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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder of aging that presents with memory loss,
disorientation, confusion and a reduction in cognitive ability. Although a definite diagnosis of the disorder can only be made
post-mortem by histopathological analysis, a number of methods are currently available for the in vivo assessment of AD
including psycho-metric tests and neuro-imaging. However, these clinical assessments are relatively nonspecific and imag-
ing is very costly. Genetic testing can be performed if familial AD is suspected, although such cases represent a very small
minority of total AD cases. Apolipoprotein E genotype provides a measure for analysing the risk of developing AD, but
does not act as an absolute predictive biomarker for AD. Therefore there is a need for an accurate, universal, specific and
cost-effective biomarker to facilitate not only ante-mortem diagnosis of AD, but also to allow progression of the disease
and response to therapy to be monitored. This is the ultimate goal that our group is pursuing through the pan-European
AddNeuroMed project.
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Introduction

Definite diagnosis of Alzheimer’s disease (AD) can only be made upon post-mortem examination of
brain tissue for evidence of the presence of abnormal protein structures know as neurofibrillary tangles
(NFTs) and senile plaques in the hippocampus and cortex of afflicted individuals (Mattson, 2004; Braak
and Braak, 1998; Dickson, 1997; Agronin, 2008). However, a number of ante-mortem diagnostic tests
for AD are becoming available and are being developed with the aim of enabling the trained clinician
to make a fairly accurate diagnosis of AD in conjunction with information obtained from a comprehen-
sive clinical interview and detailed family history. Such tests are the subject of this review and include
genetic profiling, psycho-metric testing, neuro-imaging and the assessment of protein or metabolic
products in biological fluids. Nevertheless, each test comes with its own set of inherent problems such
as limited disease specificity, high expense or high labour demands (discussed below). Thus, there is a
need to develop new accurate, inexpensive, easy to perform tests for ‘accessible’ biomarkers of AD
(unlike NFTs and senile plaques that are inaccessibly located as insoluble aggregates in the brain) to
enable diagnosis. This need is especially pressing considering that AD is becoming more prevalent as
life expectancy has increased due to improvements in healthcare and lifestyle. The AddNeuroMed
project, which our group is intimately involved in aims to address this and represents the largest Euro-
pean effort to identify biomarkers of AD for the use in trials (Lovestone et al. 2007; www.innomed-
addneuromed.com).

AddNeuroMed is a consortium of clinicians and researchers in the field of AD from across the
European Union with study sites in Finland, France, Greece, Italy, Poland and the UK. Biological
samples, including blood, CSF, and urine are being collected at these sites from a large cohort of elderly
European volunteers with either AD, mild cognitive impairment (MCI: transitional state between
normal cognition and AD) or normal memory function with the intention of gathering genetic, tran-
scriptomic, proteomic and lipidomic data. The participants have also agreed to neuro-imaging proce-
dures to provide a more in depth assessment of their clinical phenotype. Having begun in 2006, the
AddNeuroMed study is still in its infancy with longitudinal follow-ups still in progress for the majority
of participants, which will ultimately enable the assessment of disease progression. In parallel to
clinical data collection, pre-clinical studies are being conducted using tissue culture, drosophila and
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mouse models of AD to screen for potential
biomarkers and putative signaling pathways
involved in disease pathogenesis. The AddNeu-
roMed study also serves as a pilot project for the
Innovative Medicines Initiative, which is a Euro-
pean consortium aimed at improving pharmaceu-
tical research communication and collaboration
with clinical and research groups across Europe.

Alzheimer’s Disease

AD is a progressive, dementing (from the Latin
meaning ‘without a mind’), neurodegenerative
disorder characterised by neuropathological signs
and identifiable clinically by an insidious onset
and deterioration of multiple higher cortical func-
tions resulting in memory loss, disorientation,
confusion, impaired concentration, alterations of
language, learning and judgement and a wide-
spread decline in general cognitive function
(Tanzi and Bertram, 2005; Agronin). The defining
classical hallmarks of AD are senile plaques and
NFTs, which are concentrated predominantly in
the hippocampus and the cortex (Goedert and
Spillantini, 2006; Hardy, 2006). NFTs are com-
posed of paired helical filaments (PHF) of an
abnormal form of tau, an axonal microtubule
associated protein (MAP) (Goedert, 1998). Nor-
mally, tau is involved in tubulin polymerization
and microtubule stabilization and is phosphory-
lated at two to three sites. In AD, tau becomes
hyper-phosphorylated and consequently dissoci-
ates from microtubules and aggregates into PHFs
forming NFTs. The reduced binding of phos-
phorylated tau to microtubules results in the
impairment of vital cellular processes such as
axonal transport and ultimately culminates in the
degeneration of affected neurones.

Senile plaques mainly consist of extracellular
deposits of B-amyloid (A), a peptide produced
from the proteolytic cleavage of f-amyloid precur-
sor protein (APP). APP is subject to proteolytic
processing at three sites by the action of o, 3 and y
secretase. Cleavage by B and 7y secretase releases
AP, whereas o cleavage is harmless. Intense efforts
have been directed towards the identification of o,
B, and 7 secretase. ADAM 10 (Lammich et al.
1999) and tumor necrosis factor alpha converting
enzyme (Buxbaum et al. 1998) have been reported
to mediate a-cleavage of APP. The aspartyl
protease termed BACE for beta-site APP-cleaving
enzyme has been demonstrated to mediate

B cleavage (Vassar et al. 1999) and a multi-protein
complex consisting of presenilin-1 (PS-1) (Wolfe
et al. 1999), nicastrin (Li et al. 2003), Aph-1 and
Pen-2 (Kimberly et al. 2003) is thought to be
involved in 7y cleavage (De, 2003).

There is no question that AD pathology is char-
acterised by the presence of senile plaques, NFTs
and neuronal loss, but the precise sequence of
events underlying the pathogenesis of AD remains
unknown. Probably the most influential theory to
date has been the amyloid cascade hypothesis
(Hardy and Higgins, 1992; Hardy, 2006). Accord-
ing to this theory APP synthesis and or processing
become abnormal due to a combination of genetic
and environmental factors, which results in the
formation of senile plaques. The presence of
plaques subsequently exerts a deleterious effect on
neuronal survival, leading to the development of
PHFs and NFTs. Over time the gradual accumula-
tion of these histopathological features is believed
to cause neuronal death and neurotransmitter
deficits ultimately culminating in dementia.

What is a Biomarker?

A biomarker is defined as a biological parameter
that can be objectively measured and evaluated as
an indicator of normal or pathological states or
pharmacological responses to therapeutic inter-
vention (Atkinson et al. 2001; Lovestone et al.
2007b; Lovestone, 2006). A biomarker could
therefore be used for disease diagnosis, as a pre-
dictive marker of disease progression and prog-
nosis or as a tool for staging a condition or
monitoring a response to targeted treatment. An
ideal biomarker of AD would therefore encompass
all of these parameters.

A classical biomarker can be a measure of
function of a tissue or organ that is detected using
clinical examination. Examples of such biomark-
ers include measurements of heart rate or changes
on an electrocardiogram (ECG), temperature
or blood glucose levels to name but a few. Imag-
ing techniques including X-rays, computed
tomography (CT), magnetic resonance imaging
(MRI) or positron emission tomography (PET)
can also be used to provide a measure of the
function of a tissue or organ. A molecular bio-
marker can be a genetic trait, a biochemical
change in protein expression or protein activity
or an alteration in metabolite levels reflecting
anomalous activity of a certain biochemical
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pathway relating to health or indeed disease.
Tests for biomarkers must demonstrate high
accuracy, specificity and inter-assessment test-
retest reliability if they are to be used with suc-
cess and confidence in the clinical setting.

Abiomarker, classical or molecular, may also be
used as a ‘surrogate endpoint’ to substitute for a
‘clinical endpoint’ (Atkinson et al. 2001; Lovestone
et al. 2007b; Lovestone, 2006). A “clinical endpoint’
is an outcome that is measured during a clinical trial.
A clinical endpoint is a characteristic or variable that
informs how the patient feels, functions or survives
providing a measure of morbidity or mortality.
Therefore, surrogate endpoints can be used to
evaluate safety and clinical benefit and to predict
the effect of a therapeutic intervention in a shorter
timeframe. Only a small minority of biomarkers
become established surrogate endpoints for a par-
ticular disorder. Blood pressure is an example of a
surrogate endpoint for cardiovascular disease, con-
firmed by the vast amount of epidemiological evi-
dence (Desai et al. 20006).

Genetic Traits and Susceptibility
Loci Associated with AD

Early onset forms of Familial Alzheimer’s dis-
ease (FAD) typically present before the age of
65 and as early as 30 years of age and have been
linked to mutations in APP, PS-1 and PS-2 (Van
Broeckhoven, 1995). These mutations adversely
affect APP processing and result in the increased
production of insoluble AP, which is deposited
in the form of senile plaques. Note PS-2 can
substitute for PS-1 in the y secretase complex
(Steiner et al. 1999). Genetic screening, there-
fore, provides an accurate diagnosis of AD in the
small number of familial cases (approximately
2—7% of total cases).

Sporadic AD is a polygenic disease that accounts
for the majority of AD cases and exhibits a later
age of onset in comparison to FAD, typically affect-
ing individuals over 65 years of age. The presence
of the apolipoprotein E (apoE) €4 allele is a risk
factor for sporadic AD and increases the chance of
developing the condition depending on the number
of copies of this allele an individual harbours
(Saunders et al. 1993; Yoshizawa et al. 1994). The
presence of this allele, however, is by no means a
definitive determinant for the development of AD.
The apoE genetype alone, therefore, cannot be
relied upon as a robust predictive diagnostic

biomarker for AD and is best described as a trait
as opposed to a state marker of AD.

Assessment of Cognitive Function

and Memory as a Biomarker of AD
The diagnosis of AD is based on either the National
Institute of Neurological and Communicative
Disorders and Stroke—Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA)
criteria or on the standards set out in the Diagnos-
tic and Statistical Manual of Mental Disorders
(DSM—the most up to date being the fourth edition
test revision). Diagnostic criteria set out in these
documents include the development of multiple
cognitive deficits manifesting in memory impair-
ment and one or more cognitive disturbances such
as aphasia, apraxia, agnosia, or disturbances in
executive functioning and activities of daily living.
Cognitive deficits must exhibit gradual onset, cause
impairment in social or occupational functioning
and the presence of other CNS or systemic condi-
tions known to cause dementia must be excluded
(Thomas, 2008; Agronin, 2008).

Many psycho-metric examinations are available
as tools for the diagnosis of AD and provide
an assessment of the key defects of cognitive func-
tion and memory associated with AD set out by the
DSM and NINCDS-ADRDA working standards.
These tests also can be used to stage disease pro-
gression allowing the assignment of disease sever-
ity (Rush et al. 2000; Burns et al. 2004; Behl et al.
2005; Harvan and Cotter, 2006). The advantages
of such AD tests are that they are inexpensive, do
not require extensive training to be administered
and they exhibit good test-retest reliability. Psycho-
metric tests for AD include the mini-mental state
examination (MMSE), the functional assessment
staging (FAST), the Alzheimer’s disease assessment
scale cognitive subscale (ADAS-Cog), the clock
drawing test, the severe impairment battery (SIB),
the modified Alzheimer’s disease cooperative
study—activities of daily living (ADCS-ADL), the
behavioural rating scale for geriatric patients
(BGP), the neuropsychiatric inventory (NPI) and
the clinicians interview-based impression of change
plus caregiver input (CIBIC-Plus) (Rush et al. 2000;
Burns et al. 2004; Behl et al. 2005; Harvan and
Cotter, 2006). These tests involve a series of ques-
tions and tasks for the patient to perform, which the
interviewer uses to explore registration (the ability
to recognise and name specific items), encoding

Biomarker Insights 2008:3

319



Hooper et al

(the processing and combining of new information),
concentration, memory, language skills and the
ability to perform daily living tasks. Psycho-metric
tests are useful for quantifying the degree of cogni-
tive impairment, monitoring disease progression
and planning adequate care for dementia patients,
but they do not discriminate AD from other types
of dementia and the tests are time consuming to
perform. Moreover, some psycho-metric tests are
culturally bound and their results may be affected
by differences in ethnicity and education level lead-
ing to false positive results.

Neuro-imaging as a Biomarker
of AD

Neuro-imaging techniques can be employed as a
tool for the diagnosis of AD and using these tech-
niques the presence of vascular damage can also
be assessed, which is helpful for the discrimination
between vascular dementia and AD (Agronin,
2008). The main disadvantage associated with
neuro-imaging is that it is expensive to perform
routinely and the scans are distressing for demented
subjects. Volumetric magnetic resonance imaging
(vMRI) measures brain volume to provide an indi-
cation of neurodegeneration. At a regional level, a
reduction in the size of the hippocampus (Kaye
et al. 1997) and the entorhinal cortex (the input to
the hippocampus) is apparent in AD (Du et al.
2003), whilst at the level of the whole brain, a
reduction in total size accompanied with ventricu-
lar enlargement is evident (Silbert et al. 2003; Fox
et al. 2000). Magnetic resonance spectroscopy is
another form of neuro-imaging, which demon-
strates a reduction in the concentration of N-acetyl
aspartate (a putative neuronal marker) in AD brain
compared to healthy controls (Meyerhoff et al.
1994; Frederick et al. 2004).

Functional imaging using [18]fluoro-deoxy-
glucose (FDG) PET is another neuro-imaging tool
available for the assessment of AD. PET provides
a measure of glucose utilization and such imaging
reveals a reduction in the metabolic rate of glucose
in AD in the posterior cingulate, the parietal, the
temporal and the prefrontal cortices (Alexander
et al. 2002). PET imaging studies using radio-
ligands such as the Pittsburgh Compound B (PiB)
that bind AP can also be used as a diagnostic mea-
sure for AD (Klunk et al. 2004; Nordberg, 2007)
and dementia with Lewy bodies (DLB), a disease
that also features amyloid plaques (Rowe et al.

2007). Using PiB, or similar amyloid tracers, the
efficacy of anti-amyloid therapies can be monitored
as a means to reduce amyloid plaque burden and
perhaps improve cognitive function in vivo. Inter-
estingly, PiB has also been shown to bind to NFTs
as well as AP (Lockhart et al. 2007), thus, in the
future perhaps enabling clinicians to perform vir-
tual brain biopsies (Agronin, 2008).

Putative Proteinaceous

and Metabolic Biomarkers of AD
The cerebrospinal fluid (CSF) bathes the brain and
spinal cord and therefore this fluid might reflect
pathological changes occurring in the central ner-
vous system (CNS), which relate to neurodegen-
erative disorders. In AD, CSF levels of total tau
are elevated (Vandermeeren et al. 1993; Blennow
et al. 1995; Vigo-Pelfrey et al. 1995), although total
tau is also increased in the CSF in vascular demen-
tia (Andreasen et al. 1998; Nagga et al. 2002) and
in fronto-temporal dementia (Green et al. 1999).
Elevated levels of phosphorylated-tau are also
apparent in AD and in contrast to total tau this
marker of disease seems to be more specific to AD
as opposed to other dementias (Vanmechelen et al.
2000; Itoh et al. 2001; Parnetti et al. 2001; Nagga
etal. 2002). Reduced levels of AB1-42 provide
another CSF-based biomarker of AD. However,
APB1-42 is also decreased in other dementias and
is therefore a relatively non-specific marker of AD
(Nagga et al. 2002; Sjogren et al. 2000). Together
the combined analysis of CSF total tau and
AP1-42 levels provides the most sensitive and
specific laboratory-based test for AD and MCI
(Andreasen et al. 2001; Hulstaert et al. 1999) that
in conjunction with neuro-imaging and a detailed
case history could be effectively implemented in
the clinic and to date provides the gold standard to
which all other tests for putative molecular
biomarkers of AD should be compared.

As an alternative to CSF, peripheral blood pro-
vides a readily available plentiful source for labora-
tory testing. The main advantage of using blood
over CSF as a source for biomarker assessment is
that it can be easily attained from patients and it
avoids the need for a lumbar puncture, which is a
relatively unpleasant invasive procedure and poten-
tially dangerous to perform in demented patients.
There is a growing body of evidence to suggest that
blood brain barrier (BBB) integrity is compromised
in disease states including AD (Hawkins and Davis,
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2005; Persidsky et al. 2006) and it is possible that
central metabolic changes associated with disease
might also be anomalous in the periphery; as such
the blood might reflect CNS status.

Numerous blood based biomarkers of AD have
been described in the literature, but as yet none of
these biomarkers have been sufficiently validated
for routine use in the clinic. We have demonstrated
that the enzyme glycogen synthase kinase 3
(GSK3) is up-regulated in circulating peripheral
white blood cells in AD (Hye et al. 2005). Further-
more, AB1-42 is up-regulated in blood plasma in
individuals with familial mutations in APP, PS-1
or PS-2 (Scheuner et al. 1996), but AB1-42 is not
elevated in sporadic cases of AD, therefore this
state biomarker is of limited use in the general
population. A plethora of other soluble blood-based
biomarkers of AD have been described and include
isoprostanes (lipid oxidation products) (Pratico
et al. 2000), homocysteine (metabolic intermedi-
ate) (Seshadri et al. 2002), p97 (iron transport
protein) (Feldman et al. 2001), interleukin 1, inter-
leukin 6 (cytokines), a-1 antichymotrypsin (acute
phase protein/protease inhibitior) (Licastro et al.
2000), o-2-macroglobulin (acute phase protein/
protease inhibitor) and complement factor H (Hye
et al. 20006).

Our group has employed image analysis of the
entire plasma proteome using Two-dimensional-
gel-electrophoresis (Hye et al. 2006). This tech-
nique enables the prediction of AD from control
patients through pattern recognition with relatively
high specificity and circumvents the issues arising
from analysis of a single biomarker as a measure
of disease status; such as poor reliability and
specificity. An ELISA-based approach has also
recently been used to identify 18 plasma proteins,
including tumor necrosis factor alpha, epidermal
growth factor, interleukin 11, interleukin 3 and
TRAIL-R4 that can be used to accurately distin-
guish AD from control patients. Furthermore, this
method enables the identification of patients that
will progress to develop AD from a state of
MCI (Ray et al. 2007). Thus, we believe that pro-
teomic or indeed transcriptomic or metabolomic
approaches should be used in the future to explore
candidate biomarkers of disease. Such ‘ome’ wide
profiling should provide a more specific and sensi-
tive measure of disease, enabling signature panels
of changing proteins, transcripts and/or metabolites
to be identified and used as biomarkers or even
clinical endpoints after rigorous validation.

Concluding Remarks

There is a growing requirement for a clinical
biomarker, or a set of biomarkers, of AD to enable
accurate ante-mortem diagnosis of sporadic AD
in a clinical setting without the need for laborious
and non-specific psycho-metric testing or costly
neuro-imaging technologies. Ideally a biomarker/
or a panel of biomarkers for AD would allow the
early prodromal diagnosis of AD and the
biomarker(s) would correlate with disease pro-
gression and therapy. This would allow for the
administration of drugs to patients before the
onset of the core irreversible debilitating symp-
toms of AD, which is when treatment has been
shown to exert the greatest clinical benefit. Fur-
thermore, such a biomarker(s) would enable the
effectiveness of a given treatment to be readily
tracked and assessed, which would allow for the
best possible treatment regimens to be prescribed
and tailored for an individual patient. Identifica-
tion of such a biomarker or indeed panel of bio-
markers is the main aim of the AddNeuroMed
project and hopefully this is an achievable goal
in the not too distant future.

References

Agronin, MLE. 2008. Alzheimer’s disease and other dementias. Practical
guides in Psychiatry. Second Edition. Published by ‘Wolters Kluwer/
Lippincott Williams and Wilkins’, Philadelphia, U.S.A.

Alexander, G.E., Chen, K., Pietrini, P., Rapoport, S.I. and Reiman, E.M.
2002. Longitudinal PET Evaluation of Cerebral Metabolic Decline
in Dementia: A Potential Outcome Measure in Alzheimer’s Disease
Treatment Studies. Am. J. Psychiatry, 159:738-45.

Andreasen, N., Vanmechelen, E., Van de Voorde, A., Davidsson, P., Hesse, C.,
Tarvonen, S., Raiha, I., Sourander, L., Winblad, B. and Blennow, K.
1998. Cerebrospinal fluid tau protein as a biochemical marker for
Alzheimer’s disease: a community based follow up study. J. Neurol
Neurosurg. Psychiatry, 64:298-305.

Andreasen, N., Minthon, L., Davidsson, P., Vanmechelen, E., Vanderstichele, H.,
Winblad, B. and Blennow, K. 2001. Evaluation of CSF-tau and CSF-
A{beta}42 as Diagnostic Markers for Alzheimer Disease in Clinical
Practice. Arch. Neurol., 58:373-9.

Atkinson, A J., Colburn, W.A., DeGruttola, V.G., DeMets, D.L., Downing, G.J.,
Hoth, D.F., Oates, J.A., Peck, C.C., Schooley, R.T., Spilker, B.A.,
Woodcock, J. and Zeger, S.L. 2001. Biomarkers and surrogate end-
points: Preferred definitions and conceptual framework”. Clin.
Pharmacol. Ther., 69:89-95.

Behl, P., Stefurak, T.L. and Black, S.E. 2005. Progress in clinical neurosci-
ences: cognitive markers of progression in Alzheimer’s disease. Can.
J. Neurol. Sci., 32:140-51.

Blennow, K., Wallin, A., Agren, H., Spenger, C., Siegfried, J. and
Vanmechelen, E. 1995. Tau protein in cerebrospinal fluid: a bio-
chemical marker for axonal degeneration in Alzheimer disease. Mol.
Chem. Neuropathol, 26:231-45.

Braak, H. and Braak, E. 1998. Evolution of neuronal changes in the course
of Alzheimer’s disease. J. Neural. Transm., 53:127-40.

Burns, A., Lawlor, B. and Craig, S. 2004. Assessment scales in Old Age
Psychiatry. Second Edition. Published by ‘Martin Dunitz Taylor and
Francis group’. London and New York.

Biomarker Insights 2008:3

321



Hooper et al

Buxbaum, J.D., Liu, K.N., Luo, Y., Slack, J.L., Stocking, K.L., Peschon, J.J.,
Johnson, R.S., Castner, B.J., Cerretti, D.P. and Black, R.A. 1998.
Evidence That Tumor Necrosis Factor alpha 4Converting Enzyme Is
Involved in Regulated alpha-Secretase Cleavage of the Alzheimer
Amyloid Protein Precursor. J. Biol. Chem., 273:27765-7.

De, S.B. 2003. Aph-1, Pen-2, and Nicastrin with Presenilin generate an
active gamma-Secretase complex. Neuron, 38:9-12.

Desai, M., Stockbridge, N. and Temple, R. 2006. Blood pressure as an example
of a biomarker that functions as a surrogate. AAPS. J., 8:E146-52.

Dickson, D.W. 1997. Neuropathological diagnosis of Alzheimer’s disease:
a perspective from longitudinal clinicopathological studies. Neuro-
biol. Aging, 18:S21-6.

Du, A.T., Schuff, N., Zhu, X.P., Jagust, W.J., Miller, B.L., Reed, B.R.,
Kramer, J.H., Mungas, D., Yaffe, K., Chui, H.C. and Weiner, M.W.
2003. Atrophy rates of entorhinal cortex in AD and normal aging.
Neurology, 60:481-6.

Feldman, H., Gabathuler, R., Kennard, M., Nurminen, J., Levy, D., Foti, S.,
Foti, D., Beattie, B.L. and Jefferies, W.A. 2001. Serum p97 levels as an
aid to identifying Alzheimer’s disease. J. Alzheimers. Dis., 3:507—16.

Fox, N.C., Cousens, S., Scahill, R., Harvey, R.J. and Rossor, M.N. 2000.
Using Serial Registered Brain Magnetic Resonance Imaging to
Measure Disease Progression in Alzheimer Disease: Power Calcula-
tions and Estimates of Sample Size to Detect Treatment Effects. Arch.
Neurol., 57:339-44.

Frederick, B.D., Lyoo, L.K., Satlin, A., Ahn, K.H., Kim, M.J., Yurgelun-
Todd, D.A., Cohen, B.M. and Renshaw, P.F. 2004. In vivo proton
magnetic resonance spectroscopy of the temporal lobe in Alzheimer’s
disease. Prog. Neuropsychopharmacol. Biol. Psychiatry, 28:1313-22.

Goedert, M. 1998. Neurofibrillary pathology of Alzheimer’s disease and
other tauopathies. Prog. Brain Res., 117:287-306.

Goedert, M. and Spillantini, M.G. 2006. A Century of Alzheimer’s Disease.
Science, 314:777-81.

Green, A.J.E., Harvey, R.J., Thompson, E.J. and Rossor, M.N. 1999. Increased
tau in the cerebrospinal fluid of patients with frontotemporal demen-
tia and Alzheimer’s disease. Neuroscience Letters,259:133-5.

Hardy, J. 2006. A hundred years of Alzheimer’s disease research. Neuron,
52:3-13.

Hardy, J.A. and Higgins, G.A. 1992. Alzheimer’s disease: the amyloid
cascade hypothesis. Science, 256:184-5.

Harvan, J.R. and Cotter, V. 2006. An evaluation of dementia screening in
the primary care setting. J. Am. Acad. Nurse Pract., 18:351-60.

Hawkins, B.T. and Davis, T.P. 2005. The blood-brain barrier/neurovascular
unit in health and disease. Pharmacol. Rev., 57:173-85.

Hulstaert, F., Blennow, K., Ivanoiu, A., Schoonderwaldt, H.C.,
Riemenschneider, M., Deyn, P.P.D., Bancher, C., Cras, P., Wiltfang, J.,
Mehta, P.D., Igbal, K., Pottel, H., Vanmechelen, E. and Vander-
stichele, H. 1999. Improved discrimination of AD patients using
{beta}-amyloid(1-42) and tau levels in CSF. Neurology, 52:1555.

Hye, A., Kerr, F., Archer, N., Foy, C., Poppe, M., Brown, R., Hamilton, G.,
Powell, J., Anderton, B. and Lovestone, S. 2005. Glycogen synthase
kinase-3 is increased in white cells early in Alzheimer’s disease.
Neurosci. Lett., 373:1-4.

Hye, A., Lynham, S., Thambisetty, M., Causevic, M., Campbell, J., Byers, H.L.,
Hooper, C., Rijsdijk, F., Tabrizi, S.J., Banner, S., Shaw, C.E., Foy, C.,
Poppe, M., Archer, N., Hamilton, G., Powell, J., Brown, R.G., Sham, P.,
Ward, M. and Lovestone, S. 2006. Proteome-based plasma biomark-
ers for Alzheimer’s disease. Brain, 129:3042-50.

Itoh, N., Arai, H., Urakami, K., Ishiguro, K., Ohno, H., Hampel, H., Buerger, K.,
Wiltfang, J., Otto, M., Kretzschmar, H., Moeller, H.J., Imagawa, M.,
Kohno, H., Nakashima, K., Kuzuhara, S., Sasaki, H. and Imahori, K.
2001. Large-scale, multicenter study of cerebrospinal fluid tau protein
phosphorylated at serine 199 for the antemortem diagnosis of
Alzheimer’s disease. Ann. Neurol, 50:150—6.

Kaye, J.A., Swihart, T., Howieson, D., Dame, A., Moore, M.M., Karnos, T.,
Camicioli, R., Ball, M., Oken, B. and Sexton, G. 1997. Volume loss
of the hippocampus and temporal lobe in healthy elderly persons
destined to develop dementia. Neurology, 48:1297-304.

Kimberly, W.T., LaVoie, M.J., Ostaszewski, B.L., Ye, W., Wolfe, M.S. and
Selkoe, D.J. 2003. Gamma-secretase is a membrane protein complex
comprised of presenilin, nicastrin, Aph-1, and Pen-2. Proc. Natl.
Acad. Sci. U.S.A., 100:6382-7.

Klunk, W.E., Engler, H., Nordberg, A., Wang, Y., Blomqvist, G., Holt, D.P.,
Bergstrom, M., Savitcheva, 1., Huang, G.F., Estrada, S., Ausen, B.,
Debnath, M.L., Barletta, J., Price, J.C., Sandell, J., Lopresti, B.J.,
Wall, A., Koivisto, P., Antoni, G., Mathis, C.A. and Langstrom, B.
2004. Imaging brain amyloid in Alzheimer’s disease with Pittsburgh
Compound-B. Ann. Neurol., 55:306-19.

Lammich, S., Kojro, E., Postina, R., Gilbert, S., Pfeiffer, R., Jasionowski, M.,
Haass, C. and Fahrenholz, F. 1999. Constitutive and regulated alpha-
secretase cleavage of Alzheimer’s amyloid precursor protein by a
disintegrin metalloprotease. PNAS, 96:3922—7.

Li, T., Ma, G., Cai, H., Price, D.L. and Wong, P.C. 2003. Nicastrin is required
for assembly of presenilin/gamma-secretase complexes to mediate
Notch signaling and for processing and trafficking of beta-amyloid
precursor protein in mammals. J. Neurosci., 23:3272-7.

Licastro, F., Pedrini, S., Caputo, L., Annoni, G., Davis, L.J., Ferri, C.,
Casadei, V. and Grimaldi, L.M. 2000. Increased plasma levels of
interleukin-1, interleukin-6 and alpha-1-antichymotrypsin in patients
with Alzheimer’s disease: peripheral inflammation or signals from
the brain. J. Neuroimmunol., 103:97-102.

Lockhart, A., Lamb, J.R., Osredkar, T., Sue, L., Joyce, J.N., Ye, L., Libri, V.,
Leppert, D. and Beach, T.G. 2007. PIB. is a non-specific imaging
marker of amyloid-beta (A {beta}) peptide-related cerebral amyloi-
dosis. Brain, 130:2607-15.

Lovestone, S. 2006. Biomarkers in Alzheimer’s disease. J. Nutr. Health
Aging, 10:118-22.

Lovestone, S., Francis, P. and Strandgaard, K. 2007a. Biomarkers for disease
modification trials—the innovative medicines initiative and AddNeu-
roMed. J. Nutr. Health Aging, 11:359—-61.

Lovestone, S., Guntert, A., Hye, A., Lynham, S., Thambisetty, M. and Ward, M.
2007b. Proteomics of Alzheimer’s disease: understanding mech-
anisms and seeking biomarkers. Expert. Rev. Proteomics,
4:227-38.

Mattson, M.P. 2004. Pathways towards and away from Alzheimer’s disease.
Nature, 430:631-9.

Meyerhoff, D.J., MacKay, S., Constans, J.M., Norman, D., Van D, C., Fein, G.
and Weiner, M.W. 1994. Axonal injury and membrane alterations in
Alzheimer’s disease suggested by in vivo proton magnetic resonance
spectroscopic imaging. Ann. Neurol., 36:40-7.

Nagga, K., Gottfries, J., Blennow, K. and Marcusson, J. 2002. Cerebrospi-
nal fluid phospho-tau, total tau and beta-amyloid(1-42) in the dif-
ferentiation between Alzheimer’s disease and vascular dementia.
Dement. Geriatr. Cogn. Disord., 14:183-90.

Nordberg, A. 2007. Amyloid imaging in Alzheimer’s disease. Curr. Opin.
Neurol., 20:398-402.

Parnetti, L., Lanari, A., Amici, S., Gallai, V., Vanmechelen, E. and Hulstaert, F.
2001. CSF phosphorylated tau is a possible marker for discriminating
Alzheimer’s disease from dementia with Lewy bodies. Phospho-Tau
International Study Group. Neurol. Sci., 22:77-8.

Persidsky, Y., Ramirez, S.H., Haorah, J. and Kanmogne, G.D. 2006.
Blood-brain barrier: structural components and function under
physiologic and pathologic conditions. J. Neuroimmune. Pharma-
col., 1:223-36.

Pratico, D., Clark, C.M., Lee, V.M., Trojanowski, J.Q., Rokach, J. and
FitzGerald, G.A. 2000. Increased 8,12-iso-iPF2alpha-VI in
Alzheimer’s disease: correlation of a noninvasive index of lipid
peroxidation with disease severity. Ann. Neurol., 48:809—12.

Ray, S., Britschgi, M., Herbert, C., Takeda-Uchimura, Y., Boxer, A., Blennow, K.,
Friedman, L.F., Galasko, D.R., Jutel, M., Karydas, A., Kaye, J.A.,
Leszek, J., Miller, B.L., Minthon, L., Quinn, J.F., Rabinovici, G.D.,
Robinson, W.H., Sabbagh, M.N., So, Y.T., Sparks, D.L., Tabaton, M.,
Tinklenberg, J., Yesavage, J.A., Tibshirani, R. and Wyss-Coray, T.
2007. Classification and prediction of clinical Alzheimer’s diagnosis
based on plasma signaling proteins. Nat. Med., 13:1359-62.

322

Biomarker Insights 2008:3



Alzheimer’s disease, diagnosis and the need for biomarkers

Rowe, C.C., Ng, S., Ackermann, U., Gong, S.J., Pike, K., Savage, G.,
Cowie, T.F., Dickinson, K.L., Maruff, P., Darby, D., Smith, C.,
Woodward, M., Merory, J., Tochon-Danguy, H., O’Keefe, G., Klunk,
W.E., Mathis, C.A., Price, J.C., Masters, C.L. and Villemagne, V.L.
2007. Imaging {beta}-amyloid burden in aging and dementia.
Neurology, 68:1718-25.

Rush, J.A., Pincus, A.H., First, M.B., Blacker, D., Endicott, J., Keith, S.J.,
Phillips, K.A., Ryan, N.D., Smith, R.G., Tsunag, M.T., Widiger, T.A.
and Zarin, D.A. 2000. Handbook of Psychiatric Measures.
Published by the ‘American Psychiatric Association” Washington
DC, USA.

Saunders, A.M., Strittmatter, W.J., Schmechel, D., George-Hyslop, P.H.,
Pericak-Vance, M.A., Joo, S.H., Rosi, B.L., Gusella, J.F., Crapper-
MacLachlan, D.R. and Alberts, M.J. 1993. Association of apolipo-
protein E allele epsilon 4 with late-onset familial and sporadic
Alzheimer’s disease. Neurology, 43:1467-72.

Scheuner, D., Eckman, C., Jensen, M., Song, X., Citron, M., Suzuki, N.,
Bird, T.D., Hardy, J., Hutton, M., Kukull, W., Larson, E., Levy-Lahad, E.,
Viitanen, M., Peskind, E., Poorkaj, P., Schellenberg, G., Tanzi, R.,
Wasco, W., Lannfelt, L., Selkoe, D. and Younkin, S. 1996. Secreted
amyloid beta-protein similar to that in the senile plaques of Alzheimer’s
disease is increased in vivo by the presenilin 1 and 2 and APP mutations
linked to familial Alzheimer’s disease. Nat. Med., 2:864-70.

Seshadri, S., Beiser, A., Selhub, J., Jacques, P.F., Rosenberg, [.H.,
D’Agostino, R.B., Wilson, P.W. and Wolf, P.A. 2002. Plasma homo-
cysteine as a risk factor for dementia and Alzheimer’s disease.
N. Engl. J. Med., 346:476-83.

Silbert, L.C., Quinn, J.F., Moore, M.M., Corbridge, E., Ball, M.J., Murdoch,
G., Sexton, G. and Kaye, J.A. 2003. Changes in premorbid brain volume
predict Alzheimer’s disease pathology. Neurology, 61:487-92.

Sjogren, M., Minthon, L., Davidsson, P., Granerus, A-K., Clarberg, A.,
Vanderstichele, H., Vanmechelen, E., Wallin, A. and Blennow, K.
2000. CSF levels of tau, beta-amyloid(1-42) and GAP-43 in fronto-
temporal dementia, other types of dementia and normal aging.
J. Neural. Transm., 107:563-79.

Steiner, H., Duff, K., Capell, A., Romig, H., Grim, M.G., Lincoln, S.,
Hardy, J., Yu, X., Picciano, M., Fechteler, K., Citron, M., Kopan, R.,
Pesold, B., Keck, S., Baader, M., Tomita, T., Iwatsubo, T., Baumeis-
ter, R. and Haass, C. 1999. A loss of function mutation of presenilin-
2 interferes with amyloid beta-peptide production and notch
signaling. J. Biol. Chem., 274:28669-73.

Strittmatter, W.J., Saunders, A.M., Schmechel, D., Pericak-Vance, M.,
Enghild, J., Salvesen, G.S. and Roses, A.D. 1993. Apolipoprotein E:
high-avidity binding to beta-amyloid and increased frequency of type
4 allele in late-onset familial Alzheimer disease. Proc. Natl. Acad.
Sci. U.S.A4.,90:1977-81.

Tanzi, R.E. and Bertram, L. 2005. Twenty years of the Alzheimer’s disease
amyloid hypothesis: a genetic perspective. Cell, 120:545-55.
Thomas, A. 2008. Clinical Aspects of dementia: Alzheimer’s disease. In
‘Oxford textbook of old age psychiatry. Edited by Jacoby R.,
Oppenheimer C., Dening, T., Thomas, A. Published by ‘Oxford

University Press’, Oxford, U.K.

Van Broeckhoven, C.L. 1995. Molecular genetics of Alzheimer disease:
identification of genes and gene mutations. Eur: Neurol., 35:8—19.

Vandermeeren, M., Mercken, M., Vanmechelen, E., Six, J., van d, V., Mar-
tin, J.J. and Cras, P. 1993. Detection of tau proteins in normal and
Alzheimer’s disease cerebrospinal fluid with a sensitive sandwich
enzyme-linked immunosorbent assay. J. Neurochem., 61:1828-34.

Vanmechelen, E., Vanderstichele, H., Davidsson, P., Van Kerschaver, E.,
Van Der Perre, B., Sjogren, M., Andreasen, N. and Blennow, K. 2000.
Quantification of tau phosphorylated at threonine 181 in human
cerebrospinal fluid: a sandwich ELISA with a synthetic phosphopep-
tide for standardization. Neuroscience Letters, 285:49-52.

Vassar, R., Bennett, B.D., Babu-Khan, S., Kahn, S., Mendiaz, E.A., Denis, P.,
Teplow, D.B., Ross, S., Amarante, P., Loeloff, R., Luo, Y., Fisher, S.,
Fuller, J., Edenson, S., Lile, J., Jarosinski, M.A., Biere, A.L., Curran, E.,
Burgess, T., Louis, J.C., Collins, F., Treanor, J., Rogers, G. and Citron, M.
1999. Beta-secretase cleavage of Alzheimer’s amyloid precursor
protein by the transmembrane aspartic protease BACE. Science,
286:735-41.

Vigo-Pelftrey, C., Seubert, P., Barbour, R., Blomquist, C., Lee, M., Lee, D.,
Coria, F., Chang, L., Miller, B. and Lieberburg, I. 1995. Elevation of
microtubule-associated protein tau in the cerebrospinal fluid of
patients with Alzheimer’s disease. Neurology, 45:788-93.

Wolfe, M.S., Xia, W., Ostaszewski, B.L., Diehl, T.S., Kimberly, W.T. and
Selkoe, D.J. 1999. Two transmembrane aspartates in presenilin-1
required for presenilin endoproteolysis and gamma-secretase activity.
Nature, 398:513-7.

Yoshizawa, T., Yamakawa-Kobayashi, K., Komatsuzaki, Y., Arinami, T.,
Oguni, E., Mizusawa, H., Shoji, S. and Hamaguchi, H. 1994. Dose-
dependent association of apolipoprotein E allele epsilon 4 with
late-onset, sporadic Alzheimer’s disease. Ann. Neurol., 36:656-9.

Biomarker Insights 2008:3

323




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


