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Alzheimer’s disease (AD) diagnosis still depends on the triad of clinical, imaging and
neuropsychological testing. The development of accurate, easy to use and inexpensive
biological markers for AD is a long-standing aspiration for researchers and the medical
community. Here we describe some of the recent advances in the field of biomarkers, both
in cerebrospinal fluid (CSF) and in peripheral blood. � 2012 IMSS. Published by Elsev-
ier Inc.
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Introduction

Tau protein is a microtubule-associated protein stabilizing
microtubules normally found on axonal microtubules and
plays a role in regulation as well as tracking for axonal
transport (1e3). Furthermore, tau is important in maintain-
ing neuronal polarity and stabilization of a particular archi-
tecture in the differentiated neuron. It has also been shown
that the activity of tau is crucial for morphogenesis of
growth cones in brain neurons whose structure also
involves local networks of actin filaments and it has been
suggested that tau has a role in promoting axonal growth
(4). Dysfunction of this protein is a pathological hallmark
of many neurodegenerative diseases of the central nervous
system (5), which include Alzheimer’s disease (AD), fron-
totemporal dementia with Parkinson syndrome linked to
chromosome 17 (FTDP-17), Pick’s disease, corticobasal
degeneration and progressive supranuclear palsy (6,7).
These various neurodegenerative diseases are referred to
as tauopathies (8).

AD is a progressive neurodegenerative brain disorder,
being responsible for most cases of dementia, particularly
in the advanced age population and is considered an impor-
tant public health problem worldwide. According to Ferri
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et al., in 2001 60.1% of persons who had some degree of
dementia lived in developing countries, with an increase of
about 5 percentage points in 20 years (9). On the other hand,
it is considered that the criteria raised by the DSM IV may
underestimate the prevalence of dementias, particularly in
developing countries (10). In the World Alzheimer’s Report
(2010), Alzheimer’s Disease International estimated that
there were 35.6 million people living with dementia world-
wide in 2010, increasing to 65.7 million by 2030 and 115.4
million by 2050. Nearly two-thirds live in low and middle
income countries, where the sharpest increases in numbers
are set to occur. The total estimates about the world costs
of dementia are US$604 billion in 2010 (Alzheimer’s
Disease International, World Alzheimer’s Report 2010,
The Global Economic Impact of Dementia). Today, despite
the importance of AD as the primary cause of neurodegener-
ative dementia and current advances in knowledge of clinical
and pathophysiological aspects, the definitive diagnosis of
AD is still based on histological and pathological features
similar to those described by Alzheimer (11). An inverse
relationship between the number of neurofibrillary tangles
(NFTs) and the survival of neurons in the hippocampus has
been found, suggesting that neuronal loss is closely related
to the onset of NFTs (12).

Despite all the advances in modern medicine, in most
cases AD can only be diagnosed through neuropsychologi-
cal studies, neuroimaging and clinical data of patients. The
clinical diagnosis of AD only allows us to speak of prob-
able or possible AD (13) with a sensitivity of 93% and
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Figure 1. Western blot of platelet tau forms with Tau-5 antibody (1:1000).

High molecular weight forms of tau (O80 kDa) are present in Alzheimer’s

disease (AD) subjects as well as control (C) subjects. However, the most

important fraction of tau migrates at high molecular weight (100 kDae250

kDa) in AD samples when compared to control subjects. b-actin as load

control at the bottom (16). This method has led to a potential biomarker

for early detection of AD (17).
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specificity of |55%. Furthermore, diagnosis becomes far
more difficult in early and unusual presentations of the
disease.

Considering the technological tools and the advance-
ment of current knowledge, a necessity has been created
for the development of accurate biochemical and imaging
tests that support the diagnosis (14,15). In this regard the
diagnostic criteria for AD proposed in 2007 (14) consider
the usefulness of genetic studies in AD, which would allow
a definitive diagnosis based on the demonstration of muta-
tions in any of the three genes responsible for autosomal
dominant disease: the gene for amyloid precursor protein
(APP) on chromosome 21, presenilin 1 (chromosome 14)
and presenilin 2 (chromosome 1).

For the most prevalent sporadic cases, the need for a bio-
logical marker of AD has proven to be urgent, both for
diagnosis and for monitoring of the disease (16,17). Among
the advantages that such markers may bring, we emphasize
the possibility of early and even preclinical diagnosis of the
disease (18) with the subsequent correct treatment of AD by
the medical team. Biological markers can also be used to
monitor drug response in phase 2 clinical trials (18,19).
The most recent criteria for AD (14,20) propose the use
of markers for diagnosis of AD, including neuroimaging
tools with volumetric and functional studies and the use
of biochemical markers of body fluids including measure-
ment of key proteins of the neuropathology (Ab, tau and
hyperphosphorylated tau isoforms) in cerebrospinal fluid
(CSF) (18,21).

Biomarkers in Alzheimer’s Disease

A biomarker is defined as an indicator of the presence or
extent of disease and is directly associated with its clinical
manifestations and prognosis (17,20). Biomarkers for
cognitive impairment and dementia have been an issue in
recent years. The value of a variety of these markers has
been evaluated and discussed (22). Scientists from various
countries have focused their efforts on discovering these
biomarkers. Within these, we have studied markers in
CSF as levels of beta amyloid peptide, total tau protein
and phosphorylated tau at various residues (p-tau) (23).
Reports highlighted the increase of hyperphosphorylated
tau in CSF of AD patients and the close correlation between
these, p-tau levels in CSF and cognitive impairment
(21,23). Recently, our group reported changes in redox
active iron in the CSF of AD patients and we postulated that
monitoring these alterations may be an appropriate sensor
for assessing cognitive impairment (23).

Biomarkers in the CSF

CSF is in intimate contact with nerve tissue, and there is an
important exchange of various substances between neural
environment and CSF. For this reason, several groups have
studied the levels and modifications of various proteins and
substances involved in the pathogenesis of AD and have
tried to validate their role as biomarkers (16,17,21).

Considering a possible etiopathogenic role of beta
amyloid protein, levels of this protein—especially the Ab
fraction (1-42)—has been thoroughly analyzed in CSF of
AD subjects, and a decrease to !50% of its normal value
in CSF has been consistently observed, whichmeans that this
marker has a sensitivity of 78% and a specificity of 81e83%
for diagnosis of AD (15). Moreover, it has been found that
low levels of this peptide can predict the onset of cognitive
decline in older women without dementia (24). Regarding
tau protein, levels of p-tau have proven very useful, for
example, p-tau at threonine 181 allows the differentiation
of AD patients from control subjects and patients with
dementia with Lewy bodies, being a better marker of AD
when compared to Ab (1-42) and total tau (25). Studies of
Maccioni et al. show increases of hyperphosphorylated tau
in AD patients, whereas only the subpopulation of subjects
with mild cognitive impairment (MCI) with higher cognitive
impairment showed abnormal increases in this tau variant
(21). During preclinical stages of AD, it has been proposed
that CSFAb levels may be a useful marker of asymptomatic
brain amyloidosis, whereas CSF tau and p-tau evaluations
are better correlated with later stages of synaptic dysfunction
and early neurodegeneration (18,19).
Peripheral Markers

The search for reliable, noninvasive, and inexpensive
biomarkers has been an important drive for biomarker
research. Among these peripheral markers are the ApoE
polymorphism, inflammatory markers, alterations of p53
protein, and amyloid precursor peptide platelet (18,26,27).
Platelets have been postulated as a peripheral marker for



Table 1. Comparison between several biomarkers for Alzheimer’s disease, currently available, according to their sensitivity and specificity

Biomarker Sensitivity (%) Specificity (%) Sample type Reference

CSF amyloid-b 78 81e83 Cerebrospinal fluid Wiltfang et al., 2007 (15)

CSF tau 66.7e100 66.7e77.8 Cerebrospinal fluid Ewers et al., 2007 (29)

Alterations of p53 protein 90 77 Blood sample Lanni et al., 2008 (30)

ApoE ε4 65 68 Blood sample Mayeux et al., 1998 (31)

Platelet tau 75.7 79.7 Blood sample Far�ıas et al., 2012 (17)
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AD because they carry 95% of circulating amyloid-
b protein precursor (AbPP). The ratio of 130 and
110 kDa forms of AbPP is modified in AD and has been
postulated to correlate with the presence of AD; therefore,
evaluations of AbPP have been suggested as a reliable
noninvasive disease biomarker as well as a sensor for treat-
ment response (16,17). However, it is important to consider
that the changes in plasma concentration of Ab (1-40) are
nonspecific for AD and are closely related to age (28).

Platelet Tau as a Biomarker

A pioneer and revolutionary method of detecting
Alzheimer’s disease at early stages, based on platelet tau
detection, was developed in our laboratories. We analyzed
platelets of AD patients, evaluating whether tau protein
was expressed in these cells because, to date, there has been
no scientific information available in the literature. Initial
studies with antibodies recognizing tau protein showed
the presence of this protein in immunoblots of extracts of
platelets obtained from peripheral blood in both AD
patients and in healthy young (18e25 years of age)
subjects. The same studies draw the attention to the pres-
ence of tau immunoreactive bands migrating at much high-
er molecular weights than expected under denaturing and
reducing electrophoresis conditions (SDS-PAGE). These
high molecular weight forms of tau that appear to be olig-
omeric forms of the protein are increased in AD patients
when compared to healthy elderly subjects (Figure 1);
therefore, platelet tau has been postulated as a biomarker
for AD (17). Later on, studies demonstrated a close corre-
lation between the degree of platelet tau modification and
the level of cognitive impairment measured by neuropsy-
chological tests in AD subjects, whereas correlation with
AbPP platelets was inconsistent during these analyses
(18). This new biomarker has a sensitivity of 75.7% and
a specificity of 79.7% (17) (Table 1), values that enable it
to be an excellent biomarker for AD as well as being able
to track the progress of the disease.

In conclusion, despite multiple advances in the field of
biomarkers, we still do not have an accurate, widely avail-
able laboratory test that can be used for AD detection. New
AD criteria have imposed the challenge of developing new
biomarkers that are able to detect the disease even at the
preclinical stage. Although there is important evidence
to support the reliability of some biomarkers—particularly
in CSF—there is still the need to define the optimal test and
more importantly to advance in the development of a nonin-
vasive biomarker that may allow not only diagnosis but also
monitoring of the disease.
Acknowledgments
Support for this study was provided by Fondecyt grants 1110373
(to RBM), grant 1100975 (to AS), grant 12IDl4-13071 Innova-
CORFO (to RBM) and a grant from the International Center for
Biomedicine (ICC).
References
1. Lee VM, Goedert M, Trojanowski JQ. Neurodegenerative tauopathies.

Annu Rev Neurosci 2001;24:1121e1159.

2. Mandelkow E, von Bergen M, Biernat J, et al. Structural principles of

tau and the paired helical filaments of Alzheimer’s disease. Brain

Pathol 2007;17:83e90.

3. Garcia ML, Cleveland DW. Going new places using an old MAP: tau,

microtubules and human neurodegenerative disease. Curr Opin Cell

Biol 2001;13:41e48.

4. Maccioni RB, Cambiazo V. Role of microtubule-associated proteins in

the control of microtubule assembly. Physiol Rev 1995;75:835e864.
5. Maccioni RB, Munoz JP, Barbeito L. The molecular bases of

Alzheimer’s disease and other neurodegenerative disorders. Arch

Med Res 2001;32:367e381.

6. Spillantini MG, Goedert M. Tau protein pathology in neurodegenera-

tive diseases. Trends Neurosci 1998;21:428e433.

7. Weaver CL, Espinoza M, Kress Y, et al. Conformational change as one

of the earliest alterations of tau in Alzheimer’s disease. Neurobiol

Aging 2000;21:719e727.

8. Mocanu MM, Nissen A, Eckermann K, et al. The potential for beta-

structure in the repeat domain of tau protein determines aggregation,

synaptic decay, neuronal loss, and coassembly with endogenous Tau

in inducible mouse models of tauopathy. J Neurosci 2008;28:

737e748.

9. Ferri CP, Prince M, Brayne C, et al. Global prevalence of dementia:

a Delphi consensus study. Lancet 2005;366:2112e2117.
10. Llibre Rodriguez JJ, Ferri CP, Acosta D, et al. Prevalence of dementia

in Latin America, India, and China: a population-based cross-sectional

survey. Lancet 2008;372:464e474.

11. Alzheimer A. Uber eine eigenartige Erkrankung der Hirnrinde. Allg

Z Psychiant 1907;64:146e148.

12. Fukutani Y, Kobayashi K, Nakamura I, et al. Neurons, intracellular

and extracellular neurofibrillary tangles in subdivisions of the hippo-

campal cortex in normal ageing and Alzheimer’s disease. Neurosci

Lett 1995;200:57e60.

13. McKhann G, Drachman D, Folstein M, et al. 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. 939e344.



666 Guzm�an-Mart�ınez et al./ Archives of Medical Research 43 (2012) 663e666
14. Dubois B, Feldman HH, Jacova C, et al. Research criteria for the diag-

nosis of Alzheimer’s disease: revising the NINCDS-ADRDA criteria.

Lancet Neurol 2007;6:734e746.

15. Wiltfang J, Esselmann H, Bibl M, et al. Amyloid beta peptide ratio

42/40 but not A beta 42 correlates with phospho-Tau in patients

with low- and high-CSF Abeta 40 load. J Neurochem 2007;101:

1053e1059.

16. Neumann K, Farias G, Slachevsky A, et al. Human platelets tau:

a potential peripheral marker for Alzheimer’s disease. J Alzheimers

Dis 2011;25:103e109.

17. Farias G, Perez P, Slachevsky A, et al. Platelet tau pattern correlates

with cognitive status in Alzheimer’s disease. J Alzheimers Dis 2012;

31:65e69.

18. Lavados M, Farias G, Rothhammer F, et al. ApoE alleles and tau

markers in patients with different levels of cognitive impairment. Arch

Med Res 2005;36:474e479.

19. Cummings JL, Doody R, Clark C. Disease-modifying therapies for

Alzheimer disease: challenges to early intervention. Neurology

2007;69:1622e1634.

20. McKhann GM. Changing concepts of Alzheimer disease. JAMA 2011;

305:2458e2459.
21. Maccioni RB, Lavados M, Guillon M, et al. Anomalously phos-

phorylated tau and Abeta fragments in the CSF correlates with

cognitive impairment in MCI subjects. Neurobiol Aging 2006;27:

237e244.

22. Maccioni RB, Lavados M, Maccioni CB, et al. Biological markers of

Alzheimer’s disease and mild cognitive impairment. Curr Alzheimer

Res 2004;1:307e314.
23. Lavados M, Guillon M, Mujica MC, et al. Mild cognitive impairment

and Alzheimer patients display different levels of redox-active CSF

iron. J Alzheimers Dis 2008;13:225e232.

24. Gustafson DR, Skoog I, Rosengren L, et al. Cerebrospinal fluid beta-

amyloid 1-42 concentration may predict cognitive decline in older

women. J Neurol Neurosurg Psychiatry 2007;78:461e464.
25. Vanderstichele H, De Vreese K, Blennow K, et al. Analytical perfor-

mance and clinical utility of the INNOTEST PHOSPHO-TAU181P

assay for discrimination between Alzheimer’s disease and dementia

with Lewy bodies. Clin Chem Lab Med 2006;44:1472e1480.

26. Rojo L, Sjoberg MK, Hernandez P, et al. Roles of cholesterol and

lipids in the etiopathogenesis of Alzheimer’s disease. J Biomed Bio-

technol 2006;2006:73976.

27. Rojo LE, Fernandez JA, Maccioni AA, et al. Neuroinflammation:

implications for the pathogenesis and molecular diagnosis of

Alzheimer’s disease. Arch Med Res 2008;39:1e16.

28. Luchsinger JA, Tang MX, Miller J, et al. Relation of plasma homocys-

teine to plasma amyloid beta levels. Neurochem Res 2007;32:

775e781.

29. Ewers M, Buerger K, Teipel SJ, et al. Multicenter assessment of CSF-

phosphorylated tau for the prediction of conversion of MCI.

Neurology 2007;69:2205e2212.

30. Lanni C, Racchi M, Mazzini G, et al. Conformationally altered p53:

a novelAlzheimer’s diseasemarker?Mol Psychiatry 2008;13:641e647.

31. Mayeux R, Saunders AM, Shea S, et al. Utility of the apolipoprotein

E genotype in the diagnosis of Alzheimer’s disease. Alzheimer’s

Disease Centers Consortium on Apolipoprotein E and Alzheimer’s

Disease. N Engl J Med 1998;338:506e511.


	Emerging Noninvasive Biomarkers for Early Detection of Alzheimer's Disease
	Introduction
	Biomarkers in Alzheimer's Disease
	Biomarkers in the CSF
	Peripheral Markers
	Platelet Tau as a Biomarker

	Acknowledgments
	References


