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Recent advance in immunotherapies for alzheimer's disease

With special reference to DNA vaccination
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Alzheimer’s disease (AD) is the most common causc of dementia
characterized by progressive neurodegeneration. Based on the
amyloid cascade hypothesis, several immunotherapies for AD
have been developed as curative treatment. In 1999, Schenk et
al. reported for the first time that amyloid beta (AB) deposits in
AD model mice could be reduced by active vaccination with AR
peptide. Although clinical trials with the Af peptide were halted
due to the development of meningoencephalitis in some treated
patients, the vaccine therapy was judged to be effective on the basis
of clinical and pathological analyses. Passive immunization using
humanized anti-Af monoclonal antibodies is also under clinical
trials; however they have some problems to be solved. As other
strategics, DNA vaccines have been developed as immunotherapies
for AD, which is simple, easily modified and can be administered
without adjuvant. DNA vaccines were developed by several groups
including our laboratory, which induced Af reduction in AD
model mice without side effects. DNA vaccination may be open up
new avenue of vaccine therapies for AD in the near future.

Introduction

Alzheimer's disease (AD) is the most common cause of age-
related cognitive decline, affecting more than 12 million people
in worldwide. The disease is characterized by progressive memory
impairment, cognitive decline, altered behavior and language
deficit. Later, patients show global amnesia and slowing of motor
function, and finally died.! Therefore, development of thera-
pies against AD is extremely important from medical, social and
economical points of view.

It is generally believed thar accumulation of amyloid beta (AB) is
the first event in the pathogenesis of AD. In other words, AP deposi-
tion is an upstream event of tau phosphorylation, tangle formarion
and neuronal death (amyloid cascade hypothesis).”? Therefore,
already deposited or depositing AP should be the first target of AD.
Recently, several immunotherapies have been developed as curative
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treatments of AD by targeting the underlying cause. In this article,
we review conventional vaccine therapies and further introduce
DNA vaccines which are now promising as an alternative therapy
for human AD.

Development of Anti-AB Immunotherapy and Human Clinical
Trials

In 1999, Schenk and his colleagues demonstrated that monthly
inoculation with synthetic AP in adjuvants (complete Freund adju-
vant for the first time and incomplete Freund adjuvant thereafter)
could lead to high anti-AP antibody titers and dramatic reductions
of AB deposition in PDAPP transgenic mice.* The vaccine was able
to slow or reverse amyloid deposit formation, even if administrated
after AB deposition occurred. Subsequent studies demonstrated
that clearance of AP deposits following immunizarion protected
APP-transgenic (Tg) mice from developing memory deficits. 6
Approximately 50% reduction in dense-cored AP plaques is suffi-
cient to ameliorate cognition.” Based on the promising results using
model mice, clinical trials were started for AD patients. Phase [ trial
showed thar active immunization to mild-to-moderate AD patients
with Betabloc (AN-1792; Elan Pharmaceuticals, Dublin, Ireland),
syntheric AP1-42 in adjuvanc (QS-21) was safe and well-tolerated.®
However, subsequent phase 1I-A study was halted in January 2002
duc o the development of meningoencephalitis in 18 of 298
patients (6%) who received the vaccine.? Later, autopsy revealed T
cell infileration mainly comprising CD4* (CD3* and CD4SRO) T
cells.'® CD8* T cells were very few were and B lymphocytes were not
present. Since examinations of viruses that may cause encephalitis
were negative, the pathogenesis of this encephalitis was thought w0
be similar to autoimmune encephalomyelitis. Although the precise
mechanisms remain to be obscure, the addition of new emulsifier,
polysorbate 80, to the formulation used in phase II study might
induce a different T-cell response.!!

Lessons from Clinical Studies with an Ap Peptide Vaccine

Although the clinical trial was halted due to the presence of the
adverse effect, histological examinations of autopsied brains of ueated
patiencs revealed benefits of the vaccine. The first autopsy case of
human AD after the trial was reported in 2003.!% A 72 years-old
woman with a 5-year history of Alzheimer’s disease was immunized
of AN-1792. After fifth injection, she was suffered from meningoen-
cephalitis and died of pulmonary embolism 20 months after the first
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