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Abstract: A major unmet need for the treatment of patients with AlzheimerÕs
disease (AD) i s t he development  of t herapeut i cs that  slow the rate of
neurodegenerat ion and progression of cl inical  symptoms. Reduct ion in the
synthesis of the peptide amyloid beta using inhibitors of the enzyme ! -secretase
represents one strategy for such disease modification.  We review briefly the origin
of the amyloid hypothesis, and progress to date in the clinical development of a γ-
secretase inhibitor.  
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INTRODUCTION

The neuropathologic hallmarks of AD are extraneuronal neuritic plaques
composed largely of amyloid beta (A§) fibri ls and intraneuronal paired
helical filaments containing phosphorylated tau protein.  Autopsy studies
indicate that deposition of f ibr i l lar A§ is the fi rst and most prominent
neuropathologi c event  associated  w i th the t ransi t i on to ear l y  A D.
A ddi t ional ly, ear ly onset, autosomal  dominant A D can be caused by
mutations in the gene coding for the amyloid precursor protein (APP), from
which A§ is derived, or in presenilin 1, a gene coding for a component of ! -
secretase. Taken together, these and other findings have led to the Òamyloid
hypothesisÓ of AD pathophysiology [1].

Drugs cur rent l y  approv ed  for  the t r eatment  of  A D are the
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acetylcholinesterase inhibitors, donepezil, rivastigmine and galantamine,
and an NMDA receptor antagonist, memantine.  Therapeutic effects are
thought to result from augmenting neurotransmitter activity, and all lessen
disease symptoms temporarily.  None of these treatments clearly affects A§
production, processing or clearance, and none has been shown to slow the
rate of neurodegeneration.  We have developed a ! -secretase inhibi tor,
LY450139, that diminishes the rate of A§ production in the brain.  This brief
report summarizes resul ts of pre-cl inical  and cl inical  studies w ith this
molecule. 

! -SECRETASE AS A TARGET FOR AD

Amyloid-§ peptide is generated from APP by its sequential cleavage by
two aspartyl proteases, BACE (§-secretase) and ! -secretase.  BACE cleaves
A PP to generate a large, secreted protein product cal led sA PP§ and a
smaller membrane-bound carboxy-terminal fragment of APP.  This latter
product is further processed by ! -secretase to generate a variety of A§
peptides, but predominantly A§1-40 and A§1-42.  The enzyme ! -secretase is
now known to be a heteromeric complex of 4 proteins: presenilin (PS-1 or
PS-2), nicastrin, Aph-1, and Pen-2.  Molecules similar to LY450139 have
been show n to bind directly to preseni l in and al ter i ts active si te; this
finding, and the effect of LY450139 on the synthesis of various A§ peptides,
strongly support the mechanism of action of LY450139 as a ! -secretase
inhibitor.   

NOTCH AND OTHER SUBSTRATES FOR ! -SECRETASE

N otch, another  ! -secretase subst rate, i s a hi ghl y  conserv ed
intramembranous protein for which homologues have been detected in
multiple species [2].  A mong i ts biological  effects, inhibi t ion of N otch
signaling changes expression of transcription factors, ultimately favoring
the differentiation of goblet cells, enteroendocrine cells and Paneth cells at
the expense of enterocytes [3] in the gastrointestinal tract.  Rats treated with
! -secretase inhibitors develop goblet cel l  hyperplasia/ metaplasia in the
intestine [4].  

The potential toxicities of ! -secretase inhibitors due to inhibition of Notch,
and possibly  other  gamma secretase substrates, must be considered
carefully; however, given the life-threatening nature of AD and the lack of
cur rent l y  avai lable d isease-modi fy ing t reatments, a v igi lant  cl inical
development plan has been possible, guided by pre-clinical toxicological
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studies.  

CLINICAL TRIAL RESULTS FOR LY450139

The cl i ni cal  t r i al s of  LY450139 have been d i rected  by  safety  and
tolerability considerations and by the evaluation of drug activity through
the use of biomarkers.  Results from two clinical trials of LY450139 have
been published to date [5, 6].  

Wi th regard to safety and tolerabi l i ty , in a Phase 1 study, heal thy
volunteers were given LY450139 in doses of 5 Ð 50 mg once per day for 14
days.  Safety assessments were generally good for subjects given up to 40
mg per day.  In the 50 mg per day cohort, one subject developed transiently
elevated serum amylase and l ipase values; a second subject developed
transient diarrhea one day after completing the 14 day treatment period.  In
both of these cases, the relationship to study drug w as unclear.  In a
subsequent study, 70 AD patients were given 40 mg LY450139 or placebo
once per day for 6 w eeks.  N o drug-related serious adverse events or
adverse events that were clearly related to study drug occurred during the
study .  Smal l  but  stat i st i cal l y  signi f i cant  i ncreases w ere seen i n T-
lymphocytes and eosinophils; small but statistically significant decreases
were seen in serum potassium, phosphorus and uric acid, and in CD69
posi t i ve cel l s i nduced i n a mi togen st imulat i on assay .  N o cl i ni cal
symptoms accompanied any of the laboratory changes.  

Changes in plasma A§ were similar in both studies.  A dose-dependent
decrease in plasma A§ was found that reduced A§ by over 40% at the
highest doses.  The duration of the reduction was up to 6 hours.  As was
seen in pre-clinical animal studies, an unexplained increase in A§ in plasma
occurred with very low doses of drug or at time points when plasma drug
concentrations were low.  In pre-clinical studies, these increases did not
appear to occur in brain or cerebrospinal  f luid (CSF), even fol low ing
chronic dosing.  In both clinical studies, trends for small reductions in CSF
A § w ere present, but these did not reach stat ist ical  signi f icance.  A s
discussed below , a var iety of complexi t ies and potential  confounding
factors may account for the CSF findings.  

USE OF A§ BIOMARKERS IN DEVELOPMENT OF LY450139

Inhibi t ion of γ-secretase activ i ty by LY450139 is expected to reduce
production of A§ in the intersti tial  spaces and through this the rate of
disease progression.  A t present, in humans, we lack methods to study
directly the effects of candidate therapeutics on concentrations of A§ within
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the i nterst i t i al  spaces of  brai n parenchyma.  A ccord ingl y , exi st i ng
approaches attempt to assess A§ trafficking indirectly by measuring A§ in
CSF and plasma. LY450139 administrat ion produces consistent dose-
dependent lowering of plasma, CSF and brain A§ concentrations in non-
human species. While the dose-dependent, plasma A§ lowering effect of
LY450139 has been repl icated in humans, attempts to repl icate CSF A§
lowering have not succeeded.  The reason for this remains unclear, but the
inherent biological variability in CSF A§ concentrations, differences in the
anatomical location for CSF sampling, and poor timing of sample collection
relative to drug administration may account for this observation.

CONCLUSIONS

Treatments for AD that modify the underlying disease process are greatly
needed and are under active development by a number of pharmaceutical
companies [7].  The amyloid hypothesis has provided several potential drug
strategies including those that either decrease synthesis or increase clearance
of  A §.  The enzyme ! -secretase w as one of  the f i rst  targets for  drug
development centered on the amyloid hypothesis, and the compound
LY450139 remains under clinical investigation.  A potential risk for this class
of compounds is the emergence of adverse events related to inhibiting the
cleavage of other gamma secretase substrates, most notably Notch.  Despite
these theoretical concerns, the tolerability of LY450139 in clinical trials has
been quite good using once daily doses up to 40 mg.  

The demonstration of cl inical efficacy for disease-modifying AD drugs
requires many months of treatment and approximately 1000 subjects [8].
Given this constraint, dose ranging Phase 2 studies for LY450139 have used
A§ concentrations in plasma and CSF as a biomarker of drug effect.  Using
the doses up to 50 mg per day, a dose-dependent reduction in plasma A§ of
up to approximately 40% has been observed, while changes in CSF A§ have
not yet been demonstrated convincingly.  Additional studies are underway
to determine whether higher doses of LY450139 will provide more robust
changes i n the A § biomarker , w hi l e cont i nu ing to have acceptable
tolerability.   
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