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Abstract

Alzheimer's disease is a devastating neurological disorder that affects more than 37 million people
worldwide. The economic burden of Alzheimer's disease is massive; in the United States alone, the
estimated direct and indirect annual cost of patient care is at least $100 billion. Current FDA-
approved drugs for Alzheimer's disease do not prevent or reverse the disease, and provide only
modest symptomatic benefits. Driven by the clear unmet medical need and a growing
understanding of the molecular pathophysiology of Alzheimer's disease, the number of agents in
development has increased dramatically in recent years. Truly *disease-modifying' therapies that
target the underlying mechanisms of Alzheimer's disease have now reached late stages of human
clinical trials. Primary targets include beta-amyloid, whose presence and accumulation in the brain
is thought to contribute to the development of Alzheimer's disease, and tau protein which, when
hyperphosphorylated, results in the self-assembly of tangles of paired helical filaments also believed
to be involved in the pathogenesis of Alzheimer's disease. In this review, we briefly discuss the
current status of Alzheimer's disease therapies under study, as well the scientific context in which
they have been developed.

Review

Synaptotoxic B-amyloid (AB) peptide and the plaques
composed of aggregated AP, as well as the neurofibrillary
tangles composed of hyperphosphorylated tau protein,
are believed to be central to the pathogenesis of Alzhe-
imer's disease (AD). Although both the amyloid and tan-
gle pathways present multiple opportunities to create
disease-modifying therapies for AD, most of the biotech
and pharmaceutical industry efforts have focused on the
*amyloid hypothesis'; this focus is supported by strong
genetic evidence implicating the primacy of the amyloid
pathway [1].

Therapeutic strategies aimed at preventing A formation,
blocking its aggregation into plaques, lowering its soluble
levels in the brain, and disassembling existing amyloid

plaques are among the main strategies employed to slow
the progression of AD. Recently, a few therapeutic pro-
grams have aimed at reducing tau phosphorylation and/
or aggregation. Beyond plaque- and tangle-related targets,
other aspects of AD pathophysiology, including mito-
chondrial dysfunction, failure of molecular transport
mechanisms, oxidative damage, inflammation, and cell-
cycle dysregulation, may also provide therapeutic oppor-
tunities. In this review, we will discuss drugs under study
that are thought to slow the progression of AD by each of
the above-mentioned mechanisms. Key development pro-
grams are listed in Table 1.
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Table I: Selected Alzheimer's disease drug development programs
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Drug Mechanism of Action

Stage of Development

Tramiprosate Direct AP binding to prevent A aggregation

Completed Phase lll/discontinued

ACC-001 Active AP vaccination

Phase Il (safety, proof of concept)

Bapineuzumab Anti-A3 monoclonal antibodies

Phase llI (efficacy in AD)

IglV Anti-A polyclonal antibodies

PF-04494700 RAGE Inhibitor

Phase Ill (efficacy in AD)

Phase Il (safety, proof of concept)

Tarenflurbil y-secretase modulator Completed Phase lll/discontinued
Semagacestat y-secretase inhibitor Phase Ill (efficacy in AD)

Rember Tau aggregation inhibitor Entering Phase Il (efficacy in AD)

NAP (AL-108) Microtubule stabilizer Phase Il (safety, cognitive enhancement)
Dimebon Mitochondrial stabilizer Phase IIl (efficacy in AD)

Decreasing A formation through direct binding or altered
trafficking

Direct interaction with A may reduce aggregation and
accumulation, thereby limiting amyloid-mediated synap-
tic dysfunction and neurotoxicity.

Tramiprosate

The first anti-amyloid drug to reach a pivotal clinical trial
was tramiprosate. Tramiprosate is a glycosaminoglycan
mimetic that binds to monomeric AB, thereby reducing
aggregation and neurotoxicity while promoting clearance
from brain [2]. A Phase II trial demonstrated that the drug
reduces AB42 in the cerebrospinal fluid of patients with
AD [3]. The North American Phase III study included
1052 patients with mild to moderate AD, randomly
assigned to receive placebo or 100 mg or 150 mg twice
daily of tramiprosate. Though treatment was well toler-
ated, the study failed to demonstrate a beneficial effect on
the primary outcomes, change in cognition and clinical
stage. Unexplained variance in the planned statistical
model may have contributed to these disappointing
results. There are currently no additional trials planned
utilizing this mechanism of action.

Abeta42 vaccines, monoclonal Af antibodies, polyclonal antibodies

Immunotherapy targeting the amyloid peptide is a lead-
ing approach to disease-modifying treatment [4]. Mecha-
nistically, molecules that bind AP peptide in the blood
could *draw' the peptide from the brain through the
blood-brain barrier, possibly by a receptor-mediated proc-
ess. Heparin, gelsolin, and other molecules are thought to
*sink' or trap AP peptide in the blood and, at least in ani-

mal models, reduce AB accumulation in the brain [5].
Alternatively, such antibodies, which generally penetrate
into the brain to a small but definite extent, may promote
microglial phagocytosis and clearance of amyloid.

A Phase II trial of the first-generation amyloid vaccine AN-
1792 (Elan/Wyeth), using aggregated amyloid peptide as
the immunogen, suggested a positive efficacy trend:
patients with AD who developed an antibody response
improved over a 12-month period in some neuropsycho-
logical tests [6]. However, owing to the development of
aseptic meningoencephalitis in 6% of the patients the AN-
1792 program was discontinued. A second-generation
vaccine, ACC-001 (Elan/Wyeth), which was engineered to
have an improved safety profile (with a short A sequence
as the immunogen, presumably preventing the induction
of a toxic cellular immune response), is now in a Phase II
clinical trial. Similar active vaccination programs from
Novartis and Merck are also in clinical testing.

Compared with active immunization, passive immuniza-
tion would incorporate regular intravenous administra-
tion of anti-AfB antibodies which, although cumbersome,
could offer more control over safety and efficacy. A
number of monoclonal antibodies against various
domains of AP are currently in development to capitalize
on this notion. The furthest along in clinical testing is bap-
ineuzumab (Elan/Wyeth), now being investigated in a
series of Phase III trials; a Phase II study of this antibody
yielded some encouraging results, particularly in the sub-
group of patients not carrying the apolipoprotein &4
allele. A small Phase II trial of pooled human immu-
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noglobulin (IglV) which contains naturally occurring
anti-amyloid antibodies showed evidence of cognitive
and clinical benefits, and a Phase III trial has just been
launched.

RAGE Inhibitor

Amyloid is also known to bind to receptors for advanced
glycated endproducts (RAGE) on the surface of cells and
at the blood-brain barrier; this binding may contribute to
inflammation and neuronal death [7]. In laboratory stud-
ies, blocking amyloid-RAGE binding can reduce amyloid
accumulation and neurotoxicity. PF-04494700 (formerly
TTP488) is an orally bioavailable small molecule antago-
nist of RAGE. It is now being investigated in a Phase II
clinical study to determine its potential in AD therapy.

Decreasing A production — gamma-secretase inhibitors
Another approach to lowering the level of AB in the brain
is to decrease its production. Gamma-secretase is a trans-
membrane enzyme complex that cleaves the amyloid pre-
cursor protein at one end of the AP sequence; its activity is
required for AP generation in brain.

Tarenflurbil

Tarenflurbil, the enantiomer of the non-steroidal anti-
inflammatory drug flurbiprofen, modulates the activity of
gamma-secretase, thereby reducing Ap [8]. In a Phase II
trial in patients with mild-to-moderate AD, tarenflurbil
was safe and well tolerated, but the primary analyses did
not show a beneficial effect on cognition or function;
post-hoc analyses suggested possible benefit of treatment
of mildly affected patients with the highest dose tested [9].
A large 18-month Phase III trial showed no benefit of
treatment, and the development program has been dis-
continued. A plausible explanation for the failure of taren-
flurbil is that oral administration produced insufficient
brain concentrations to reduce AB to a meaningful extent.

Other gagmma-secretase inhibitors

A large Phase III study examining treatment with
semagacestat (LY450139) [10], a gamma-secretase inhib-
itor, is currently underway. Earlier studies of this drug
demonstrated significant reduction of amyloid peptide
generation in blood and cerebrospinal fluid of patients
with AD treated with tolerable doses; this is notable in
view of concerns that gamma-secretase inhibition may
cause serious toxicity mediated by inhibition of Notch
cleavage [11].

A number of other candidate anti-amyloid compounds
are entering clinical trials. These include inhibitors of
beta-secretase (the second endopeptidase involved in AB
cleavage from its precursor protein), considered by some
to be the most promising target of all because it may be an
essential component of the amyloid cascade yet its inhibi-
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tion may be free of serious toxicity [12]. Additional anti-
aggregation agents such as scyllo-inositol [13] and com-
pounds that interfere with the interaction of amyloid pep-
tides with metals [14] have also shown some promise.

Targeting tau

Consensus is growing that a truly effective, disease-modi-
fying therapy will have to reduce both amyloid and tau-
related pathology. Tau is a microtubule-associated pro-
tein, abundant in neurons, which promotes and stabilizes
tubulin assembly into microtubules. Hyperphosphoryla-
tion of tau interferes with its function and can result in
self-assembly into paired helical filaments that form
intraneuronal tangles. In the neurobiology underlying the
development of AD, there is a progression of hyperphos-
phorylated tau-bearing tangles appearing initially in the
entorhinal cortex and hippocampus, then progressing to
neocortex of the temporal, frontal, and parietal cortices.
An optimal disease-modifying strategy should interfere
with this cascade either by interfering with an upstream
causal event (thought by many to be generation of AB) or
targeting tangle formation directly.

Methylene blue

Methylene blue, a widely used histology dye, has been
shown to interfere with tau aggregation [15]. This com-
pound is now being investigated (under the trade name
Rember) as a potential treatment for AD. A Phase II study
has been completed; some analyses suggested a drug ben-
efit in subsets of participants [16]. Pivotal Phase III trials
are planned, with the aim of providing definitive evidence
of the efficacy and safety of this approach.

NAP

A small peptide called NAP (AL-108), derived from a nat-
ural neurotrophic protein, can be delivered to the central
nervous system via intranasal administration [17]. Ani-
mal studies indicate that intranasal NAP markedly reduces
tau phosphorylation [18], and preliminary human studies
have been encouraging.

Neuroprotection

The term neuroprotection refers to mechanisms that pro-
tect neurons from degeneration, for example following
ischemic injury or as a result of chronic neurodegenerative
diseases. AD and other neurodegenerative disorders are
associated with oxidative and inflammatory stress and
mitochondrial dysfunction. While trials of antioxidants
and anti-inflammatory treatments have provided modest
or no beneficial effects, efforts to develop effective neuro-
protectants continue.

Dimebon
Dimebon is a 25-year-old antihistamine that was studied
in Russia as a treatment for AD on the basis of in vitro evi-
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dence of cholinesterase inhibition and NMDA receptor
antagonism; in fact, the efficacy of Dimebon in AD
appears to be unrelated to these activities, but relates
rather to a unique mechanism of action involving stabili-
zation of mitochondria. In a 6-month trial of Dimebon
(20 mg three times a day) in 183 patients with mild to
moderate AD conducted in Russia, the drug showed sig-
nificant improvement in all cognitive, behavioral and glo-
bal outcome measures [19]. Further, the benefits of drug
treatment were greater after a blinded extension period of
6 months, suggesting the possibility of a disease-modify-
ing effect. The sponsor, Medivation, is now conducting a
confirmatory Phase III trial.

Conclusion

Currently, the anti-amyloid strategies are proceeding with
the greatest number of candidate drugs. Numerous candi-
date disease-modifying therapies that target the underly-
ing pathogenic mechanisms of AD are currently in clinical
trials. While it is not possible to predict the success of any
individual program, one or more are likely to prove effec-
tive. Indeed, it seems reasonable to predict that in the not-
too-distant future, a synergistic combination of agents
will have the capacity to alter the neurodegenerative cas-
cade and reduce the global impact of this devastating dis-
ease.
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