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INTRODUCTION

AlzheimerÕs disease: definition

AlzheimerÕs disease (AD), a progressive neurodegenerative disorder, is
the most common form of  dement ia in the elder l y  populat ion. This
condi t ion is character ized by a slow  and progressive deter ioration of
cognitive functions, including memory complaints as an early symptom
that i s of ten associated w i th anxiety and depression. A s the d isease
advances through its moderate and severe stages, patients experience more
important decl ine in memory but also in other cogni t ive abi l i t ies.  In
addition, they may exhibit a variety of neuropsychiatric symptoms and
motor deficits. These clinical manifestations have a detrimental impact on
activities of daily living [1].

Prevalence , incidence and economical burden

It has been suggested that close to 2% of the population in developed
countries are affected by this condition [2]. Helmer and collaborators (2006)
described that prevalence and incidence of AD and related syndromes
varied considerably according to age, sex and country. For example, the
disease is more frequent in women than in men, increases considerably
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w ith age and is more prevalent in Uni ted States than in Europe. The
prevalence of A D and related syndromes in patients older than 85 is
reported to be 18% in men and 25% in women living in Europe compared to
42.9% and 50.9% in United States respectively [3]. In the United States, there
were 4.5 million AD patients in 2000 and that number was estimated to rise
to 13.2 million by 2050 [4], thus increasing the economic burden associated
with caring for these patients. As AD is still being recognized today as an
unmet medical need, new therapeutic strategies will need to go beyond the
treatment of symptoms and to potentially interfere with the progression of
the disease.

Pathology and pathophysiology of AD: the basis for disease-modifying
treatments

Conf i rmation of A D is done by histology. Identi f icat ion of the tw o
hallmarks of the disease are extracellular amyloid plaques and intracellular
neurofibri l lary tangles (NFTs), is essential  for i ts final diagnosis. While
amyloid plaques are mainly formed by the amyloid beta (A§) peptide NFTs
are mainly constituted by hyperphosphorylated microtubule associated tau
protein [2, 5]. The presence of amyloid  is such an imp ortant characteristic
that AD is classified as a Òlocalized amyloidosisÓ. 

Different physiopathological mechanisms have been described as playing
a role in the development of the disease but increasing scientific evidence
supports the A § protein as a key element. The A b cascade hypothesis
suggests that the interrelations between impairment of synaptic function,
formation of NFTs, inflammation and neurotoxicity leading to cell death
and associated neurotransmission deficits are all principally adverse effects
of aggregated forms of soluble A§ [2, 5].  Several forms of the A§ peptide
are produced from enzymatic cleavage of the amyloid precursor protein
(A PP). H ow ever , the more abundant  and more f i br i l l ogenic A §1-42
compared to A§1-40, is produced, thus favoring the formation of toxic
oligomers associated with amyloid formation and deposition into plaques
[6] (figure 1). 

It is not surprising that a range of new anti-amyloid strategies aimed at
interfering with the amyloid cascade is are now being developed to stop or
slow the progression of AD. Their proposed mechanisms of action range
from inhibi ting the synthesis of A§, to interfering w ith i ts pathological
aggregation and deposition, to increasing its clearance from the brain [5, 7].
By targeting the underlying pathology, this new generation of candidate
drugs could w iden the clinical benefit beyond symptomatic treatments to
include potential  beneficial  effects on patient status, reduced caregiver
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burden and offering, and economic relief to society.

TRAMIPROSATE (3APS) 

Introduction

Tramiprosate (3-amino-propanesulfonic acid (3APS), Alzhemed TM) is a
zw itterionic compound having similar functional groups encountered in
glycosaminoglycans which are known to bind to amyloid proteins. Binding
studies using mass spectroscopy (MS) with the soluble form of A§ revealed
that tramiprosate binds to the 1-28 portion of the peptide (A§1-28). As
simi lar binding study w ith A§ under i ts f ibr i l lar form (pre-formed A§
fibrils) did not show any binding demonstrating tramiprosateÕs selectivity
for binding to the soluble form of A§.  Tramiprosate has been found to
significantly decrease A§42-induced cell death in rat neuronal cell cultures
(38% inhibition) and in SH-S5Y5 neuroblastoma cells (51% inhibition) [6].
Also, tramiprosate showed a marked reduction in the A§-induced caspase
3/ 7 response and significantly reduced A§-induced pERK activation in
primary rat neurons. Tramiprosate was also found to block A§-mediated
long-term potentiation inhibition in rat hippocampal cultures. Moreover
tramiprosate has been found to have neuroprotective activity against A§42-
induced cellular mortality in the dentate gyrus, CA1 and CA3 regions of
hippocampus using mouse organotypic hippocampal  sl i ce cul tures
(unpublished data). 

Figure 1
Hypothetical Pathway of A§-induced Neuronal Damage and Towards a MOA of

Tramiprosate 
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Figure 1 shows the potential role of Tramiprosate as an amyloid beta
antagonist as it  binds to soluble A§ forms interfering with the A§-induced
damages.

The in vivo efficacy of tramiprosate has been evaluated in a transgenic
mouse model (TgCRND8) expressing human APP (double mutant) that
develop early-onset aggressive brain amyloidosis w here both brain A§
levels and amyloid plaque deposition start to appear after 9 weeks of age.
Subcutaneous daily administration of tramiprosate to TgCRND8 mice (100
mg/Kg/day for 8 weeks) was found to reduce cerebral levels of soluble and
insoluble A§40 and A§42 (20-30%) and significantly reduce the size and
number of parenchymal plaques by 30%. The area (%) of ThS-posi tive
amyloid plaques was also reduced by 29% compared to the control group. A
reduction of 61% of A§40 and 67% of A§42 plasma levels were observed
when TgCRND8 were treated at the same dose suggesting that tramiprosate
could have an effect on the central pool of A§ by either modulating i ts
corresponding efflux or metabolism [6]. Administration of 30 mg/ Kg/ day
for 8 weeks resulted in a reduction of 24% in the number of plaques and by
29% of the area (%) ThS-positive amyloid plaques compared to control.
Plasma levels of A§40 and A§42 decreased by 37% and 31% respectively. An
efficacy study w ith TgCRND8 mice w ith a different genetic background
generating a four- to five-fold increase of cerebral A§ levels was performed.
A dose of 500 mg/Kg/day was used to maintain a similar A§:tramiprosate
rat io. Fol low ing a 9-w eek t reatment w i th t ramiprosate a signi f i cant
reduction of brain levels for both soluble A§40 and A§42 by 30% and 25%
respect i v el y  and  both i nsol ubl e A §40 and  A §42 by  31% and  22%
respectively were observed.     

Preclinical and clinical studies

The toxici ty of tramiprosate w as evaluated in di f ferent non-cl inical
toxicology, genotoxicity and safety pharmacology studies. Administration of
high doses to rats and dogs up to 26 and 39 weeks showed that it has a low
toxici ty potential , mainly gastrointestinal effects (diarrhea and emesis),
reduction in food intake and reduced body w eight gain. Tramiprosate
show ed no mutagenic nor  clastogenic act i v i t i es. I t  had no cl ini cal l y
significant effect on the major organ systems [6]. 

Clinical Phase I studies done in healthy young adult and elderly subjects
showed that tramiprosate had a good safety and tolerability profile at the
targeted therapeutic doses [8].

The safety, tolerabi l i ty and pharmacodynamic effects of tramiprosate
were evaluated in a randomized, double-blind, placebo-controlled Phase II
study in mild-to-moderate AD patients. Fifty-eight patients were assigned to
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receive tramiprosate 50, 100 or 150 mg orally BID or placebo for a period of
3 months. Patients treated with acetylcholinesterase inhibitors  had  to be on
stable doses for  at least 3 months pr ior  to study entry.  A ssessments
included adverse event report ing, v i tal  signs, EKGs, laboratory tests,
physical  examinat ions, and plasma and CSF levels of  t ramiprosate.
Exploratory efficacy measures included CSF levels of A§40, A§42 and total
tau. After completing the double-blind phase, patients were invited to enter
an open-label extension phase to receive tramiprosate 150 mg BID for up to
41 months.  A total of 42 patients were enrolled in the open-label extension
phase. Psychometric measures including M ini-Mental State Examination
(MMSE), AlzheimerÕs Disease Assessment Scale-cognitive subscale (ADAS-
cog) and Cl inical  Dementia Rating scale-Sum of Boxes (CDR-SB) w ere
performed at baseline and every three months during the first year and
ev ery  four  months for  the remai ni ng of  the study  to moni tor  the
progression of the disease.

Tramiprosate was found to be safe and well tolerated upon long-term
administration. The most common adverse events (A Es) w ere nausea,
vomiting,  and diarrhea, which were intermittent and mild to moderate in
severity.  Importantly, tramiprosate crossed the blood-brain barrier and
dose-dependently decreased A §42 levels  in the CSF after  3 months.,
suggesting its ability to cross the blood-brain barrier.  Although the study
was not powered to demonstrate efficacy, mean ADAS-cog, MMSE and
CDR-SB scores remained near baseline levels in the mild group over the
course of the study.

Neurochem recently completed a multicentre, randomized, double-blind,
placebo-controlled, three-armed, parallel-designed Phase III clinical trial in
North America. A total of 1,052 patients at 67 clinical sites across the United
States and  Canada w ere randomi zed  to r ecei v e ei ther  p l acebo or
tramiprosate 150 mg BID or 100 mg BID over a per iod of 18 months.
Primary efficacy endpoints included change from baseline in ADAS-cog
and CDR-SB scores and brain volume, as assessed by MRI.  A ll patients
who completed the North American Phase III clinical trial were eligible to
receive tramiprosate  in an 12-month open-label extension study. 

A Phase III clinical trial in Europe was launched in September 2005. This
international, multicentre, randomized, double-blind, placebo-controlled,
three-armed, paral lel-designed Phase III cl inical  tr ial  is progressing on
schedule. The European study will inv estigate the safety, efficacy and the
potential to arrest or slow the progression of AD with tramiprosate in some
930 mild-to-moderate AD patients. Enrolment is advancing well  and is
expected to be completed in 2007. 
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CONCLUSIONS

There remains today a strong need for a disease-modifying drug for the
treatment of  A D. From the d i f ferent ant i -amyloid strategies that are
presently being evaluated, tramiprosate is the most advanced product
candidate under investigation in that category. Preclinical and Phase II data
are encouraging and appear to support the concept of a new compound
interfering with the amyloid cascade. The results obtained after the Phase III
clinical trials should provide answers to that effect.
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