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Abstract
Intervention strategies in dementia and more specifically Alzheimer’s disease
(AD) are based on results from epidemiological studies on risk factors and
experimental research on molecular pathogenesis of the disease and its
biological substrates. Currently established treatment for AD with
acetylcholinesterase inhibitors is symptomatic and cannot reverse the disease
process or ameliorate neuropathological changes in the brain. Visionary
interventions target more proximal events of the pathogenetic cascade of the
disease like amyloid processing, tau hyperphosphorylation, apoptosis and
oxidative stress. Findings from epidemiological studies have expanded our
knowledge on risk as well as possible neuroprotective factors and given
means to develop preventive strategies based on treatment of co-morbidity,
like hypertension, or on therapy with antihyperlipidemic drugs – statins, anti-
inflammatory agents or still controversial hormone replacement therapy. 
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Increasing elderly population across
the world is making operative one of the
major risk factors for dementia,
particularly its most common form,
Alzheimer’s disease. In EU estimated
incidence of dementia is 824 000 persons
per year1.

Consequently, this highly prevalent
chronic disease will challenge health care
system and society to allocate additional
funds to support not only affected
individual but also  caregivers. Natural
course of the disease is seen as a functional
deterioration over a series of clinical
milestones starting with a mild cognitive
impairment (MCI), progressing through the
middle stages with a gradual loss of
instrumental and later basic activities of
daily living, emergence of behavioural
problems leading to end-stage in a nursing
home with a severe disability. In Sweden
moderately and severely demented made
up approximately 67% of the total number
of dementia cases and represent 94 % of

the total costs utilized for dementia2. There
is no need to put additional emphasis on the
importance of intervening early during the
course of the disease in order to delay or
halt progression to this severe end-stage
that requires expensive institutionalization.

Rationale for present and
future treatments

Expanding knowledge on the
etiopathogenesis of the disease and its
neurobiological substrates has given means
to develop treatment strategies for each
level of disability, figure. 1, and changed
the attitude towards the disease treatment
and prognosis from a passive and nihilistic
towards active and optimistic.

Cascade of molecular events leading
to the disease specific pathology and
typical clinical expression of the disease
are recognized as therapeutical targets and
summarized in figure. 2.
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Figure 1: Intervention strategies in dementia.

Review of intervention strategies
Treatment strategies are according to their modes of

action as well as their efficacy classified into:
! symptomatic, meaning modification of the brain

function without change of the disease progression;
! disease modifying, meaning intervention in the

central pathogenetic event;
! preventive, meaning affecting the disease occurrence.

a. Currently available

Current treatments operative at the clinic are mainly
symptomatic and substitute transmitter deficits, i.e.
acetylcholine. Efficacy of acetylcholinesterase inhibitors
(AchEI) has been evaluated across three key symptom

domains of AD – cognition, bahaviour and activities of
daily living (ADL) and short symptomatic improvements
up to one year have been reported3. Possibilities of long-
term effects via modification of amyloid precursor protein
metabolism (APP) have also been considered4 and studies
designed to measure long-term efficacy of (AchEI) are
ongoing5. Additional combination with neuroprotective
agents like vitamins with antioxidant properties seem
plausible, since oxidative stress is a central pathogenetic
mechanism in various neurodegenerative diseases,
including AD6,7. There is also more hope for the patients in
moderately severe and severe stages of the disease since an
antiglutamatergic drug, memantine, has been approved
recently in Europe for this indication8. These approaches
are summarized in the table 1.
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b. Visionary

Novel treatment approaches under development or at
the early stages of clinical trials are targeting central
pathogenetic events that lead to the production of key
pathological features of the disease: amyloid production,
accumulation or aggregation; tau hyperphosphorylation
with formation of neurofibrillary tangles, and apoptosis,
also summarized in table 1. Nerve growth factor and
neurotrophines are alternative neuroprotective approaches
which promise to regulate neuronal plasticity by controling
neurotransmission, connectivity and neuritic outgrowth.
Growth factor gene therapy is currently in a phase I  clinical
trial and seems to be an effective way of delivering
therapeutical substance to the most vulnerable brain regions
via transplantation of patient’s fibroblasts modified to
secrete NGF13.

Epidemiological studies have expanded our
knowledge on risk factors for dementia, namely AD and
suggested neuroprotective interventions applicable on a
large scale.

Midlife vascular risk factors like high cholesterol
levels and high systolic blood pressure were shown to
influence late life development of  cognitive impairment14.
Therefore, treatment of co-morbid conditions could modify

clinical expression of dementia, as was suggested in large
retrospective epidemiological studies which showed
reduced risk of developing dementia among statin
users15,16,17. Similar reduction of AD incidence has been
found in subjects exposed to anti-inflammatory drugs18 and
prevention trial with selective COX-2 inhibitor is
ongoing19. Estrogen replacement therapy is a plausible
hypothesis built on experimental data20, but prospective
observational studies were inconclusive21. The most recent
report from Women Health Initiative on intervention trial of
estrogen plus progestin therapy in prevention of chronic
vascular diseases shows that overall risks exceed benefits 22.

Basic research is focusing on the development of more
specific selective estrogen receptor modulators.

Implications
If proved to be successful, beneficial effects of

antidementia treatments are seen as manifold. Successful
interventions in early, presymptomatic stages of the disease
will decrease the disease prevalence and help society to
more efficiently cope with a problem and allocate more
funds for multifaceted support to both patients and
caregivers.

Figure 2: Molecular biology of Alzheimer’s disease.

Possible targets for therapeutical interventions.
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In addition, possible success of neuroprotective and
disease modifying treatments will validate the existing
theories on disease pathogenesis. Efficacy of similar
treatments in different forms of dementia could influence
clinical practice and our thinking about the
neurodegenerative diseases as processes with common
genetic and molecular biological background. 
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Table 1. Current and hypothetical treatment approaches in Alzheimer’s disease.

Symptomatic Disease modifying Preventive

Acetylcholinesterase Inhibitors Antioxidants (Vitamin E, Gingko
Biloba)

Anti-inflammatory drugs
Antihypertensive therapy

Antiglutamatergic drugs (NMDA
antagonists)

NGF (gene-therapy) neotrophines? Antihyperlipidemic agents (statins)

Interventions in β-amyloid processing
(Active* and passive** Aβ−
immunization, γ & β secretase
inhibitors, SAP binding inhibitors***)

Estrogen replacement therapy??

Interventions in tau-
hyperphosphorylation (glycogen
synthase kinase 3β inhibitors)

*Trial suspended, new options of immunization with a nontoxic/nonfibrillar amyloid-β are under development.9,10

**Tested on animal model, subchronic passive immunization using the monoclonal anti-Aβ antibody.11

***Serum amyloid P component.12
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Abstract
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, and the aim of therapy should be
to stabilize symptoms and slow progression over the long term. This review addresses the challenges
associated with long-term studies in AD, the importance of continuing treatment over time, and available
clinical data on the long-term efficacy of donepezil, rivastigmine and galantamine. The cholinesterase
inhibitors have been shown to provide sustained symptomatic benefits in patients with AD, potentially
reducing the overall burden of the disease to patients, caregivers and society. Physicians should aim to
keep their patients on active treatment over the long term, and should consider switching between the
agents in cases of intolerability or failing efficacy. In the absence of direct comparative studies, it is
difficult to compare the different cholinesterase inhibitors, but available data suggest that the differential
pharmacological properties of these agents may drive important differences in clinical efficacy. For
example, rivastigmine, which is a dual inhibitor of acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE) may provide broader and more sustained efficacy, and may have a
greater potential to delay disease progression, compared with AChE-selective inhibitors. Moreover, the
rapidly reversible actions of donepezil and galantamine, associated with upregulation of AChE levels
over the long term, could lead to tolerance and loss of benefit. The results of ongoing randomized
studies evaluating potential differences between these drugs over a long-term therapeutic perspective
will be of great importance. 

Introduction

Alzheimer’s disease (AD) is characterized by the
degeneration of cortical neurons and the presence of
amyloid plaques and neurofibrillary tangles1. These
pathological changes, which begin in the entorhinal cortex,
gradually but unremittingly spread across the brain,
destroying the hippocampus and neocortex. The
progressive loss of cholinergic neurons, and the resulting
decline in levels of acetylcholine (ACh), correlates with the
cognitive decline in AD2.

Impaired memory is the clinical hallmark of AD, but
attentional, fronto-executive and language functions are also
affected1. An annual decline in untreated patients on cognitive
scales, such as 2–4 points the Mini-Mental State Examination
(MMSE)3,4 or 4–6 points on the Alzheimer’s Disease
Assessment Scale – cognitive subscale (ADAS-cog)4,5 may
be expected in the mild to moderate stages of AD. Initially,
instrumental activities of daily living (ADL) such as leisure
and housework are impaired, and there is a progressive loss of
basic ADL such as dressing and toileting in later stages6. In

addition, emotional and neuropsychiatric manifestations are
particularly notable in later stages of the disease7.

The cholinesterase inhibitors donepezil, rivastigmine
and galantamine provide the best available symptomatic
treatment for patients with AD8,9. Each demonstrated
symptomatic efficacy in large, 6-month, double-blind,
placebo-controlled studies before they were approved by
regulatory authorities. However, AD is a progressive
neurodegenerative disorder, and the aim of therapy should
be to stabilize symptoms and slow progression over the
long term (at least 1 year), rather than to achieve short-term,
transient symptomatic improvements 5.

It may be possible to differentiate between ‘slowing’
and ‘delaying’ disease progression. All cholinesterase
inhibitors have demonstrated short-term symptomatic effects
which provide actively-treated patients with a higher baseline
from which they subsequently decline. This effect results in
delaying patient decline, as the line is shifted to the right
(Figure 1a). However, ideally, agents should also slow
decline – demonstrated by a widening gap over time between
the courses of treated and untreated patients (Figure 1b). The
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latter effect could provide some evidence of disease
modification, which would need additional support from
surrogate outcomes such as slowing of brain atrophy on serial
volumetric measurements using magnetic resonance imaging
(MRI)10. There are a number of mechanisms that could
produce such effects. For example, cholinesterase inhibitors
may protect against neuronal degeneration by modifying the
formation of amyloidogenic compounds or increasing the
production of neuronal growth factors11.

This paper reviews the challenges associated with
long-term studies of cholinesterase inhibitors. The
importance of continuing treatment over the long term is
discussed, and available clinical data on the long-term
efficacy of cholinesterase inhibitors are reviewed for
discussion. Tentative comparisons between these agents are
made in the absence of direct comparative studies. 

The challenge of performing long-
term clinical studies

Randomized, double-blind, placebo-controlled studies
offer the gold standard in clinical trial design. However, the
long-term use of placebo in a progressive condition such as
AD is associated with ethical problems12, and it is difficult
to recruit patients to these trials when symptomatic
available agents are available. Therefore, most long-term
studies of cholinesterase inhibitors have been open-label.
However, in the absence of a placebo-group, evaluation of
treatment effects presents a challenge. 

In addition, it is important to consider the types of
symptoms assessed. Most long-term studies of
cholinesterase inhibitors in patients with AD have focussed
on cognition, yet the emergence of behavioural problems
and decline in ADL may have more impact on prognosis. It
is important to collect data on domains other than cognition
to ensure that the results are clinically relevant. 

Some investigators have used ‘delayed-start’ designs to
evaluate cholinesterase inhibitors over the long term. These
are approximated by open-label extensions analysed together
with their preceding placebo-controlled studies13,14. Patients
entered large, randomized trials during which they received
placebo or active treatment for 26 weeks. All patients were
then eligible to enter open-label studies for a further 26
weeks or more, during which they received recommended
doses of the test drugs. Thus, by the end of the full study,
some patients had been receiving the test drugs for at least 52
weeks (during the double-blind and open-label phases) while
some had only received cholinesterase inhibitors for the
open-label phase. Comparisons between curves of patient
decline with regard to whether patients receiving placebo for
the first 6 months ‘catch up’ with those receiving active
treatment provide interesting data concerning potential
effects on disease progression. 

Historical data from untreated patients are sometimes
used to estimate the long-term benefits of cholinesterase
inhibitors. However, it is difficult to match baseline
characteristics and demographics of historical placebo and
treated groups. Alternatively, long-term efficacy may be
evaluated by comparisons with baseline values, although
this approach does not consider placebo or other unspecific
effects. For example, in one study, ADAS-cog and
Disability Assessment for Dementia (DAD) scores of
patients receiving galantamine 24 mg/day remained near
baseline for 12 months14, and this was interpreted as
stabilization of cognition and ADL, respectively. No
placebo/untreated comparators were provided at 12 months.
However, at 6 months, placebo data were available and they
showed no significant difference between DAD scores in
the galantamine and placebo groups in that particular study.
This raises the possibility that the 12-month ADL data,
although maintained near baseline levels, may also have
provided no benefits over placebo, if a placebo group had
been present. 

It is important that some kind of comparator is
available for interpretations of treatment effects. One
solution may be the use of sophisticated statistical
modelling techniques that project the expected natural
course of patients involved in drug trials, had they remained
untreated (Table 1). For example, the Stern et al15 multiple
regression formula may be used to calculate projected
decline on the ADAS-cog. The use of such formulae means
that baseline characteristics of treated and ‘untreated’
patients are matched, and assumes that no external factors
affect outcomes. 
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Figure 1. The difference between delaying and slowing

disease progression.
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Finally, when reviewing long-term data from various
studies, attention must be paid to the types of analyses that
have been performed and how early withdrawals are
handled in the analysis (Table 1). When treatment leads to
symptomatic improvements, intention-to-treat (ITT)
analyses using the last observation carried forward (LOCF)
provide conservative estimates of treatment effects. In such
cases, premature withdrawals may lead to incomplete drug
efficacy, and carrying forward this result will lead to
underestimation of the drug effect. In extreme
circumstances, had a patient never been treated, carrying
forward the baseline value would show no effect of the
drug. However, the long-term use of AD drugs is generally
not to provide symptomatic improvements, but rather to
delay and to slow the natural course of the disease. Carrying
forward the last observation would in fact lead to
overestimations of the drug effect since the natural course
of the disorder is relentless decline. In extreme
circumstances in this case, carrying forward the baseline
value would incorrectly give the best possible result of no
change. Thus, for long-term AD studies, observed case
(OC) analyses may be preferable. 

Currently-available cholinesterase
inhibitors

Four cholinesterase inhibitors are currently available
in most countries. Tacrine is no longer widely prescribed
due to an association with liver toxicity16, therefore this
paper focuses on donepezil, rivastigmine and galantamine.
The suggestion that pharmacological properties of
individual cholinesterase inhibitors (Table 2) may drive
differential clinical profiles has been discussed extensively.
The salient points are summarized here. 

Inhibition of AChE and BuChE

All three agents inhibit acetylcholinesterase (AChE),
the main enzyme responsible for the hydrolysis of ACh in the
normal brain17. Rivastigmine also inhibits
butyrylcholinesterase (BuChE)17. The clinical significance
of this pharmacological difference remains hypothetical in
the absence of large, randomized, direct comparative studies,
but since both AChE and BuChE play important roles in both
the normal and Alzheimer brain18, it has been proposed that
dual cholinesterase inhibition may provide greater, broader

Donepezil Rivastigmine Galantamine

Chemical class Piperidine Carbamate Phenanthrene alkaloid

Cholinesterase inhibition AChE AChE and BuChE AChE

Type of inhibition Rapidly reversible Slowly reversible 
(pseudo-irreversible)

Rapidly reversible

Preferential selectivity for
AChE isoforms

None G1 None

Metabolism route CYP450 isoenzymes Target enzymes (AChE
and BuChE)

CYP450 isoenzymes

Modelling techniques Specific issues

Disease progression should be projected using a
published regression model (e.g. Stern et al 1994)

Early withdrawals should be recorded and analysed 
appropriately

Baseline values of patients involved in the study
should be entered into the model, to ensure
characteristics of treated and ‘untreated’ patients 
are perfectly matched

For long-term AD studies, which aim to slow or delay
decline from baseline, OC analyses provide a more
conservative estimate than ITT/LOCF analyses

Data validity should be confirmed by comparing the
model-predicted decline with placebo decline in a
preceding randomized clinical trial

Table 1. Factors to consider when using a model to project decline in placebo-treated or untreated AD patients.

Table 2. Pharmacological properties of commonly-used cholinesterase inhibitors.



Review – Alzheimer Series

12 Brain Aging, Vol. 2, No. 3, 2002

and more sustained effects17,19-21. In addition, it has been
suggested that the elevations in cerebrospinal fluid (CSF)
activities of AChE seen following long-term treatment with
the rapidly reversible inhibitory agents donepezil and
galantamine22 may be due to upregulation of AChE gene
expression that may eventually lead to tolerance21 (Figure 2).
However, upregulation is not seen with slowly reversible
(pseudo-irreversible) inhibitors such as rivastigmine21-23.

Inhibition of both AChE and BuChE may also slow the
formation of amyloidogenic compounds19-21. Animal
studies have shown that amyloid precursor protein (APP)
processing is modulated by cholinergic activity24. Increased
ACh stimulates the production of soluble APP, probably
through the ?-secretase-mediated pathway via the protein
kinase C cascade as a result of muscarinic ACh receptor
activation25. In humans, BuChE appears to participate in
the transformation of inert plaques into malignant ones
associated with neuronal degeneration and dementia26, and
amyloid plaque density increases proportionally with
BuChE activity in cortical areas of the AD brain27. AChE
has also been shown in vitro and in vivo to accelerate the
formation of insoluble, neurotoxic β-amyloid28,29. This
could have important implications for agents that
upregulate AChE gene expression, as higher levels of the
enzyme could potentially accelerate plaque formation.

Selectivity for different isoforms

AChE exists in three globular forms – G1, G2 and G4.
In normal subjects, G1 is present in the brain, G2 is present
in the skeletal muscle, and G4 is present in the brain and in
the neuromuscular endplate17. All three isoforms are found
in the heart, although G4 activity appears to be

predominant30. In the AD brain, G1 activities progressively
increase while G4 activities decline31. Therefore, an affinity
for G1 may contribute to targeted actions in the brain and
sustained efficacy over the course of AD21, while a lower
affinity for G2 or G4 may lead to improved safety over the
course of AD as predominant forms of the enzyme in the
periphery remain unaffected32. Moreover, since the G1
forms of both AChE and BuChE are associated with
amyloid plaques and neurofibrillary tangles 27, an affinity for
G1 may lead to a greater potential for disease
modification21.

Therefore, pharmacological differences may influence
the clinical profiles of cholinesterase inhibitors, potentially
leading to important implications with regard to the
different agents’ breadth and duration of efficacy over the
course of AD, their potentials for slowing disease
progression, and long-term tolerability and safety21,32.

Importance of continuing treatment
The aim of long-term AD treatment is to slow disease

progression. As such, patients, caregivers and physicians will
still see some clinical decline on cholinesterase inhibitors after
a period of stabilization, but this could be slower and later than
that which would be expected if the patients were untreated.
Therefore, expectations of treatment must be realistic (e.g.
caregivers should not expect increasing improvements over the
long-term) to ensure that individuals make the effort to comply
with beneficial treatment regimens and that they do not simply
give up on treatment when they think it is not working.
Continued treatment is very important because, following the
interruption of some cholinesterase inhibitor therapy, the

Figure 2. Rapidly reversible inhibition leads to elevations in

CSF activities of AChE following 12 and 6 months of treatment
with donepezil and galantamine, respectively, while slowly
reversible inhibition does not increase levels of this target enzyme
after 12 months22,23.
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benefits of previous treatment on cognition or global function
may be completely lost within 6 weeks33 (Figure 3). 

The loss of benefits following the withdrawal of
donepezil, which is sometimes referred to as a ‘crash’, may
reflect underlying mechanisms similar to those observed
following benzodiazepine withdrawal. Tolerance develops
rapidly to benzodiazepines and, following cessation of
treatment, withdrawal symptoms are frequently observed34.
Similarly, in patients receiving donepezil, the upregulation
of AChE levels following long-term treatment may lead to
high activities of the enzyme in the brain that may be
maintained while treatment is continued but, if treatment
were to be stopped, this now high level of AChE would not
be inhibited. This may lead to a precipitous lowering of ACh
and a considerable worsening of the patient’s symptoms. 

Guidelines produced by the UK National Institute of
Clinical Excellence (NICE)8 recommended that
cholinesterase inhibitor treatment should be withdrawn in
severely demented patients with MMSE scores below 12.
This was based on the fact that, at the time of their
assessment, only data on patients with mild to moderate AD
were available. However, there is evidence that the effect of
rivastigmine may actually be stronger in patients with more
severe disease – improvements in ADAS-cog scores of 4.9
points were reported in patients with mild to moderate
AD35, compared with improvements of 8.1 points in a
subset of patients with moderately severe AD36. Similarly,
less decline has been reported in ADL in patients with more
severe AD receiving rivastigmine37. Donepezil has also
demonstrated significant benefits over placebo in a 6-month
double-blind study involving patients with moderate to
severe AD (baseline standardized [s]MMSE scores 5–17)
on the sMMSE, the Severe Impairment Battery, the DAD
and the NeuroPsychiatric Inventory (NPI)38. In an
exploratory analysis of this study, the significant
differences between donepezil treatment and placebo were
seen to arise in moderately ill patients (MMSE 10–17),
whilst in patients with severe AD (MMSE 5–9), despite
positive trends in favour of donepezil there were no
significant differences between treatment groups on any of
the study assessments at week 24 (LOCF results)39.
Moreover, in another double-blind, placebo-controlled
study, donepezil was not shown to be effective in nursing
home patients40. Therefore, further research is required to
ascertain the effects of cholinesterase inhibitors before the
guidelines are revised for use in severe patients. 

Nevertheless, continued use is further justified by a
recent observational study that demonstrated that
cholinesterase inhibitor (tacrine, donepezil or rivastigmine)
use delayed admission to a nursing home (34% fewer
patients over 1 year), although time to death was
unaffected3. The fact that these agents delay time to
institutionalization but do not affect physical survival
means that patients are able to maintain relatively normal

ADL for a longer period of time, but they do so without
significantly prolonging life3.

However, the average duration of treatment is not
optimal in all cases. For example, it was recently reported
that at least 25% of 163 patients taking part in an audit
study in the USA withdrew from donepezil within the first
year of treatment41, while an audit of 113 AD patients in the
UK showed that 34% withdrew from donepezil treatment
within 3 months42. These data are supported by an ongoing
persistency and compliance study, which indicates that
about 30% of patients starting donepezil or rivastigmine
treatment in 2000 remained on treatment a year later, less
than 20% were on treatment at 18 months, and about 15%
were on treatment at 21 months43. Treatment withdrawal
may be due to disappointing efficacy or poor tolerability of
the initial treatment, as well as secondary efficacy failure or
adverse effects emerging during the maintenance phase. In
such cases, pharmacological differences between available
cholinesterase inhibitors provide a good rationale to switch
to another drug in the same class44.

Two studies45,46 have indicated that a substantial
proportion of patients who fail to tolerate or are perceived
as failing to benefit from treatment with donepezil may
experience improvement in their symptoms after being
switched to rivastigmine. In both studies, about half of
those switching due to lack of efficacy with donepezil
improved when receiving rivastigmine, and up to two thirds
of those suffering from intolerable side effects with
donepezil benefited from the switch to rivastigmine.
Moreover, the experience of several studies suggests that an
immediate (overnight) switch from patients who have
received a suitable trial of donepezil treatment to
rivastigmine is well tolerated and is not associated with
safety or tolerability problems44,47.

Clinical evidence for the benefits of switching to
galantamine comes from a post hoc analysis of a 5-month
clinical trial, for which outcomes were evaluated according
to previous exposure to cholinesterase inhibitors (following
at least 90 days’ washout). Patients with or without prior
anticholinesterase therapy had similar efficacy outcomes
following 5 months’ treatment with galantamine, indicating
that discontinuation of prior cholinesterase inhibitors did
not affect the efficacy or tolerability of galantamine48, i.e.
patients who presumably could not tolerate or did not
respond to another cholinesterase inhibitor could still draw
benefit from galantamine. 

There are no published reports of patients switching
from rivastigmine or galantamine to donepezil. However,
on the basis of available data, it appears that patients not
tolerating or not responding to one particular cholinesterase
inhibitor may still draw benefits upon switching to another.
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Long-term efficacy of
cholinesterase inhibitors

In the absence of direct comparative studies, it is
difficult to compare the efficacy profiles of individual
cholinesterase inhibitors. However, currently-available data
on the long-term efficacy of these agents appear to support
the hypothesis that pharmacological differences may
influence their clinical profiles. Most importantly, there is
evidence that the agents may have different potentials to
modify the underlying disease process and slow disease
progression.

Donepezil

Donepezil is a rapidly reversible AChE-selective
inhibitor. As mentioned previously, rapidly reversible
inhibition leads to elevations in CSF activities of AChE,
possibly due to upregulation of the AChE gene expression.
Increases in AChE levels of 366% have been seen in the
CSF of AD patients after 12 months of donepezil
treatment22 (Figure 2). 

In a placebo-controlled, 52-week study in 286 patients
with mild to moderate AD (mean baseline MMSE 19.3),
donepezil 5–10 mg/day provided initial symptomatic
benefits that appeared to wane over time49. Efficacy
analyses were performed on the LOCF population. The
shortcomings of such analyses are discussed in a previous
section of this review – such techniques may overestimate
the effects of long-term treatment. Donepezil provided
benefits in cognitive performance, as demonstrated by initial
improvements in MMSE scores which stayed above
baseline until the 36-week time-point, following which
cognition steadily declined, roughly in parallel with the

placebo group. The primary outcome measure in this study,
the Gottfries-Bråne-Steen (GBS) scale, was statistically
significantly different to placebo at weeks 24, 36 and 52, but
did not reach statistical significance at the study endpoint.
Less deterioration was observed in ADL, as assessed using
the Progressive Deterioration Scale (PDS) in the donepezil
group compared with the placebo group at week 52 (Figure
4)49. No significant differences in favour of donepezil were
observed on behavioural symptoms (using the GBS
behaviour scale or the NPI) at any time point.

In another placebo-controlled, 52-week survival study
involving 431 patients with moderate AD (mean baseline
MMSE 17.1), most benefits of donepezil were observed early
on in the study and appeared to fade over time50. Total scores
on the MMSE, the AD Functional Assessment and Change
Scale (ADFACS; baseline scores not provided) and the
Clinical Dementia Rating – Sum of Boxes (CDR-SB; mean
baseline score 6.8 points) were superior to placebo in the
LOCF analysis at study endpoint for all patients. Donepezil
5–10 mg/day delayed the median time to clinically evident
decline by 5 months, and patients receiving donepezil were
38% less likely than those receiving placebo to deteriorate
over the 1-year study period50.

The effects of long-term donepezil treatment on
behaviour were further assessed in an open-label study
involving 25 patients with probable or possible AD51.
Donepezil (up to 10 mg/day) transiently improved behavioural
and psychological symptoms at 3–4 months (especially
depression and behavioural dysregulation), as assessed using
the CERAD Behavior Rating Scale for Dementia (CBRSD)
scale. However, CBRSD scores faded over time and had
returned to baseline values by week 52, when they were little
different from a historical reference group that had received no
cholinesterase inhibitor treatment51.

OC analysis
*p= 0.042 versus placebo
n= 286
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Figure 5. Mean change from baseline on the ADAS-cog in
moderately severe AD patients (n = 158) receiving rivastigmine or
placebo for 12 months (bars show standard error values)36.
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The results of a 144-week open-label extension of two
US short-term, double-blind, placebo-controlled studies
have been reported by Doody et al52. A total of 763 patients
with mild to moderate AD (mean baseline MMSE 19.4)
were enrolled from an original 15-week study comprising
12 weeks of treatment followed by a 3-week washout and a
30-week study comprising 24 weeks of treatment followed
by a 6-week washout. For the open-label analysis, mean
total scores for observed cases at each visit were used to
calculate the mean changes from baseline scores, providing
a conservative estimate of the drug’s efficacy. The number
of patients completing the 144-week extension study was
reported to have halved over the first 108 weeks52.
Donepezil 5–10 mg/day treatment resulted in improved
ADAS-cog scores relative to the new baseline for 24 weeks,
following which scores declined below baseline52. CDR-
SB scores also remained improved compared with baseline
scores for 24 weeks52. Scores declined progressively for the
rest of the study (144 weeks). By the end of the study,
subgroups of patients who had received placebo in the
original two studies (and then donepezil during the open-
label extension) had declined by 13–18 points on the
ADAS-cog, while those who had originally received
donepezil declined by approximately 10–12 points,
respectively52. These declines in both groups are within the
range expected in untreated patients – i.e., 4–6 points per
year5. No data modelling was attempted and no comparison
was made with historical findings from untreated patients. 

Rogers et al53 reported results of an open-label study
that followed patients treated with donepezil for up to 4.9
years. This open-label study was an extension of a 14-week
double-blind, placebo-controlled study, which involved 161
patients with mild to moderate AD (mean baseline MMSE
18.6). Of these, 133 patients enrolled in the open-label
extension study, and the population fell to 18 patients by the
time the study was terminated at week 25453. Therefore, the
very long-term data were based only on a small number of
patients and should be interpreted with caution.
Improvements on the ADAS-cog relative to baseline were
described until week 38, but by week 50 a gradual decline
relative to baseline was observed. Rogers & Friedhoff54

reported on an interim LOCF analysis of this study, showing
that at week 98 (84 weeks of open-label treatment), ADAS-
cog scores had deteriorated by 7 points compared with
baseline. In the final publication of this study53, a more
appropriate OC type of analysis was used and the
deterioration now seen in the ADAS-cog at week 98 was
higher than previously reported by Rogers & Friedhoff54

–about 11 points after two years. That is, some 4 points more
than that shown by the earlier LOCF analysis. Cognitive
deterioration over the full study period was fairly constant,
with a mean annual decline of 6.07 points on the ADAS-
cog53. Since untreated patients may be expected to decline
by 4–6 points each year on the ADAS-cog5, this suggests
that, following initial symptomatic improvements, disease

progression was unaffected (as in Figure 1a). Similarly,
MMSE and CDR-SB scores remained close to baseline
values until week 26, following which patients declined at a
mean rate of 1.4 and 2.8 points per year, respectively. 

Rivastigmine

Rivastigmine has been shown to inhibit both AChE
and BuChE activities in the CSF of AD patients by up to
45% and 58%, respectively, after 12 months of treatment23.
Further analyses demonstrated statistically significant
correlations between improvement in cognitive scores and
the inhibition of both AChE and BuChE activities23,
suggesting that rivastigmine provides clinically-significant
inhibition of central enzymes for at least 12 months in AD
patients. Evidence for the clinical benefits of this sustained
inhibition come from a number of long-term studies
involving patients with mild to moderate AD, moderately
severe AD, Lewy body dementia or vascular dementia.

Farlow et al13 reported the results of a 52-week
‘delayed-start’ study involving mild to moderate AD
patients (n = 699; mean baseline MMSE 19.7). For the first
26 weeks, patients received placebo or rivastigmine 1–4 or
6–12 mg/day. All patients were then eligible to enter an
open-label study (n = 533) for a further 26 weeks, during
which they received individually optimized rivastigmine at
doses of 2–12 mg/day. There was a significant treatment
difference of 5.7 points with rivastigmine on the ADAS-cog
at 52 weeks (p < 0.001; OC analysis), compared with the
projected rate of placebo decline (calculated using a
statistical model). The treatment difference at 52 weeks was
greater than that observed at 26 weeks (5.7 versus 4.9
points, respectively)13,35, indicating that cognitive decline
was slower in patients who were on rivastigmine for 52
weeks. Furthermore, these patients who were on
rivastigmine for the entire 52 weeks had a slightly better
outcome than those who received placebo for the first 26
weeks and were then switched to active drug (1.4-point
difference on the ADAS-cog). 

Interestingly, a subgroup of 158 patients with
moderately severe AD (baseline MMSE 16.3 points, Global
Deterioration Scale [GDS] score > 5) in this study showed
an even more robust pattern of response36. Significant
benefits on the ADAS-cog, both in terms of symptomatic
benefits at the start of the study, and apparent slowing of
disease progression (widening difference over time
compared with placebo) were evident in patients receiving
1–4 or 6–12 mg/day over the first 26 weeks of the study. At
52 weeks, there was a striking improvement on the ADAS-
cog of 8.1 points over the projected placebo decline in the
patients who had received rivastigmine 6–12 mg/day during
the first 26 weeks (Figure 5), and 4.6 points over the
projected placebo decline in the lower dose group (OC
analyses)36. Projected placebo declines at weeks 38, 44 and
52 were calculated using a modelling procedure based on
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ADAS-cog scores in the original placebo group at baseline,
weeks 12, 18 and 26. The increasing treatment effects over
time may suggest that rivastigmine was slowing disease
progression. Similarly, significant benefits on the ADAS-
cog were seen in patients with milder disease
(GDS score < 5). The OC analyses showed improvements
over projected placebo decline of 3.7 points on the ADAS-
cog in the higher dose rivastigmine group and 3.1 points in
the lower dose group at 52 weeks36.

The beneficial effects of rivastigmine on cognition
persisted for at least 2 years, as shown by a meta-analysis of
2010 AD patients (mean baseline MMSE 19.4) taking part
in four 26-week, placebo-controlled studies that were
followed by open-label extension studies55 (including the
study reported by Farlow et al13 above). Predictions of
placebo decline beyond the first 26 weeks were based upon
baseline-dependent mathematical models15. The validity of
these modelled data were confirmed by a high concordance
between actual ADAS-cog values at 26 weeks in patients
receiving placebo in the placebo-controlled studies and the
predicted values of these patients55. Over 2 years,
rivastigmine-treated patients showed significantly less
cognitive decline compared with projected placebo-treated
patients55. OC analyses showed that mean ADAS-cog
scores after 1 or 2 years declined by 4 to 5 points less than
predicted, had patients been left untreated. 

Further evidence of the effects of rivastigmine on the
rate of cognitive decline in patients with mild to moderate
AD (mean baseline MMSE 19.8) comes from a 142-week
analysis, which demonstrated that the average annual rate
of decline of 4.5 points on the ADAS-cog in patients
receiving at least 6 mg/day of rivastigmine was about half
that of annual decline of 8.2 points in patients receiving less
than 6 mg/day56.

Long-term benefits of rivastigmine in patients with
mild-to-moderate or severe AD are also seen in behavioural
domains over a 2-year treatment period. Behavioural
symptoms of a group of mild-to-moderate AD patients (n =
98, mean baseline MMSE 19.0) were evaluated using the
behavioural component of the Clinicians Interview Based
Impression of Change – plus caregiver input (CIBIC-plus),
which is adapted from the Behavioural Pathology in
Alzheimer’s Disease Rating Scale (BEHAVE-AD). After
26 weeks, CIBIC-plus behaviour scores in patients
receiving rivastigmine 6–12 mg/day improved, while those
in patients receiving placebo showed no improvement57.
This difference was statistically significant (p = 0.02). At 52
weeks, additional improvements were observed in patients
who had received rivastigmine since the start of the study,
and at week 104 improvements in this group were still rated
as mild to moderate57. In contrast, patients who had
received placebo during the first 26 weeks (double-blind
phase) of the study showed only mild improvements at
week 52 and no benefits at week 10457. Throughout the 104
weeks, behavioural symptoms were significantly better in
the patients who had received rivastigmine from the
beginning of the study, compared with those who received
placebo for the first 26 weeks (p < 0.05 at all time points).
These data suggest that patients may benefit in the
behavioural domain from early treatment, as this may have
an impact on disease progression and lead to longer-term
benefits. Rivastigmine appeared to provide particular
improvements in mood disorders and hallucinations57.
However, given the small number of patients in this study,
replication will be needed in a larger cohort of patients. 

In an open study, 173 patients with moderate to severe
AD (mean baseline MMSE 9.3) who were living in a
nursing home received rivastigmine for 52 weeks58.
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Overall, 57% of patients demonstrated improvements on
the NPI–Nursing Home version (NPI-NH), and a mean
improvement of 1.6 points was observed (OC analysis). The
majority of patients in the study (n = 105) were receiving
psychotropic medications at baseline and antipsychotic use
decreased in both the severe and moderate groups by 62%
and 68%, respectively, over the 52 weeks of rivastigmine
treatment (Figure 6)59. More patients with moderate AD
(47%) were able to discontinue psychotropic use
completely, compared with patients with severe AD (28%),
due to greater reductions in anxiolytics and hypnotic
sedatives. NPI-NH mean changes from baseline over 12
months in the moderate and severe AD groups were –0.2
and –0.3, respectively. 

In addition to providing meaningful long-term benefits
in patients with mild, moderate or severe AD, rivastigmine
has demonstrated significant long-term efficacy in patients
with other forms of dementia. In a double-blind, placebo-
controlled multicentre study, rivastigmine provided benefits
in cognition, attention, apathy, indifference, anxiety,
delusions, hallucinations and aberrant motor behaviour in
120 patients with the Lewy body variant of AD (mean
baseline MMSE 18.6)60 for 20 weeks. From this study,
Grace et al61 followed 29 patients receiving open-label
rivastigmine for up to 96 weeks. By 96 weeks, neither
MMSE nor NPI scores were significantly worse than at
baseline – that is, there was no detectable deterioration in
cognition or behaviour while patients were receiving
rivastigmine (Figure 7). The authors explained that this
finding was highly significant because the Lewy body
variant of AD is a progressive illness and a substantial
reduction in MMSE and NPI scores would have been
expected in untreated patients61.

Rivastigmine has also demonstrated significant benefits
in cognitive outcomes over 1 year in a large cohort of patients
with AD (mean baseline MMSE 19.6), with or without
vascular risk factors, taking part in a double-blind, placebo-
controlled study that was part of the drug development
(ADENA) programme. At 26 weeks, benefits were even
greater in those with vascular risk factors than in those with
‘pure AD’62, possibly indicating an effect on certain aspects
of vascular dementia in addition to its known effects on
Alzheimer’s pathology. All patients were then given the
opportunity to enter an open-label study during which they
all received rivastigmine 2–12 mg/day, and 178 patients with
vascular risk factors were followed for a further 26 weeks63.
The OC analyses demonstrated that the cognitive benefits of
rivastigmine were maintained in these patients for at least 52
weeks. Patients who were originally treated with placebo
during the double-blind phase did not achieve the same
ADAS-cog scores as those that had received rivastigmine for
the full 52 weeks63. Since a substantial proportion of AD
patients have underlying vascular pathology, a therapy that is
effective in treating patients with AD and those with vascular
risks would be of considerable benefit. 

The suggestion that rivastigmine may affect vascular
pathologies has been supported by a small 22-month study
in which patients with subcortical VaD receiving
rivastigmine 6 mg/day showed significant improvements
compared with a control group receiving cardioaspirin 100
mg/day in executive function, behaviour (Figure 8) and
depression – the core features of subcortical VaD that
reflect frontal lobe dysfunction64,65. These improvements
were reflected in significantly reduced caregiver stress over
22 months. 

Galantamine

Like donepezil, galantamine is a rapidly reversible
AChE-selective inhibitor. Galantamine has been shown to
increase AChE levels by 209% in the CSF of AD patients
after 6 months of therapy (Figure 2)22. Studies evaluating
longer-term direct effects of galantamine on central enzyme
activities do not appear to have been performed. It has been
proposed that galantamine may have a unique
pharmacological profile via the allosteric modulation at the
presynaptic nAChR, and that this may result in an increased
release of ACh, while at the postsynaptic nAChR allosteric
binding may increase the frequency of opening of the
receptor ion channel and potentiate the ACh-activated
electrical currents66,67. In fact, clinically-relevant
concentrations of tacrine, donepezil and galantamine have
all been shown to interact in vitro with the allosteric
activator site on the nAChR68. However, the modulatory
effects of cholinesterase inhibitors on nicotinic receptors
have, to date, been demonstrated mostly in vitro in a cellular
system, and there is limited evidence that central activation
of nAChR activity translates into increased cognitive
performance in vivo. Therefore, the clinical relevance of
these effects on nAChR is uncertain. 
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Raskind et al14 reported the results of an open-label
extension (to 52 weeks) of a 26-week double-blind, placebo-
controlled study of galantamine. Of 636 patients with mild-
to-moderate AD (mean baseline MMSE 19.3) entering the
double-blind study, 353 entered the open-label phase.
Patients received placebo or galantamine 24 or 32 mg/day
during the double-blind phase, and all patients received
galantamine 24 mg/day during the open-label phase. All
treatment groups, including the placebo group, showed
initial improvements on the ADAS-cog. By 26 weeks (the
end of the double-blind phase), both galantamine-treated
groups showed significant benefits over placebo, according
to both the OC and ITT/LOCF analyses (all p < 0.001 versus
placebo). However, by 52 weeks, ADAS-cog scores in the
two groups of patients who had received placebo or
galantamine 32 mg/day in the first 26 weeks (during the
double-blind phase) had deteriorated by about 2 points
below baseline (Figure 9). Only the group that had received
galantamine 24 mg/day for the full study period maintained
ADAS-cog scores near baseline14. A similar pattern of
response was seen in ADL as assessed using the Disability
Assessment for Dementia (DAD) scale14.

Raskind & Truyen69 presented a 36-month follow-up
of these data. They showed that after this extended period,
about 18% of patients remaining in the study maintained
cognitive function near baseline levels. However, only
about half of the patients entering this extension study
completed the 36-month treatment period. Therefore, this
responder analysis should be interpreted with caution since
the fact that many patients not benefiting from treatment
may have withdrawn before this time may have skewed the
results in favour of a high responder rate in the remaining
population. Mean ADAS-cog scores were not presented. 

Morris et al70 presented 18.5-month data from another
open-label extension of a 5-month galantamine study71 in

which patients received placebo or galantamine 8, 16 or 24
mg/day for 5 months (n = 978, mean baseline MMSE 17.8).
Morris et al70 described the results of an OC analysis of 333
patients from the original placebo, 16 mg/day or 24 mg/day
groups after they had been switched to galantamine 24
mg/day for the open-label extension (data from the original
8 mg/day group were not shown). All three groups achieved
similar scores on the ADAS-cog within 4.5 months of
switching (Figure 10). They then all declined below
baseline, almost in parallel, until the end of the study. 

Finally, Erkinjuntti et al72 presented data on the long-
term (1-year) efficacy of galantamine in patients with
probable VaD (mean baseline MMSE 20.6). At the end of a
6-month double-blind study with patients diagnosed with
probable VaD or AD combined with cerebrovascular
disease, significant differences between galantamine 24
mg/day and placebo were reported on the ADAS-cog, DAD
and NPI73. The probable VaD subgroup included 252
patients in both the placebo or galantamine 24 mg/day
treatment arms, both demonstrating improvements over
baseline on the ADAS-cog. Galantamine failed to provide
significant benefits over placebo at 6 months in that
subgroup. This study was followed by a 6-month open-label
study involving 195 of the original 252 probable VaD
patients, all of whom received galantamine 24 mg/day72. At
the end of the study, ADAS-cog scores in both groups (ie,
patients from the initial double-blind study who received
galantamine and continued to do so, as well as patients who
initially received placebo and then switched to
galantamine) were still above baseline and there was still no
statistically significant difference between them. Neither
group declined below baseline at any stage of the study,
probably because the entry criteria stated that patients had
to have stable disease, and therefore worsening of
symptoms caused by vascular pathologies was less likely. 
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Long-term study withdrawals

In long-term studies, rates of withdrawal were fairly
similar in studies evaluating donepezil, rivastigmine and
galantamine. In patients with AD, 1-year completion rates
for donepezil studies ranged from 33–92% of
patients49,50,52,53, those for rivastigmine were in the region
of 70–80%13,55,58, and that for galantamine was 42%14.
Later, 2-year completion rates in AD studies appeared to be
approximately 35–50% for donepezil53 and 55% for
rivastigmine55. In addition, 2-year data from studies in
other dementia types indicated 70% completion rates for
rivastigmine in patients with the Lewy body variant of
AD61 and 100% completion rates for rivastigmine in a
small study of patients with VaD64. Finally, 3-year
completion rates in AD studies were reported to be about
21% for donepezil53 and 23% for galantamine69.

However, these completion rates are considerably
higher than those reported in audit studies of clinical
practice in the USA and UK41,42, and do not necessarily
reflect the length of treatment duration in the real world. In
clinical practice, physicians should be aiming for high rates
of patient persistence. If this is not possible with the initial
drug, due to a perceived lack of efficacy or problems with
tolerability over the long term, pharmacological differences
between available cholinesterase inhibitors provide a good
rationale to switch to another drug in the same class44.

Discussion
In the absence of direct comparative studies, it is

difficult to compare data on the long-term efficacy of
cholinesterase inhibitors. However, tentative comparisons
may be made, which suggest that the pharmacological
properties of these drugs may be driving important
differences in clinical efficacy and safety. 

Primarily, donepezil appears to exhibit modest,
consistent efficacy on cognition over the long term. Long-
term data for donepezil are only available in patients with
mild-to-moderate AD. In studies performed to date,
following the maintenance of cognition above baseline levels
for about 6 months or more, patients apparently decline at the
same rate as if they had been left untreated49,50,52-54. This is
an example of ‘delaying’ rather than ‘slowing’ disease
progression. Galantamine also clearly provides initial
symptomatic benefits14. Published data suggest that once
galantamine-treated patients begin to decline, they do so at a
rate similar to that of untreated patients4.

Studies of rivastigmine have shown evidence
suggestive of slowing disease progression. In studies
involving patients with mild, moderate or moderately
severe AD13,36,55, the projected placebo and rivastigmine
lines of response diverged (increasing treatment
differences) over time, suggesting that rivastigmine was
slowing, rather than just delaying, clinical decline.

Moreover, in a delayed-start design study, the group of
patients who initially received placebo did not ‘catch up’
with the group that had received rivastigmine for the entire
study13,36,57, indicating that early rivastigmine treatment
may have a disease modifying effect. Rivastigmine has
shown both cognitive and behavioural long-term benefits in
patients with mild, moderate or severe AD, the Lewy body
variant of AD and subcortical VaD36,57,58,61,64,64. In
patients with AD, rivastigmine was reported to provide
particular benefits in mood disorders and hallucinations57.
In the VaD study, statistically significant benefits were
observed on all items of the BEHAVE-AD, demonstrating
very broad effects64. The behavioural benefits of
rivastigmine are associated with reduced antipsychotic and
other psychotropic use58 that should have favourable cost
and safety implications. 

These apparent benefits may reflect the
pharmacological properties of the three agents. To begin
with, since rivastigmine inhibits both AChE and BuChE,
the agent is likely to remain pharmacologically effective
over the long term, as changes in the brains of AD patients
lead to rising levels of BuChE and declining AChE
activities as the disease progresses27,74. AChE-selective
agents may be rendered less effective when their target
enzyme has a more limited role to play. Secondly, as a
slowly reversible AChE inhibitor, rivastigmine is not
associated with upregulation of AChE gene expression,
which may lead to tolerance with rapidly reversible
inhibitors such as donepezil and galantamine21, and since
AChE may accelerate the formation of β-amyloid,
upregulation may also accelerate disease progression28,29.
In addition, the G1 isoforms of AChE and BuChE are
associated with compact neurotoxic plaques, and BuChE in
particular may play an important role in the development of
malignant plaques associated with degeneration and
dementia. Therefore, as AD advances, the rationale for
using rivastigmine becomes more compelling. 

This is further endorsed by the effects of rivastigmine
on behavioural symptoms, which tend to develop at more
advanced stages of AD. Neither donepezil nor galantamine
have yet demonstrated behavioural benefits over the long
term. Again, this may reflect rivastigmine’s dual inhibitory
properties, since BuChE activities, which are inhibited only
by rivastigmine, are particularly high in the hippocampus
and amygdala75, and the drug’s preferential selectivity for
the G1 form of AChE may lead to targeted actions in the
frontal lobe21. Interestingly, the efficacy of rivastigmine on
behavioural symptoms have been most markedly
demonstrated in dementias with more of a subcortical
frontal involvement, such as the Lewy body variant of AD,
Parkinson’s disease dementia and subcortical
VaD60,61,64,65,76. However, more data are required to
clarify the relative effectiveness of cholinesterase inhibitor
treatments in the long-term management of behavioural
symptoms in dementia. 
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Furthermore, as mentioned earlier, agents that inhibit
both AChE and BuChE may have a greater potential than
AChE-selective inhibitors for disease modification, through
preventing inert plaques transforming into malignant ones
associated with degeneration and dementia. It may not be
surprising, therefore, that of the three available agents, only
rivastigmine has shown evidence of possible slowing of
disease progression, or disease modification. Therefore, in
order to maximize clinical benefit with rivastigmine and
possibly other cholinesterase inhibitors, it may be beneficial
to start therapy early, or even at a point when the disease is
not fully manifest – that is, in patients with mild cognitive
impairment (MCI). In order to test this hypothesis, a
prospective, multicentre, randomized study (InDDEx) is
ongoing to examine the effect of rivastigmine therapy on
prolonging the time to a clinical diagnosis of AD in
individuals with MCI. Similar studies are ongoing with
donepezil and galantamine.

It has been proposed that the interaction of certain
cholinesterase inhibitors with a site on the nAChR that is
different from the binding site of endogenous ACh (the
allosteric site) may lead to modulatory effects. Tacrine,
donepezil and galantamine have all been shown to interact in
vitro with the allosteric activator site on the nAChR68, but
the clinical relevance of these effects are still under debate21.
In fact, the putative clinical relevance of nAChR modulation
may become even less likely as AD progresses and these
receptors are generally lost early in the disease process77.

Rivastigmine shows selectivity for central rather than
peripheral enzymes that may be explained by its 4–5 times
greater sensitivity for the G1 form of AChE78. The G1-
selectivity of rivastigmine also leads to high brain region-
selectivity for the hippocampus and cortex78, especially areas
of the cortex involved in attentional processes and
behaviour79-82. In contrast, donepezil and galantamine show
much less or no differential specificity for the different
isoforms of AChE. This may result in less targeted
efficacy21.

In conclusion, the cholinesterase inhibitors have been
shown to provide sustained benefits in patients with AD.
Long-term treatment is likely to reduce the overall burden of
the disease to patients, caregivers and society. Physicians
should aim to keep their patients on active treatment over the
long term, and should consider switching between the agents
in cases of intolerability or failing efficacy. The data suggest
that there may be important differences between the
individual agents, although the results of long-term, direct
comparative studies are required to clarify these. The results
of one such study, the 2-year EXCEED trial comparing
donepezil and rivastigmine in outpatients with a diagnosis of
moderate to moderately-severe AD (MMSE 10–20), should
be available within the next two years83. Meanwhile, it is
interesting to consider the apparent differences between these
agents based on the data available so far from long-term
studies. It will be of even greater importance to follow

ongoing randomized studies evaluating these drugs in order
to ascertain potential differences between them over a long-
term therapeutic perspective. 
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Abstract
Dementia is a rising global challenge. Appropriate selection and harmonization of screening instruments
is essential for overcoming educational and cultural biases before transnational studies can be
successfully and meaningfully undertaken. Recognition of impairment in the activities of daily living is
influenced by the state of technological development and the culture. Cross-cultural studies have shown
lower prevalence and incidence of dementia and Alzheimer’s disease (AD) in developing countries.
Apolipoprotein E studies have shown inconsistent association between possession of the e4 allele and
AD in different ethnic groups, and appear to support a gene-environment interaction hypothesis. Cultural
variations in behavioural and psychological symptoms of dementia (BPSD) as well as care arrangements
are highlighted to advocate differences in approach to management in various ethnic groups. 

Dementia in all its forms constitutes a major public
health concern worldwide because of the unprecedented
increase in the number of elderly individuals (aged 65 years
and above) who are at risk of developing the condition.
Dementia is characterized by considerable decline in
cognitive ability to the extent that personal activities of daily
living are interfered with. The manifestations and
recognition of the disease depend on the social and cultural
setting in which the afflicted individual lives. Culture, which
refers to the customs, habits, and social norms of a
particular group of people, determines the pattern of
activities of daily living, roles, expectations, care
arrangements for the elderly, as well as the recognition and
acceptance of dementia and other disease states. 

In many societies, the elderly is revered and regarded
as a repository of wisdom; cultural attitudes may therefore
influence what is perceived as senility. African culture
guarantees social and psychological superiority to older
people, thus conferring them with high status and prestige1.
A high tolerance for what would be described as aberrant or
deviant behaviour elsewhere appears to be condoned so as
to preserve family integrity2. It therefore means that a
condition like dementia may be concealed at home, and
those afflicted may not be taken to hospital to avoid the
stigma attached to mental illness. Amongst the Igbos, in the
Eastern part of Nigeria, dementia is regarded as a form of
demonic attack of the brain by religious ministers3.

In a country like India with diverse cultures; there are
differences in the conceptualization of dementia. In Goa for
example, it is recognized and explained as brain weakness
or deterioration but not an illness, whereas in Benares,

personality changes appear to be more easily recognized as
a feature of dementia than memory failure4,5. In the Far
East, it is documented that medical attention is usually
preferentially sought for stroke, but not for elderly relatives
with failing memory that is usually ascribed to
metaphysical factors6. This may partly explain the
preponderance of vascular dementia documented in that
region. These various peculiarities in different regions of
the world highlight the complexity of understanding
dementia in various cultures. 

Culture and Diagnostic
Instruments

The diagnosis of dementia requires objective
documentation of cognitive decline that may involve
multiple domains including: memory, orientation,
judgement, abstraction, language, thinking and
concentration. Comparison of results obtained from
different studies is hampered when different diagnostic
instruments are used and when the diagnostic criteria are
not uniform. Such difficulties limit the utilization of data for
generating hypotheses about the putative risk factors
involved. The development of culture fair instruments for
assessment in cross-cultural studies is therefore a major
challenge. Virtually all the commonly used instruments like
the Mini-Mental State Examination (MMSE), the Cognitive
Abilities Screening Instrument (CASI), Elderly Cognitive
Assessment Questionnaire (ECAQ), Cross Cultural
Cognitive Examination (CCCE), Informant Questionnaire
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on Cognitive Decline in the Elderly (IQCODE), Geriatric
Mental State Examination (GMS), Cambridge Mental
Disorders of the Elderly Questionnaire (CAMDEX) and the
Community Screening Interview for Dementia (CSI’D)
suffer from cultural and educational bias7,8. Adaptation of
the test items to the cultural, linguistic and educational
norms of the population to be studied, referred to as
harmonization, constitutes an important first step in their
application. The MMSE is available in many languages
including Chinese and Hindi9,10. The Chinese version was
shown to be poorly suited for use in elderly illiterate
persons9. It was observed in a cross-cultural study
comparing Chinese, American and Finish subjects that
differences existed in their performances on MMSE items
with the Chinese subjects being better on recall items, while
the American and Finish subjects performed better on
constructional praxis9. Therefore, poor recall by Chinese
subjects would appear to be more predictive of cognitive
decline than poor drawing skills. 

The CSI’D, containing items selected from the
CAMDEX, MMSE, Dementia Rating Scale, East Boston
Memory Test, and the Comprehensive Assessment and
Referral Evaluation, is available in English, Yoruba,
Jamaican patois, Kenyan, Chinese and Cree versions8,11. It
was successfully applied in five communities with very
different socio-economic backgrounds (Cree Indians and
Caucasians in Winnipeg, Canada; African Americans in
Indianapolis, USA; Yoruba in Ibadan, Nigeria; and
Jamaicans in Kingston, Jamaica) with consistent results11.
That has made it a choice instrument for dementia screening
in different cultures. The CSI’D had been adopted for the
10/66 studies in many developing countries. A combination
of scores on the cognitive and informant items is computed
to derive a discriminant function score, which produced
better sensitivity and specificity for the diagnosis of
dementia than cognitive scores alone. The predictive
validity of the CSI’D for dementia diagnosis ranged from
82% in Ibadan to 97% in Cree Indians and Caucasians11.
The informant score alone was shown to predict dementia
independent of cognitive scores in all the sites. 

One item included in the CSI’D is the Stick Design
Test (SDT) which assesses visuo-constructional ability in
illiterate individuals. The test involves arranging
matchsticks to copy stimulus designs. Preliminary data on
its application to 275 Yoruba subjects in Ibadan showed that
it was better in discriminating between normal and
demented subjects than the construction praxis item on
MMSE. In addition, it was less influenced by education and
gender12. Another innovative test for assessing recall and
visual perception in illiterate cultures is the use of the
Indiana University Tokens Test as part of the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD)
neuropsychological test battery. This involves recognition
and recall of shapes, sizes and colours. Preliminary data
from a Kenyan pilot study revealed significant difference in

test scores on this item between normal and demented
subjects (Ayuo P , personal communication). 

Assessment of impairment in activities of daily living is
the second component of dementia diagnosis. The
expectations and roles of the elderly vary in different
cultures, and according to the state of technological
development. Erkinjuntti et al.13 identified assessment of
social activities as an important cause of disagreement in
dementia diagnosis. In many developing countries like
Nigeria, the demands are much limited, as is exposure to
modern domestic appliances. Most of the elderly individuals
in low technology societies had neither used nor seen
microwave ovens, dishwasher, and hairdryer before. There
are also gender differences in expected roles, and elderly
males, even if widowed, are not involved in meal
preparations. The wives, children and extended family
members take up most of the chores. Therefore, asking an old
man about food preparation using microwave oven may not
be appropriate. He would however be expected, if
cognitively intact, to remember the essential ingredients for
the preparation of local meals, and retain decision-making
role in the family. The situation is however changing with
increasing westernization in the urban communities. Cultural
adaptation of diagnostic instruments in that setting included
asking about handicrafts, traditional games, and participation
in community activities. Such cultural adaptation for the
assessment of impairment in daily activities was similarly
carried out in Ballabgarh, India as a prerequisite for accurate
dementia diagnosis in that environment14.

Culture and age determination: 
Prevalence data on a disease that is age associated

requires accurate age determination for meaningful
comparison of rates. In illiterate societies where birth
records are not available, age determination becomes an
important issue. In one study in India, under-reporting by an
average of three years was documented, while the Chinese
appeared to overestimate their age by an extra year6. Age
adjustment of the rates obtained is essential before data can
be meaningfully compared between communities studied7.
Uncorrected rate in a community with a large proportion of
the “young old” individuals would result in spuriously low
disease prevalence. The use of historical events for near
accurate age determination has been validated in a Nigerian
study with very high correlation15.

Burden of dementia and
Alzheimer’s disease across cultures

The prevalence of dementia in subjects older than 65
years in western countries ranges between 4 and 11%,16

however, there is paucity of information on dementia
burden in developing countries. The few isolated studies
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available have consistently reported lower rates except in
Shanghai, China17 where the figures obtained were similar
to those in Caucasians. That study also reported a higher
frequency of AD (65%), unlike previous studies in China,
which reported a preponderance of vascular dementia7.
Providing reliable and comparable information about true
differences in disease rates, on which to base preventive
strategies, have relied more on a cross-cultural and
international approach18. The objective is to study
populations in Diaspora that are living in different
environments in terms of technological development using
the same methodology. Finding significant differences in
disease rates between any two of such migrant populations
would facilitate delineation of risk factors like diet, vascular
and socio-cultural factors including education, which may
be environmentally determined. It would also facilitate the
detection of possible interactions between genetic and
environmental factors. Data from cross-cultural studies
have been obtained from Yoruba Africans and African
Americans (Indianapolis-Ibadan), Native Americans (Cree)
and Caucasians in Canada, Hindi Indians compared with
Americans (Indo-US), and Japanese Americans vs.
Japanese (Ni-Hon-Sea)14, 19-23.

In the Ni-Hon-Sea Project, the prevalence rates of
dementia in aging Japanese populations were obtained at
three sites namely: Hiroshima, Japan, Kings County,
Washington (The KAME Project), and Oahu, Hawaii. The
rates were similar to those reported in Caucasians, and
ranged between 5.3 and 7.6%19,20. In all these sites, AD was
the predominant subtype, especially in women. The
prevalence of dementia in the Japanese-American cohort in

the Washington project was reported to be higher than the
rates reported from studies in Japan, which would suggest
some environmental influence19. In the Cree study, although
the overall prevalence of dementia was the same in the Cree
and Canadians resident in Winnipeg, the rate for AD was
significantly lower21. In the Indianapolis-Ibadan study, the
prevalence of dementia and AD were found to be
significantly lower in Yoruba subjects (2.29% and 1.41%
respectively) than in African Americans (8.24% and 6.24%
respectively)22. In the Indo-US Cross National Dementia
Epidemiology Study involving elderly population in
Ballabgarh, a rural district of Northern India, and elderly
subjects living in the Monongahela Valley in Pennsylvania
in the USA (MoVIES Project), the overall age-adjusted
prevalence of dementia in the Indian population was 1.36%,
and for Alzheimer’s disease, the rate was 1.07%14. Table 1
shows a compilation of the prevalence rates reported from
cross-cultural studies. The lower dementia rates in “low-tech
cultures” have been ascribed to many possibilities including
biological selection, low life expectancy, shorter disease
duration, lower incidence and environmental protection. 

Prevalence, unlike incidence, is affected by the
survival of those afflicted, and one of the criticisms of the
lower prevalence in developing countries is possible bias
due to higher mortality. As a result of these, less reliance is
placed on prevalence data. Incidence rates are therefore
regarded as better measure of true disease burden. Much
fewer incidence than prevalence studies of dementia have
been carried out worldwide7. In developing countries,
incidence rates from two cross-cultural studies are
available. In Ibadan, the incidence rates of AD and

Table 1: Prevalence of dementia and Alzheimer’s disease in selected cross-cultural studies*.

Site Dementia Alzheimer’s disease

Western countries16 4-11% 50-75% of total

Cree-Manitoba Study21

Cree
Winnipeg

4.2%
4.2%

0.5%
3.5%

Ni-Hon-Sea Study19

Seattle
Honolulu (70+; men)
Hiroshima (60+)

6.3%
7.6%
5.3%

Predominantly AD
Predominantly AD
Predominantly AD

Indianapolis-Ibadan Study22

Indianapolis
Ibadan

8.24%
2.29%

6.24%
1.41%

Indo-US Study14

Ballabgarh, India 1.36% 1.07%

* References as superscripts
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dementia were: 1.35% and 1.15% respectively, whilst
among African Americans in Indianapolis, the respective
rates were 3.24% and 2.52%22. In the Indo-US study, the
incidence rates were roughly six times lower in Ballabgarh
than in the comparative US group24 (Table 2). Many studies
like these are required. 

It would thus appear from these cross-cultural, trans-
national studies that the burden of dementia is lower in the
developing countries or more traditional societies, which
would suggest influence of environmental factors like
industrial exposure or diet on genetic predisposition. These
factors could either be protective or interact with genetic
factors to lower the risk of dementia in individuals residing
in developing countries. 

Age has been universally shown to be a risk factor for
dementia7,16. Rural living before the age of 19 years has
been reported to increase the risk of AD in African
Americans25. Low educational attainment is also with
increased risk in many communities, but not amongst the
Yoruba14,17, 18,22,25. Amongst Caucasians, possession of
the ε4 allele of apolipoprotein E (APOE) has been
consistently shown to increase the risk of AD in a dose-
dependent fashion. However, this association appears not to
be present in all ethnic groups26. In African Americans, the
association between APOE e4 and AD is weaker than in
Caucasians, and the effect appeared to be attenuated in
Hispanics26, 27. In a Nigerian study, there was lack of
association between AD and APOE28. In agreement with
this observation, the frequencies of vascular risk factors
were lower in the Nigerian cohort than in African
Americans29. The APOE protein is involved in cholesterol
transport, and is encoded on chromosome 19. In African
Americans, there was demonstrable significant interaction
among total serum cholesterol, APOE genotype and AD
risk, 30 but not in the Yoruba cohort. One striking difference
between the Indianapolis and Ibadan cohorts is in their diet,
which is reflected in lower cholesterol levels found in the
Yoruba when compared with the African-American
population (mean cholesterol levels in the Yoruba, 166
mgs/ml; mean levels in African Americans, 220 mgs/ml)29.
It has been speculated that there may be some dietary

interaction, perhaps involving cholesterol or other lipids,
which in association with APOE accounted for the
differences in rates of illness between the two sites. It is also
possible that the relative lack of vascular risk factors by
itself in the Yoruba may play an important role in modifying
disease onset in that population.

In the Indo-US study on the other hand, although the
frequency of APOE e4 allele was lower in the Hindi
subjects than in the American cohort (7% vs.11%), the
association with AD was maintained in the two cohorts 31.
Differences in diet may possibly explain the differences in
association of APOE and AD in Yoruba and Hindi subjects.
It would be worthwhile carrying out further analysis on
dietary constituents to tease out the particular components
involved and/or the mode of interaction. 

Culture and behavioural
disturbances of dementia

Behavioural and psychological symptoms of dementia
(BPSD) occur commonly in the various subtypes. BPSD
may be the presenting symptoms or appear in its course,
and constitute a major cause of caregiver burden32, 33. In
western countries, BPSD are responsible for
institutionalization of demented individuals. The distressing
ones include: wandering, aggression, incontinence,
depression, psychosis, sleep disturbance, sexual
disinhibition and poor eating habits32, 33. Up to 90% of
those afflicted manifest some of these symptoms depending
on severity and duration of the disease, as well as prevailing
co-morbid psychiatric conditions32. Their recognition,
impact and management vary in different cultures, and
according to literacy level. The pattern of BPSD in
Taiwanese subjects is similar to the findings in
Caucasians34. In Turkey, suspiciousness, visual
hallucinations, sleep disturbances, wandering and hiding of
objects appeared to be more frequently reported than in
other European countries. There was no significant
difference in aggressive or agitated behavior in African
Americans as compared with Caucasians35. In Argentina,

Table 2: Incidence of Dementia and Alzheimer’s disease in cross-cultural studies

Sites Dementia Alzheimer’s disease

Indianapolis-Ibadan Study23

Indianapolis
Ibadan

3.24%
1.35%

2.52%
1.13%

Indo-US Study*24

Ballabgarh, India
Monongahela, USA

n/a
n/a

3.24%
19.32%

* Alzheimer’s disease only; References as superscript



Alzheimer Series – Review

27www.brainaging.org

different BPSD appear problematic in the different ethnic
groups. In those of European descent, aggressiveness, sleep
disorders and delusions were prominent, while in the more
illiterate and rural communities; more tolerance for these
symptoms was evident. Fear of stigmatization was
associated with either denial or concealment amongst the
Volga German descendants36. In India, rural-urban
differential in troublesome symptoms was observed. Pacing
and wandering that were considered worrisome in the urban
settings because of associated trauma were less so in the
rural communities where family support is stronger37.
Although BPSD are not currently a major cause of distress
for caregivers, there is the impression that this trend may
change with time because of economic pursuit and
decreasing family ties.

In the Yoruba culture, hallucinations and delusions,
which tend to connote mental illness, may be concealed by
family members to avoid any stigma1, 2,6. A cross-cultural
study of BPSD in migrant African populations involving
African Americans, Jamaicans and Yoruba found more
problems with personal care in Jamaicans and African
Americans than in the Yoruba demented subjects. Getting
lost was most frequent in the Jamaicans, while personality
changes were most frequent in African Americans. The
Nigerian caregivers were reported to be most concerned
about their demented relative being involved in embarrassing
situations38, 39. It was observed that treatment was less often
sought for behavioral disturbances in Nigeria because of
limited facilities and dearth of trained manpower38.

The pattern of presentation, tolerance, management
seeking behaviours of BPSD thus vary in different cultures. It is
dependent on the prevailing economic activities, the literacy
level, place of residence, and who the caregivers may be. In
most developing countries, family members appear more
tolerant, and concealment was not uncommon. Different

approaches for recognition and management need to be devised
for this important aspect of dementia in different cultures. 

Culture and care of the demented
patient:

Demented individuals are either cared for within the
community or are institutionalized, and the cultural setting
influences the type of care available. In western countries,
families are relatively small, and economic pursuits demand
a lot of mobility. The elderly people value their
independence, and therefore most of them prefer to live
alone. Between 30 and 50% of elderly people are reported
to live alone in these countries, the highest being in
Denmark40. In Indianapolis, more than 40% of elderly
African Americans live alone41. Thus living alone is not
peculiar to any particular ethnic group, but would seem to
depend on the environment in which the older person lives.
Most subjects having mild to moderate dementia are
managed at home, and the spouses or the children generally
provide care. In the advanced stage, when constant
supervision is required, institutionalization becomes the
rule rather than the exception7. In developed countries, as
many as two-thirds of all the demented cases may be
institutionalized7, 40,42. The cost of providing care for these
patients is enormous and could be as high as $47,000 per
person42. In 1992, the total direct and indirect costs were
estimated at $113 billion in the US alone, 43 which is far
beyond the total annual budget and allocation to the health
sector in many developing countries.

In developing countries, community-based care is
favoured because families are larger with many generations
living together including extended family members. This
pattern has been reported in studies from China, India and
Nigeria3,6,7 44. In a community in Ibadan, about 15% of the
elderly Yoruba subjects lived alone41. With an average
family size of 5.5 persons, and about 62% of them
containing more than one generation, family support is
strong with increased chance of psychosocial stimulation.
The Ibadan data on household characteristics were similar
to the observations from many countries involved in the
10/66 studies. In India, household size averaged between 4
and 6; in China, Cuba and selected South and Central
America countries, the number averaged between 2 and 6
(Prince M, personal communication). Therefore in these
communities, the older persons receive constant stimulation
from family members, and they, in return, serve as
surrogate parents for the grandchildren when still
cognitively intact. In Goa, India, ‘old age homes’ are only
available for older persons in good health, and who can
afford the cost of care4. Thus, demented subjects are not
likely to be kept in such facilities. 

In Nigeria, because there is no health insurance policy,
and very few of the older persons receive pensions, the
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burden of their care falls on family members. Nursing
homes for the elderly are culturally unacceptable because of
the notion that it is ‘more respectable’ to die at home than
in hospital44. Individuals without strong family ties
however utilize the few facilities that exist. This stigma of
destitution has limited public acceptance of
institutionalization. The use of private nurses and/or
domestic helpers by some wealthy families is not
sufficiently widespread. Exorbitant cost of care, poor
response to therapy and bureaucratic delays were some of
the reasons adduced for high default rate and poor
compliance with hospital treatment3, 45. In a recent review
of the financial implications of caring for demented
individuals in Nigeria, Uwakwe reported that a lot of
money is spent on sacrifices, alternative medical care, etc.
with minimal benefit. Increasing use of church facilities to
care for demented subjects in some communities in Eastern
Nigeria appeared to be a novel approach to management.
Uwakwe argued that the use of music and dancing that form
the core of African tradition, constitute a form of
psychotherapeutic intervention45. The impact of these and
other innovative cultural methods need to be assessed. 

Conclusion
Available data from epidemiological and genetic

studies have combined to enhance our understanding of
some aspects of dementia, and have shown that culture
plays an important part in disease recognition, diagnosis,
care and support system. Results from cross-cultural studies
have strengthened the impression that the environment
interacts in some way with genetic predisposition to
determine disease risk. Analytic studies appear to implicate
diet as being partly responsible. Similarities and differences
in BPSD have revealed that different approaches are needed

for managing troublesome symptoms in different cultures,
bearing in mind tolerance for deviant behavior in some
ethnic groups. Strong family ties, larger household sizes
and multigenerational linkages, characteristic of developing
countries, make community-based care of demented
subjects feasible, unlike the situation in western cultures.
However, with changing lifestyles and family dynamics,
and some of the highlighted cultural differences will
disappear. The developing countries need to be aware of
this ominous trend and prepare for the challenges that may
lie ahead since time is of essence. 
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Introduction

Alzheimer’s Disease (AD) is the most common
neurodegenerative disorder of the elderly, and it is
characterized clinically by progressive memory loss, as well
as other cognitive impairments. The neuropathological
hallmarks of AD include neuritic amyloid plaques,
cerebrovascular amyloidosis and neurofibrillary tangles.
Deposits of amyloid fibers consist mainly of an amyloid beta-
peptide (Aβ) and increasing experimental and genetic
evidences point to an essential role of Aβ, a 39-43 amino acid
peptide derived from proteolytic processing of amyloid
precursor protein (APP), in the pathogenesis of AD1.
Mutations in the APP encoding gene and also in presenilin 1
and presenilin 2, which lead to early-onset AD, are associated
with excess Aβ deposition in the brain of AD patients. Aβ
itself can be cytotoxic and different lines of evidence support
a causative role of Aβ in the pathogenesis of AD2.

However, the mechanism for the degeneration of nerve
cells and synaptic connections that underlies the emergence
of dementia, in particular in sporadic AD, is still unknown.
To further explore the cause of neuronal degeneration in
AD, we started a fundamental gene expression analysis
using the cDNA subtraction technology. We used this
technology to elucidate the genetic mechanism involved in
AD by investigating the toxic effect of Aβ (1-42) and its
influence on neuronal and glial gene expression3,4.

In the present study we describe a new protein, rat
p18AβrP, which showed the most significant up-regulation
in oligodendrocytes upon stimulation with Aβ (1-42) and

we confirmed the result by reverse transcription-
polymerase chain reaction (RT-PCR) analysis. 

Moreover, we have subcloned the open reading frame of
p18AβrP in-frame with the green fluorescent protein (GFP)
to study the subcellular localization of p18AβrP by using
fluorescent light microscopy as it has been described recently
as a novel visual classification approach5. To characterize the
functional role of p18AβrP we have analyzed the
pathophysiological outcome of neuronal p18AβrP
expression. Finally, we investigated the cellular function of
p18AβrP by applying the two-hybrid system - which is an in
vivo yeast-based system that identifies the interaction
between two proteins (X and Y) by reconstituting an active
transcription factor - and we detected that rat 70 kd heat
shock cognate protein hsc70 and rat Tid-1 tumor suppressor
protein act as new p18AβrP-interacting proteins.

Materials and methods

Reagents

Unless indicated, all reagents used for biochemical
methods were purchased from Sigma-Aldrich (Tokyo, Japan).

Reverse transcription-polymerase chain
reaction (RT-PCR)

The RT-PCR method was used for mRNA expression
analyses as described previously6. Briefly, total cellular RNA
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was isolated according to the TRIzolÒ Reagent-protocol
(Gibco BRL, Grand Island, NY, USA). After extraction with
chloroform, RNA was precipitated by adding 1 volume
isopropyl alcohol to the aqueous phase, washed with 75%
ethanol, resolved in RNase-free water and quantified
spectrophotometrically by absorbance at 260 nm. Total RNA
(0.2 µg/µl) of each sample was first reverse-transcribed into
cDNA (oligo (dT)-primed-SMARTTM-cDNA-synthesis
(Clontech, Tokyo, Japan); Superscript IITM (Gibco))
according to the manufacturer’s protocol, which (0.5 µl) in
turn was subjected to PCR amplification (25 µl reaction-
volume) using p18AbrP-specific primers (sense: 5’-
atgagtgaatggacgaagaaaagccccttagaatgggaggat-3’; anti: 5’-
tctgggaagctgaaagatggccttgaataagatcctgaattcggg-3’). The
numbers of cycles used to amplify each cDNA were chosen
to allow the PCR to proceed in a linear range according to the
ElongaseTM enzyme mix-protocol (Gibco). The
amplification steps involved denaturation at 94°C for 1 min,
annealing for 50 s at 65°C (AnnT) with specific primers and
extension for 1 min at 68°C (AnnT: 65°C/24 cycles). PCR
amplification of the constitutively expressed ribosomal
protein S12 (AnnT: 60°C/16 cycles) cDNA was used as a
measure of input RNA. Controls using RNA samples without
RT or controls without RNA were used to demonstrate the
absence of contaminating DNA. The PCR reactions were
analyzed by electrophoresis in 1.5 % agarose gels followed
by alkaline blotting of the fragments onto nylon membranes
and subsequent hybridization with specific fluorescein-
labelled DNA (S12- and p18AβrP-PCR-products; using PCR
fluorescein labeling mix (Roche Diagnostics, Mannheim,
Germany) probes. Detection and appropriate analysis of the
membranes were done with the Fluor Imager 595 / Image
Quant ver. 5.0 (Molecular Dynamics, Tokyo, Japan). In
addition to non-parametric statistical testing (Kruskal-Wallis
test), statistical evaluation of results was performed by
analysis of variance (ANOVA) and the statistical error was
indicated as the SEM (standard error of the mean).

cDNA cloning

After cDNA subtraction rat p18AβrP EST (expressed
sequence tag) sequence was obtained. Full-length cDNA
has been gained using oligonucleotides designed from
partial cDNA/EST sequences in public databases
(http://www.ncbi.nlm.nih.gov) to screen an appropriate
cDNA library (ClonCapture-ReadyTM Super DNA (rat
brain); Clontech) for 5’-RACE and RT-PCR experiments.
A p18AβrP construct for sequence analysis was generated
by inserting rat p18AβrP cDNA into the pCR®II-TOPO®

T/A cloning vector (Invitrogen, Tokyo, Japan).
A p18AβrP expression construct was generated by

inserting rat p18AβrP cDNA in-frame with the green
fluorescent protein (GFP) of pcDNA3.1CT-GFP-TOPO®

(Invitrogen) at the C-terminus of p18AβrP (p18AβrP-CT-
GFP).

p18AβrP cDNA and protein analyses

p18AβrP cDNA and protein sequences were used as
search tools in the National Center for Biotechnology
information (NCBI) Blastp 2.0 program against non
redundant GenBank CDS translations + PDB + SwissProt +
PIR + PRF databases, in addition to the UniGene database
(NCBI)7. Homology searching was performed using the
Blast and FASTA (Wisconsin Package Version 10.0,
Genetics Computer Group (GCG), Madison, WI) algorithms
and hits were aligned using BestFit (Wisconsin Package
Version 10.0, GCG). Protein sequence motif searching was
performed with the PROSITE Profile-, BLOCKS-, ProDom-
, PRINTS-, Pfam- and PSORTII-programs8-10.
Phosphorylation sites were searched by using NetPhos 2.0
protein phosphorylation prediction server11. Additionally,
protein sequence analysis was performed using the following
programs at the ExPASy–www–server
(http://www.expasy.ch): softberry:
http://www/softberry.com/index.html; and Amino Acid
Composition Search (AACompIdent): http://kr.expasy.org/
tools/aacomp/.

Cell culture

B104 neuroblastoma and PC12 cells were propagated
in Dulbecco’s Modified Eagle Medium (D-MEM)/F12
(1:1) containing N2-supplement and 10 % fetal calf serum
(FCS; Gibco) at 37 °C in humidified 5% CO2/95% air. The
CHO (Chinese hamster ovary) cell line was propagated in
DMEM plus 10 % FCS. The CG-4-(oligodendrocyte
progenitor)-cell-line-culture was performed according to
Espinosa de los Monteros et al.12: Briefly, the CG-4
oligodendrocyte progenitor cell line (kindly provided by Dr.
Kazuhiro Ikenaka; Okazaki National Research Center,
Aichi prefecture, Japan) was propagated in DMEM/F-12
(1:1 v/v), N1-supplement (5 mg/l of insulin, 16.1 mg/l
putrescine, 50 mg/l transferrin, 4.6 mg/l of D-galactose, 8
mg/l sodium selenite, 2.4 g/l HCO3) + 30% (v/v)
conditioned serum-free medium from B104 neuroblastoma
cells. For maturation into oligodendrocytes, CG-4 cells
were incubated without the B104 mitogenic source for 24 h.
Thereafter, 2% FCS (Gibco) was added to the
differentiation medium to enhance cell survival as
described previously12,13.

For induction of cell death, cells were incubated
without FCS ± Aβ (1-42) (10 mg/ml diluted in serum-free
medium, stock-solution: 1mg/ml in phosphate-buffered
saline (PBS) pH7.4, 24 h pre-incubation at 37°C; Peptide
Institute, Osaka, Japan) for 60 h - 72 h. Thereafter, cell
survival was measured by CellTiter 96® AQueous One
Solution cell proliferation assay (according to the
manufacturer’s protocol (Promega))3. For induction of
neurite outgrowth PC12 cells were stimulated with NGF
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(50 ng/ml) 24 hs after transfection with p18AβrP-CT-GFP
or control vectors (see below).

cDNA subtraction

The application of PCR-SelectTM-cDNA subtraction
(Clontech), a technique based on selective amplification of
differentially expressed sequences, enabled us to compare
two populations of mRNA and to obtain clones of genes
that were expressed in one population (Aβ (1-42)-activated
cells) but not in the other (control sample).

For these studies CG4 cells were incubated without
FCS ± (Aβ (1-42)) for 60 h and thereafter, cDNA-
subtraction was performed as reported previously3,4.

Both mRNA populations were converted into cDNA
by the SMARTTM-PCR-cDNA-synthesis (Clontech). A
modified oligo(dT) primer (CDS primer) primed the first
strand synthesis reaction. The SMARTTM-oligonucleotide-
anchor sequence and the polyA+ sequence served as
universal priming sites for end-to-end cDNA amplification
(LD-PCR). Aβ (1-42)-activated- and control-cDNAs were
hybridized, and the hybrid sequences were then removed.
Consequently, the remaining unhybridized cDNAs
represented genes that were expressed in the Aβ (1-42)-
activated population, but were absent from the control
mRNA. The subtracted cDNA was cloned into a TOPO®-
T/A cloning vector (Invitrogen) and differentially expressed
genes were confirmed by Southern-blots and sequencing
(ABI PRISM™ BigDye™ Terminator Cycle Sequencing
Ready Reaction Kit (Perkin-Elmer, Branchburg, NJ;
Sequencer: ABI PRISM Model 310).

Cell transfection

PC12 or CHO cells were transiently transfected with
p18AβrP-CT-GFP, GFP (Clontech) expression vector
(Electroporation: 0.36 kV/750 µF, BioRad Gene Pulser II
system (Bio-Rad, Hercules, CA, USA)) or empty plasmid
(controls) and maintained in D-MEM)/F12(1:1)/N2
medium containing 10 % FCS (Gibco) at 37 °C in
humidified 5% CO2/95% air. Transfection efficiency and
subcellular distribution of p18AβrP-CT-GFP were assessed
by fluorescence microscopy after 72 hrs (Olympus IX70,
Tokyo Japan).

Tissue p18AβrP expression analysis

For the tissue specific gene expression analysis of
p18A βrP Rapid-Scan™-Gene-Expression panels (Origene
Technologies, Rockville, MD, USA) were used as ready to
use tissue cDNAs to perform a non-quantitative RT-PCR
analysis. PCR products were analyzed by using a standard
2% DNA electrophoretic agarose E-gel™ (Invitrogen).

Yeast Two-Hybrid System

Rat p18AβrP was sub-cloned from pENTR/D-
TOPO®- into the pDEST™32-vector (Invitrogen)
containing the GAL4 DNA binding domain. pEXP-AD502
was used as an activation domain expression vector
containing the ProQuest™ two-hybrid rat brain cDNA
library (Invitrogen). The used yeast strain for ProQuest™
two-hybrid system-Gateway™-technology was MaV203.

For selection three reporter genes were used: A single
copy of each of three reporter genes (HIS3, URA3 and lacZ)
are stably integrated at different loci in the yeast genome.
The promoter regions of URA3, HIS3, and lacZ are
unrelated (except for the presence of GAL4 binding sites).
In the ProQuest™ two-hybrid system, in comparison to
standard two-hybrid systems, false positives are reduced
because three independent transcription events (from
distinct promoters) must occur at independent
chromosomal loci. Induction of the HIS3 and URA3
reporter genes allow two-hybrid-dependent transcription
activation to be monitored by cell growth on plates lacking
histidine or uracil, respectively. Induction of the lacZ gene
results in a blue color when assayed with X-gal (5-bromo-
4-chloro-3-indolyl-b-D-galactopyranoside). Moreover,
two-hybrid-dependent induction of URA3 results in
conversion of the compound 5-fluoroorotic acid (5FOA) to
5-fluorouracil, which is toxic. Hence, cells containing
interacting proteins grow when plated on medium lacking
uracil, but growth is inhibited when plated on medium
containing 5FOA.

This system therefore reduces false positives by: 
a) providing four phenotypes [His+ (3ATR), b-gal,

Ura+ and 5FOAS] for assessing true interactors and 
b) using low-copy-number (ARS/CEN) vectors that

reduce expression levels and toxicity.
Positive clones were confirmed by retransformation

assay: Yeast cells containing potentially interacting proteins
harbor both DB-rat p18AβrP and AD-Y (Y= e.g. rat TID-
1). Plasmid DNA isolated from yeast cells containing DB-
rat p18AβrP and AD-Y (Y= e.g. rat TID-1) was introduced
into E. coli by electroporation and transformants containing
AD-Y (Y= e.g. rat TID-1) were selected with ampicillin (or
DB-rat p18AβrP with gentamicin). The plasmid DNA AD-
Y (Y= e.g. rat TID-1) from these E. coli cells was
transformed into MaV203 together with pDBLeu or DB-rat
p18AβrP and tested for induction of the reporter genes.
True positives induced the reporter genes with pDB-rat
p18AβrP but not with the pDBLeu control vector alone.
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Results

RT-PCR analysis of Aβ (1-
42)-induced up-regulation of
p18AβrP

At 60 h of treatment with Aβ (1-42)
50% of CG4 cells were dead. Control
cultures with serum-free medium alone
showed cell death of < 10% at the same
time point due to serum deprivation (data
not shown).

Applying the cDNA subtraction
method we identified p18AβrP as a gene
activated by Aβ (1-42) in rat CG4

Figure 1. Southern blot analysis of rat CG4 oligodendrocytes stimulated with Aβ
(1-42) (10 mg/ml) shows up-regulation of p18AβrP mRNA. Cells were stimulated (lane
1+2 serum-free conditions) for 60 h with the indicated stimuli (lane 1: control (ctrl); lane
2: Aβ (1-42)-stimulated cells (Aβ). Left: Southern blot analysis of PCR-products. Right:
Quantification of p18AβrP mRNA transcripts. Values are the ratio of densitometric
scores for p18AβrP- and S12- PCR-products ± SEM of six independent experiments. 
(** P< 0.01, compared to unstimulated controls).

Figure 2. 
Characteristic features of
p18AβrP/Gemin6.
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oligodendroglial cells. We confirmed the Aβ (1-42)-
induced increase of p18AβrP mRNA expression by RT-
PCR analysis (Figure 1).

The data presented clearly show that Aβ (1-42) up-
regulates p18AβrP mRNA in rat CG4 oligodendroglial
cells.

Our protein sequence examinations testify that this
protein does not belong to any other protein family and no
functional protein domain could be identified (Figure 2). 

Figure 3. 
Expression of p18AβrP as a GFP fusion protein in CHO cells.
Scale bar represents 75 µm (a-e) and 25 µm (f-i), respectively.

Figure 4. p18AβrP inhibits NGF-induced neurite outgrowth in

neuronal PC12 cells.
Expression of p18AβrP as a GFP fusion protein in PC12 cells. 24
hrs post-transfection, cells were treated for 120 hrs with NGF (50
ng/ml); I: Control PC12 cells expressing only GFP. Scale bar
represents 75 µm (a), 50 µm (b-h) and 25 µm (i), respectively.

Expression of p18AβrP in CHO and
neuronal PC12 cells

To investigate the possible physiological function of
p18AβrP we transfected CHO cells with a p18AβrP-GFP
fusion protein. The characterization by fluorescence
microscopy demonstrates that p18AβrP is particularly
located in the cytoplasm (Figures 3 and 4). However, as
shown in figures 3D and 3F, it could also be detected in the
nucleus of the cell. 

p18AβrP inhibits NGF-induced neurite-
outgrowth in PC12 cells

To explore the cellular relevance of Aβ (1-42)-
mediated up-regulation of p18AβrP, we expressed this
protein in neuronal PC12 cells. Figure 4 indicates that
p18AβrP-positive cells do not show neurites upon
stimulation with NGF for 120 hs. In contrast, non-
transfected cells and cells expressing only GFP clearly
display neurite-outgrowth upon NGF stimulation under the
same cell culture conditions. Moreover, oligodendrocytes

Figure 5. 
Effect of p18AβrP expression on survival of PC12 cells. ELISA-
CellTiter 96® AQueous Assay (Promega). Cells were incubated as

described in material and methods. Data are shown as mean ±
SEM of eight independent experiments, each done in duplicate
(**P < 0.01, compared to controls (only GFP-transfected cells),
ANOVA).

Figure 6. Expression of p18AβrP
mRNA in various tissues: non-quantitative
mRNA expression analysis by RT-PCR.
1 = brain; 2 = heart; 3 = kidney; 4 = spleen;
5 = liver; 6 = colon; 7 = lung; 8 = small
intestine; 9 = muscle; 10 = stomach; 
11 = testis; 12 = salivary; 13 = thyroid; 
14 = adrenal gland; 15 = pancreas; 
16 = ovary; 17 = uterus; 18 = prostate; 
19 = skin; 20 = plasma blood leucocytes;
21 = bone marrow; 22 = fetal brain.
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(cell death occurred immediately post transfection, data not
shown) and neurons cannot survive for longer than about
two weeks after p18AβrP transfection (see for instance
Figures 4C, 4F and 5).

p18AβrP is an ubiquitous expressed
protein

By using the RT-PCR method we analyzed the
expression pattern of p18AβrP and detected that its mRNA
is expressed in all tissues investigated (Figure 6). 

p18AβrP interact with hsp70 and Tid-1

Using the yeast ProQuest™ two-hybrid system we
found that p18AβrP interacts with various proteins (Table
1), in particular a) with rat 70 kd heat shock cognate protein
hsc70, a cytosolic molecular chaperon that is a
constitutively expressed member of the HSP70 family and
b) with rat Tid-1 (tumorous imaginal disc protein Tid56-like
protein intermediate form), a member of the DnaJ family of
proteins which serve as co-chaperons to/and interacts with
Hsp70/Hsc70 proteins.

In addition, gephyrin and rat brain creatine kinase Ckb
were considered to be new binding partners of p18AβrP.

Discussion
In the present study we describe for the first time

p18AβrP as a new protein interacting with proteins of the
Hsp70 and Tid-1 families and which is up-regulated upon
cellular Aβ-peptide stimulation. Moreover, we present data
clearly demonstrating the inhibitory effect of p18AβrP on
neuronal differentiation and survival. 

Interestingly, Tid-1 belongs to the ubiquitously
expressed DnaJ family of proteins and serves as a
regulatory factor to the conserved heat shock 70 (Hsp70)
superfamily of molecular chaperones14. Tid-1 has been
shown to be a mitochondrial modulator of apoptosis and
associated with Hsp70 proteins15. The molecular chaperone
complex is involved in cellular signaling pathways linked to

apoptosis, protein folding, and membrane translocation and
in modulation of the activities of tumor suppressor proteins,
including retinoblastoma, p53, and WT116. In addition, Tid-
1 defines a ras-GTPase-activating protein (rasGAP)-
binding protein17. Among the three identified isoforms Tid-
1I (the intermediate-isoform which we have found to
interact with p18AβrP) binds preferentially to rasGAP,
particularly upon growth factor activation. Although the
outcome of this interaction is still unclear (activation or
suppression of p21ras; Trentin et al., 2001)17, neuronal
differentiation/survival is modified as p21ras is a key
regulator of this pathway18.

As pointed out by Trentin et al., the cellular
background in which Tid-1 is expressed can influence
whether it resides in the cytosol, mitochondria, or is found
in the nucleus17. Thus, the cellular context is crucial for the
in vivo function of Tid-1 and therefore also for p18AβrP.
This is of particular interest with respect to the recent
observation by Pellizzoni et al. (2002) who identified
p18AβrP by immunoprecipitation-experiments and called
p18AβrP as Gemin6 due to its association with the survival
of motor neuron (SMN) protein19.

Spinal muscular atrophy (SMA) is an autosomal-
recessive neurodegenerative disorder that is caused by
homozygous mutations or deletion of the telomeric copy of
the SMN gene on human chromosome 5q13. The SMN
protein is part of multiprotein complexes in the cytoplasm
and the nucleus that are involved in spliceosomal small-
nuclear RNP assembly. Additionally, the SMN protein is
involved in critical steps of ribosome production,
messenger RNA transcription and pre-mRNA splicing20.
Moreover, it is of interest to mention that the SMN protein
activity is down-regulated during neuronal
differentiation21. Thus, up-regulation of p18AβrP/Gemin6
may act contrary to this SMN-down-regulation during
neuronal differentiation and may finally result in cell death
as we could observe in PC12-transfected cells.

The fact that SMN can serve as an anti-apoptotic factor
in neuronal cells is in agreement with other recent outcomes
showing that disturbance of the functional interaction
between SMN and p53 (p53 is a multifunctional factor

Table 1 The Yeast-Two Hybrid system analysis reveals four new p18AβrP-interacting proteins

Protein name GenBank No. Beta-gal-activity

Rat Tid-1, intermediate form (#) AY077460 ******

Rat Hsc70 NM_024351 *****

Rat gephyrin X66366 ***

Rat brain creatine kinase M14400 *

* = indicates the strength of each interaction. # = rat sequence identified by Heese et al.
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involved in cell cycle control, DNA repair, transcription
activation and apoptosis) leads to apoptosis 22,23.

Taking these findings into account, our presented data
indicate that Aβ may induce cell death via up-regulation of
p18AβrP and thereby: a) impairing the anti-apoptotic
functionality of SMN and/or b) modifying the p21ras-/Tid-
1-signaling pathways. However, further analyses are
necessary to clarify the physiological and
pathophysiological role of p18AβrP/Gemin6.

In conclusion, our findings point to the pivotal role of
p18AβrP as a new key component in the Tid-1/Hsp70-
protein complex modulating neuronal cell growth,
differentiation and survival - probably via controlling the
p21ras-signaling pathway. In addition, the fact that p18AβrP
is up-regulated by Aβ peptide and associated with the SMN-
complex points to its involvement in processes of neuronal
degeneration and makes it to a possible new therapeutic
target for the treatment of neurodegenerative diseases.
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Abstract
Plasma lipids and lipoproteins have been assessed in 109 Swedish patients (38 men and 71 women,
mean age 70.2±9.8 years, range 49 - 90) newly diagnosed with probable Alzheimer’s disease (AD). The
apolipoprotein E ε4 allele (apoE4) had an impact on total cholesterol (cholesterol) values. Lipid values of
female and male patients did not exceed those of female and male subjects in a large Swedish population
study. However, the cholesterol values of the majority of the patients were not optimal according to
European guidelines, and half of the patients in the present study had other vascular risk factors. Results
from several clinical studies as well as studies on transgenic mouse models and cultured neural cell
lines indicate that cholesterol might contribute to the pathogenesis of AD. Treatment with 3-hydroxy-3-
metylglutaryl coenzyme A reductase inhibitors (statins) early in the disease process might be indicated
in the near future in AD and also in patients with mild cognitive impairment (MCI). However, randomized,
placebo-controlled trials ought to precede such therapeutic strategies. 
There were gender differences with higher values in female patients and in female subjects ≥60 years of
age in the large study concerning cholesterol and high-density lipoprotein cholesterol (HDL-C). It has
previously been suggested that the incidence and prevalence of AD is greater in women. Differences in
plasma lipids between the genders might offer an explanation to these findings.

Keywords: Alzheimer’s disease; Swedish population; total cholesterol; high-density lipoprotein cholesterol;
apolipoprotein E alleles; statins; gender.

Introduction
Results from clinical studies as well as studies on

transgenic mouse models and cultured neural cell lines indicate
that cholesterol might contribute to the pathogenesis of AD.
Notkola et al.,19981 and Kivipelto et al., 20012 found that a
previous high serum cholesterol level was a significant
predictor of AD in population-based studies. In two
epidemiological, cross-sectional studies, treatment with statins
decreased the prevalence of AD3 and of all types of dementia4.
However, in a randomized, placebo-controlled trial in 20 536
patients,15454 men and 5082 women (with 5806 subjects aged
at least 70 years at study entry), with various forms of
occlusive arterial disease and/or diabetes mellitus and/or
hypertension, treatment with simvastatin (a hydrophobic
statin) 40 mg/d had no effect on the percentage of participants
classified as cognitively impaired in the two treatment groups
at follow up after 5 years of treatment. The diagnostic
instrument used in this classification was a modified telephone

interview for cognitive status. Similar numbers of participants
(n = 31) were reported to have developed dementia5.

Statins do more than just lower cholesterol: they also
improve endothelial function6, decrease platelet activity7

and reduce inflammation8. There is evidence that
inflammation in the central nervous system (CNS) is an
early event in the pathogenesis of AD9 and there is evidence
of oxidative damage in Alzheimer’s disease brain10. In
combination with cholesterol, a number of other vascular
risk factors are now considered risk factors for AD as well11.
The pathologic event common to all forms of AD is the
abnormal accumulation of the amyloid beta-peptide (Abeta).
Abeta is derived by proteolytic cleavage from the amyloid
precursor protein (APP), a type I integral membrane protein
that is ubiquitously expressed. Recent studies suggest a link
between the processing of APP and cholesterol. In neural
cells overexpressing APP, reduction of cholesterol levels
stimulated the non-amyloidogenic pathway by means of
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increasing the activity of the α-secretase ADAM 10. The
increase in α-secretase activity resulted in decreased
secretion of Abeta12. Eckert et al., 200013, found that the
cholesterol content in hippocampal membranes of AD
brains was correlated with the membrane-disordering effects
of Abeta. Cholesterol-reducing drugs decreased serum
concentrations of Abeta in humans with elevated low
density lipoprotein cholesterol14 and reduced the
accumulation of Abeta in the brain in a transgenic mouse
model of AD15.

The apoE4, being an important lipid regulatory protein
and at the same time the major susceptibility gene for AD,
represents a link between cholesterol and AD. Alzheimer
patients who are apoE4 homozygotes have earlier ages of
onset, increased amyloid burden, decreased number of
nicotinic receptor binding sites and faster rates of cognitive
decline16. The apoE frequency and the association between
apoE genotype and AD are reported to vary in different
populations17. In a healthy Swedish population, the relative
frequency of apoE4 amounted to 0.20 (0.15 in individuals
>60 years of age)18. Lipid profiles have also been reported to
differ between different populations 19,20. Studies on plasma
cholesterol and HDL-C in Swedish Alzheimer patients are
sparse. The aim of the study was to assess plasma lipids in
patients with probable Alzheimer’s disease early in the
disease process after exclusion of cases with conditions
predisposing to secondarily deranged lipid homeostasis.

Methods
Study population

Records were examined of patients diagnosed with
probable Alzheimer’s disease according to the ICD-10, codes
F000 and F00121 and the NINCDS-ADRDA-criteria22

during the period of January 1998 - November 2001 at the
Geriatric clinic of Huddinge University Hospital. The clinic
bears resposibility for investigation of all patients with early
onset dementia in Greater Stockholm and for investigation of
patients with late-onset dementia in the south-western part of
Stockholm (the latter catchment area included approximately
35 000 inhabitants > 65 years of age). Patients who were
hospitalized during the diagnostic procedures were not
considered for inclusion - only cholesterol values but not
HDL-C and triglyceride values were available for these
patients. Additional exclusion criteria (to exclude patients
with conditions predisposing to secondarily deranged lipid
homeostasis): Treatment with lipid-lowering drugs or
acetylcholine esterase inhibitors before the diagnosis, alcohol
overconsumption, acute infection or other significant acute or
chronic diseases (for instance gastrointestinal bleeding,
cancer disease, liver or kidney disease or untreated thyroid
disease) before and during the diagnostic procedures.
Patients with insulin-dependent diabetes mellitus were
excluded, but patients with non insulin-dependent diabetes (n

= 8) were accepted in the study. Patients with symptoms and
sign of cerebrovascular disease were also excluded. Mild to
moderate non-specific white matter lesions were not reasons
for exclusion. 109 patients, 71 women and 38 men (mean age
70.2±9.8 years, range 49 - 90), fullfilled the
inclusion/exclusion criteria. 50 patients, 18 men and 32
women, had early onset of the disease. 20 very healthy, age-
matched, non-obese, non-smoking individuals without
medication, (10 men and 10 women) from earlier studies23,24

served as controls. The controls < 65 years of age belonged
to the staff of Huddinge University Hospital and the rest of
the controls were volunteers from pensioners’ associations in
the south-western part of Stockholm. For inclusion in the
study, the mini-mental state examination (MMSE) values25

of the controls had to be ≥ 28/30.

Procedures

The patients were examined according to the clinical
routine of the Geriatric clinic. At the first visit to the geriatric
clinic non-fasting blood samples were drawn when the
patient had been in the sitting position for at least 10 minutes
and the blood samples were directly analysed by the
chemical laboratory of Huddinge University Hospital.
Plasma concentration of cholesterol26, and triglycerides27

were measured by enzymatic techniques. HDL-C was also
measured directly by an enzymatic technique28. On the same
day the patients underwent a physical examination including
one measure of blood pressure in the recumbent position.
Body mass index (BMI) was calulated as weight (kg)/height
(m)2. Their medical history was obtained both from the
patient himself and from a near relation. The diagnostic
investigations performed on the patients included
neuropsychological testing, EEG, magnetic resonance
imaging (MRI) or computed tomography (CT) and single
proton emission computed tomography of the brain
(SPECT). Values of tau protein in the cerebrospinal fluid
(CSF) were measured in 53 patients (21 men and 32 women).
The controls underwent a physical examination and had their
fasting blood samples examined at the laboratory of
Huddinge University Hospital. Because of methodological
changes in the assessement of HDL-C in 1996 and 1998,
HDL-C values of the controls have been slightly upregulated
(3-10%, according to recommendations from the laboratory)
in order to allow comparisons with the values of the patients.

The identities of the patients were carefully protected,
the controls gave their informed consent and the study was
accepted by the Ethics Committe of Huddinge University
Hospital.

Statistics

Descriptive data are presented as the mean±standard
deviation (SD). Triglyceride values and values of the
cholesterol/HDL cholesterol quotient were not normally
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distributed and were because of that transformed into
natural logarithms before being used in the analyses.
Associations between plasma lipids and the ApoE4
genotype, gender and presence of vascular risk factors were
assessed by analyses of covariance (ANCOVA). Group
differences were evaluated by an unpaired two-tailed
Student’s t-test. The significance level was adjusted
according to Bonferroni/Dunn.

Results
The relative frequency of the apolipoprotein E alleles of

all patients was 0.04 for the E2 allele, 0.53 for the E3 allele
and 0.43 for apoE4. The corresponding values for the patients
with early onset of disease were 0.02 for the E2 allele, 0.48
for the E3 allele and 0.50 for apoE4. There were no gender
differences with respect to apoE4. The mean value of CSF
tau protein for 53 patients (see above) exceeded 700 ng/L. In
ANCOVA tests cholesterol was independently associated
with gender (p < 0.001) and the apoE4 genotype (p = 0.001)
and there were independent positive associations between

cholesterol on one side and triglycerides (p = 0.001) and BMI
(< 0.001) on the other. There was also a trend (p = 0.059)
towards an independent positive association between
cholesterol and HDL-C. HDL-C was independently
associated with gender (p < 0.001) and negatively associated
with triglycerides (p < 0.001) and there was a trend towards
a negative association between HDL-C and BMI (p = 0.066).
Triglyceride levels were independently and positively
associated with BMI (p = 0.002). The cholesterol/HDL-C
quotient was independenly associated with apoE4 (p = 0.039)
and independently and positively associated with
triglycerides (p < 0.001) and BMI (p < 0.001). Selected
characteristics of the Alzheimer patients are presented in
Table 1. The patients have been grouped according to
presence of apoE4 and gender. Table 2 shows the presence of
vascular risk factors in the patient groups divided according
to gender and presence of apoE4. Half of the patients had
vascular risk factors and 14 patients had more than one
vascular risk factor. There were no significant differences
between these groups and the values were therefore pooled.
The presence of one to three vascular risk factors had no

MEN WOMEN

without
apoE4

with
apoE4

without
apoE4

with
apoE4

number 12 26 21 50

age(years) 72.9±11.2 70.5±8.6 70.1±11.0 69.5±9.6

cholesterol
(mmol/L)

4.8±0.7* 5.8±0.7† 6.2±0.9‡ 6.7±1.1

HDL-C
(mmol/L)

1.5±0.4? 1.5±0.3# 1.9±0.5 1.8±0.5

chol/HDL 3.52±0.93 4.18±1.09** 3.50±1.00 4.00±1.23

triglyceride
(mmol/L)

1.2±0.4 1.7±1.1 1.3±0.6 1.4±0.9

BMI 23.3±3.5 23.9±3.2 25.0±3.0 24.0±4.8

MMSE 22.0±5.7 22.3±4.7 21.3±3.9 22.0±0.5

duration
(years)

4.0±3.2†† 3.7±2.0†† 2.3±1.5 3.2±1.8

Table 1. Selected characteristics of patients with probable Alzheimer’s disease. MEAN±SD.

SD = standard deviation; apoE4  =  apolipoprotein E ε4 allelle; cholesterol  =  total cholesterol; HDL-C   =  high-density lipoprotein cholesterol;
chol/HDL  =  the quotient of total cholesterol/high-density lipoprotein cholesterol; BMI  =  body mass index; MMSE  =  mini-mental state examination;
duration  =  duration of the disease. 
p-values < 0,0083 are considered significant (according to Bonferroni/Dunn).
∗men without E4 differed from men with E4 and from women without and with E4 (p < 0.001).
†men with E4 differed from women with E4 (p < 0.001).
‡there was a trend towards a difference between women without E4 and women with E4 (p = 0.048).
?there were trends towards differences between men without E4 and women without E4 (p = 0.017) and women with E4 (p = 0.026).
#men with E4 differed from women without E4 (p < 0.001) and women with E4(p = 0,002).
**there was a trend towards a difference between men with E4 and women without E4 (p = 0.028).

††there was a trend towards a difference between men without E4 (p = 0.046) and with E4 (p = 0.016) and women without E4.
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MEN

EARLY ONSET LATE ONSET

nr chol HDL-C chol/HDL-C nr chol HDL-C chol/HDL-C

without apoE4 4 4.7±0.8 1.3±0.5 3.97±1.12 8 4.9±0.6 1.5±0.3 3.29±0.81

with apoE4 14 5.9±0.7 1.5±0.3 4.16±1.10 12 5.8±0.7 1.5±0.4 4.21±1.13

Table 2. Probable Alzheimer’s disease. Number of patients (precent within parentheses) with different vascular risk factors.

MEN WOMEN

without
apoE4

with
apoE4

without
apoE4

with
apoE4

smokers 1/12 (8%) 4/26 (15%) 6/21 (29%) 6/50 (12%)

NIDD 0 1/26 (4%) 4/21 (19%) 3/50 (6%)

cardiac disease 1/12 (8%) 4/26 (15%) 3/21 (14%) 5/50 (10%)

BP≥160/90
(or medication for
high BP)

5/11* (45%) 7/23† (30%) 10/20‡ (50%) 13/46? (28%)

HDL-C≤0,9 1/12 (8%) 1/26 (4%) 0 0

BMI>30 0 0 0 1/50 (2%)

apoE4  =  the apolipoprotein E ε4 allelle; NIDD  =  non insulin-dependent diabetes; cardiac disease =  ischemic heart disease and /or cardiac insuffiency
and/or atrial fibrillation and/or valvular disease; BP  =  blood pressure (mm Hg). HDL-C  =  high-density lipoprotein cholesterol; BMI  =  body mass index.
∗BP missing for 1 male. †BP missing for 3 males. ‡BP missing for 1 woman. ?BP missing for 4 women.
The presence of one to three vascular risk factors had no independent impact of the plasma
lipids of the patients when controlling for gender and presence of apoE4.

Table 3. ProbableAlzheimer’s disease - cholesterol, HDL-C and cholesterol/HDL-C values in early and late onset of the disease (Mean±SD).

WOMEN

EARLY ONSET LATE ONSET

nr chol HDL-C chol/HDL-C nr chol HDL-C chol/HDL-C

without apoE4 7 5.8±0.8 1.9±0.4 3.05±0.53 14 6.4±1.0 1.8±0.5 3.72±1.12

with apoE4 25 6.6±0.9 1.9±0.5 3.81±1.13 25 6.8±1.3 1.8±0.5 4.18±1.33

SD  =  standard deviation; nr  =  number; chol   =   total cholesterol (mmol/L); HDL-C   =   high-density lipoprotein cholesterol (mmol/L); 
chol/HDL-C   =   the quotient of total cholesterol/ high-density lipoprotein cholesterol; apoE4   =   the apolipoprotein E ε4 allelle.
There were no significant differences between early and late onset of disease within gender 
and apoE4 groups with respect to cholesterol, HDL-C and the cholesterol/HDL-C quotient.

independent impact of the plasma lipids of the patients when
controlling for gender and presence of apoE4. 13 female
patients were on oral medication with oestrogens. Oestrogen
therapy had no impact of plasma lipids when controlling for
presence of apoE4 (values not shown). Table 3: The
cholesterol and HDL-C values and the cholesterol/HDL-C
quotient of men without apoE4 and with early onset of the

disease did not differ from the values of men without apoE4
and late onset of the disease. The same was also true for the
men with apoE4 and the women with and without this allele
- the age of onset of the disease did not matter. Table 4: The
cholesterol and HDL-C values and the cholesterol/HDL-C
quotient of male patients did not differ from the values of
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male controls. Likewise, the corresponding values for female
patients did not differ from those of female controls. 

Discussion
Plasma lipids and lipoproteins have been assessed in

109 Swedish patients newly diagnosed with probable AD
after exclusion of cases predisposed to secondarily
deranged lipid homeostasis. The patients were in relatively
early stages of the disease, mean value of the MMSE being
21.9±4.8. The apoE4 genotype was more frequent among
patients with early onset of disease, maybe because of
selective mortality among older patients with this allele.
The relationship between apoE4 and cholesterol, with
higher values of cholesterol in the patients with ApoE4
(Table1), are consistent with findings from population
studies29. The relationship is also consistent with findings
of some authors 1,30,31 but at variance with those of other
authors32 studying patients with AD. The differences in
results might be due to effects of ethnicity17 and differences
concerning selection of patients. 

The values of cholesterol, HDL-C and the
cholesterol/HDL-C quotient of the patients did not differ
within the gender groups from those of 20 very healthy
controls (Table 4). The patients were non-fasting while the
controls were in the fasting state. It has been shown that this
factor is of minor importance concerning values of total
cholesterol and HDL cholesterol; the nutritional status is,
however, of more importance for triglyceride values 33,34.

A population study which provides lipid values from
175 000 Swedish subjects is available20. The subjects were
mainly recruited from screening programmes. 2/3 had
fasted overnight. Little was known about clinical
characteristics, the presence of risk factors or confounding
effects of possible ongoing treatment, but no one was
hospitalized. For the whole material the mean cholesterol

value (mmol/L) was approximately 5.9 and did not differ
between men and women. In the subjects ≥60 years of age
(approximately 16 700 men and 19 900 women), however,
the mean cholesterol value was slightly higher among
women (approximately 6,6 mmol/L versus 6,1 mmol/L
among men). The cholesterol values of male patients seem
to be at a slightly lower level (especially when male patients
without apoE4 are considered) compared with male
subjects in the Swedish population study, while the values
of female patients seem to be at approximately the same
level as the values of female subjects. However, the
cholesterol values of the patients were not optimal (with the
exception of some of the men without apoE4) according to
European guidelines (total cholesterol should be ≤5.0
mmol/l irrespective of concomitant vascular risk factors)35.
The HDL-C values of male and female patients seem to be
at approximately the same or a somewhat higher level
compared with values of male and female subjects.
However, methodological differences make the comparison
somewhat difficult. The triglyceride values of the patients
seem to be at the same or a somewhat lower level than those
of the subjects in the population study, in spite of the fact
that all of the patients were in the non-fasting state. 

The BMI values of the patients were within normal
ranges. However, the mean BMI value of the 50 patients
with early onset of disease in the present study were lower
than the BMI value of 653 men and women 55-64 years of
age in a population sample from Göteborg, Sweden36.

Due to the relatively high HDL-C values of the
patients, their lipid profiles seem favourable with
cholesterol/HDL-C quotients ≤4.0 and the triglyceride
values of the patients were also at a low level (Table 4).
Nevertheless, half of the patients had other vascular risk
factors (Table 2). High HDL-C values might be
dysfunctional and actually represent a risk factor for
ischemic heart disease in white women when caused by a

SD   =   standard deviation; cholesterol   =   total cholesterol; HDL-C   =   high-density lipoprotein cholesterol; 
chol/HDL   =   the quotient of total cholesterol and high-density lipoprotein cholesterol.
p-values  < 0,0083 are considered significant (according to Bonferroni/Dunn).
∗male patients differed from female patients (p < 0.001) and female controls (p  =  0.001).
†male patients differed from female patients (p < 0.001) and female controls (p  =  0.002).
‡there was a trend towards a difference between male controls and female patients (p  =  0.031).

male patients male controls female patients female controls

number 38 10 71 10

age(years) 71.3±9.4 70.9±6.1 69.7±10.0 69.4±6.6

cholesterol (mmol/L) 5.5±0.8* 6.0±1.1 6.6±1.1 6.6±1.1

HDL-C (mmol/L) 1.5±0.3† 1.5±0.2‡ 1.8±0.5 1.9±0.4

chol/HDL 3.97±1.08 4.01±0.77 3.85±1.19 3.64±0.85

Table 4. Cholesterol, HDL-C and cholesterol/HDL-C values in patients with probable Alzheimer’s  disease versus healthy controls. Mean±SD.
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common mutation in the cholesteryl ester transfer protein,
CETP37. Furthermore, there is evidence of oxidative
damage in AD brain, leading to neuronal lipid peroxidation,
which may be linked to Abeta9. Not only low density
lipoprotein cholesterol but also HDL-C particles might be
susceptible to oxidative modification. Kiviatinitz et
al.,199738, found that HDL-C particles, aggregated by
oxidation, produced neurodegeneration in cultured cerebral
cells. The process was accompanied by disorganization of
the cellular microtubular cytoskeleton and
hyperphosphorylation of the microtubule-associated protein
tau. In a population-based autopsy study, Launer et al.,
200139, found a linear association for increasing late-life
blood HDL-C levels and an increasing number of
hippocampal and neocortical neurofibrillary tangles and
neocortical neuritic plaques. Thus, the constituents of HDL-
C might play a role in the formation of AD pathology.

Changes in plasma cholesterol might alter the input of
sterol into the CNS. Virtually all statins cross the blood-
brain barrier and might inhibit the rate of cholesterol
synthesis in the brain40. Statins might also have beneficial
effect on markers of inflammation in the CNS8,9 and on
concomitant vascular risk factors. Concerning the putative
effect on developement of dementia, however, the effects of
various types of statins might differ41. In the
epidemiological, cross-sectional study of Wolozin et al.,
2000, treatment with lovastatin and pravastatin, but not
simvastatin, was associated with a decreased prevalence of
AD. However, bias concerning selection of patients might
have influenced the results3.

Conclusions

The cholesterol values of the majority of the patients in
the present study were not optimal, and half of the patients
had other vascular risk factors. Results from many studies
indicate that cholesterol might contribute to the pathogenesis
of AD1,2,11,12,13,14, Furthermore, in some clinical studies
treatment with statins was found to reduce the prevalens of
AD 3,4 but the findings of a large, randomized, placebo-
controlled study, focused on simvastatin treatment (40 mg/d)
in cardiovascular disease, are at variance5. Treatment with
statins early in the disease process in AD and also in MCI (a
condition believed to represent a high risk for the
development of clinically probable AD)42 might be justified
in the near future. However, randomized, placebo-controlled
trials, focused on cognitive disturbances, ought to precede
such treatment strategies

In individuals ≥60 years of age in the large Swedish
population study20 and in the present study of Alzheimer
patients, cholesterol and HDL-C values of females are
higher than in males. Gender differences are also evident in
elderly subjects in several ethnically different populations
with divergent dietary habits19. It has previously been
suggested that the incidence and prevalence of AD is

greater in women than in men43,44. The gender differences
concerning plasma lipids might offer an explanation to
these findings.
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Abstract

Neuropathologically, Alzheimer’s disease (AD) is characterized by synapse loss, the presence of large
numbers of senile plaques and neurofibrillary tangles (NFT). NFT constitutes primarily of paired helical
filaments (PHF), which are the aggregates of the abnormally hyperphosphorylated microtubule binding
protein tau (PHF-tau). It is believed that PHF-tau is caused by an imbalance of protein phosphatase and
kinase activities. Ca2+/calmodulin dependent protein kinase II (CamKII) has previously presented itself
as a possible kinase candidate for tau phosphorylation. In this study the level and distribution of CamKII
in relationship to PHF-tau were investigated. CamKII immunoreactivity was compared with that obtained
using antibodies to PHF-tau, normal tau and a synaptic marker, respectively, in homogenates from AD
and control brains. Although there is no apparent increase of total or active CamKII level, a significant
positive correlation between total CamKII, and PHF-tau was detected in homogenates of AD brain as
compared with control. Active CamKII is significantly correlated with AT8 labeled PHF-tau in AD
homogenates. The significant correlation between total CamKII and activated CamKII in the
homogenates of AD cases suggested that accumulation of total CamKII in NFT-bearing neurons and
pretangle-like neurons might be in part contributed by the increased activated CamKII. The data support
the concept that CamKII is involved in formation of PHF-tau in AD. 

Keywords: CamKII, Neurofibrillary tangle, Tau phosphorylation, Alzheimer’s disease 

Introduction

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder. The Diagnosis of AD is
confirmed by postmortem detection of severe neuronal loss,
the abundant number of intraneuronal neurofibrillary
tangles (NFTs) and extracellular senile plaques1,2.
Intraneuronal NFTs are composed of bundles of filaments,
called paired helical filaments (PHF), which are the
aggregates of abnormally hyperphosphorylated
microtubule-associated protein tau (PHF-tau)2. PHF-tau
shows decreased affinity for microtubules and high affinity
for normal tau and other microtubule-associated proteins
that lead to microtubule destabilization and disassembly3-5.

Intensive studies have shown that tau is
phosphorylated by a number of kinases in vitro.
Ca2+/calmodulin-dependent protein kinase II (CamKII),
which is a highly enriched serine/threonin kinase in nervous
system, has been shown to phosphorylate sites within tau
that are important for microtubule interaction (Ser262 and

Ser356)6-11. However, it has not been established if CamKII
is responsible for tau hyperphosphorylation in vivo.
CamKII is regulated by the level of intracellular Ca2+ and
activated by an interaction with the Ca2+/calmodulin
complex. Binding of Ca2+/calmodulin alters the
conformation of the kinase, disrupting an intramolecular
inhibiting interaction, which leads to a rapid
autophosphorylation of the Thr-286 (α-isoform). The
autophosphorylation prolongs the activity of the enzyme
due to an entrapment of the bound Ca2+/calmodulin and a
conversion of the kinase to a Ca2+-independent form7. The
kinase activity continues until the phosphate is removed
from the inhibitory domain by a CamKII phosphatase.

CamKII is required for synaptic plasticity such as long-
term potential, which is a cellular model of learning and
memory12. It is believed that the autophosphorylation of
CamKII and the following Ca2+/calmodulin-independent
activity works as a molecular switch leading to a long-term
storage of graded information in response to calcium influx7.
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Because CamKII is involved in memory and learning it is
considered to play a role in the AD development.

To be a candidate kinase for tau hyperphosphorylation,
CamKII should be overactive in neurons containing NFT
and be present in the pathology wherever the neurofibrillary
changes occur. CamKII has been previously found in NFT-
bearing neurons13 and to be associated with PHF14.
However, whether or not CamKII activity is changed in
correspondence to tau pathology is not well understood. In
this study, the immunoreactivity of CamKII was observed
in NFT-bearing neurons using antibodies against total and
active form of CamKII. Using ELISA method, the levels of
both total and active CamKII were measured and analyzed
in AD and control brains.

Materials and methods
Homogenate preparation

Brain tissues from medial temporal cortex of 22 AD
and 10 control cases (Table 1) were used in this study. The
gray matter was separated from the white matter and
homogenized in 1:10 w/v protease inhibitor cocktail buffer
(PICB) (Sigma, Saint Louis, Missouri). Protein
concentration was measured by Bradford method15.

Antibodies

Information about the antibodies used in the study is
described in detailed in Table 2.

Western blotting

The specificity of the antibodies against synaptophysin
(SP), total- and active CamKII was analyzed in homogenates
from 5 controls and 5 ADs using 10% sodium dodecly sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). For each
case 10 mg sample were loaded per lane. The gels were run
at 200V for 30-40 min. After separation, proteins were
transferred to a nitrocellulose membrane for 90 min at 100V
using a multiblot electrophoresis unit from BioRad. After
transferring, the membranes were blocked for unspecific
antibody binding sites using 5% non-fat milk in 0.1% TBS-
Tween (TBS-T). The membranes were treated with primary
antibodies against total CamKII, active CamKII, and
synaptophysin (SP), respectively. After incubation, the
membranes were washed with TBS-T and treated with
secondary horseradish peroxidase linked anti-rabbit or anti-
mouse IgGs at 1:2000 (Amersam, Pharmacia Biotech,
England). Both anti-rabbit and anti-mouse IgGs were diluted
in 5% milk powder in TBS-T. ECL reagent kit (Amersham
Pharmacia Biotech, England) was used for developing
membrane signals to films. After incubation, the films were
exposed for about 2 min and then developed using a Curix 60
machine, type 9462 (Agfa-Gevaert AB, Kista, Sweden).

Table 1. Detailed information for the cases used in the Western

blot and ELISA studies

Case
number

Gender Age Post-
mortem
delay (hrs)

Diagnosis

1 M 67 2 Control

2 M 76 3 Control

3 F 96 10 Control

4 M 75 10 Control

5 M 79 5 Control

6 F 84 7 Control

7 M 84 7 Control

8 M 83 8 Control

9 F 98 9 Control

10 F 82 4 Control

11 M 86 7 AD

12 M 71 7 AD

13 F 54 3 AD

14 F 76 6 AD

15 M 88 7 AD

16 F 73 7 AD

17 M 82 6 AD

18 F 100 6 AD

19 F 90 10 AD

20 F 82 7 AD

21 F 74 6 AD

22 F 84 7 AD

23 F 92 6 AD

24 F 84 2 AD

25 F 78 6 AD

26 F 97 9 AD

27 F 68 4 AD

28 F 91 4 AD

29 F 84 4 AD

30 F 74 4 AD

31 F 87 5 AD

32 F 68 3 AD
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Antibody Specificity Phosphorylation site* Dilution Reference

Tau-1 Normal tau depSer199/202 1:20 000 Ref 27

AT8 PHF-tau pSer202/Thr205 1:200-1:500 Ref 28 

PHF-1 PHF-tau pSer395/404 1:200 Ref 29 

Anti-CamKIIα CamKIIα 1:200-1:30 000
Sigma Saint Louis,
Missouri

Anti-Active CamKII Active CamKII pThr286 1:1000-1:10 000 Promega Madison WI

Anti-Synaptophysin
clone SVP-38

Synaptophysin 1:4000-1:6000
Sigma, Saint Louis,
Missouri

Table 2. Primary antibodies used in the study.

dep, dephosphorylated; p, phosphosylated

Table 3. Simple correlation analyses of normal tau, PHF tau, synaptophysin (SP), total CamKII, and active CamKII

Antibody 1 Antibody 2 r-value p-value

Tau-1 total CamKII -0.24 >0.05

AT8 total CamKII 0.45 <0.01

PHF-1 total CamKII 0.43 <0.05

Tau-1 active CamKII 0.06 >0.05

AT8 active CamKII 0.37 <0.05

PHF-1 active CamKII 0.24 >0.05

Total CamKII active CamKII 0.60 <0.01

Tau-1 SP 0.28 >0.05

AT8 SP -0.26 >0.05

PHF-1 SP -0.28 >0.05

Total CamKII SP 0.31 >0.05

Active CamKII SP 0.39 <0.05

Indirect enzyme-linked immunosorbent assay
(ELISA)

The levels of total-, active CamKII, normal- and PHF-
tau and SP in AD and control groups was analyzed using
ELISA. Briefly, 96-well microtiter plates were coated with
2 mg/100ml/well sample, diluted in 20 mM Tris-HCl,
pH7.4 containing 2.5mM EDTA, 2.5 mM EGTA, 0.02 g/ml
protease inhibitor cocktail (Sigma, St. Louis, MO), and
0.1% NaN3. The samples were incubated in room
temperature for 2 hr. Non-specific sites were blocked with
blocking buffer (0.85% NaCl, 10mM Tris-HCl pH7.4,
0.3g/ml BSA, 2% Tween-20) for 1 hr. Primary antibody
was added to each well and incubated with coated samples
overnight at 4°C. Secondary anti-mouse (1:1000) or anti-
rabbit (1:2000) antibodies (Jackson ImmunoResearch

Laboratories, Inc., West Grove, PA) linked to horseradish
peroxidase was added and incubated for 2 hr at room
temperature. For enzyme reaction, KPL enzyme substrate
tetramethylbenzidine (TMB) (SMS gruppen, Helsingborg,
Sweden) was added. Reaction time was set between 10 to
30 min and stopped by adding 100 ml/well 1M phosphoric
acid. The absorbances were read with an ELISA reader
(Septra MAX 250 machine from Molecular devices,
Sunnyvale, CA) at 450 nm.

Immunocytochemistry and confocal microscopy

To visualize the localization of CamKII in relation to
NFT, sections from human hippocampus from 2 AD cases
(post-mortem delay: 24 and 48h, age: 72 and 74 yr) and 2
healthy control cases (post-mortem delay: 24 and 48h, age:
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76 and 78 yr) were stained and studied with confocal
microscopy. Formalin-fixed frozen tissue blocks were
sliced to 30 mm thin sections, which were mounted on glass
slides. The sections were rinsed in 0.1% TBS-T and
blocked in 5% BSA and 3% normal goat serum in TBS-T
for 30 min. The sections were incubated with a mixture of
one rabbit polyclonal antibody (total or active CamKII) and
mouse monoclonal antibody (AT8) over night in a humid
chamber. After washing with TBS-T, the sections were
incubated with a mixture of CYTM3-labeld anti-rabbit IgG
(red) (1:500) and CYTM2 labeled anti-mouse IgG (green)
(1:250) (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA) for 4 hr in room temperature. A BioRad Laser
Scanning Confocal Imaging System (Radiance Plus) was
used to determine co-localization of the CYTM3 (red)
labeled anti-rabbit IgG to CYTM2 (green) labeled anti-
mouse IgG. The system was equipped with a Nikon Eclipse
inverted microscope (TE300). An argon ion laser that
excites at 488 nm with a dichroic beamsplitter 560DCLP
and a bandpass filter HQ515/30 was used to detect CYTM2
(green) labeled PHF-tau (AT8). A HeNe laser that excites at
543 nm with E570LP emission filter was used to measure
total or active CamKII labeled by CYTM3 (red). Laser light
illuminates a Nikon 60´ /1.4 NA oil immersion objective.
Images scanned on the two channels (red and green) were
merged to produce a single profile. 

Statistics
Microsoft Excel Student’s t-test was used to analyze

the significance of the change between AD and controls.
The OD values from each of the examined antibodies used
in the ELISA-experiments were analyzed against each other

by Pearson simple correlation analysis using the SPSS 9.0
software program. 

Results
Analysis of antibody specificity using Western
blots

Homogenates from the medial temporal cortex of 5 AD
and 5 control cases were used to analyze the specificity of
the antibodies on Western blots. As figure 1 illustrates, the
antibodies used against active CamKII, total CamKII and SP
were specific. The antibodies labeled one single band
located around the expected molecular weight for each
antibody, 52, 50 and 38 kDa, respectively (Figure 1 A, B, C).

Levels and correlation of total CamKII, active
CamKII and synaptophysin in AD and control

The mean OD value and SD of antibodies to total
CamKII, active CamKII, synaptophysin, and to tau (Tau-1,
AT8, PHF-1) are shown from 10 control and 22 AD cases
in figure 2. The results showed a significant decrease in
normal-tau (Tau-1) and SP and a significant increase in
PHF-tau (AT8, PHF-1) in AD as compared with controls.
The immunoreactivity of active and total CamKII did not
change significantly between two groups.

Figure 1: Immunoblots of 5 controls and 5 AD cases, labeled
with antibodies against active-CamKII (A), total CamKII (B) and
synaptophysin (C) at a dilution of 1:30 000, 1:10 000 and 1:4000,
respectively. The antibodies used were specific, labeling only one
band. The bands correlate with the expected molecular weight for
each of the three proteins.

Figure 2: Histographical illustration of the result from the ELISA

experiments, showing the difference in mean OD value ± SD
between 10 control cases and 22 AD cases. Non-paired Student t-
test showed a significant decrease in normal tau (p-value < 0.05)
and synaptophysin (p-value < 0.01), and a significant increase in
PHF-tau (AT8 and PHF-1) (p-value < 0.01 and 0.05, respectively)
Levels of active and total CamKII remains unchanged between AD
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Figure 3: Representative data from simple correlation analysis. There is a significant positive correlation between total CamKII and PHF-tau

labeled by AT8 and PHF-1 (B, C) and between total and active CamKII (D), no significant correlation between normal tau and total CamKII (A).



Alzheimer Series – Article

51www.brainaging.org

The data from the ELISA experiment was further
analyzed by a simple Pearson correlation analysis (shown in
Figure 3 and summarized in Table 3). The results showed no
significant correlation between the immunoreactivity of normal
tau (Tau-1) and the immunoreactivities of total CamKII, active
CamKII, synaptophysin. Total and active CamKII did correlate
significantly with AT8 but only total CamKII correlated
significantly with PHF-1. However, there was a positive
significant correlation between active CamKII and total
CamKII with the highest r-value at 0.60. Synaptophysin did not
correlate significantly to any of the markers of tau.
Synaptophysin does, however, correlate to active CamKII. Age
and postmortem delay were not significantly correlated with
any of the antibodies used in the study.

Co-localization of CamKII and PHF-tau

The immunocytrochemical results revealed that the
brain sections (Figure 4) contained many classical tangles
positive for both PHF-tau (A1) and total CamKII (A2) in
the entorhinal area of an AD case. The tangles were

surrounded by several unaffected neurons, with CamKII
spreading throughout the entire cytoplasm (A1, A2, A3). It
is possible that these surrounding healthy looking neurons
are at an early stage of neurofibrillary degeneration. A
figure at a higher magnification (B3) on a couple of tangle-
containing neurons showed clearer overlap between PHF-
tau and CamKII (B, B2, B3). In addition, more fibers
positive for AT8 than total CamKII were observed.
However, we failed to locate any significant signal of active
CamKII by immunocytochemistry.

Discussion
Neurofibrillary tangles are one of the major lesions in

AD brain. They constitutes of the aggregates of abnormally
hyperphosphorylated tau. It is of great importance to
identify the kinases responsible for tau
hyperphosphorylation in order to understand the
mechanisms behind the pathogenesis of this AD lesion. It
has previously been shown that CamKII is able to
phosphorylate tau in vitro6-11 and associates with PHF14.

Figure 4: Immunocytochemistry of sections from AD medial temporal cortex with antibodies directed at PHF-tau (A1) and total CamKII

(A2). The section contains several tangle-bearing neurons positive for AT8 that are overlapped with total CamKII (A1, A2, A3). Surrounding
the tangle-bearing neurons, some healthy looking neurons are only positive for CamKII (A2, A3). B1, B2, and B3 are higher magnification of
A1, A2, and A3, respectively.
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The aim of this study was to investigate the molecular
relationship between CamKII and tau phosphorylation in
situ. We found: 1) no increase in either total-, or active
CamKII in AD homogenates as compared with controls, but
a significant positive correlation between total CamKII and
PHF-tau labeled by both AT8 and PHF-1; 2) a significant
positive correlation between active CamKII and AT8; and
3) that total CamKII and PHF-tau are co-localized in NFT
affected neurons.

In consistent with previous in situ hybridization study
showing a co-expression of CamKII and tau mRNA16,
CamKII immunoreactivity was found to be co-existed with
PHF-tau in neurons containing NFT and those that are
likely to form NFT in the current study. It seems that there
is no increase in total or activated CamKII in AD brain. The
positive correlations between total CamKII and PHF-tau
labeled by AT8 and PHF-1, between active CamKII and the
PHF-tau labeled by AT8, and between total CamKII and
active CamKII suggest that the immunoreactivity of total
CamKII in NFT-bearing neurons are at least partially
contributed by active CamKII, and the activated CamKII is
more favorable to the PHF-tau phosphorylation sites
recognized by AT8, which is considered as an early marker
of tau pathology17. This sustained or likely increased
CamKII activity relative to PHF-tau phosphorylation sites
recognized by AT8 and PHF-1 is likely due to the reduced
activity of a CamKII phosphatase that could prolong
CamKII activity and reduce its sensitivity to intracellular
Ca2+ levels. Zinc has a complete inhibitory effect on a
CamKII specific phosphatase18, its level is increased in AD
pathology19. Zinc has also been shown to induce
autophosphorylation and activation of CamKII in a non-
Ca2+/calmodulin dependent-manner20.

PP2A could serve as a candidate CamKII phosphatase
since it has been previously shown to be an efficient
phosphatase for both CamKII21 and tau22,23. PP2A
inhibition results in an up-regulation of CamKII and
induces tau hyperphosphorylation24. It is likely that the
reduced activity of PP2A in AD brain22,24 might lead to a
reduced dephosphorylation of CamKII, which prolongs
CamKII activity that could phosphorylate tau, as well as a
compromised ability of PP2A to dephosphorylate PHF-tau,
resulting in formation of PHF-tau in AD. 

The reduced synaptophysin level in AD could
contribute to the impaired cognitive function at a relatively
early state of AD26. Upon activation, CamKII is known to
localize to the synapse that is severely lost in AD. Our
results showed a significant positive correlation between
active CamKII and synaptophysin, which indicates that
CamKII could be degraded together with synaptophysin
during the development of AD. The remained level of
CamKII in AD is likely mobilized and concentrated more to
the sites where tau hyperphosphorylation is taken place14

(and current data). This might also explain why we could
not detect the increased level of total or active CamKII in

AD as compared with control, but we did observe a
complete co-existence between PHF-tau and total CamKII
in neurons affected by NFTs, as well as in the surrounding
healthy looking neurons (pretangle neurons).

In conclusion we found that total CamKII significantly
correlates with PHF-tau labeled by AT8 and PHF-1 and
present in neurons affected by NFTs and pretangle neurons.
Active CamKII significantly correlates AT8 labeled PHF-tau
and total CamKII. This suggests that CamKII activation might
be involved in formation of PHF-tau at an early stage in AD.
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Pupil Dilation Test
for Alzheimer’s Disease

Zhiqing Xiang, Yuemin Chen, Wenwei Yan#

Department of Psychiatry, Shanghai Medical Center, Shanghai, China

Abstract:
Objective: To determine whether pupil response to dilute tropicamide could be used as a diagnostic test for
Alzheimer’s disease (AD). Method: Pupil diameters of both eyes were measured simultaneously by an infra-red
automatic pupil-diameter recorder and analyzer every 0.1 second for 30 minutes after instillation of 0.01%
tropicamide to one eye and normal saline to the other. Three groups were studied: 52 patients with AD, 33 with
vascular dementia (VD), and 58 elderly controls. After finding the cut-off point for differential diagnosis by receiver
operator characteristic curve (ROC), its sensitivity, specificity and Kappa coefficient (degree of agreement) were
calculated. Results: Mean percent change in diameters of the treated eye showed a trend of fastest maximum
dilation in AD group, and was significantly different from other groups at all the measurement time points after
10th minute instillation. The difference was most significant at the 18th minute after instillation, and 15% was used
as a cut-off point, the sensitivity was 0.81, specificity 0.79-0.82, and Kappa coefficient 0.62-0.67. Conclusions:
Pupil dilation test could be used as a screening method in the diagnosis of Alzheimer’s disease, or as a tool for
differential diagnosis between AD and VD.

Keywords: pupil dilatation test, screening, Alzheimer’s disease

There is a great need for an early, non-invasive,
sensitive, and easily administered diagnostic test for
Alzheimer’s disease, which could only be definitely
diagnosed by histological examination of brain tissue in
nowadays. Nov. 1994, Scinto et al1 has reported that the
pupil dilation test might be able to identify Alzheimer’s
disease. The paper gave an impact to the medical
professionals in the field of neurological science. Many
replications were performed in 6 years, and some gave
positive conclusions, while some found negative results2-10.
The authors have replicated it again and again since 1995,
and found there were some factors, which could influence
the test results. The first one was the ‘contamination’ of
control group, because some very early cases of Alzheimer’s
disease could behave normally and have normal memory
and cognition. So, it is most important to ensure they would
never contaminate that normal control group. The second
was that the pupil size would be changed from time to time
due to some factors, including the changing of aim of sight.
We have to develop a new device that could automatically
determine both eye pupils simultaneously, and correct the
test eye by the other eye as a control. Besides, the sample,
which size should be large enough, should be randomly
selected and the clinical diagnostic criteria used should have
good specificity. The following is the last study performed
after further improvement of the device and the research
methods mentioned above.

Subjects and methods

Subjects

All the inpatients with dementia in the Main and
Branch Hospital of Shanghai Mental Health Center were
recruited in the study except those who could not sit still. In
total, 52 patients with Alzheimer’s disease (AD) and 33
patients with vascular dementia (VD) were determined.
Besides, all the healthy elderly from two communities were
recruited in the study. After neuro-psychological
measurement, only 58 persons met the inclusion criteria of
normal controls (NC) and were determined. The inclusion
and exclusion criteria were listed respectively in table 1, 2,
and 3, and the demographic data were listed in table 4. 

Methods

1. Pupil dilation test: 

The test was performed in a semi-darkened, quiet room.
Patient was instructed to sit comfortably in a chair, with
nothing attached on his face or eyes. He only needed to be
mentioned having a look at a small screen before him, on
which some pictures were shown (Figure 1). After dark
adaptation, one drop of 0.01% tropicamide was instilled into
one eye (usually the left eye), while one drop of normal saline

#Correspondence: Wenwei Yan, MD, Department of Psychiatry, Shanghai Mental Health Center, 600 Wan ping Nan Rd,
Shanghai 200031, China, Tel. 0086 21 64387250, Fax.0086 21 64387986, E-mail. yanww_2000@yahoo.com
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Table 1. Inclusion criteria of AD:

1, met the diagnostic criteria of probable AD in
NINCDS-ADRDA;

2, Hachinski score < 4; 
3, no history of any other mental disorders; 
4, no any indications of vascular dementia on CT or

MRI
5, no glaucoma or any contraindication of pupil

dilating drugs.
6, no medications which could influence pupil size.

Table 2. Inclusion criteria of VD:

1, met the diagnostic criteria of probable vascular
dementia in NINCDS-ADREN; 

2, Hachinski score > 7; 
3, no history of any other mental disorders; 
4, no any indications of severe extensive brain

atrophy on CT or MRI. 
5, no glaucoma or any contraindication of pupil

dilating drugs.
6, no medications which could influence pupil size.

Table 3. Inclusion criteria of normal controls:

1, no memory deficit recently;
2, no manifestations or history of mental disorders; 
3, no prominent physical diseases; 
4, normal neuropsychological assessments including: 

1) MMSE (according to the educational level: illiteracy
> 17, primary school > 20, middle school above >
24);

2) Fuld object memory test (FOM) (total scale > 11,
both the first and the last memory > 6); 

3) RVR (according to the educational level: illiteracy >
17, primary school > 20, middle school > 25); 

4) BD in WAIS (illiteracy > 9, primary school > 14,
middle school above > 19), 

5) DS in WAIS (illiteracy > 5, primary school > 6,
middle school above > 7) 

5, no prominent brain atrophy or infarction on
CT/MRI.

6, no glaucoma or any contraindication to pupil dilat-
ing drugs.

7, no medications that could influence pupil size.

Table 4. Demographic data of 3 groups

No.
Age MMSE ADL Duration of dementia

M F total

AD 23 29 52 76.8 ± 7.0 12.05 ± 7.55 38.58 ± 9.75 3.83 ± 2.87

VD 22 11 33 76.1 ± 8.3 13.29 ± 6.74 44.57 ± 5.54 2.85 ± 2.75

NC 24 34 58 71.0 ± 6.4 normal / /

Figure 1. Patient sitting

on a chair was instructed to
have a look at a small video
screen, while the recorder
was measuring and
recording the changes of
two pupils simultaneously.
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into the other as control. The both pupils were followed
automatically and their diameters were recorded 10 times per
second simultaneously by an infra-red automatic pupil-
diameter recorder and analyzer (ZhongXin, Shanghai,
China). We used the 5th minute after the instillation as
baseline value. The mean value of total data recorded for
each pupil in each minute (600 samples of pupil diameter per
minute) would be shown on the screen of recorder as a point,
and all the points in the period would be connected into a line
showing the change in pupil size, each for an eye (Figure 2,
blue color line for treated eye, and green color line for control
eye). The real percent changes of the pupil diameter of
treated eye, corrected by the other eye as control, were
calculated and analyzed by the pupil recorder automatically
and shown as the third line (red color) on the screen. The
measuring and recording would be lasted for 30 minutes
since 3 or 4 minutes after the instillation.

Real percent change of treated eye pupil diameter =
(Tn/Cn) / (T5/C5)

Tn—treated eye pupil diameter at minute n
Cn—control eye pupil diameter at minute n 
T5 —baseline of treated eye pupil diameter at minute 5 
C5—baseline of control eye pupil diameter at minute 5

2. Statistical Analyses

With the help of SPSS 10.0, we used t-test to compare
the mean percentage change in pupil diameter of each group

at every minute. From the data, we would find the time
point, which could most significantly differentiate AD from
NC, by the help of Receiver Operator Characteristic (ROC).
We calculated the sensitivity and specificity of each point of
percent change at each minute after instillation, and plotted
the probability of having a true positive result against that
of a false positive one for these points as a series of
Receiver Operator Characteristic (ROC) curves. Then the
point most close to the left-upper corner was chosen as the
most ideal cut-off point that could obviously distinguish the
AD case from normal controls. Each participant whose
pupil percent change exceeded the cut-off point would be
coded as ( + ), and vise versa. At last, we compared the test
results with the clinical diagnoses by means of the
sensitivity, specificity and Kappa coefficient (degree of
agreement), just as follows:

sensitivity = a/(a + c), specificity = d/(b + d), 
Kappa coef. = 2(ad - bc)/[(a + b)(b + d) + (a + c)(c + d)]

Besides, we used correlation analysis to analyze the
relationship between the percent change in pupil diameter
of the treated eye and the severity of dementia, duration of
dementia, age and MMSE in each group.

AD NC

+ a b a + b
– c d c + d

a + c b +d a + b + c + d

Pupil diameter changes shown as two lines on the screen
Actual pupil size
shown on the screen

Figure 2. Screen of the automatic

recorder showing the actual pupil size
and the pupil diameter changes.
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Results

After the instillation of 0.01% tropicamide, the pupil
diameter largely increased in AD patients early since 7-10
minutes (Figure. 3), while remained almost unchanged in
the other two groups (Figure. 4, 5). The results revealed that
there were significant differences in the percent changes of
treated eye pupil diameter between AD and VD or NC,
especially at 18th minute after instillation (p < 0.01,
Figure.6, 7, Table. 5). When the ‘pupil diameter percent
change?15% at 18 minutes after instillation’ was chosen as
the cut-off point, there were 42 cases with positive results in
AD group (n = 52), while only 5 cases in VD group (n =
33), , and 13 cases in NC group (n = 58). As a diagnostic
test for distinguishing AD from VD or NC, the sensitivity
was 0.81, and the specificity was 0.82, 0.79 respectively,
and the Kappa coefficient was 0.62, and 0.60.

There were no relationships between the percent
change in pupil diameter of the treated eye and the severity
of dementia, duration of dementia, age and MMSE in each
group (p > 0.05).

Discussion
Alzheimer’s disease (AD) exists on two planes: the

clinical and pathological. The pathology of AD may be an
insidious process developing over many years before the
onset of even subtle clinical symptoms of dementia, while
there is no problem that overt clinical manifestations of the
disease occur after the presence of significant
neuropathological abnormality11. So, there is great need for a
diagnostic test that can detect the presence of the disease well
before clinical symptoms become evident. In late 1994, Scinto
et al published a finding that patients with probable AD could
be distinguished from age-matched, healthy controls on the
basis of an exaggerated pupil dilation response to a very dilute
solution of tropicamide (a cholinergic antagonist). They
reported that AD patients had a percentage increase in pupil
diameter over baseline of ?13% by minute 29, while both non-
Alzheimer dementia and normal controls were below 8%1.
After Scinto’s original report, some 29 or more publications
have appeared evaluating the use of the pupil test. Despite a
bewildering array of measurement techniques, drugs, and
experimental conditions, 16 of 24 reports comparing AD
patients with normal controls found that, as a group, AD
patient pupils dilated more rapidly and/or to a greater extent
than normal controls11. It’s worth paying attention to the fact
that it was consensus in all the studies (only except one10) that
the AD patients exhibited a marked hypersensitivity to the
diluted tropicamide. The problems did lay in the normal
control (NC) group. If the NC group in a study contained
more patients with earliest AD who had pathological changes
in brain but without any clinical manifestation, the test results
of this so-called ‘normal’ control group would have no
significant difference with that of AD group.

We replicated the pupil dilation test early since 1995.
In the first study, only one pupil was examined2. Although
we got a positive result, there were a lot of problems. In
1997, we examined both two pupils with a delay of only 0.1
second between them, but we found even such a delay still
could introduce factors that render the measurements
nonequivalent in terms of other influences acting on pupil
diameter. In 1998, we measured both eyes simultaneously
with a helmet-like instrument12. The result was not ideal
enough, because the demented patients could not bear the
helmet on their head. At last, we developed the untouched
device, which could follow both eyes automatically and
measure both pupils simultaneously13. Besides, we found
that the result could be influenced by the strictness of
diagnostic criteria of the disease and definition of the
normal control, and could be influenced by the size of
sample as well. So, we chose strict diagnostic criteria of
NINCDS-ADRDA for AD, and NINCDS-ADREN for VD,
and we stipulated strict inclusion criteria for the normal
control group, which included the neuropsychological test
batteries and normal CT or MRI.

This test showed that the patients with probable AD
displayed a pronounced response to the pupil dilating
effects of tropicamide, which was significantly different
from other groups (p < 0.01). It is suspected that patients
with AD, which is characterized by the lack of endogenous
acetylcholine, are hypersensitive to the acetylcholine
receptor antagonist (e.g. tropicamide), and are easy to
exhibit the pupil dilation. Furthermore, Scinto et al have
found that in all 8 AD cases studied, many Aβ-positive
plaques were distributed throughout the EW (Edinger-
Westphal) nucleus after they died, while only 3 of 10
normal aged persons had only little neuropathological
changes in their brains after death11,14. This might be the
other reason why AD patients exhibited marked
hypersensitivity to dilute tropicamide.

We found that AD group was most significantly different
from other dementia and normal controls not at 29 minutes,
which has reported by Scinto et al, but at 13-22 minutes. Pupil
dilated earlier in AD than in patients with other dementia and
normal controls. The pupils of patients with AD obviously
dilated 13-22 minutes after instillation, while the latter still
remained unchanged or dilated only a little. By using ROC
curve, we chose ‘percent change in pupil diameter over
baseline of ?15% at minute 18’ as the cut-off point to
distinguish AD patients with normal controls and VD
patients. In addition, it was founded that the severity of
dementia and the course of dementia were not significantly
related to the percentage of pupil dilation. In fact, in our AD
and VD groups, there were many patients who had less than
one-year duration (27% and 41% respectively). Some AD
patients only suffered from dementia several months
exhibited typical positive results. It is suggested that pupil
dilation test not only could be used as a diagnostic tool for
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Figure 3. Pupil diameter percent change of a patient with Alzheimer’s disease.

Figure 4. Pupil diameter percent change of an elder normal control.
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Figure 5. Pupil diameter percent change of a patient with vascular dementia.

Figure 6. ROC curve of the pupil dilation test Figure 7. Pupil diameter percent changes of AD, VD, NC at min
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detecting mild and severe AD cases but also for the earlier
stage of the disease.

The sensitivity of pupil dilation test was 81%, not 100%,
due to the reason that some atypical cases of AD, with an
unusual distribution of pathology, would likely yield false
negative results. Besides, AD group might be mixed up with
the patients with other type dementia such as temporal lobe
dementia and Lewy body dementia, which were similar in
clinical manifestation with AD but have different pathological
changes. As to VD group and normal control group, some
cases exhibited positive response as well, because clinical
diagnosed VD might be mixed up with some AD cases, and
only could be proved by autopsy. And as well, other diseases
that may affect similar areas of the brain could generate
similar patterns as AD and thus ‘false positive’ results14.

By the way, Scinto has said that he chose not to use the
other eye as control for determining response to the drug in
the treated eye because it was not possible to record the
diameter of both pupils simultaneously with the equipment
in their laboratory. He argued as well that ‘as the treated eye
responds to the influence of the drug, the untreated eye, as
part of the consensual response, tends to constrict thus
magnifying the response in the treated eye if the untreated
pupil diameter was used as a control’14. According to our
observation, the constriction of the untreated pupil, if any,
after the instillation into treated eye was very transient. So,
we chose the 5th minute as baseline, just after the influences
of dark adaptation and the transient ‘constriction’, if any,
and before the dilation in all three groups.

In conclusion, we considered that both the specificity
and the sensitivity of pupil dilation test were good enough
for clinical use. Not only it could be used as a diagnostic
tool for screening early stage of AD, but also be used in
distinguishing AD with VD. Of course, it needs further
follow-up study to reveal if some elderly who behave

normal now but show abnormal results in pupil dilation test
would develop Alzheimer’s disease later or not. 
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Abstract
To improve understanding of the amyloid precursor protein (APP) proteolytic processing that underlies AD
pathogenesis, and to investigate the fate of APP cytoplasmic domain in a non-artificial system, we have analyzed
total homogenates and subcellular fractions from human cortex samples for APP CTF. Antibodies to APP
cytoplasmic domain detected βCTF as a major membrane-associated fragment of 14 kDa in Trizol extracts from
frontal cortex. βCTF was significantly elevated by two-fold in AD as compared to controls. Another predominant
species was a ~22 kDa fragment resulting from cleavage of APP upstream from the β-secretase site. αCTF was
detected as a minor 10 kDa species. A fragment of 5.5 kDa that comigrated with εCTF recombinant standard
was immunoprecipitated from cortex homogenates and found to be enriched in nuclear fractions. 

Introduction

Aβ peptide, the major component of Alzheimer’s
disease amyloid plaques, is proteolytically derived from the
type I, integral membrane protein, amyloid precursor
protein (APP). APP can be shed from the membrane by two
alternative cleavages due to α- and β-secretases (reviewed
in 1,2). Besides releasing soluble APP ectodomain, α- and
β-secretases produce membrane-associated fragments,
termed αCTF and βCTF that consist of, respectively, 83 and
99 amino acids. βCTF contains the entire Aβ sequence with
a free N-terminus and is the direct precursor of the amyloid
peptides. γ-Secretase processing of βCTF within its
transmembrane domain generates two major Aβ peptides,
Aβ40 and Aβ42. Although Aβ42 is a quantitatively minor
species, it is more aggregating than Aβ40 and is responsible
for seeding amyloid deposition. γ-Secretase cleavage is
expected to generate C-terminal fragments of 59 and 57
amino acids corresponding, respectively, to cleavage at
position 40 and 42, but these have never been characterized,
and the mechanism of γ-secretase cleavage remains poorly

understood. Using transfected cells we, and others have
previously identified a novel CTF of APP that results from
cleavage at ε-site (atVal49), distal from the γ-secretase site
and near the membrane/cytosol interface3-5. Products of a
similar cleavage were also characterized and extracted from
rat brain6. ε-Cleavage allows release in the cytosol of a
fragment that contains the intact cytoplasmic domain of
APP, a domain known to regulate Fe65 nuclear
translocation7-9 and thought to be involved in signal
transduction10 and regulation of phosphoinositide-mediated
calcium signaling11-12. By its membrane topology and its
requirement for an active presenilin complex, ε-cleavage
closely resembles cleavage of Notch1 transmembrane
domain at site 3. It remains unclear at present whether the
same γ-secretase protease cleaves APP transmembrane
domain at alternative sites (i.e. 40, 42 and 49). To clarify the
proteolytic processing of APP within its transmembrane
domain and to investigate the fate of APP cytoplasmic
domain in a non-artificial system, we have analyzed total
homogenates and subcellular fractions from human cortex
samples for APP CTF. 
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Materials and Methods

Brain samples and Extraction methods: 

Human brain samples were obtained from the
NH&MRC Tissue Resource Centre (Melbourne, Australia)
and from the Institute for Brain Aging and Dementia Tissue
Repository (Irvine, CA). Approximately 50 mg of brain
tissue (frontal cortex) was homogenized in 1.0 mL of Trizol
reagent (Gibco, Life Science Technology), using a pre-
chilled mortar and pestle. After 15 min at 20o C, 0.2 mL of
chloroform was added and the samples were mixed by
vortexing for 20 s.  After 15 min at 20o C, the samples were
transferred to microtubes and centrifuged at 12,000 g for 15
min, at 4o C. The upper aqueous phase containing RNA
was precipitated with 0.5 mL of isopropanol. The protein
was precipitated from the lower aqueous phase using 1.5
mL of isopropanol, sedimented at 12,000 g for 15 min, and
the precipitate was washed three times with 0.3 M
guanidine-hydrochloride and once with ethanol, and air-
dried. The protein pellet was re-dissolved in 1% SDS, with
heating at 500 C and ultrasonic disruption. Preparation of
membrane protein from brain cortex homogenates and
Triton-X 100 extraction were carried out as described
previously13.  Preparation of subcellular fractions was as
reported before13. Protein concentration was determined
using the bicinchoninic assay (Pierce).

Immunoblotting

20 µg aliquots of protein were denatured by boiling for 5
min in Laemmli sample buffer containing 25 mM DTT. The
proteins were separated on 4-20% Tris-Tricine polyacrylamide
gels (Novex, Invitrogen, Australia) and transferred to
nitrocellulose membrane (BioRad). After blocking with 0.5 %
hydrolyzed casein, the blots were probed with primary
antibody, followed by horseradish peroxidase secondary
antibody conjugate (Dako, Botany, NSW, Australia) and
developed with the enhanced chemiluminescence system
(ECL, Amersham). Rabbit polyclonal anti-APP C-terminal
antibodies, 36914 and 93/215, and the anti-Aβ mouse
monoclonal WO216 have been described previously. 

Immunoprecipitation ofr γ/eCTF

Subcellular fractionswere diluted with 50 mM Tris-HCl,
pH 7.4 containing 2% Triton X-100 and a cocktail pf protease
inhibitors including 5 mM phenanthroline,to a final protein
concwntration of 1 mg/mL. One mL aliquots (1 mg of
protein) were mixed with Q-Sepharose slurry (1:0.5; v/v)
(Pharmacia Biotech) to absorb APP. The Q-Sepharose gel
was removed by centrifugation and the samples added to 5
mg of Protein A-Sepharose coated with affinity purified 369
(3 µL) or 93/2 antiserum (5 µL). Trizol extracts were diluted
in Tris buffer saline, pH 7.5  (1:5, v/v) and 0.2 mg of protein

were used for immunoprecipitation. The immunoprecipitates
were washed three times with Tris saline buffer containing 2
mM EDTA and 0.2% Tween-20, and they were boiled in
denaturing SDS sample buffer prior to separation by SDS-
PAGE and Western blotting. In vitro translation of C50 and
C59 proteins has been reported previously3.

Results
1. βCTF is the major APP C-terminal fragment
detected in human brain frontal cortex. 

Analysis of APP species in 2% Triton X-100 extracts
from human brain cortex by western blotting with polyclonal
antibody 369 (directed to the APP cytoplasmic domain)
showed presence of variable amounts of APP full-length,
detected as a set of bands in the 110-120 kDa molecular
range, and small CTF fragments in the 10-25 kDa range. The
predominant CTF detected  in both AD and CT brain samples
had an apparent molecular weight of 14 kDa (Figure 1A) and
) and an electrophoretic mobility similar to that of C100
overexpressed in transgenic mouse (not shown).  It was
immunoreactive with WO2, and with other antibodies
directed to Aβ N-terminus, and was thus identified as βCTF.
A second band of approximately 10 kDa was also detected in
all samples. This corresponds to αCTF as it co-migrates with
the major CTF species produced by COS7 cells stably
overexpressing APP or by untransfected SH-SY5Y, and it
cannot be immunoprecipitated with anti-Aβ N-terminal
antibody WO2. Minor signals of 22 and 25 kDa were also
detectable in some of the samples and would correspond to
cleavages occurring upstream from the β-secretase site. The
blot shown in Figure 1 suggests that βCTF is more elevated
in AD samples than in control samples. 

Figure 1 Detection of APP CTF in Triton X-100 extracts from
human brain cortex.

20,000 x g pellets from total cortex homogenates were extracted with 2%
Triton X-100. 20 µg of protein were resolved on Tris-Tricine 4-20% gels,
transferred to PVDF and the blots probed with anti-APP cytoplasmic
domain Ab 369. APP was detected as a 110-120 kDa doublet. The
predominant C-terminal fragment detected was a 14 kDa product
corresponding to βCTF. αCTF was detected as a 10 kDa signal.
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2. βCTF is more elevated in frontal cortex
from AD than from control subjects

To consolidate the previous finding, densitometric
analysis of the western blot signals was performed on a
larger series of samples. For the quantitative analysis,
cortex samples were extracted with Trizol, the protein was
precipitated with isopropanol, and was re-dissolved using
1% SDS. This procedure allowed optimal extraction of
membrane proteins and, in particular, of APP CTF species
A representative blot is shown in Figure 2A.  In these
conditions, βCTF and the 22 kDa fragment were enriched
relatively to αCTF and APP, suggesting they required more
stringent extraction conditions and possibly, were

Figure 2 Extraction of APP CTF with Trizol demonstrates that

βCTF is predominant and accumulates in AD.
Brain cortex tissue was homogenized in Trizol reagent, and total protein
was precipitated and re-solubilized in 1% SDS. 20 µg of protein were
analyzed by western blot as described for Figure 1. Panel A shows
analysis of four control and two AD samples. Panel B shows quantitative
analysis of the 14 kDa band (βCTF) in comparison to β-tubulin western
blot signal (not shown) that was used as a neuronal marker (ref. 17). ECL
films were scanned and the bands quantitated by image densitometry
(NIH Image software). Statistical analysis indicates a significant two-fold
increase in the βCTF/β-tubulin ratio in AD as compared to controls.

aggregated. Image densitometry was performed on the
scans of the ECL films. Calculation of the band density of
the βCTF signal relative to β-tubulin showed among seven
controls and eight AD sample tested a statistically
significant two-fold increase in AD. This finding is in
agreement with our recent report of a 2.7-fold elevation of
BACE immunoreactive species in AD17.

3. Detection of εCTF in lysates of SH-SY5Y
cells and in human brain cortex fractions

To search for the presence of APP C-terminal
fragments resulting from γ-secretase cleavage, lysates of
neuroblastoma cells SH-SY5Y and various fractions from
human brain cortex were immunoprecipitated with two
alternative APP C-terminal antibodies: Ab 369 that was
raised to the entire cytosolic region of APP, and 93/2 that
was produced by immunization with a peptide
corresponding to the last 15 carboxyl-terminal residues of
APP. Figure 3A shows that both antibodies precipitated
from the lysates of SH-SY5Y a similar C-terminal product
of 5.5 kDa (lanes 2 and 4).  From its apparent molecular
weight and its immunoreactivity this fragment is likely to
correspond to a γ-secretase CTF. Traces of a similar
fragment were also detected in a 3000 g pellet from post
nuclear fractionation of a control human brain (lane 3). This
fraction corresponds to heavy membrane vesicles
containing mostly lysosomes and some nuclei material8.

To investigate further the presence and identity of the
5.5 kDa fragment in human brain, we analysed alternative
fractions (Figure 3B). These included a nuclei-rich fraction
(570 g pellet, that may also contain heavy lysosomes and
membrane debris, and that we labeled N/L), and a cytosolic
fraction (100,000 g supernatant obtained from
centrifugation of a 10,000 g supernatant; labeled C). All
samples were depleted from APP by absorption on Q-
Sepharose18 and similar amounts of protein were
immunoprecipitated with Ab369. Western blot detection
showed presence in the nuclei-rich fraction (lane 1) of a 5.5
kDa C-terminal fragment with an electrophoretic mobility
similar to that of a C59 recombinant protein (lane 7) but
faster than that of C50 standard (lane 6). Traces of the same
5.5 kDa species were also present in the precipitate of the
cytosolic fraction (lane 5).  Longer exposure of the blot (not
shown) also revealed the fragment in the lysosomal fraction
(lane 2). Together, these data indicate that the 5.5 kDa is
relatively enriched in the nuclei fraction and also present to
a lesser extent in the cytosol. By comparison with
recombinant standard proteins it appears to correspond to
C59, the εCTF product of Ps/γ-secretase complex.

To facilitate comparative analysis of various AD and
control cortex samples we attempted to detect εCTF in total
protein extracts from frontal cortex. Protein was extracted
with Trizol, followed by precipitation with isopropanol and
re-dissolution in 1% SDS. The samples were diluted ten-fold
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Discussion

Accumulating evidence points to Aβ amyloid as a key
component of AD pathogenesis. The processing of APP within
its transmembrane region remains poorly understood although
recent progress has allowed identification of the proteolytic
activities that excise Aβ from its precursor APP. The
membrane-anchored  aspartyl protease BACE carries out the
β-secretase cut to produce βCTF, and subsequent proteolysis
of this fragment by a γ-secretase complex that includes PS1
completes liberation of the Aβ peptide (reviewed in 2). The
precise mechanism of γ-secretase cleavage remains to be
elucidated although a recent study demonstrates that it shares a
striking resemblance with the cleavage and processing of
signal peptides by signal peptide peptidase20.

We have examined the APP C-terminal fragments
present in human brain cortex homogenates. Triton X-100
extracted βCTF as the predominant CTF species together
with substantial amounts of αCTF. Extraction in more
stringent conditions, using Trizol, demonstrated that βCTF
and a 22 kDa fragment were the two predominant species
whereas αCTF bands were relatively minor. Quantitative
analysis suggested that βCTF is increased by two-fold in the
cortex of AD subjects in comparison to normal controls.
This result is consistent with our recent report that BACE 70
kDa protein is elevated by more than two-fold in AD. Since
βCTF represents the direct precursor of Aβ one may propose
that the metabolic machinery processing this fragment,
either the presenilin-dependent γ-secretase or a degradation
pathway such as Detection of the proteasome15 would be
limiting. Other studies have examined APP CTF in human
brain cortex13,14, 21-23. These identified similar 22, 14
(βCTF) and 10 kDa (αCTF) products. They also showed
that these products can be resolved as multiple isoforms
reflecting heterogeneity principally due to
phosphorylation22, 23. Although a quantitative study by
Russo et al suggested that βCTF might be more elevated in
AD than in controls, the result was not statistically
significant22. Sergeant et al reported that APP β and αCTF
were actually decreased in AD23. These results were based
on quantitation of Triton X-100 soluble species and the
samples studied corresponded to temporal and occipital
regions whereas we carried out our studies on frontal lobe
samples only. Consistent with the report by Russo et al, we
were unable to show a statistically significant difference in
βCTF levels between AD and control samples using Triton
X-100 extraction procedure. In contrast, we were able to
identify a significant two-fold increase in βCTF in AD when
using more stringent extraction conditions. This suggests
that βCTF present in AD cortex exists as species of low
solubility, possibly aggregates. This is in agreement with the
report by Sergeant et al of the presence of a pool of βCTF in
a detergent insoluble fraction in AD cortex. It is too early at
present to speculate as to whether βCTF accumulation in
AD brain may contribute to the disease pathogenesis.

Figure 3 Detection of εCTF in SH-SY5Y lysates and in cortical
nuclear fractions.

Panel A shows immunoprecipitation of SH-SY5Y lysate with two
alternative APP C-terminal antibodies (lanes 2 and 4). Lane 2 corresponds
to immunoprecipitation of a 3000 x g fraction from a human cortex post-
nuclear supernatant. Lane 1 shows direct western blot of lysate of COS7
cells overexpressing APP695 that was used as a reference for α and
βCTF. A 5.5 kDa band was detected in the precipitates from SH-SY5Y
cells. A similar, faint signal was also identified in the brain fraction
precipitate. Panel B shows immunoprecipitation of APP 5.5 kDa CTF
from various human brain fractions. TzE corresponds to Trizol extract ,
N/L to a nuclei-enriched fraction (570 x g pellet),  and Lys to a lysosomal
preparation (3000 x g pellet from post-nuclear supernatant). SH-SY5Y
lysate and recombinant C50 (γCTF) and C59 (εCTF) were used as
reference standards. The 5.5 kDa band identified in human brain migrates
with an electrophoretic mobility similar to that of a fragment produced in
SH-SY5Y cells and to that of εCTF standard. Panel C shows analysis of
immunoprecipitates of Trizol cortical extracts from an FAD (APP London
mutation; lane 1), a sporadic AD (lane 2) and a control subject (lane 3). A
signal at 6 kDa was observed in the FAD sample that may correspond to
γCTF. Further characterization of these products is in progress.

to reduce SDS concentration and immunoprecioitated with
Ab 369. Figure 3B, lane 2 shows that a 5.5 kDa fragment,
similar to that produced by SH-SY5Y cells (lane 1), was
detected in cortex homogenate from an AD patient. The band
is fuzzy and possibly represents several isoforms. Next, we
analyzed the APP small CTF products in a sample from a
patient characterized previously as a carrier of a V→Ι APP
mutation at codon 71719. Figure 3C shows presence of an ~6
kDa band that was more retained than the fragment detected
in a sporadic AD and in a control sample. Traces of this new
6 kDa fragment were also detectable in the sporadic AD
sample. Although it will require further characterization, we
presume than this 6 kDa band represents the CTF produced
by γ-secretase cleavage at position 40 or 42.
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The second part of our study examined APP γ-
secretase CTFs. We showed that a 5.5 kDa fragment that
co-migrates with recombinant εCTF standard was
detectable in non-transfected human neuroblastoma SH-
SY5Y cells and in AD cortex. This was
immunoprecipitated by two alternative APP C-terminal
antibodies. Precipitation with 93/2 indicated that this
fragment contained the C-terminal portion of the APP
cytosolic domain, beyond the caspase cleavage site we have
previously identified24. Comparison of its electrophoretic
mobility with in vitro translated C50 and C59 standards
identified the 5.5 kDa fragment as εCTF (C50), the product
of cleavage at position 49. A previous study has
documented the presence of a 5.8 kDa fragment in
lysosomal fractions from human cortex homogenates25 and
it probably represents the same εCTF species as we report
here although we found that the levels of εCTF were low in
lysosomal fractions.  We have shown that the 5.5 kDa
fragment was relatively enriched in nuclear fractions, as
expected for the C-terminal domain of APP released from
the membrane.  Indeed, studies with transfected cell
systems have shown that the APP C-terminal region
interacts with the protein adaptor Fe65 and regulates its
trafficking to the nucleus7-9.  A recent study with neuronal
cultures has also demonstrated that APP cytosolic fragment
partly localized to the nucleus26. When we analyzed a
sample from a subject carrying the APP London mutation
(codon 717) we did not detect εCTF but we observed
another fragment of ~6 kDa. This was also detectable,
besides εCTF, in some AD samples and we presume it
corresponds to a cleavage occurring upstream from ε-
cleavage site. We are currently investigating further the
nature of this 6 kDa species that has the expected
electrophoretic mobility of the C-terminal product of γ-
secretase cleavage at site 40 or 42. Our data may suggest
that γ-secretase preferred cleavage site is at 49-50 (ε-site)
but that in AD, and particularly in the presence of the
London mutation, this cleavage may be impaired and may
favor alternative cleavages at positions 40 and 42. Further
analysis of these fragments in samples from AD and FAD
subjects is in progress.
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Abstract
Galantamine, an acetylcholinesterase inhibitor (AChEI) with an additional mechanism of action, nicotinic
receptor modulation, is indicated for the treatment of patients with mild-to-moderate AD. A post hoc
analysis was performed on pooled data from 4 pivotal studies to determine whether patients with
advanced moderate AD benefit from galantamine treatment. Patients with a baseline ADAS-cog score of
>30 or MMSE score of £12 were included in the analysis. Over 5 to 6 months, AD patients with advanced-
moderate disease who were treated with galantamine demonstrated significant cognitive benefits
(ADAS-cog scale) compared with placebo (p < 0.001). Global functioning also improved with galantamine
treatment. Results from this analysis indicate that galantamine may be beneficial in patients with more
advanced stages of AD.
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Introduction
Alzheimer’s disease (AD) is a progressive,

neurodegenerative disease affecting millions of people
worldwide. It is estimated that 5.7 % to 10 % of the US
population aged 65 to 85 years and 25 % to 45 % of those
aged 85 years or older have AD1,2. The most common
presenting symptoms are memory loss and loss of other
cognitive functions. This is typically followed by a
progressive decline in the ability to perform activities of
daily living (ADL); behavorial disturbances; increased
caregiver time; increased utilization of resources and
medical care; and eventual need for full-time, assisted-
living or nursing home care before death. Although all
manifestations of AD must be managed adequately,
preservation of cognitive function is of central importance
to the patient and is critical in assessing the response to
therapy in clinical trials. Cognitive function typically
declines rapidly, averaging 9 to 11 points on the cognitive
subscale of the Alzheimer’s Disease Assessment Scale
(ADAS-cog) in untreated patients3. Although this decline is
progressive, it is not linear. Patients in the milder stages of
AD tend to deteriorate less rapidly than those patients in the
moderate stages. Thus, patients with more advanced AD
may benefit more measurably from treatment because
untreated patients in this stage deteriorate much faster. If

left untreated, patients with mild-to-moderate AD will
exhibit severe decline within 2 years.

Currently, the acetylcholinesterase inhibitors (AChEIs)
are the treatment of choice for AD, as these drugs have
maintained or improved the cognitive decline seen in patients
with AD4-13. However, AChEIs are indicated only for the
treatment of mild-to-moderate AD. Because AD is a
persistent disease that may affect patients for up to 10 years14,
patients may remain in its advanced stages for several years.
Management of such patients with severe dementia poses a
challenge to physicians, as studies evaluating cholinergic
treatments for AD have traditionally focused on efficacy in
patients with mild-to-moderate disease. Clinicians lack clear
guidelines for treatment of the more advanced stages of AD15,
and therefore little is known about the efficacy of cholinergic
drugs across different cognitive symptom domains.
Galantamine, the most recent addition to the AChEI class that
also modulates nicotinic receptors16, has delayed the
cognitive decline in patients with mild-to-moderate AD for up
to 1 year and has also demonstrated significant benefits in
behavior, ADL, and caregiver burden4-7.

Here, the change in cognition over 5 to 6 months is
evaluated in patients with advanced- moderate AD in 4
large-scale phase III studies of galantamine4-7. Because the
methodology in these trials is consistent, it is possible to
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pool the cognitive function data and perform a post hoc
analysis of the effects of galantamine in both total ADAS-
cog scores and individual item scores in patients with
advanced moderate AD. 

Methods
Design of Phase III Studies

All phase III studies were randomized, double-blind,
placebo-controlled, multicenter trials conducted in
Australia, Canada, Europe, South Africa, and the United
States to assess the safety and efficacy of galantamine in
patients with mild-to-moderate AD:

! 3-month international study comparing placebo
(n = 125) and galantamine 24 to 32 mg/day 
(n = 261; 126 patients received 24 mg/day)7

! 5-month US study comparing placebo (n = 286),
galantamine 8 mg/day (n = 140), galantamine
16 mg/day (n = 279), and galantamine 24 mg/day 
(n = 273)5

! 6-month US study comparing placebo (n = 213),
galantamine 24 mg/day (n = 212) and galantamine
32 mg/day (n = 211)4

! 6-month international study comparing placebo
(n = 215) and galantamine 24 mg/day (n = 220) or
32 mg/day (n = 218)6

In these studies, patients had mild-to-moderate AD,
defined as a baseline Mini-Mental State Examination
(MMSE) score of 10 to 22 and a score of ≥18 on the ADAS-
cog in the 5-month US study5, and a baseline MMSE score
of 11 to 24 and a score of ≥12 on the ADAS-cog in the other
3 studies4,6,7. The primary outcome measure in all studies
was change in cognition assessed with the ADAS-cog.
Overall response to treatment was measured with the
Clinician’s Interview-based Impression of Change plus
caregiver input (CIBIC-plus)4-7. Other outcome measures
included changes in ADL4-7 and behavioral symptoms5.

In all trials, the patient and a responsible caregiver
provided written informed consent to participate. These
studies were conducted according to the Declaration of
Helsinki and subsequent revision, and were approved by the
institutional review boards of each center.

Patients With Advanced-Moderate AD

Data were pooled and a post hoc analysis was
performed on the subgroup of advanced moderate AD
patients. Galantamine 24 mg/day was selected for the post
hoc analysis because it was a common dosethe
recommended daily dose in the 4 studies. Two subgroups of
patients with advanced-moderate disease were identified by
ADAS-cog and MMSE scores as follows:

! Baseline ADAS-cog scores >30 (Group 1), or
! Baseline MMSE scores ≤12 (Group 2)

In this analysis, patients who were assessed and found
to be toward or at the end of the moderate AD range of the
continuum are classified as having advanced-moderate AD. 

Changes in both total ADAS-cog scores and individual
item scores over 5 to 6 months were used to evaluate the
effect of galantamine on cognitive function. Global
outcome was measured using the CIBIC-plus. The safety
profile of galantamine was also analyzed.

Statistical Analyses 

For the purposes of this pooled analysis, the patient
numbers are higher at the baseline and 3-month assessments
owing to the inclusion of the 3-month study, whereas the 
5- to 6-month endpoint is a combination of data from the
one 5-month and two 6-month studies.

All randomized patients who received at least one dose
of trial medication were included in the analyses of baseline
characteristics and safety data. For the post hoc analysis of
patients with advanced-moderate AD, the primary
statistical analysis of efficacy was the same as in the
individual trials—the change in ADAS-cog score. In the
individual trials, an intention-to-treat (ITT) analysis was
performed as a sensitivity analysis, using the last
observation carried forward (LOCF) method, in which the
last observation available for each patient who received
treatment is used in the analysis. Changes in ADAS-cog
scores at 3 and 5 to 6 months were evaluated and compared
with the treatment groups by means of an analysis of
covariance with trial and baseline values as covariates.
CIBIC-plus scores were evaluated using the Van Elteren
test, controlling for trial.

Results
Patient Demographics

The database from the 4 phase III studies comprised
831 patients who received galantamine 24 mg/day and 839
patients who received placebo. All patients were included
in the 3-month analyses. The 5- to 6-month analyses were
based on the 705 and 714 patients who received
galantamine and placebo, respectively, in the 5-month study
and the two 6-month studies.

Overall, 245 and 257 patients receiving galantamine
24 mg/day and placebo, respectively, had baseline ADAS-
cog scores >30. Of these, 215 and 221 patients respectively,
entered the 5- and 6-month studies (the remaining patients
were involved in the 3-month study). Sixty-three and 61
patients receiving galantamine 24 mg/day and placebo,
respectively, had baseline MMSE scores of £12. Of these,
58 and 56, respectively, entered the 5- to 6-month studies.
The baseline characteristics of these patients are described
in Table 1. Other than AD severity, baseline characteristics 
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were similar to those seen in the overall populations of the
4 phase III studies.

Cognition

Patients with advanced-moderate AD who were
treated with galantamine demonstrated significant
improvement in ADAS-cog scores compared with placebo
in the group with baseline ADAS-cog scores >30 (Group 1)
as well as the group with MMSE scores of £12 (Group 2).
Treatment differences were observed as early as 3 to 4
weeks into treatment in Group 1 (p < 0.0001) and Group 2
(p = 0.072) and cognitive abilities were maintained above
baseline levels at 3 and 5 to 6 months.

At 6 months, mean changes from baseline in total
ADAS-cog/11 scores were substantially greater with
galantamine than with placebo (Figure 1). In the subgroup
of patients with baseline ADAS-cog scores >30, patients
receiving galantamine 24 mg/day improved by 2.8 points
on the ADAS-cog after 5 to 6 months (n = 158), whereas
those receiving placebo deteriorated by 3.6 points (n = 160).
Treatment difference was 6.4 ADAS-cog points (p <
0.0001). In the subgroup of patients with baseline MMSE
£12, ADAS-cog scores improved by 0.9 points (n = 41) in
patients who received galantamine 24 mg/day and
deteriorated by 5.8 points (n = 36) in patients who received
placebo. Treatment difference at 5 to 6 months was 6.7
ADAS-cog points (p = 0.001).

Findings with total ADAS-cog scores were reflected
by significant treatment differences across all individual
ADAS-cog items in Group 1 and the majority of items
(8/11) in Group 2 (Figure 2). Individual ADAS-cog items
evaluated in this analysis included changes in commands,
comprehension, constructional praxis, ideational praxis,
naming of objects, orientation, remembering instructions,
spoken language, word finding, word recall, and word
recognition. The greatest changes in both groups were in
comprehension, ideation, remembering instructions and

word recognition items (p < 0.0001 for Group 1 and
p < 0.01 for Group 2).

Global Impression

In addition to benefits in cognitive function,
galantamine demonstrated beneficial effects in global
functioning. Global responses to galantamine showed
improvement or stabilization in significantly more patients
compared with placebo at 5 to 6 months (p < 0.001). In
Group 1, 55 % (n = 96) of those patients receiving
galantamine 24 mg/day had improved or unchanged CIBIC-
plus scores at 5 to 6 months, compared with 32 % (n = 57) of
those receiving placebo. Improved or unchanged CIBIC-plus
scores were seen in 49 % (n = 23) of galantamine-treated
patients, compared with 23 % (n = 11) of those who were
treated with placebo in Group 2 (p = 0.008) at 5 to 6 months.

Safety

Galantamine was well tolerated in patients with
advanced-moderate AD in this post hoc analysis. Table 2
lists the most common adverse events (AEs) that were
reported in at least 5 % of galantamine-treated patients
compared with those receiving placebo. Nausea and
vomiting were the most common adverse events in the
galantamine-treated group; this was consistent with the
original pivotal studies4-7. Gastrointestinal AEs are an
AChEI class effect and may be managed by dosing with
meals. Weight loss was also commonly reported in the
galantamine-treated group. Galantamine treatment did not
cause any sleep disturbances. Agitation occurred more
frequently in the placebo-treated group.

Discussion
This post hoc analysis of data pooled from large-scale

phase III studies shows that significant and clinically

Baseline ADAS-cog >30 Baseline MMSE £12

Galantamine
24 mg/day

Placebo
Galantamine
24 mg/day

Placebo

Number of patients 245 257 63 61

Gender (male:female) 79:166 81:176 22:41 16:45

Mean age (SE) 76.2 (0.51) 75.9 (0.50) 75.8 (0.80) 73 (0.96)

Number ( %) receiving
concomitant medications

217 (88.6) 223 (86.8) 57 (90.5) 56 (91.8)

Mean ADAS-cog (SE) 38.7 (0.41) 39 (0.41) 42.3 (0.96) 43.1 (1.09)

Mean MMSE (SE) 15.4 (0.21) 15.4 (0.20) 11.1 (0.20) 11.2 (0.10)

Table 1. Baseline patient characteristics
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Figure 2. Mean changes from baseline in individual ADAS-cog

item scores over 6 months in galantamine- and placebo-treated
patients. Note that 8 of the factors have a possible score of 0 to 5
points. The exceptions are Orientation, 0 to 8 points; Word recall,
0 to 10 points; and Word recognition, 0 to 12 points.

Adverse events 
Baseline ADAS-cog >30 Baseline MMSE £12

Galantamine 24 mg
(n = 245)

Placebo
(n = 257)

Galantamine 24 mg
(n = 63)

Placebo
(n = 61)

Nausea 22.0 % 3.9 % 14.3 % 6.6 %

Vomiting 12.7 % 1.9 % 12.7 % 4.9 %

Weight decrease 8.6 % 1.2 % 11.1 % 0 %

Anorexia 12.7 % 3.9 % 12.7 % 1.6 %

Table 2. Adverse events reported ³5 % more frequently than with placebo

important cognitive benefits can be achieved with
galantamine in patients with advanced-moderate AD
recruited into pivotal clinical studies.

The average treatment difference between
galantamine- and placebo-treated patients in both
subgroups was approximately 6.5 points on the ADAS-cog
scale. It is believed that, to date, the magnitude of this
treatment difference is the largest mean effect size reported
with a cholinergic treatment for AD at 5 to 6 months.
Furthermore, galantamine demonstrated beneficial effects
in global functioning in patients with ADAS-cog scores 
>30 and MMSE scores £12.

Treatment guidance from evidence-based medical
reviews points to insufficient evidence for the effectiveness of
AChEIs in patients with more advanced AD, as there may be
too few functioning cholinergic neurons on which cholinergic
drugs can act15. However, according to recent studies,
although neocortical cholinergic function characteristically
declines in patients with severe AD, overt cholinergic deficits
generally do not appear until late in the course of the
disease17. Furthermore, the recent National Institute for
Clinical Excellence (NICE) guidelines recommend that
AChEIs be made available to patients with mild-to-moderate
AD18. These guidelines also indicate that AChEIs exhibit no
evidence of meaningful benefits or cost-effectiveness in
patients with an MMSE score of £1218. However, the results
of this post hoc analysis demonstrate that galantamine may
provide cognitive as well as global functioning benefits in
patients with more advanced stages of AD.

These benefits clearly have value for patients and may
well decrease the burden placed on caregivers of patients with
AD as well as associated societal costs. An enormous
responsibility is placed on the caregivers (eg, spouse, child,
sibling, friend) of patients with AD, as many of them spend
significant time and money caring for a patient. As the role of
the caregiver increases, he or she may begin to develop feelings
of anger, grief, loneliness, hopelessness, and resentment, which
can then affect personal health and overall well-being. Thus,
any treatment that improves the patient’s condition will
invariably benefit the caregiver, making tasks less arduous and
possibly more rewarding. Furthermore, this improvement will

Figure 1. Mean changes from baseline in total ADAS-cog/11

scores over 6 months in galantamine- and placebo-treated patients.
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most likely decrease the economic and societal costs of AD, as
caregiver burden is an important determinant of when
institutionalization is initiated19.

Similar to the results seen in patients with mild-to-
moderate AD who were studied in the pivotal clinical
trials4–7, galantamine was well tolerated in patients with
more severe illness. As expected, gastrointestinal AEs were
observed more frequently in the galantamine-treated group.
Of note, agitation occurred even less frequently in the
galantamine-treated group than in the placebo-treated group.

The results of this study, coupled with previous clinical
experience4-7, indicate that galantamine may be effective in
a broad spectrum of AD, including more severe disease.
Although several clinical studies of AChEIs have
demonstrated the importance of early diagnosis and
treatment of patients with mild-to-moderate AD4,11,20,
galantamine has also demonstrated beneficial effects in
patients with advanced disease. In a progressive,
degenerative condition such as AD, patients will eventually
decline, but discontinuing treatment when an arbitrary level
of cognitive function is reached or not initiating treatment
for more severe impairment may deny patients cognitive
benefits for the longest possible time period. Patients with
AD should be maintained on treatment for as long as
benefits persist. Further clinical investigation is needed for
patients with advanced stages of AD to gain a better
understanding of the clinical benefits of AChEIs used to
treat these patients.
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