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“amyloid cascade hypothesis”. According to this hypothesis, 
it has been proposed that accumulation of Aβ peptide is the 
upstream event in AD pathogenesis, in both   early-onset and 
late-onset forms, leading to the formation of amyloid plaques, 
which trigger tau hyperphosphorylations and the formation 
of NFT, ultimately leading to synaptic dysfunction, neuronal 
loss, degeneration, and dementia.[7,8] However, there is growing 
evidence for the role of additional factors such as oxidative 
stress, neuroinflammation, and mitochondrial dysfunction in 
the pathogenesis of AD.[9]

This knowledge has rendered proposition of innovative 
treatment strategies, which are likely to have disease modifying 
potentials such as, active or passive Aβ immunotherapies, 
β- or γ-secretase inhibitors, and Aβ aggregation inhibitors, 
which are in various phases of clinical trial.[10] These disease-
modifying agents will naturally be  more effective when 
initiated in very early stage of AD (prodromal AD—minimal 
cognitive impairment [MCI] stage) or perhaps, if possible, 
even at asymptomatic stage (preclinical AD) of the disease, 
before formation and sufficient accumulation of amyloid 
plaques and NFT. Currently, clinical diagnosis of  dementia is 
based on the criteria of the Diagnostic and Statistical Manual 
of Mental Disorders, fourth edition (DSM-IV-TR)[11] and 
of AD on the National Institute of Neurological Disorders 
and Stroke—Alzheimer’s Disease and Related Disorders 
Association (NINCDS–ADRDA)[12] working group criteria. As 
these diagnostic criteria are based on the appearance of clinical 

Introduction

Since the description of the “miliary bodies” and “dense 
bundles of fibrils” by Alois Alzheimer in 1907, in the brain of 
a woman with progressive dementing illness in her early 50s, 
amyloid plaques and neurofibrillary tangles (NFT) are now 
considered as pathological hallmarks of Alzheimer’s disease 
(AD).[1] It took nearly next 80 years to identify amyloid-β (Aβ) 
peptide, the main component of amyloid plaques,[2] and the 
amyloid precursor protein (APP), the source of Aβ.[3] Further 
research, particularly in the genetic domain, led to identification 
of APP and presenilin genes (APP, PSEN1, and PSEN2) and 
mutations in these genes as cause of rare forms of early-onset 
familial AD.[4,5] On other hand,  ε4 allele of apolipoprotein E 
gene (APOE) has been recognized as a major risk factor for 
late-onset AD.[6] Later, insight into the molecular pathogenesis 
of AD came through many transgenic mouse models and 
tissue culture studies of AD which led to the proposition of the 
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symptoms, the time when AD pathology has progressed 
sufficiently they fail to detect subjects at prodormal (MCI) 
or preclinical stage. Therefore, there is a growing need for 
the development of  measures which can detect patients at  
an early stage. Various biomarkers in AD can at least partly 
serve this purpose. The biomarkers are the entities whose 
concentration, presence, and activity are objective evidence 
of a biological or pathogenic process.  They can detect the 
patients with AD in their preclinical stage, monitor the 
disease progression, improve the understanding of various 
drug mechanisms targeting different pathogenic processes, 
and also detect treatment response more sensitively and 
objectively.

Hence, one of the most important goals of current research in 
AD is to develop and validate biomarkers which can detect at an 
early stage individuals who are likely to develop AD. Biomarkers 
in AD can be broadly classified in five spheres: biochemical, 
neuroanatomical, metabolic, genetic, and neuropsycological 
[Table 1]. In the present review, we will give an overview on the 
most extensively studied biomarkers for AD in these spheres, 
and their current status. In spite of advances in this field, the 
quest for an “ideal biomarker” [Table  2] still continues.[13] 

The main barriers for developing an ideal biomarker for 
AD is the lack of complete understanding of the underlying 
pathogenic process, unavailability of histopathological 
diagnosis during life, occurrence of large overlap with other 
types of dementia, especially dementia with Lewy bodies 
and vascular dementia and  their influence on the different 

biomarkers, future progression of the disease and response to 
the available treatment.

Biochemical Markers

In the last decades, various candidate biochemical markers in 
cerebrospinal fluid (CSF) as well as in peripheral blood have 
been evaluated through many cross-sectional and longitudinal 
studies and few in autopsy proven series of AD patients, for 
early diagnosis of AD.

Cerebrospinal Fluid Biomarkers

Given the physiologic proximity of the CSF to the brain 
extracellular space, CSF still remains an attractive  source of 
biomarkers for AD. For the same reason, it directly reflects 
the biochemical and molecular changes occurring within the 
interstitial environments of the brain parenchyma. Much of 
the initial attempts and research for a candidate biomarker 
in CSF were driven by “amyloid cascade theory” and hence  
were targeted towards  the extracellular amyloid plaques and 
the intraneuronal NFT, the two pathological hallmarks of AD. 
However, with new insights  into the role of various other 
pathogenic processes such as oxidative stress, mitochondrial 
dysfunction and so forth, more and more novel biomarkers 
are being evaluated.

CSF biomarkers for AD can be divided into “basic or nonspecific”, 
“core or specific”, and “novel biomarkers” [Table  3]. The 
nonspecific or basic biomarkers are  useful to rule out important 
differential diagnoses. On the other hand, “core or specific 
biomarkers” reflect the central molecular pathogenesis of AD. Table 1: Various biomarkers in Alzheimer’s disease

Spheres Biomarkers
Biochemical CSF

Blood-based
Neuroanatomical CT scan

MRI scan
Metabolic PET scan

SPECT scan
Genetic APP

PSEN1
PSEN2
APOE4

Neuropsychological Episodic memory
Other—attention, executive 
functioning, etc.

APP, Gene for amyloid precursor protein; APOE4, Apolipoprotein E4 allele; 
CSF, Cerebrospinal fluid; CT, Computed tomography; MRI, Magnetic resonance 
imaging; PET, Positron emission tomography; PSEN1 and PSEN 2, Preseniline 
gene 1 and 2; SPECT, Single photon emission computed tomography

Table 2: Criteria for an ideal biomarker[13]

•	 Should detect a fundamental feature of the molecular 
pathogenesis or neuropathology of AD

•	 Should be validated in neuropathologically confirmed AD cases
•	 Should have a sensitivity >80% for detecting AD and a 

specificity >80% for differentiating AD from other dementias
•	 Should be able to detect AD in its early stages (i.e., during 

MCI)
•	 Be reliable, reproducible, noninvasive, simple to perform, 

inexpensive and, thus, adaptable in routine clinical practice

Table 3: Cerebrospinal fluid biomarkers in Alzheimer’s 
disease

Biomarkers Pathogenic 
process

Changes 
seen in AD

Nonspecific or basic biomarkers
CSF cell count Inflammation Normal
CSF:serum albumin ratio BBB function Normal
Intrathecal immunoglobulin 
synthesis

Inflammation Normal

Specific or core biomarkers
Total-tau Neuronal injury Marked 

increased (but 
not specific 
for AD)

Phosphorylated-tau Neurofibrillary 
tangles

Marked 
increase 
(more specific 
for AD)

Aβ1-42 Amyloid plaque Marked 
reduction

Novel biomarkers
CSF BACE1 Amyloidogenesis Increased

Truncated amyloid-β isoforms Amyloidogenesis Increased

APP isoforms APP products Increased
F2-isoprostane Mitochondrial 

dysfunction
Increased

Biomarkers of synaptic 
degeneration

Synaptic 
dysfunction

Increased

Wattamwar and Mathuranath: Biomarkers in AD



Annals of Indian Academy of Neurology, December 2010, Vol 13, Supplement 2

S118

Basic or nonspecific cerebrospinal fluid biomarkers
Basic or nonspecific CSF biomarkers include cell counts, 
CSF:serum albumin ratio, and intrathecal immunoglobulin 
production and reflect the status of blood–brain barrier (BBB) 
and inflammatory processes in the brain. These biomarkers 
are neither  deranged  nor specific for underlying pathogenic 
process  in AD, but serve the  purpose of excluding various 
other AD mimickers including infections, inflammations, and 
vascular diseases.[14,15] For example, patients with vascular 
dementia usually have elevated albumin ratio, indicating 
impaired BBB function.[16]

Core or specific cerebrospinal fluid biomarkers
The core or specific biomarkers reflect the underlying 
molecular pathology of AD especially, amyloid plaques, NFT, 
and axonal degeneration, and also are the most extensively 
studied biomarkers. Major component of extracellular amyloid 
plaque core is predominantly formed by 40- to 42-amino acid 
peptide (Aβ1-40 and Aβ1-42) derived by proteolytic cleavage 
of the larger transmembrane protein APP, expressed in both 
neural and nonneural tissues. A number of pathways for the 
processing of APP has been recognized.[17] Normally, in the 
nonamyloidogenic pathway α-secretase, by acting at the α-site, 
cleaves APP at N terminal, just above the surface of the cell 
membrane, producing soluble APP (sAPPα). This cleavage, 
being within the β-amyloid domain, precludes the formation of 
Aβ peptides. The C-terminal APP remnant is further digested 
by the transmembrane protein complex γ-secretase. On the 
other hand, in the amyloidogenic pathway, if APP is cleaved by 
β followed by γ-secretase at N- and C-terminals, respectively, 
it yields insoluble Aβ peptides.[18,19] The three most widely 
studied and established core CSF biomarkers include Aβ1-42, 
total tau (t-tau), phosphorylated tau (p-tau).

Cerebrospinal fluid Aβ1-42
Many studies have shown that in patients with AD there 
is a reduction of Aβ1-42 by about 50% as compared with 
age-matched healthy nondemented controls with diagnostic 
sensitivity and specificity levels between 86 and 90%.[20,21] The 
correlation of low CSF Aβ1-42 levels and total amyloid load 
has also been shown in autopsy confirmed AD patients in 
different series.[22,23] It has been suggested that reduction in 
Aβ1-42 levels occurs secondary to aggregation and retention 
of Aβ peptides in the brain parenchyma as amyloid plaques. 
Positron emission tomography (PET) studies, utilizing novel Aβ 
ligands like Pittsburgh compound B (PIB), which enables direct 
visualization of the fibrillar Aβ load in the brain during life, 
have also shown that low CSF Aβ1-42 levels correlate inversely 
to the fibrillar amyloid load within brain parenchyma.[24-26] 
Therefore the available data further support that CSF Aβ1-42 
levels reflect fibrillar Aβ1-42 levels and amyloid plaque load 
in the brain and with increasing amyloid plaque formation 
there is a progressive reduction in availability of Aβ to diffuse 
into the CSF.

Cerebrospinal fluid total tau and phosphorylated tau
NFTs, the pathological hallmark of AD, consist of aggregated 
straight or paired helical filaments, twisted ribbons, or 
other conformations of aberrantly phosphorylated forms 
of the microtubule-associated protein (MAP) tau. The 
protein tau is an intracellular protein which maintains the 
stability of microtubules in neurons. In normal individuals, 

only low concentration of tau is present in CSF. Therefore, 
tau proteins may be considered promising candidate 
biomarkers for Alzheimer-type axonal degeneration and NFT 
formation. [27] Many studies have demonstrated an increase in 
the concentration of total tau (t-tau) in AD patients compared 
with nondemented elderly subjects, with the sensitivity and 
specificity levels between 80% and 90% respectively.[21,28] High 
CSF tt au has also been associated with fast progression from 
MCI to AD as well as reflect the intensity of the disease.[29,30] 
However, the available data from various studies suggest that 
CSF tt au levels just reflects the intensity of neuronal and axonal 
damage in the brain and is also elevated in patients with recent 
stroke or brain trauma as well as Creutzfeldt–Jakob disease 
(CJD).[31-33] Therefore t-tau alone  may be not sensitive enough 
to differentiate patients with AD from other entities, especially 
vascular dementia and CJD. The sensitivity and specificity 
for diagnosis of AD improved when the combination of the 
two CSF markers (t-tau and Aβ1-42 levels) is used, however 
differentiating AD from other primary degenerative dementias 
was still unsatisfactory (sensitivity, 85%; specificity, 58%).[34] 

I t  was later  recognized that  the NFT consists  of 
hyperphosphorylated forms of the tau (p-tau) and concentration 
of p-tau protein in the CSF reflects the phosphorylation state 
of tau in the brain. Therefore, measuring p-tau levels in CSF 
may be more appropriate than t-tau alone. Approximately, 
30 phosphorylation epitopes have been detected in AD. Most 
widely studied p-tau proteins are hyperphosphorylated at 
threonine 231 (p-tau231P) and at threonine 181 (p-tau181P). An 
increase in p-tau has consistently been found in the CSF of 
AD patients compared with controls with sensitivity and 
specificity levels of between 80% and 90%.[21] In addition, 
CSF levels of p-tau231P have been found to correlate with 
not only NFT pathology in neocortex, but also the rate of 
hippocampal atrophy in the brain.[35,36] High CSF p-tau181P has 
been associated with a fast progression from MCI to AD, and 
with rapid cognitive decline in AD.[35,36] As p-tau is not elevated 
in patients with acute stroke[31] or other neurodegenerative 
diseases such as CJD,[37] frontotemporal lobe dementia,[38] and 
normal pressure hydrocephalus,[39] in contrast to t-tau which 
just reflects intensity of axonal injury in these patients, the ratio 
between p-tau and t-tau is more helpful for identifying AD 
tau pathology and differentiating AD from these conditions.

Thus, studies have shown that core CSF biomarkers when used 
in combination are able to differentiate patients with AD from 
healthy elderly individuals, identify cases of prodromal AD in 
patients with MCI as well as can predict conversion to AD in 
the preclinical stage of the disease.

Novel biomarkers
With the growing knowledge of underlying AD pathogenesis, 
biomarkers other than Aβ and tau are being described in 
various studies. These novel biomarkers are expected to 
further increase the sensitivity and specificity for the early 
diagnosis of patients with AD. We will discuss few of these 
novel biomarkers.

Cerebrospinal fluid BACE1
In the amyloidogenic pathway, APP is cleaved sequentially 
by β secretase followed by γ secretase, yielding insoluble Aβ 
peptides. The main enzyme responsible for β secretase activity 
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is β site APP-cleaving enzyme 1 (BACE1). BACE 1 activity 
can be reliably detected within the brain and human CSF. An 
extracellular isoform of BACE1 found in CSF, is produced 
by membrane shedding. Studies have shown that BACE1 
concentration and activity are increased in patients with AD, 
as well as in subjects with MCI (prodromal AD), as compared 
to controls.[40,41] In addition, the ApoE-ε4 genotype has been 
associated with increased BACE 1 activity in both AD and 
MCI subjects.[42] 

Truncated amyloid‑β isoforms
In addition to Aβ1-42, many shorter Aβ isoforms have been 
found in brain and in CSF of patients with AD, constituting a 
large family of peptides with variable lengths. These shorter 
peptides result from catalytic cleavage  by BACE1 and 
γ-secretase at different positions in APP and/or involvement 
of other proteases. A few studies have shown that the 
measurement of Aβ42/Aβ40 or Aβ42/Aβ38 ratio might improve 
diagnostic accuracy in cases of AD than measuring Aβ1-42 
alone.[43,44] However, further studies are needed to determine 
the clinical value of CSF measurements of detailed amyloid 
peptide patterns, as compared to CSF Aβ1-42 alone.

Amyloid precursor protein isoforms
Soluble N-terminal fragments of APP, the α-sAPP, and β-sAPP 
are the products of α secretase or β secretase induced cleavage, 
respectively. In sporadic AD and MCI, CSF levels of both 
α-sAPP and β-sAPP have been reported to remain unaltered.[45] 
However, these biomarkers might be valuable tools in clinical 
trials, especially for monitoring the drug effect.

F2-isoprostane
Recently, mitochondrial dysfunction has also been speculated 
as one of the pathogenic processes occurring in patients with 
AD. It is hypothesized that Aβ peptide after entering the 
mitochondria can induce generation of reactive oxygen species 
leading to mitochondrial dysfunction.[46] However, currently 
there is no CSF biomarker directly reflecting mitochondrial 
dysfunction, but the measurement of F2-isoprostane (F2-iP), 
a product of lipid peroxidation, which reflects oxidative stress 
in AD, has been shown to be elevated in patients with AD 
and MCI as compared to normal controls.[47,48] At present, as 
F2-iP measurements are not available widely, and it remains a 
scientific research tool.

Biomarkers of synaptic degeneration
In AD, synaptic dysfunction or loss occurs well before neurons 
die. Therefore, being an early and potentially reversible event in 
the AD pathogenesis, biomarkers for synaptic degeneration are 
valuable not only for early diagnosis, but also for monitoring 
disease progression and effects of novel drugs. Several 
candidate presynaptic and postsynaptic proteins which can 
be identified in CSF are being evaluated for this purpose. 
These include actin-associated protein arc, synaptotagmin, 
synapsin, synaptophysin, growth associated protein (GAP 43), 
synaptosomal associated protein 25, and neurogranin.[49,50]

 

Plasma biomarkers
Plasma-derived biomarkers would be the most ideal being  
least invasive and easy to obtain  compared to CSF. The most 
extensively studied plasma biomarker is Aβ. The results of 

various cross-sectional studies are conflicting, few studies 
showing increased levels of Aβ1-42 or Aβ1-40 while others 
found no change, but some recent longitudinal studies have 
shown that low plasma Aβ1-42 or Aβ1-40 levels, or Aβ1-42/
Aβ1-40 ratio may be markers of future cognitive decline.[51] 
These contradictory findings may be explained by the fact that 
major source of plasma Aβ are the peripheral tissues rather than 
brain. With the advent of proteomics, many candidate plasma 
biomarkers are being described in patients with AD as well 
as MCI including alpha-1-antitrypsin, complement factor H, 
alpha-2-macroglobulin, apolipoprotein J, and apolipoprotein 
A–I. However, the findings of these studies need further 
confirmation through longitudinal studies, nevertheless this 
is an ever advancing and promising research area.[52] 

Neuroanatomical markers
The  major role of neuroimaging  is not only for early diagnosis 
of AD, but also differentiating AD from the other forms of 
dementia In addition, it can be potentially used to predict  
the development of dementia in otherwise normally aging 
individuals  as well as to monitor disease progression over time. 
Hence, it is considered as an important cognitive neuroscience 
research tool. Pathological changes leading to loss of synapses 
and neurons correlate with tissue atrophy, which can be 
detected by structural imaging. Structural imaging includes 
computer-assisted tomography (CT) which provides good 
spatial resolution and magnetic resonance imaging (MRI) 
which provides comparable spatial resolution with far better 
contrast resolution. However, in addition to better resolution, 
MRI has several advantages compared with CT, including 
optimal angulation of the imaging plane, no bone hardening 
artifacts in the temporal lobe region, excellent gray–white 
matter discrimination, and identification of additional vascular 
lesions, particularly small lacunes and white matter lesions. 
Here, we will discuss the role of MRI.

Atrophy of target structures can be estimated by various 
methods such as visual rating scales, hand-traced region 
of interest (ROI), semi-automated techniques such as 
voxel-based morphometry (VBM) or deformation-based 
morphometry and more recently fully automated techniques 
have been described which can measure regional or whole 
brain volume as well cortical thickness in various regions of 
interest.  Each of these techniques have their own advantages 
and disadvantages.

Medial temporal lobe (MTL) structures being critical in 
memory, earliest AD-associated brain alterations occur in this 
brain region. Therefore, many volumetric studies measure 
specific MTL structures, most focusing on the hippocampus. 
Cross-sectional ROI studies have shown that the hippocampal 
and entorhinal volumes can reliably differentiate AD patients 
from normal elderly.[53] The absolute volumetric difference 
for the hippocampal volume between patients with amnestic 
MCI and normal elderly is approximately 7–11% and between 
mild-to-moderate AD and MCI is 19–39%. While the absolute 
volumetric difference for the entorhinal cortex between 
patients with amnestic MCI and normal elderly is 13–17% 
and between mild-to-moderate AD and MCI is 30–38%[54,55] 
Longitudinal ROI studies have shown that the annual atrophy 
of the hippocampus in patients with MCI and AD is much 
higher compared to that in healthy elderly subjects. Annual 
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hippocampal atrophy rate for normal, MCI and AD is 1.6–1.7%, 
2.8–3.7%, 3.5–4%, respectively, while  that for the entorhinal 
cortex in AD is about 7%.[56] 

VBM as compared to manual hand-traced ROI methods, 
permits faster and more reliable brain volume measurement 
and is being increasingly used not only for early diagnosis, 
but also to study AD progression. Recently, a characteristic 
pattern of regional brain atrophy has been reported during 
a period of 3 years prior to the diagnosis of AD, starting in 
MTL and spreading in posterior and anterior directions, in a 
temporospatial pattern similar to the spread of NFT.[57] These 
findings confirm that regional brain volume loss parallels the 
pathological processes in AD. 

Using more automated MRI analysis that can assess volumes 
of different brain regions, it was shown that entorhinal cortex 
and supramarginal gyrus cortical thickness and hippocampal 
volumes could differentiate normal healthy subjects from 
MCI with 90%, and from AD with 100% specificity and 
sensitivity. [58] These results suggest that automated MRI 
measures can serve as noninvasive diagnostic markers for 
MCI and AD. Another study measuring cortical thickness 
with rapid automated method showed that it may help in 
early diagnosis of AD, up to 24 months before the clinical 
diagnostic criteria are met.[59]

Metabolic markers
Molecular imaging by PET or single photon emission computed 
tomography (SPECT) with radiopharmaceutical agents, are 
routinely used as measures of metabolic activity in various 
parts of the brain. In addition, it allows us a quantitative 
evaluation of physiological functions and distribution of 
receptors with high sensitivity. 18F-fluorodeoxyglucose PET 
(FDG-PET) studies have been used to measure the cerebral 
glucose metabolism which indirectly indicates the level of 
synaptic activity. Thus, a decreased glucose uptake in the 
FDG-PET study is an indicator of impaired synaptic function. 
FDG-PET studies in patients with AD have shown specific 
topographic pattern of decreased metabolism in temporal–
parietal, posterior cingulate, and precuneus distribution.[60,61] 
Greater decrease in the FDG uptake correlate with greater 
cognitive impairment along the continuum from normal to MCI 
to AD. A recent longitudinal FDG-PET study has shown that 
conversion of MCI to AD was associated with a faster decline 
of FDG uptake in two main areas, left anterior cingulate and 
subgenual region, thus emphasizing potential role of FDG-PET 
for monitoring early progression in AD.[62] In terms of diagnostic 
accuracy, PET studies have shown a high sensitivity (94%), but 
average specificity (73–78%) for the diagnosis of AD. When 
hippocampal hypometabolism in combination with decreased 
neocortical FDG uptake is considered, the specificity for the 
diagnosis of AD is further increased.[63] Similar specificity for 
diagnosis has been found with SPECT studying regional blood 
flow with Tc-hexamethylpropyleneamine oxime.[64] 

With the advent of PIB a novel Aβ PET ligand, it is possible 
to directly visualize the fibrillar Aβ load in the brain during 
life. PIB PET studies, as discussed previously, show an inverse 
relation between in vivo amyloid imaging load and Aβ1-42 levels. 
In addition, a recent study has shown a strong relationship 
between PIB binding and the severity of memory impairment 

in patients with MCI, suggesting that individuals with increased 
cortical PIB binding are likely to progress to AD.[65] These 
findings not only imply the promising role of PIB-PET studies 
in detecting individuals at prodormal stage, but also suggest 
the potential for measuring the effects of an early intervention 
targeting amyloidogenesis. Many PIB-PET studies demonstrate 
a roughly twofold increase in tracer retention in patients with 
AD as compared to cognitively normal elderly individuals, while 
patients with amnestic MCI lie in an intermediate position.[66,67] 
Also, the topographical distribution of PIB retention matches 
that of regional fibrillar plaque distribution in these patients. 
However, more recent cross-sectional as well as longitudinal 
studies utilizing PIB-PET seem to suggest that the presence of 
brain amyloidosis alone is not sufficient to produce cognitive 
decline. Instead, the Aβ-induced neurodegeneration as noted by 
hippocampal atrophy on MRI is the direct substrate of cognitive 
impairment, implying a complimentary role for MRI and PIB 
imaging in AD.[66,67] 

Genetic markers
The genetics of AD are complex and not completely understood. 
In addition, heterogeneity of the disease is unambiguous 
because of the influence of mutations and polymorphisms in 
multiple genes together with nongenetic factors. Mutations 
causing early-onset familial AD (EOFAD) are transmitted in 
an autosomal-dominant fashion; these are less prevalent but 
are highly penetrant. On the other hand, increased risk for late-
onset AD is associated with common polymorphisms which are 
highly prevalent, but have relatively low penetrance.

The first genetic defects leading to AD were identified in the 
APP gene (APP) causing early-onset familial AD. Since then, 
many different pathogenetic mutations have been identified 
in APP, all of which are missense mutations lying within or 
close to the domain encoding the Aβ peptide. However, when 
it was found that mutations in the APP gene are responsible 
for 5% or less of all early-onset familial AD, efforts were 
directed toward identifying other early-onset familial AD 
genes. Later presenilin 1 and 2 (PSEN1; PSEN2) were reported 
as novel early-onset familial AD genes on chromosomes 14 
and 1, respectively.[5,6,68] PSEN1 encodes a highly conserved 
membrane protein that is required for γ-secretase activity. 
Mutations in this gene as well as those in APP and PSEN2 
lead to an increase in Aβ42 levels, the primary component of 
amyloid plaques.

Late-onset AD is multifactorial and genetically more 
complex. Several genes and genetic polymorphisms have 
been suggested as AD susceptibility factors; however, the 
only well-verified susceptibility gene for AD is the APOE 
gene located on chromosome 19. The APOE gene encodes the 
apolipoprotein E protein, of which apolipoprotein E (APOE) 
ε4 allele is associated with increased risk of AD.[6] Several 
genome-wide linkage studies have nominated novel, potential 
susceptibility loci but results are inconsistent. A recent meta-
analysis of linkage studies for AD found evidence for linkage 
on chromosomes 1, 7, and 8, suggesting that these loci may 
harbour susceptibility genes for late-onset AD.[69] 

Neuropsychological markers
Neuropsychological markers have been relatively fewer. 
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Various studies have shown that older adults who later go on 
to develop AD perform more poorly across a broad range of 
neuropsychological measures  when compared to older adults 
who remain asymptomatic.[70] These findings suggest that 
subtle impairment detected on neuropsychological evaluation 
may serve as a potential marker for early identification of 
individuals at risk of AD. Episodic memory loss is one of 
the earliest and most prominent features of preclinical AD, 
occurring several years before emergence of obvious cognitive 
and behavioral changes, which are typical of AD.[71,72] Therefore, 
episodic memory decline is considered as a strong predictor 
for future AD. This is supported by the fact that MTL and 
hippocampal formation, which are critical for episodic memory, 
are the early structures to be affected in patients with AD. 
Other domains which are most consistently associated with 
preclinical stage of AD are attention, executive functioning, 
processing speed, and language. Various studies have shown 
that either there is early impairment in these domains or 
significant differences are noticed between at-risk subjects 
and control subjects. The performance on the paired associate 
learning test, which is considered a sensitive marker of episodic 
memory, has been identified to be a good marker for early AD. 
On the other hand, global measures of cognition especially the 
mini-mental state examination (MMSE) are less consistently 
associated with preclinical AD. 

Combination biomarkers
It is obvious that  no single biomarkers for AD satisfies all the 
criteria for an ideal biomarker and  certain limitations  are  
present in all. Given this limitation, the use of a combination 
of biomarkers may be needed to achieve accurate and reliable 
identification of preclinical AD, for example combination of 
CSF t-tau, p-tau and Aβ1-42, may be more reliable than a single 
marker. Alternatively, CSF biomarker may be combined with 
neuroanatomical, metabolic, neuropsychological, or genetic 
markers. Therefore, combined biochemical, imaging, cognitive 
and genetic assessments may be needed for this purpose.

Role of Biomarkers in Clinical Trials

Making an accurate diagnosis of AD during the early stages 
of the disease is still a challenging task. Inclusion of a 
combination of biomarkers, like the presence of MTL atrophy 
on structural imaging, positive CSF biomarker, reduction in 
glucose metabolism in bilateral temporal parietal regions, an 
increase in binding of Aβ ligands, or the presence of genetic 
mutations causing familial AD in patients with MCI could 
be used as the inclusion criterion in clinical trials, and this 
combination may eventually increase the proportion of study 
subjects with underlying AD pathology, thus improving the 
likelihood of identifying  more appropriately the beneficial 
drug effect. Many different treatment strategies are being 
evaluated in the clinical trials for AD. However, because of 
clinical, pathological, and genetic heterogeneity in AD, certain 
patients may be more responsive to certain treatment while 
others may less responsive. For example, patients with low 
CSF Aβ1-42 and high PIB retention might be more responsive 
to drugs which modify amyloidogenesis, while patients with 
elevated BACE1 levels to β secretase inhibitors. Thus, the 
biomarkers can potentially be used not only to stratify the 
patients for different drug trials, but also for monitoring the 
drug effect more sensitively. 

Limitations of Biomarkers

In spite of major advances in the field of AD research especially 
for early detection of AD patients with a variety of modalities 
including biochemical, imaging, and genetic assessment 
one must understand the limitations of these markers. Most 
biomarkers are currently available as a research tool and not 
available yet in routine clinical practice. Furthermore, for 
biochemical marker study, guidelines for sample collection, 
storage, and transportation, all need to be evolved and followed 
meticulously  since variation in them can affect the results. 
Different assay methodologies are available for biochemical 
markers, such as the enzyme-linked immunosorbent assay 
(ELISA) and the mulitparameter assays. The absolute values 
detected by these methods  will also vary, and it is often difficult 
to compare the results obtained using different methodologies. 
Therefore, these assay method need to be standardized for 
comparability or correction factor needs to be introduced to 
compare the results of different studies. There is, thus, still 
a lack of efficacious, less invasive and potentially less costly 
peripheral blood-based markers which can detect patients with 
AD with high sensitivity and specificity. Future studies should 
be directed to addressing this area. Many novel candidate 
biochemical biomarkers have been proposed for early diagnosis 
of AD, unfortunately, to date the validity of these markers is 
still suboptimal.

Neuroanatomical markers utilizing structural imaging, 
especially the manual methods for measuring regional brain 
volumes, have high accuracy, but are operator-dependent 
requiring proficient and knowledgeable  operators and are 
also time consuming and painstaking. On the other hand, more 
automated MRI methodologies are highly sophisticated but 
require access to special software and sophisticated manual 
preprocessing prior to automated analysis. Future studies 
should be directed at validating simpler, more efficient methods 
for clinical use. PET imaging is still not widely available, 
especially in developing countries and does not measure a 
specific disease mechanism or treatment target. Its utility 
is further hampered by high cost. The optimal method for 
quantifying brain amyloid load is still not clear, the PIB-PET 
being most widely studied. However, a significant overlap is 
seen in PIB retention pattern among cognitively normal elderly 
and those with MCI or AD. In addition, the short half-life of 
11C limits its use to major research centers, signifying the need 
for the development of more stable tracers.

Other than three disease-causing genes (APP, PSEN1, and 
PSEN2) and a single susceptibility gene (APOE4) which are 
firmly established genes related to AD, till date, the role of 
other putative genetic loci in the AD risk remains to be firmly 
established. However, some of these loci exhibit genetic linkage 
and/or association with AD across independent datasets and 
therefore are worthy of further investigation.

Concluding Remarks 

Significant advances have been made towards identifying 
patients with AD at an early stage or even at preclinical stage, 
which is the emergent need at this phase of AD research, where 
increasingly novel treatment strategies are being evaluated 
through clinical trials. Various biomarkers for AD are valuable 
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tools in this regard, not only for identifying cognitively healthy 
individuals, who might develop AD or diagnosing AD at 
MCI stage (prodormal stage), but also for monitoring the 
progression in patients with AD. Ultimately, a combination 
of various biomarker rather than a single one may serve the 
purpose more advantageously. However future studies using 
postmortem pathological confirmation are needed to validate 
the novel markers or a combination thereof that will best 
predict, who will develop AD. Once this is achieved, it may 
become possible to move on to the next phase of developing 
truly preventive strategies.

References

1. Alzheimer A, Stelzmann RA, Schnitzlein HN, Murtagh FR. 
An English translation of Alzheimer’s 1907 paper, “Uber eine 
eigenartige Erkankung der Hirnrinde”. Clin Anat 1995;8:429-31.

2. Masters CL, Simms G, Weinman NA, Multhaup G, McDonald BL, 
Beyreuther K. Amyloid plaque core protein in Alzheimer disease 
and Down syndrome. Proc Natl Acad Sci U S A 1985;82:4245-9.

3. Kang J, Lemaire HG, Unterbeck A, Salbaum JM, Masters CL, 
Grzeschik KH, et al. The precursor of Alzheimer’s disease 
amyloid A4 protein resembles a cell surface receptor. Nature 
1987;325:733-6.

4. Schellenberg GD, Bird TD, Wijsman EM, Moore DK, Martin GM. 
The genetics of Alzheimer's disease. Biomed Pharmacother 
1989;43:463-8.

5. Cruts M, Hendriks L, Van Broeckhoven C. The presenilin genes: 
A new gene family involved in Alzheimer disease pathology. Hum 
Mol Genet 1996;5:1449-55.

6. Coon KD, Myers AJ, Craig DW, Webster JA, Pearson JV, Lince 
DH, et al. A high-density whole-genome association study reveals 
that APOE is the major susceptibility gene for sporadic late-onset 
Alzheimer’s disease. J Clin Psychiatry 2007;68:613-8.

7. Maccioni RB, Muñoz JP, Barbeito L. The molecular bases of 
Alzheimer's disease and other neurodegenerative disorders. Arch 
Med Res 2001;32:367-81.

8. Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer's 
disease: progress and problems on the road to therapeutics. 
Science 2002;297:353-6.

9. Reddy PH. Mitochondrial oxidative damage in aging and 
alzheimer’s disease: Implications for mitochondrially targeted 
antioxidant therapeutics. J Biomed Biotechnol 2006;2006:31372.

10. Colin LM, Konrad B. Alzheimer’s centennial legacy: Prospects for 
rational therapeutic intervention targeting the Aβ amyloid pathway. 
Brain 2006;129:2823-39.

11. American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders (IV-TR). 4th ed. text revised. 
Washington, DC:American Psychiatric Association; 2000.

12. McKhann G, Drachman DA, Folstein M, Katzman R, Price DL, 
Stadlan EM. Clinical diagnosis of Alzheimer’s disease-report of the 
NINCDS-ADRDA work group under the auspices of Department of 
Health and Human Services Task Force on Alzheimer’s disease. 
Neurology 1984;34:939-44.

13. Consensus report of the Working Group on: "Molecular and 
Biochemical Markers of Alzheimer's Disease": The Ronald and 
Nancy Reagan Research Institute of the Alzheimer's Association 
and the National Institute on Aging Working Group. Neurobiol 
Aging 1998;19:109-16. 

14. Frölich L, Kornhuber J, Ihl R, Fritze J, Maurer K, Riederer P. 
Integrity of the blood-CSF barrier in dementia of Alzheimer type: 
CSF/serum ratios of albumin and IgG. Eur Arch Psychiatry Clin 
Neurosci 1991;240:363-6.

15. Blennow K, Wallin A, Fredman P, Karlsson I, Gottfries CG, 
Svennerholm L. Blood-brain barrier disturbance in patients with 
Alzheimer’s disease is related to vascular factors. Acta Neurol 
Scand 1990;81:323-6. 

16. Wallin A, Blennow K, Rosengren L. Cerebrospinal fluid markers 

of pathogenetic processes in vascular dementia, with special 
reference to the subcortical subtype. Alzheimer Dis Assoc Disord 
1999;13:S102-5.

17. Selkoe DJ, Schenk D. Alzheimer’s disease: Molecular 
understanding predicts amyloid-based therapeutics. Annu Rev 
Pharmacol Toxicol 2003;43:545-84.

18. Mattson MP. Pathways towards and away from Alzheimer's 
disease. Nature 2004;430:631-9. 

19. Andreasson U, Portelius E, Andersson ME, Blennow K, Zetterberg 
H. Aspects of beta-amyloid as a biomarker for Alzheimer’s disease. 
Biomarkers Med 2007;1:59-78.

20. Motter R, Vigo-Pelfrey C, Kholodenko D, Barbour R, Johnson-
Wood K, Galasko D, et al. Reduction of b-amyloid peptide42 in 
the cerebrospinal fluid of patients with Alzheimer’s disease. Ann 
Neurol 1995;38:643-8.

21. Blennow K, Hampel H. CSF markers for incipient Alzheimer’s 
disease. Lancet Neurol 2003;2:605-13.

22. Strozyk D, Blennow K, White LR, Launer LJ. CSF Aβ 42 levels 
correlate with amyloid neuropathology in a population based 
autopsy study. Neurology 2003;60:652-6.

23. Tapiola T, Alafuzoff I, Herukka SK, Parkkinen L, Hartikainen P, 
Soininen H, et al. Cerebrospinal fluid β amyloid 42 and tau proteins 
as biomarkers of Alzheimer type pathologic changes in the brain. 
Arch Neurol 2009:66;382-9.

24. Fagan AM, Mintun MA, Mach RH, Lee SY, Dence CS, Shah AR, 
et al. Inverse relation between in vivo amyloid imaging load and 
cerebrospinal fluid Aβ42 in humans. Ann Neurol 2006;59:512-9.

25. Forsberg A, Engler H, Almkvist O, Blomquist G, Hagman G, Wall 
A, et al. PET imaging of amyloid deposition in patients with mild 
cognitive impairment. Neurobiol Aging 2008;29:1456-65.

26. Tolboom N, van der Flier WM, Yaqub M, Boellaard R, Verwey NA, 
Blankenstein MA, et al. Relationship of cerebrospinal fluid markers 
to 11C-PiB and 18F-FDDNP binding. J Nucl Med 2009;50:1464-70.

27. Blennow K, Wallin A, Agren H, Spenger C, Siegfried J, 
Vanmechelen E. Tau protein in cerebrospinal fluid: A biochemical 
marker for axonal degeneration in Alzheimer’s disease? Mol Chem 
Neuropathol 1995;26:231-45.

28. Vigo-Pelfrey C, Seubert P, Barbour R, Blomquist C, Lee M, Lee 
D et al. Elevation of microtubule-associated protein tau in the 
cerebrospinal fluid of patients with Alzheimer’s disease. Neurology 
1995;45:788-93.

29. Blom ES, Giedraitis V, Zetterberg H, Fukumoto H, Blennow K, 
Hyman BT, et al. Rapid progression from mild cognitive impairment 
to Alzheimer’s disease in subjects with elevated levels of tau in 
cerebrospinal fluid and the APOE ε4/ε4 genotype. Dement Geriatr 
Cogn Disord 2009;27:458-64.

30. Sämgård K, Zetterberg H, Blennow K, Hansson O, Minthon L, 
Londos E. Cerebrospinal fluid total tau as a marker of Alzheimer’s 
disease intensity. Int J Geriatr Psychiatry 2010;25:403-10.

31. Hesse C, Rosengren L, Andreasen N, Davidsson P, Vanderstichele 
H, Vanmechelen E, et al. Transient increase in total tau but not 
phospho tau in human cerebrospinal fluid after acute stroke. 
Neurosci Lett 2001;297:187-90.

32. Ost M, Nylén K, Csajbok L, Ohrfelt AO, Tullberg M, Wikkelsö C, et 
al. Initial CSF total tau correlates with 1 year outcome in patients 
with traumatic brain injury. Neurology 2006;67:1600-4.

33. Otto M, Wiltfang J, Tumani H, Zerr I, Lantsch M, Kornhuber J, et 
al. Elevated levels of tau protein in cerebrospinal fluid of patients 
with Creutzfeldt-Jakob disease. Neurosci Lett 1997;225:210-2.

34. Hulstaert F, Blennow K, Ivanoiu A, Schoonderwaldt HC, 
Riemenschneider M, De Deyn PP, et al. Improved discrimination 
of AD patients using β-amyloid(1-42) and tau levels in CSF. 
Neurology 1999;52:1555-62.

35. Buerger K, Ewers M, Pirttilä T, Zinkowski R, Alafuzoff I, Teipel 
SJ, et al. CSF phosphorylated tau protein correlates with 
neocortical neurofibrillary pathology in Alzheimer's disease. Brain 
2006;129:3035-41.

36. Hampel H, Bürger K, Pruessner JC, Zinkowski R, DeBernardis J, 
Kerkman D, et al. Correlation of cerebrospinal fluid levels of tau 
protein phosphorylated at threonine 231 with rates of hippocampal 

Wattamwar and Mathuranath: Biomarkers in AD



Annals of Indian Academy of Neurology, December 2010, Vol 13, Supplement 2

S123

atrophy in alzheimer disease. Arch Neurol 2005;62:770-3.
37. Riemenschneider M, Wagenpfeil S, Vanderstichele H, Otto M, 

Wiltfang J, Kretzschmar H, et al. Phospho-tau/total tau ratio in 
cerebrospinal fluid discriminates Creutzfeldt-Jakob disease from 
other dementias. Mol Psychiatry 2003;8:343-7.

38. Buerger K, Zinkowski R, Teipel SJ, Tapiola T, Arai H, Blennow K, 
et al. Differential diagnosis of Alzheimer disease with cerebrospinal 
fluid levels of tau protein phosphorylated at threonine 231. Arch 
Neurol 2002;59:1267-72.

39. Kapaki EN, Paraskevas GP, Tzerakis NG, Sfagos C, Seretis A, 
Kararizou E, et al. Cerebrospinal fluid tau, phospho-tau181 and 
beta-amyloid1-42 in idiopathic normal pressure hydrocephalus: 
A discrimination from Alzheimer's disease. Eur J Neurol 
2007;14:168-73.

40. Zetterberg H, Andreasson U, Hansson O, Wu G, Sankaranarayanan 
S, Andersson ME, et al. Elevated cerebrospinal fluid BACE1 
activity in incipient Alzheimer disease. Arch Neurol 2008;65: 
1102-7.

41. Zhong Z, Ewers M, Teipel S, Bürger K, Wallin A, Blennow K, 
et al. Levels of β-secretase (BACE1) in cerebrospinal fluid as a 
predictor of risk in mild cognitive impairment. Arch Gen Psychiatry 
2007;64:718-26.

42. Ewers M, Zhong Z, Bürger K, Wallin A, Blennow K, Teipel SJ, 
et al. Increased CSF-BACE1 activity is associated with ApoE-e 
4 genotype in subjects with mild cognitive impairment and 
Alzheimer’s disease. Brain 2008;131:1252-8.

43. Hansson O, Zetterberg H, Buchhave P, Andreasson U, Londos 
E, Minthon L, et al. Prediction of Alzheimer’s disease using the 
CSF Aβ42/Aβ40 ratio in patients with mild cognitive impairment. 
Dement Geriatr Cogn Disord 2007;23:316-20.

44. Schoonenboom NS, Mulder C, Van Kamp GJ, Mehta SP, 
Scheltens P, Blankenstein MA, et al. Amyloid β 38, 40, and 42 
species in cerebrospinal fluid: More of the same? Ann Neurol 
2005;58:139-42.

45. Olsson A, Höglund K, Sjögren M, Andreasen N, Minthon L, 
Lannfelt L, et al. Measurement of alpha- and beta-secretase 
cleaved amyloid precursor protein in cerebrospinal fluid from 
Alzheimer patients. Exp Neurol 2003;183:74-80.

46. Mancuso M, Orsucci D, Siciliano G, Murri L. Mitochondria, 
mitochondrial DNA and Alzheimer’s disease: What comes first? 
Curr Alzheimer Res 2008;5:457-68.

47. Quinn JF, Montine KS, Moore M, Morrow JD, Kaye JA, Montine 
TJ. Suppression of longitudinal increase in CSF F2-isoprostanes 
in Alzheimer's disease. J Alzheimers Dis 2004;6:93-7.

48. Brys M, Pirraglia E, Rich K, Rolstad S, Mosconi L, Switalski R, et 
al. Prediction and longitudinal study of CSF biomarkers in mild 
cognitive impairment. Neurobiol Aging 2009;30:682-90.

49. Davidsson P, Jahn R, Bergquist J, Ekman R, Blennow K. 
Synaptotagmin, a synaptic vesicle protein, is present in human 
cerebrospinal fluid: A new biochemical marker for synaptic 
pathology in Alzheimer disease? Mol Chem Neuropathol 
1996;27:195-210.

50. Davidsson P, Puchades M, Blennow K. Identification of synaptic 
vesicle, pre- and postsynaptic proteins in human cerebrospinal 
fluid using liquidphase isoelectric focusing. Electrophoresis 
1990;20:431-7.

51. Irizarry MC. Biomarkers of Alzheimer disease in plasma. NeuroRx 
2004;1:226-34.

52. Song F, Poljak A, Smythe GA, Sachdev P. Plasma biomarkers 
for mild cognitive impairment and Alzheimer's disease. Brain Res 
Rev 2009;61:69-80.

53. Du AT, Schuff N, Amend D, Laakso MP, Hsu YY, Jagust WJ, 
et al. Magnetic resonance imaging of the entorhinal cortex and 
hippocampus in mild cognitive impairment and Alzheimer’s 
disease. J Neurol Neurosurg Psychiatry 2001;71:441-7.

54. Juottonen K, Laakso MP, Partanen K, Soininen H. Comparative MR 
analysis of the entorhinal cortex and hippocampus in diagnosing 
alzheimer disease. AJNR Am J Neuroradiol 1999;20:139-44.

55. Bottino CM, Castro CC, Gomes RL, Buchpiguel CA, Marchetti 
RL, Neto MR. Volumetric MRI measurements can differentiate 
Alzheimer’s disease, mild cognitive impairment, and normal aging. 
Int Psychogeriatr 2002;14:59-72.

56. Apostolova LG, Thompson PM. Mapping progressive brain 
structural changes in early alzheimer’s disease and mild cognitive 
impairment. Neuropsychologia 2008;46:1597-612.

57. Whitwell JL, Petersen RC, Negash S, Weigand SD, Kantarci K, 
Ivnik RJ, et al. Patterns of atrophy differ among specific subtypes 
of mild cognitive impairment. Arch Neurol 2007;64:1130-8.

58. Desikan RS, Cabral HJ, Hess CP, Dillon WP, Glastonbury CM, 
Weiner MW, et al. Alzheimer's disease neuroimaging initiative: 
Automated MRI measures identify individuals with mild cognitive 
impairment and Alzheimer’s disease. Brain 2009;132:2048-57.

59. Querbes O, Aubry F, Pariente J, Lotterie JA, Démonet JF, Duret V, 
et al. Alzheimer's disease neuroimaging initiative: Early individual 
diagnosis of Alzheimer’s disease using cortical thickness: impact 
of cognitive reserve. Brain 2009;132:2036-47.

60. Pakrasi S, O’Brien JT. Emission tomography in dementia. Nucl 
Med Commun 2005;26:189-96.

61. Silverman DH, Small GW, Chang CY, Lu CS, Kung De Aburto MA, 
et al. Positron emission tomography in evaluation of dementia: 
Regional brain metabolism and long-term outcome. JAMA 
2001;286:2120-7.

62. Fouquet M, Desgranges B, Landeau B, Duchesnay E, Mezenge 
F, Viader F, et al. Longitudinal brain metabolic changes from 
amnestic mild cognitive impairment to Alzheimer’s disease. Brain 
2009;132:2058-67.

63. Mosconi L, Tsui WH, Herholz K, Pupi A, Drzezga A, Lucignani G, 
et al. Multicenter standardized 18F-FDG PET diagnosis of mild 
cognitive impairment, Alzheimer's disease, and other dementias. 
J Nucl Med 2008;49:390-8.

64. O’Brien JT. Role of imaging techniques in the diagnosis of 
dementia. Br J Radiol 2007;80:S71-7.

65. Pike KE, Savage G, Villemagne VL, Ng S, Moss SA, Maruff 
P, et al. Beta-amyloid imaging and memory in non-demented 
individuals: evidence for preclinical Alzheimer's disease. Brain 
2007;130:2837-44. 

66. Jack CR Jr, Lowe VJ, Weigand SD, Wiste HJ, Senjem ML, 
Knopman DS, et al. Alzheimer's Disease Neuroimaging Initiative: 
Serial PIB and MRI in normal, mild cognitive impairment and 
Alzheimer’s disease: Implications for sequence of pathological 
events in Alzheimer’s disease. Brain 2009;132:1355-65.

67. Mormino EC, Kluth JT, Madison CM, Rabinovici GD, Baker SL, 
Miller BL, et al. Episodic memory loss is related to hippocampal-
mediated {beta}-amyloid deposition in elderly subjects. Brain 
2009;132:1310-23.

68. Goate A, Chartier-Harlin MC, Mullan M, Brown J, Crawford F, 
Fidani L, et al. Segregation of a missense mutation in the amyloid 
precursor protein gene with familial Alzheimer’s disease. Nature 
1991;349:704-6. 

69. Butler AW, Ng MY, Hamshere ML, Forabosco P, Wroe R, Al-
Chalabi A, et al. Meta-analysis of linkage studies for Alzheimer's 
disease--a web resource. Neurobiol Aging 2009;30:1037-47.

70. Twamley EW, Ropacki SA, Bondi MW. Neuropsychological and 
neuroimaging changes in preclinical Alzheimer's disease. J Int 
Neuropsychol Soc 2006;12:707-35.

71. Albert MS, Moss MB, Tanzi R, Jones K. Preclinical prediction 
of AD using neuropsychological tests. J Int Neuropsychol Soc 
2001;7:631-9.

72. Small BJ, Fratiglioni L, Viitanen M, Winblad B, Bäckman L. The 
course of cognitive impairment in preclinical Alzheimer disease: 
Three- and 6-year follow-up of a population-based sample. Arch 
Neurol 2000;57:839-44.

Wattamwar and Mathuranath: Biomarkers in AD

Received: 07-09-10, Accepted: 07-09-10

Source of Support: Nil, Conflict of Interest: Nil


