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Abstract: Alzheimer’s disease (AD) is a disease with significant impact on both
the individual and society.  Increased knowledge of the underlying pathological
basis for the disease has led to the development of new therapeutic strategies.
Currently approved clinical therapies target the neurotransmitter deficits resulting
from neuronal loss.  Increased understanding of amyloid metabolism, tau formation
and neuro-inflammation in the AD brain has been accompanied by the
identification of new therapeutic targets. These aspects of AD pathology will be
discussed in terms of their therapeutic potential and clinical trials currently
underway.

INTRODUCTION

A lzheimerÕs d i sease (A D) i s becoming an i ncreasingl y  prevalent
condition characterised by progressive cognitive impairment, behavioural
disturbance and eventual terminal decline.  Presently available medications
include the acety l chol i nesterase i nhibi tors, w hich resul t  i n modest
symptomatic benefi t, and the N -methyl-D-aspartate (N M DA ) receptor
antagonist memantine, that is generally reserved for the latter stages of the
i l lness.  Thus there is an intense ef for t  to develop medicat ions w i th
signi f icant cl inical  impact and the possibi l i ty of disease modi f ication.
Compounds are being developed to target the various pathological events
under ly ing A D.  This rev iew  w i l l  focus on medications targeting the
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amyloid-§ peptide, the neurofibril lary tangles comprising the tau protein,
and the neuro-inf lammation accompanying the disease process.  Key
compounds and their various stages of development are summarised in
table 1.

Table 1
Compounds in clinical development for the therapeutics of AlzheimerÕs disease 

*ADAPT trial halted 2004

ANTI-AMYLOID APPROACHES

The secretase enzymes

One of the key pathological features of the AD brain is the extracellular
amyloid plaque comprised of the insoluble amyloid-§ (A§) peptide.  The A§
peptide is derived from the processing of amyloid precursor protein (APP)
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Clinical trial Compound Mechanism of action Manufacturer
phase

I TAK-070 BACE inhibitor Takeda
PBT-2 anti A§ fibrillisation Prana biotech
Humanised m266 anti A§ antibody Lilly
ACC-001 A§ fragment Elan/Wyeth

immunization
II LY450139 γ-secretase inhibitor Lilly

PPI-1019 anti A§ fibrillisation Praecis
TTP-488 anti A§ fibrillisation TransTech Pharma
AAB-001 anti A§ antibody Elan/Wyeth
(Bapineuzumab)
Lithium GSK3 inhibitor Various
Rosiglitazone PPARγ agonist GlaxoSmithKline

III R-flurbiprofen γ-secretase Myriad
modulator

Atorvastatin secretase modulator Pfizer
Simvastatin (Zocor) secretase modulator Merck
Oestrogen secretase modulator Various
Tramiprosate anti A§ fibrillisation Neurochem
(Alzhemed)
Ibuprofen NSAID Non-proprietary
Naproxen* NSAID Non-proprietary
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by  the enzymes denoted  §-secretase (BA CE-1) and  γ-secretase.
A lternatively APP may be processed by α-secretase, thus preventing the
format ion of  A §. Target ing these var ious enzymes may prevent the
formation of A §, w hich in turn may hal t  or  prevent the pathological
cascade.  

BACE-1 inhibition is an attractive concept as BACE-1 knockout mice are
phenotypically normal w ith negligible A§ production [1].  Amidst other
considerations, the major challenge in such inhibitor design is the fact that
the long substrate binding site requires large inhibitor molecules which
must be balanced against the requirement for a molecule small enough to
penetrate the blood brain barrier. Nonetheless various inhibitors have been
designed, some of which are in phase I clinical trials [2].  A  more recent
approach described in the literature is the development of antibodies raised
against the BACE-1 cleavage site of APP [3].  Various proteins have been
descr ibed w hich regulate BA CE-1 activ i ty, namely prostate apoptosis
response-4 and  members of  the ret i cu l on fami l y  of  p rotei ns [4,5] ,
manipulation of which may hold therapeutic promise.
γ-secretase is a complex consisting of  the presenilins, nicastrin, anterior

pharynx defective-1 (Aph-1) and preseni l in enhancer-2 (Pen-2).  A  key
consideration in the development of γ-secretase inhibitors is the variety of
potential substrates [6].  The most highly considered of these is Notch, a
protein involved in cel lular signall ing and development.  Despite these
concerns various compounds capable of inhibiting γ-secretase have been
described and are currently in phase II clinical trials.  An alternative method
of targeting γ-secretase activity is modulation of function so as to selectively
inhibi t  the production of the more amyloidogenic forms of A §.  One
compound with such activity is the non-steroidal anti-inflammatory drug
(NSAID) enantiomer R-flurbiprofen, currently in phase III cl inical tr ial
(www.myriad.com).  

Up-regulation of α-secretase activi ty has been shown to be a feasible
method of reducing A§ formation in animal models [7].  Two modes of α-
secretase activity exist, namely, basal activity and protein kinase C (PKC)-
regulated activity.  Various pharmacological agents possess the ability to
stimulate α-secretase activity, including muscarinic agonists, glutamate and
serotonin agonists, stat ins, oestrogens, testosterone, protein kinase C
activators and acetylcholinesterase inhibitors [8].   It should however be
noted that many of these classes of medication may have effects on AD
pathology aside from their effects on α-secretase. The statins and oestrogens
(i n the form of  hormone replacement  therapy) have been the most
extensively researched to date, how ever, data from large randomised
controlled trials are currently outstanding.
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Amyloid degrading enzymes

Several enzymes have been identified with the capability to degrade the
A § peptide, namely nepri lysin, insul in degrading enzyme, endothel in
converting enzyme and plasmin.  The intracerebral injection into mice of
lentivirus expressing human nepri lysin, w hich resulted in reduced AD
pathology [9], demonstrated that the activi ty of these enzymes may be
exploited in therapeutics development.  Manipulation of proteins which
regulate the activity of these enzymes may also be beneficial, for example,
somatostatin in the case of neprilysin and plasminogen activator inhibitor-1
(PA I-1) in the case of plasmin (w w w .elan.com).  Of note a recent tr ial
i nv ol v i ng the somatostat i n agoni st  FK962 w as termi nated  by  the
pharmaceutical company Astellas pharma, as interim analysis of phase II
clinical trial data did not indicate clear efficacy in the treatment of mild to
moderate AD (www.astellas.com). 

Amyloid aggregation

The process of the formation of the amyloid plaque in the AD brain from
A§ monomers involves several steps.  A number of compounds have been
designed to interfere w ith this process.  One such compound, known as
Alzhemed, interferes w ith the process of plaque deposition by binding to
soluble A§, thus inhibiting fibrillisation.  Phase III clinical trials of Alzhemed
in A D patients are underw ay.  Cl ioquinol  (PBT-1) is a metal  chelator,
capable of the solubilisation and clearance of A§.  PBT-1 reached the phase
II clinical trial stage prior to the discontinuation of development.  PBT-1 has
been superseded by the related molecule PBT-2, phase I clinical trials having
reached completion with phase II trials planned.

Immunotherapy

Proof of concept that active immunization w ith A §42 might have an
impact on developing and existing AD pathology was provided in 1999 [10].
Following on from this work passive immunization of transgenic animals
with antibodies against the A§ peptide was performed with positive results
in terms of plaque clearance [11,12].  With this scientific background the first
phase I I  placebo-control led act i ve immunizat ion t r ial  using A N 1792
(synthetic A§42) commenced in human subjects w ith mild-moderate AD.
The t r i al  w as termi nated  prematurel y  due to the i nci dence of
meningoencephalitis in 6% of subjects [13].  Follow-up data from the trial
subjects has provided valuable information.  A  recent concern related to
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immunization is the fact that in one animal model passive immunization
resulted in cerebral amyloid-angiopathy related haemorrhage [14].  Despite
these concerns new active and passive immunization approaches have been
developed and are in various stages of clinical trial.

TAU BASED APPROACHES

N eurof ibr i l lary tangles are composed of pai red hel ical  f i laments of
hyperphosphorylated tau protein.  In the AD brain tau forms filamentous
structures and is abnormally phosphorylated at specific sites, resulting in
impaired affinity for microtubules [15].  There are several candidates which
may be responsible for tau hyperphosphorylation, including glycogen
synthase kinase 3 (GSK3).  Thus GSK3 inhibitors may hold some value
therapeutically, of these the results of a phase II clinical trial of the drug
l i thium (more commonly know n for  mood stabi l ising propert ies) are
aw aited.  A l ternatively approaches incorporating such mechanisms as
microtubule stabilisation may be of value, and taxol is a compound with
these very properties [16].

INFLAMMATION

In addi tion to plaques and tangles the A D brain is character ised by
inflammatory changes such as activated microgl ia, reactive astrocytes,
raised complement factors and cytok ines.  On this basis i t  has been
hypothesized that anti -inf lammatory agents may be of benefi t in A D.
Although a number of epidemiological studies have suggested that chronic
administration of NSAIDs may reduce the risk of AD, trials to date have so
far  been disappoint ing [17].  H ow ever due to the avai labi l i ty of  new
information regarding the effects of N SA IDs on ! -secretase, w i th only
certain members of this class of medications possessing such properties, the
results of future clinical trials will be interesting.  Of other agents with anti-
inflammatory activity the one perhaps receiving most recent attention is the
perioxosome proliferator-activated receptor ! (PPAR! ) agonist rosiglitazone,
more commonly recognised in the context  of  t reatment for  d iabetes
mel l i tus.  A  randomised control led cl inical  tr ial  in mi ld-moderate A D
showed no significant effect on cognition, although post-hoc analysis taking
into account Apolipoprotein E (ApoE) status revealed some beneficial effect
in ApoE4 negative subjects [18]. 
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CONCLUSIONS

In summary, a range of new therapeutic strategies for AlzheimerÕs disease
has emerged.  We have discussed recent developments in therapeutic
strategies targeting the key pathological features of the disease.  There are of
course other medications at various stages of cl inical  development, for
example, those focussing on the neurotransmitter defici ts. The primary
question in the treatment of AD is whether alteration of the underlying
pathology in the AD brain w ith pharmacological agents w il l  translate to
significant effects in terms of cognition and behaviour.  As and when new
medications become available, the clinical management of AD may involve
selection of medications to target various aspects of the pathological process,
as is the case for various other diseases.
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(G9824728).
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