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Abstract: Alzheimer’s disease is the leading cause of cognitive decline in
western societies and its incidence rises with age. With the increase in life
expectancy, the prevalence of this devastating disease is increasing and the
economic burden of caring for these patients will rise. In the year 2000 there were
4.5 million AD patients in the US with an annual health expenditures of over 83
billion dollars. Currently, the treatment of Alzheimer’s disease is mostly
symptomatic and includes cholinesterase inhibitors and psychotropic drugs [1].
These treatments do not address basic pathophysiological mechanisms leading to the
cognitive decline and have only a marginal role in disease modification. The lack of
effective therapy or prevention of this common and increasingly prevalent disease
led to the search for more effective therapies designed to attack the suspect
molecular culprits of the disease: the neurotoxic amyloid-beta (Af3) aggregates. An
important novel approach to AD is to harness the immune system to attack and
dissolve Af§ aggregates, leading to improvement in cognitive functions. The purpose
of this review is to provide a current overview as well as future prospects of
immune-based approaches for the treatment of AD.

EXPERIMENTAL STUDIES

One of the effective ways to dissect pathogenic mechanisms and tailor
therapies is the study of an experimental model of the human disease.
Several of the current therapies of multiple sclerosis were designed and

tested in its accepted animal model experimental autoimmune
encephalomyelitis. Similarly, mouse models of AD were developed for the
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elucidation of pathogenesisand therapies of AD. Basedon the effectiveness
of antibodies in dissolving amyloid plaques, Schenk and colleagues in a
landmark paper, described the beneficial effects of immunizing AD model
mice with amyloid beta peptide in adjuvant [2]. The treatment proved
effective in preventing the diseasein young mice aswell asin ameliorating
the diseasein older mice. Immunization with A8 was also associatedwith
improvement in cognitive functions in treated mice. Several other groups
have confirmed the efficacy of this form of therapy in experimental AD.

WHAT IS THE MECHANISM OF ACTION?

The prevailing concept on the immune mechanism is that the 1gG
antibodies induced in vaccinated mice, bind A8 peptide and the immune
complexes are either taken and degraded by Fcy receptor on activated
microglia or antibody binding enhancesthe net movement of A8 out of the
brain to the CSFand serum. Several papers have delineated the molecular
requirements in terms of the minimal peptide aswell asthe character of the
antibody needed for a therapeutic effect. Moreover, the treatment effect was
achieved by injecting experimental animals with monoclonal antibodies to
A8 [3]. Recently, another mechanism for immune based treatment was
proposed that is independent of antibodies and relies on T cell activating
the microglia to clear the plaques.

CLINICAL EXPERIENCE WITH AMYLOID-BETA VACCINE

In view of the lack of effective treatment of human AD and the
surprisingly effective immunization in AD mice, clinical trials testing the
efficacy of A§ immunization were started. Although a Phasel safety study
in a small number of patients failed to reveal significant side effects, a
subsequent Phasell trial was discontinued shortly after its initiation when
approximately 6% of the treated patients (18 of 298) developed a harmful
CNS inflammatory reaction [4]. While 12 of the patients recovered from the
complication 6 remained with disabling neurological sequelae. Clinical
evaluation following A8 immunization showed that patients who
developed effective titers of plaque-binding A8 antibodies showed slower
rates of decline of cognitive functions. Follow-up detailed post-mortem
investigations on 2 patients that developed meningoencephalitis indicated
that this adverse effect was accompanied by T cell infiltrations in the brain,
hinting that the mechanism of this adverse effect was probably induction of
T-cell autoimmunity [5]. In addition to the T cell infiltrates, the analysis
showed patchy areas in the cortex that were cleared of amyloid beta
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deposits, with no changein neurofibrillary tangles and neuropil threads. In
fact, immunization of C57bl mice with A§ in complete Freund® adjuvant
and pertussis toxin led to the development of experimental autoimmune
encephalomyelitis in some of the mice. Aside from the inflammatory CNS
reaction the main other side effect is the development of micro-
hemorrhages in injected experimental animals. This adverse effect is
probably mediated by targeting A8 accumulated on blood vessels of the
brain, which then leads to enhanced permeability, weakening of the blood
vessels, and micro-hemorrhages. Of note, although micro-hemorrhages
were observed following passive immunization with A§ antibodies, it is
likely that antibody induction via active immunization can cause similar
effects. The histological hallmark contributing to the development of this
side effect is cerebral amyloid angiopathy (CAA).

In summary, although the beneficial clinical seen in AD mice after
immunization with A8 were translated to a positive clinical effect in AD
patients, theseform of treatment was stopped asresult on the development
of side effects: severe CNS inflammatory reaction that was probably
autoimmune reaction induced by A8 reactive T cells.

FUTURE DIRECTIONS

Armed with the knowledge of the effectiveness of immunotherapy on
AD, many investigations are performed in order to enhance the safety of
this approach while retaining its therapeutic effects. The principles behind
these studies are:

1. Avoid T-cell stimulation to minimize the chance of pathological
autoimmunity induction. In accord with this principle investigators
report on the use of shorter A§ peptides that include the B cell epitope
and not the T cell epitope, use DNA based vaccines that induce
effectively antibodies and not T cells, modify the adjuvant to a Th2/ B
cell inducing adjuvant (and not Thl inducer adjuvant) or use
monoclonal antibodies to AS.

2. Altered immunization modality: mucosal immunization has the
advantage that even if T cells are induced, these are of the Th2 or
regulatory phenotype and thus will not be pathogenic. Evidence
suggests that these T cells can activate microglia to clear A8 deposits [6].

3. Testing non-AS§ related antigens for their ability to clear amyloid-beta
deposits. Recent results using active immunization with Glatiramer
acetate [6] showed beneficial effects on mouse AD.
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With the extensive research on immune-based therapies in experimental
AD, more focused human trials will emerge that will avoid Thl type T cell
activation and yet retain the beneficial clinical effects on the disease.
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