive
T-cells accumulate in the normal (undamaged) optic
nerve, where only myelin-specific T-cells can accumu-
late, but that their numbers are smaller than those of
the accumulated myelin-specific T-cells. These findings
pointed to cross-reactivity of Cop-1-activated T-cells
with myelin proteins in vivo. Activated Cop-1-reactive
T-cells produce neurotrophic factors, but their pattern
of neurotrophin expression differs from that of MBP-
reactive activated T-cells [Kipnis et al., 2000]. Accord-
ingly, the mechanism we suggested was that Cop-1-
reactive T-cells, after arriving at the site of the injury,
are weakly reactivated by self-antigens residing at the
lesion site. Such reactivated T-cells were shown to
produce cytokines associated with both Th1 (INF-g
and Th2 (IL-4), indicating that Cop-1-reactive T-cells
have the potential for self-regulation. We suggest that
the reactivated proinflammatory Cop-1 cells in turn
activate the resident microglia, as suggested above,
facilitating their ability to clear the lesion site of toxic
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compounds in a receptor-specific manner, as well as to
display enhanced phagocytic activity for nonspecific
clearance. The activated T-cells also produce neuro-
trophic factors and activate microglia to produce
neurotrophic factors [Barouch and Schwartz, 2002].

We suggest that the autoimmune response be
viewed as the individual’s protective physiological
response to any CNS insult, whether it be caused by
exogenous invading microorganisms, by mechanical
trauma, or by destructive self-compounds evoked by
stress originating within the body itself. Autoimmune
disease is then one extreme situation where the
autoimmune response overshoots and gets out of
control. The other extreme is a degenerative disorder,
where the autoimmune response is not strong enough
for effective protection and degeneration therefore
continues. Thus, inflammation might be seen in both of
these pathological conditions, but it will require
distinct therapeutic handling in each case.

DIFFERENTIAL MODES OF Cop-1 ADMINISTRATION
IN PATIENTS WITH MS AND WITH
NEURODEGENERATIVE DISORDERS

If Cop-1 acts as a universal antigen, questions
arise in connection with the optimal therapeutic
regimens of Cop-1 for different conditions. Should
patients with autoimmune diseases be treated in the
same way as patients with acute or chronic neurode-
generative disorders? In the case of autoimmune
disease, where the regulation of autoimmunity is
malfunctioning, there is a need to shut off the
autoimmune clones. In the case of acute CNS injury
or chronic neurodegenerative disorders, on the other
hand, there is a need for neuroprotection, initially
requiring the participation of active autoimmune
clones and subsequently needing tight control to shut
off the autoimmune response at the right time.

Reports indicate that MS patients treated with
Cop-1 initially show a Th1-type response, which later
switches towards Th2 [Farina et al., 2001; Neuhaus et
al., 2001], considered to be a favorable phenotype in
such patients. From this stage onward, each application
of Cop-1 boosts the Th2-type response and weakens
the Th1-type response, until there is no response to
Cop-1 at all [Duda et al., 2000; Neuhaus et al., 2000].
This eventual lack of response might reflect anergy of
effector T-cells (primarily specific to myelin or to other
self-proteins) caused by overstimulation with Cop-1.
Alternatively, or in addition, it might reflect over-
activation of regulatory T-cell clones and their con-
sequent inhibition of effector clones (regardless of their
antigenic specificity). Whatever the underlying me-
chanism, this type of progression of the autoimmune

response was found to be beneficial in patients with
autoimmune diseases.

In acute neurodegenerative disorders, the aim of
therapy is to boost the local immune response at the
lesion site in a well-regulated way. Accordingly, the
early and transient Th1 (effector) response is a
welcome phenomenon, essential for stopping the
process of damage caused by self-destructive com-
pounds. It can be achieved by Cop-1 vaccination,
which allows an induced Th1 (effector) immune
response to be accompanied by a regulatory response.
In patients with chronic neurodegenerative disorders,
the timing and amount of each booster application
should incorporate the Th1 phase. During this phase
(which is probably very short) the affinity of the Th1
cells for self-epitopes is relatively low, so the develop-
ment of an autoimmune disease during the Th1 phase
window is avoided, whereas the desired activation of
phagocytes for clearing of myelin debris is probably
achieved.

Glutamate is a major mediator of toxicity in
neurodegenerative disorders, including AD [Ferrarese
et al., 2001; Liang et al., 2002; Takahashi et al., 2002;
Vajda, 2002]. Thus, regardless of the primary risk
factors (many of which are not yet known), in patients
with degenerative diseases the loss of neurons con-
tinues even after the risk is diminished. Considerable
research attention has therefore been directed to
neutralizing the mediators of continuing degeneration,
among which one of the most prominent is glutamate.
The finding by our group that vaccination with Cop-1
protects neurons from the consequences of direct
glutamate insults suggested that this might be a
promising therapy for both acute and chronic insults
in which glutamate is known to play a key role. It is
important to bear in mind that MS is now recognized
not only as a disorder related to myelin, but also as a
neurodegenerative disorder [Heales et al., 1999;
Matute et al., 2001; Torreilles et al., 1999]. Giving
Cop-1 to patients with MS according to the same
regimen as for patients with neurodegenerative dis-
orders might therefore be worth considering.

Our group was the first to point out that glaucoma
can be viewed as a disease in which the continuing
progression of degeneration, even after treatment with
antihypertensive drugs, is the result of a process
reminiscent of the secondary degeneration that occurs
after acute injury to the optic nerve [Schwartz et al.,
1996]. In view of these findings, as well as related
observations reported in the literature, we considered
testing Cop-1 as a vaccine for the treatment of
glaucoma. Using a rat model of high intraocular
pressure, we showed that a single vaccination with
Cop-1 at the time of initiation of a pressure increase
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resulted in protection (of up to 6-fold) of retinal
ganglion cells from death assessed 3 weeks later [Schori
et al., 2001a].

In seeking the antigen specific for particular sites
of injury, it became clear that boosting of the
autoimmune response by vaccination with the physio-
logical native self-peptide is bound to carry a risk of
autoimmune disease induction in individuals whose
genetic background does not enable proper control of
the autoimmune response. This might explain why the
use of the native b-amyloid-derived peptide [Lemere et
al., 2001; Monsonego et al., 2001; Morgan et al., 2000;
Schenk et al., 2001], although effective, might have
caused adverse effects in some patients with AD. One
way to overcome this problem might be to make use of
altered self-peptides for neurodegenerative conditions
[Hauben et al., 2001]. As we have previously proposed,
Cop-1 being a universal weak antigen might be an
optimal solution for this purpose.

SUMMARY

On the basis of a series of experiments carried out
in our laboratory, we have suggested that the T-cell-
mediated protective response evoked by a CNS insult
is harnessed by the body to assist local innate immune
mechanisms to cope with the insult-induced secretion
of destructive self-compounds [Schwartz and Kipnis,
2001]. This T-cell-mediated response needs to be
rigorously regulated in order to provide protection
without risk of inducing an autoimmune disease.
Vaccination with Cop-1 appears to provide a safe way
to both regulate and boost the response.

Degeneration is a chaotic process, involving the
activity of numerous physiological compounds. Some of
these compounds (for example, glutamate), although
normally essential for CNS function, become toxic
when (as a result of the insult) their normal concentra-
tions are exceeded. Pharmacological intervention
aimed at reducing the toxicity of a particular compound
is likely to be accompanied by an undesirable
disruption of that compound’s normal functioning and
might also interfere with the functioning of other
compounds. Protective autoimmunity appears to be the
body’s own mechanism of coping with conditions of
stress, such as those caused by CNS insults of various
types. Taken together, the findings of our group and
those of others further support our contention that the
immune response evoked by CNS trauma is always at
least potentially beneficial, but it needs to be properly
regulated for the beneficial effect to be expressed. If
properly regulated and suitably boosted, protective
autoimmunity, such as that supplied by vaccination
with Cop-1, is therefore likely to provide the most
physiological and global therapeutic effect of any

known treatment modality for neurodegenerative dis-
orders such as AD.
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