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Abstract.
Background: Intracellular neurofibrillary tangles are part of the core pathology of Alzheimer’s disease (AD), which are
mainly composed of hyperphosphorylated tau protein.
Objectives: The purpose of this study is to determine whether high molecular weight (HMW) or low molecular weight
(LMW) tau protein levels, as well as the ratio HMW/LMW, present in platelets correlates with brain magnetic resonance
imaging (MRI) structural changes in normal and cognitively impaired subjects.
Methods: We examined 53 AD patients and 37 cognitively normal subjects recruited from two Memory Clinics at the
Universidad de Chile. Tau levels in platelets were determined by immunoreactivity and the MRI scans were analyzed using
voxel-based morphometry in 41 AD patients.
Results: The HMW/LMW tau ratio was statistically different between controls and AD patients, and no associations were
noted between HMW or LMW tau and MRI structures. In a multivariate analysis controlled for age and education level,
the HMW/LMW tau ratio was associated with reduced volume in the left medial and right anterior cingulate gyri, right
cerebellum, right thalamus (pulvinar), left frontal cortex, and right parahippocampal region.
Conclusions: This exploratory study showed that HMW/LMW tau ratio is significantly higher in AD patients than control
subjects, and that it is associated with specific brain regions atrophy. Determination of peripheral markers of AD pathology
can help understanding the pathophysiology of neurodegeneration in AD.
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INTRODUCTION

Alzheimer’s disease (AD) is the major cause of
dementia and disability in people over the age of 65
[1]. The etiology of AD is unknown, although there
is agreement among researchers that the most salient
neuropathological lesions associated with AD are
amyloid-! (A!) plaques and neurofibrillary tangles
(NFT) formed by hyperphosphorylated abnormal tau
[2]. The NFT are used to grade severity of the neu-
ropathology of AD, and this process appears to start
in the mesial temporal lobe [3]. Clinical-pathological
studies have shown that the severity of the clinical
symptoms tends to correlate with NFTs and synaptic
loss but not with A! plaques [4]. A! plaques and NFT
are also present in normal subjects and in those with
mild cognitive impairment (MCI), a pre-dementia
state [5].

Markers of central (i.e., cerebrospinal fluid (CSF),
structural and functional neuroimaging) and periph-
eral (e.g., A! in plasma) AD pathology have been
examined as biomarkers of the disease, and more
recently, studies of peripheral levels of tau have
started to emerge [6, 7]. In CSF, A!42 levels are
decreased in AD patients, while tau or phospho-tau
proteins are increased [8], reflecting the nature of the
neurodegenerative process; amyloid deposition in the
brain parenchyma reflects low CSF A!42 and neu-
ronal death is reflected as increased CSF levels of
intracellular tau proteins.

Brain MRI studies have shown a steeper decline
in the insula, superior parietal cortex, and cingu-
late gyrus, and relative stability of mesial temporal
lobe structures in cognitively normal individuals as
they age [9]. By contrast, atrophy in multiple brain
regions is seen in AD patients, especially in the hip-
pocampal formation [10]. Indeed, low hippocampal
volumes have been consistently found to be predic-
tors of dementia conversion in subjects with MCI
[11, 12], and hippocampal volumes have shown a
correlation with CSF tau levels [13].

Although levels of A! in plasma have been con-
sidered as biomarkers for AD [14], plasma amyloid
studies have shown inconsistent results. Some studies
found that high or low A!42 levels or low A!42/A!40
ratio were associated with AD [14–16]. Plasma and
platelet tau proteins have been reported to be higher
in AD patients compared with non-demented indi-
viduals [6, 7, 17–19]. Previously, we have described
that the high molecular weight (HMW)/ low molec-
ular weight (LMW) tau ratio differentiated AD
from cognitively normal (CN) controls, and it was

associated with the severity of cognitive impairment
[7, 20].

Chiu and colleagues examined the relationship
between tau levels in plasma and cognitive and MRI
measures in AD, MCI, and normal control sub-
jects. The authors found that plasma tau levels were
increased in AD and MCI patients compared to
controls, and they were negatively associated with
memory and verbal fluency measures, and with gray
matter volumes, especially the hippocampus and
frontal lobe regions [18]. Therefore, the identifica-
tion of peripheral AD biomarkers is one of the critical
steps in the understanding of the physiopathology of
the disease, and has the potential for the use in clini-
cal practice as diagnostic tools. The present study is
designed to further examine the association between
HMW/LMW tau ratio and MRI structural measures
using voxel-based morphometry (VBM) in a group
of AD and normal controls subjects.

MATERIAL AND METHODS

Participants

The study participants were recruited from the
Memory Clinics that belongs to the Cognitive Neu-
rology and Dementia Unit (Unidad de Neurologı́a
Cognitiva y Demencias) of the Neurology Service
at the Hospital del Salvador and Hospital Clı́nico
Universidad de Chile, Santiago, Chile. For the pur-
pose of this study, we examined 53 AD (41 had MRI
exams) and 37 CN subjects (35 had MRI exams).
AD subjects met the NINCDS-ADRDA criteria for
probable AD [21]. Diagnosis was made by consen-
sus between senior neurologists (AS and CD) based
on extensive clinical investigations, interviews with
a reliable proxy, laboratory tests, and global cog-
nitive functioning. Briefly, AD patients displayed a
history of episodic memory loss and impairment in
activities of daily life within the context of a pre-
served behavior and personality. All had a Clinical
Dementia Rating (CDR) score of 0.5 or above (12
patients had a CDR = 0.5; 26 patients a CDR = 1; 12
patients a CDR = 2, and 3 patients a CDR = 3) [22].
Cognitively impaired subjects were excluded when
they 1) did not have a reliable informant who could
provide adequate information for the evaluation; 2)
had a history of strokes or silent infarcts in brain
MRI larger than 3 mm diameter; 3) had severe cog-
nitive impairment that would not allow the patient
to complete the neuropsychological assessment; or
4) had sensory disturbances that could interfere with
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neuropsychological testing. The inclusion criteria for
CN subjects were: 1) CDR score of 0 and 2) normal
cognition based on local normative data for the Mini-
Mental State Examination (MMSE) [23]. Exclusion
criteria were the same as for the patients. All partic-
ipants signed an informed consent prior to inclusion
in the study. The Ethical and Scientific Committee of
Servicio de Salud Metropolitano Oriente and Hospi-
tal Clı́nico de la Universidad de Chile approved this
study.

Neurological and neuropsychological assessment

All the subjects were evaluated by a neurologist
(AS or CD) who performed a neurological exam,
interviewed the patients’ families, and completed
a questionnaire on activities of daily living. The
methodology used in our Memory Clinics has been
described previously [24]. Briefly, the assessment
included global cognitive efficiency tests [MMSE
[23], Addenbrooke’s Cognitive Examination Revised
(ACE-R) [24], the Montreal Cognitive Assessment
(MoCA) [25]], language tests (Boston Naming Test)
[26], and verbal fluency [Phonemic verbal fluency
tests (i.e., FAS) and semantic fluency tasks (i.e.,
animals in 1 minute)]; visuospatial-constructional
function [27], working memory test (digit-span
task), verbal episodic memory test [Free and Cued
Selective Reminding Test (FCSRT)] [28], visual
memory (Short Recognition Memory Test for Faces
of the Camden Memory Tests) [29]; executive
functions tests [the Frontal Assessment Battery
(FAB)] [30], the Modified version of the Wisconsin
Card Sorting Test (MCST), a brief version of the
Wiscon-sin Card Sorting Test [31]; and the Trail
Making Test A and B [32]. Activities of daily living
were examined with the CDR sum of boxes [22]
and with the Technology-Activities of Daily Living
Questionnaire (T-ADLQ) during an interview with a
knowledgeable collateral source [33].

MRI data acquisition

MRI acquisition was performed on two 1.5 Tesla
MRI scanners: a Philips Intera Nova Dual gradi-
ent system (45 mT/m) and a Siemens Symphony
Maestro Class (Ernlagen, Germany) with 20 mT/m
gradient system. High resolution anatomical scans
were obtained using a T1-weighted three dimen-
sional gradient recalled echo acquisition: 3D T1
fast field echo sequence on Philips scanner and 3D
T1 fast low angle shot on Siemens scanner both

with the same acquisition parameters (TE = 4.6 ms,
TR = 25 ms, flip angle = 30◦, field of view on fre-
quency = 250 mm, 256 × 256 matrix, isotropic voxel
size 1 × 1 × 1 mm).

Data processing for VBM

We used VBM in order to evaluate the correlation
between tau values and the grey matter density on the
anatomical MRI scans. Data processing and analysis
was performed using statistical parametric mapping
software SPM5 (Welcome Department of Imaging
Neuroscience Group. London. UK; http://www.fil.
ion.ucl.ac.uk/spm/) with MATLAB version 7.3 (The
Mathworks, Inc., USA) and VBM toolbox (http://
dbm.neuro.uni-jena.de/vbm/). To analyze brain
volumes, we used an optimized VBM procedure
[9]. Images were normalized to MNI space and seg-
mented with SPM5 and DARTEL (Diffeomorphic
Anatomical Registration Through Exponentiated Lie
Algebra) toolbox (http://brainmap.wisc.edu/pages/8-
Normalizing-DARTEL-Templates-to-MNI-Space)
following the standard procedure described by
Ashburner [34]. After normalization, gray matter
segments were modulated and smoothed with an
8-mm FWHM isotropic Gaussian kernel. After
segmentation the images were inspected to check
data quality.

Platelet tau analyses

Peripheral blood samples (5 mL) were obtained
from each participant, maintained at room tem-
perature, and processed in laboratory according to
Neumann and colleagues no more than 2 h after
extraction [7]. Briefly samples were centrifuged at
200 × g for 10 min at room temperature in a Rotina
35R Hettichzentrifugen in order to obtain platelet rich
plasma. The platelet fractions were then isolated by
centrifugation at 1600 × g for 10 min, resuspended
in 150 mM NH4Cl at room temperature for 5 min,
and then centrifuged at 1600 × g for 10 min at 4◦C to
avoid activation of these cells. The plasma obtained
was stored at –80◦C for subsequent analyses. Platelet
pellets were washed with 1 mM EGTA in phos-
phate buffered saline (1.4 mM NaCl, 0.02 mM KCl,
0.1 mM Na2HPO4, 0.017 mM KH2PO4). Platelets
were lysed in 100 "L RIPA lysis buffer (5.0 mM
Tris-HCl pH 7.5, 1.5 mM NaCl, 10% NP-40, 10%
deoxycholate, 20 mM EDTA pH 8.0, 500 mM NaF,
1% SDS) and 15 "l of a protease inhibitor cock-
tail (Complete Mini, EDTA-free, Roche). 50 "g of

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
http://dbm.neuro.uni-jena.de/vbm/
http://dbm.neuro.uni-jena.de/vbm/
http://brainmap.wisc.edu/pages/8-Normalizing-DARTEL-Templates-to-MNI-Space
http://brainmap.wisc.edu/pages/8-Normalizing-DARTEL-Templates-to-MNI-Space
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total platelet protein were loaded per well in 10%
acrylamide gels and SDS-PAGE was performed for
90 min at 100 mV. Proteins were then transferred
to nitrocellulose membranes for 90 min at 330 mA
by tank transfer. Membranes were blocked with 5%
BSA overnight at 4◦C and probed with 2 g/ml Tau-
5 antibody (Calbiochem) against tau protein. Tau-5
monoclonal antibody recognizes every form of phos-
phorylated and non-phosphorylated tau; the epitope
of anti-tau (Tau5) was mapped to the human tau
sequence 218–225, which is not phosphorylated in
vivo. Immunoreactive bands were detected by using
Pierce ECL Plus Substrate chemioluminescent sub-
strate (Pierce, Rockford, IL) in Amersham Hyperfilm
ECL (GE Healthcare). After developing the western
blots, the bands are scanned and quantified by using
the software ImageJ 1.46r (Wayne Rasband, National
Institutes of Health, USA). For this purpose, the low
molecular weight tau (LMWtau) species are consid-
ered those with molecular weight between 55 and 70
kDa. On the other hand, high molecular weight tau
(HMW) species are considered as those with molec-
ular weight in the range 80–240 kDa and probably
correspond to tau oligomers (see Fig. 1).

Statistical analysis

Descriptive and comparative analyses were con-
ducted with the Student’s t-test for non-categorical
variables and chi squared test for categorical vari-
ables to compare the two groups. In addition, the
effect sizes (Cohen’s d statistic) were calculated to

Fig. 1. Representative immunoblots of platelet tau with tau-5 anti-
body. High molecular weight tau bands (HMWtau) (molecular
weight in the range 80–240 kDa) presented greater immunore-
activity in patients with AD as compared with healthy subjects.
Low molecular weight tau bands (LMWtau) (molecular weight of
about 65 kDa) presented similar immunoreactivity in patients with
AD as healthy subjects.

determine the magnitude of the group differences.
The association between HMW/LMW tau ratio and
demographic variables and cognitive results were
evaluated with Pearson’s correlation. The analyses
were conducted at p < 0.05 (two-tailed) using the pro-
gram PASW 18 for Microsoft Windows (SPSS Inc.,
Chicago, IL, USA).

VBM analysis

We correlated the HMW/LMW tau ratio for 41 AD
patient with signal intensity in each voxel across all
of the scans. Patient age and years of education were
included in the analysis as a confounding covariate.
We used multiple regression models to test regional
effects for HMW/LMW tau ratio by using T-statistics.
Results from analyses were threshold at a p value
of less than 0.05 corrected for multiple comparisons
using Familywise error rate (FWE).

RESULTS

Table 1 shows the characteristics of AD and CN
subjects. The two groups differed significantly in edu-
cation level and severity of dementia measured with
the CDR and the three general cognitive functions
tools (MMSE, MoCA, ACE-R). The details of the
neuropsychological battery in CN and AD subjects
are shown in Supplementary Table 2. The ratio of
HMW/LMW tau was higher in AD patients compared
to CN subjects (p < 0.001) (see Table 1 and Fig. 2).
However, the levels of LMW tau (p = 0. 427) and
HMW tau (p = 0.134) were not statistically different
between groups.

Clinical correlations

The HMW/LMW tau ratio correlated with
the severity of dementia rated with the CDR
(CDR r = 0.318, p = 0.002 and CDR–SB r = 0.357;
p < 0.001) and performances in cognitive tests in the
total sample (ACE-R r = –0.405, MOCA r = –0.392,
and MMSE r = –0.380; p < 0.001) (see Table 2).
Among all 90 study participants, no correlations were
found between HMW/LMW and age or educational
level (p > 0.05). No significant correlation was found
with any of these variables in the CN group. In the
AD group, only ACE-R was significantly correlated
with HMW/LMW tau ratio (r = –0.270; p < 0.05).
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Table 1
Demographic characteristics of normal controls and Alzheimer’s disease patients

Normal control AD Patients t-test/χ2 Effect Size1

Number of cases 37 53
Male/female 13 (35.1%)/24 (65.1%) 21 (39.6%)/32 (60.4%) 0.329 0.89
Age 71.3 ± 5.18 (64–83) 73.62 ± 6.64 (60–88) –1.783 –0.38
Education level 13 ± 4.06 (6–22) 10.96 ± 4.73 (3–20) 2.129∗ 0.41
CDR 0 ± 0 (0–0) 1.23 ± 0.68 (0.5–3) –13.065∗∗ –2.56
CDR Sum of boxes 0 ± 0 (0–0) 5.9 ± 3.37 (1–14) –10.558∗∗ –2.47
MMSE 28 ± 2.19 (21–30) 21.7 ± 5.57 (7–30) 7.452∗∗ 1.49
MoCA 24.58 ± 3.93 (16–30) 15.56 ± 6.56 (1–29) 7.946∗∗ 1.67
ACE-R 91.22 ± 7.82 (61–100) 66.19 ± 19.19 (66.19–100) 8.534∗∗ 1.71
tau LMW 22217.81 ± 9604.67 (4866.25–41435.39) 20852.84 ± 10903.46 (1355.36–45511.87) 0.611 0.13
tau HMW 30589.47 ± 13992.49 (3543.27–56776.47) 35343.84 ± 15554.91 (6758.47–69989.64) –1.486 –0.32
HMW/LMWtau 1.4 ± 0.43 (0.42–2.27) 2.17 ± 1.21(0.5–6.93) –4.260∗∗ –0.85

AD, Alzheimer’s disease; CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment;
ACE-R, Addenbrooke’s Cognitive Examination Revised. Data are presented in mean ± standard deviation (minimum – maximum). 1Cohen’s
d except for gender (Relative Risk) ∗p = 0.036; ∗∗p < 0.001.

Fig. 2. Mean HMW/LMW tau ratio in AD patients MCI and con-
trol subjects. There is a significant difference between AD and
control group (p = 0.002).

MRI analyses

There were no associations between HML and
LMW tau and MRI structures. The HMW/LMW tau
ratio controlled for age and education level was sig-
nificantly correlated with six clusters: one of 529
voxels in the left cingulate gyrus Brodmann’s area
(BA) 24 with peak at Talairach coordinates –12, 0,
43; one of 364 voxels in the right cerebellum with
peak at Talairach coordinates 24, –81, –26; one of
230 voxels in the right anterior cingulate (BA 32) with
peak at Talairach coordinates 12, 33, 9; one of 190
voxels in the right thalamus (pulvinar) with peak
at Talairach coordinates –15, –30, 15; one of 161
voxels in the left frontal lobe (BA 9) with peak at
Talairach coordinates 14, 29, 30; and one of 187 vox-

els in the right parahippocampal (BA 36) with peak
at Talairach coordinates 28, –21, –24 (Fig. 3). All the
anatomical locations exceed a voxelwise statistical
FEW corrected p < 0.05 threshold level (see Table 3).

DISCUSSION

This exploratory study showed that the
HMW/LMW tau ratio was 1) significantly higher
in AD subjects compared to those with normal
cognition, 2) associated with decreased brain volume
in left middle and right anterior cingulate gyri, right
cerebellum, right thalamus (pulvinar), left frontal
cortex, and right parahippocampal in AD patients,
and 3) correlated with global measures of cognitive
and functional performance in all subjects.

We have described an increase in HMW tau and
a decrease in the normal LMW tau species in the
blood samples of AD patients [20]. The molecular
features of the HMW species appear to correspond
to oligomeric forms of tau and not to the expression
of a different gene as described for “heavy tau” of
130 kDa [35, 36]. These tau oligomers can be visual-
ized in western blots even at denaturing conditions,
as described in patients with frontotemporal dementia
[37]. Accumulation of tau oligomers appears to cor-
relate with the pathophysiology of AD that occurs in
the brain, as well as the peripheral blood cells [38]. As
noted previously, HMW/LMW ratio does not depend
on age.

We found an association between the HMW/LMW
ratio and brain volume in the mesial temporal lobe
region, the cingulate cortex, the pulvinar nucleus, the
frontal cortex, and the cerebellum. These findings are
consistent with those from Chiu and colleagues [18]
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Table 2
Pearson’s correlation coefficient between HMW/LMW tau ratio and demographic

and neuropsychological variables

All subjects Normal controls AD Patients (n = 53)
(n = 90) (n = 37)

All patients with Patients
cognitive testing with MRI

(n = 53) (n = 41)

Age –0.012 0.006 –0.111 –0.175
Education level –0.104 0.021 –0.036 –0.034
ACE-R –0.405∗ 0.125 –0.270∗∗∗ –0.089
MMSE –0.380∗∗ 0.061 –0.250 –0.109
MOCA –0.392∗ 0.039 –0.266 –0.068
CDR 0.318∗∗ 0.068 –0.012
CDR-SB 0.357∗∗ –0.175 0.138 –0.014
∗p < 0.001; ∗∗p = 0.002; ∗∗∗p < 0.05. See Table 1 for abbreviations.

Table 3
Results of VBM analysis, dependent variable: HMW/LMW tau ratio with age and education as covariable

Set-level Cluster-level Peak-level MNI * Coordinates
P C pFWE-Corr pFDR Corr KE p∗∗ pFWE-Corr pFDR Corr T (ZE) p∗∗ x y z

0.000 6 0.001 0.073 230 0.013 0.000 0.160 7.05 5.58 0.000 12 33 9
0.000 0.009 520 0.001 0.001 0.160 6.84 5.47 0.000 –12 0 43
0.000 0.023 364 0.003 0.001 0.160 6.73 5.41 0.000 24 –81 –26
0.001 0.077 190 0.022 0.002 0.221 6.34 5.18 0.000 15 –30 15
0.002 0.091 161 0.032 0.003 0.221 6.30 5.16 0.000 –14 29 30
0.001 0.077 187 0.023 0.006 0.390 5.99 4.98 0.000 28 –21 –24

∗Montreal Neurological Institute, ∗∗uncorrected.

who reported increased tau plasma levels in AD and
MCI subjects compared to controls. In addition,
the authors found an association between increased
tau plasma levels and decreased temporal (includ-
ing mesial temporal regions) and frontal cortices,
thalamus, and precuneus volumes in a group of nor-
mal, MCI, and AD individuals. However, in the
multivariate analysis, education and hippocampal
and superior frontal cortex volumes were associated
with tau plasma levels. Studies conducted with
[18]F-T807 PET, a tau ligand, showed an increased
retention in the inferolateral temporal lobe and pari-
etal and frontal cortices in MCI/AD individuals [39].
Interestingly, there was no retention in the hippocam-
pal region, and there was increased retention in the
substantia nigra. The standardized uptake value ratio
of the [18]F-T807 PET retention correlated with that
of [11]C PiB-PET, an amyloid ligand. Taken together,
these studies indicated that peripheral and central
tau markers are associated with the expected dis-
tribution of NFT in the neocortex as described by
Braak and Braak [3]. Our data suggest that periph-
eral changes in platelet proteins (HMW/LMW tau)
are associated with distribution of NFT in the cerebral
cortex.

Finally, it is important to note that amyloid depo-
sition in the brain detected with amyloid ligands is
predominantly present in the dorsolateral prefrontal,
anterior and middle cingulate gyri, superior tempo-
ral and parietal cortices, as well as in the precuneus
[40], and the amyloid-associated volume loss tends
to occur in the presence of phosphor-tau [41].

The association between HMW/LMW tau ratio
and subcortical structures is consistent with the pres-
ence of AD pathology in multiple brain regions. AD
pathology in thalamic [42], and cerebellar structures
[43, 44], possibly reflect a complex cognitive-
behavioral network dysfunction in AD [43]. The
dorsolateral thalamic nucleus is part of the Papez
circuit [42], and the pulvinar nucleus could be part
of visuospatial-visual attention networks [45]. MRI
studies have shown smaller cerebellar volumes in AD
patients compared to controls [46–48], and Thal and
colleagues showed AD pathology in the cerebellum
of AD patients [44]. However, the cerebellar involve-
ment seems to reflect more advanced disease.

The HMW/LMW ratio is significantly increased
in AD patients and it was associated with measures
of global cognition in the whole sample, and there
was an association between a measure of frontal lobe
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Fig. 3. VBM analyses showing brain regions in which gray matter intensity correlates significantly with HMW/LMW tau ratio in AD patients.
Colored voxels show regions that were significant in the analysis using a statistical threshold of p < 0.05 corrected for multiple comparisons
(FWE) with a cluster threshold of 100 contiguous voxels. Clusters are displayed using anatomical images (radiological convention) over a
normalized T1-weighted image. The regression model included age and education level as covariate parameters. Each reported anatomical
location exceeds a voxelwise statistical FWE corrected p < 0.05 threshold level. The number of voxels denotes the extent of the cluster
of significant voxels in cubic millimeters. The Talairach coordinate refers to the location of the most statistically significant voxel in
the cluster.

dysfunction and HMW/LMW ratio in the AD
patients. It is possible that the small number of
subjects precluded to further investigate cognitive
associations in this sample. Nevertheless, this is con-
sistent with previous observations that showed that
tau levels in plasma were associated with verbal mem-
ory and verbal fluency in MCI/AD patients [18].

As reported in previous study [20], neither HMW
nor LMW differentiated AD subjects from CN sub-
jects. The absence of correlation of HMW and LMW
could be explained by the fact that neither HMW nor
LMW platelet tau constitute biomarkers for AD.

It is important to point out that the nature of the high
molecular weight species of tau in human platelets
remains elusive. Berger et al. [37] found two forms
of tau (140 and 170 kDa). They described the same
electrophoretic pattern of tau proteins, i.e., a high
molecular weight tau, in both mouse models and
in tissue from patients with AD and frontotemporal

dementia linked to chromosome 17. The levels of
this form of tau correlated with memory loss at dif-
ferent ages in transgenic mice, suggesting that this
high weight form of tau may correspond to a variant
of high molecular weight or oligomeric of protein
tau [49]. This form of the protein was called “heavy
tau” due to its molecular weight (110–130 kDa) [37,
49–52].

In summary, the results of our study suggest that
HMW/LMW tau ratio could constitute a valuable
biomarker for AD due to its association with mea-
sure of severity of the disease and measure of disease
pathology (i.e., brain volume). Compared to CSF
biomarkers, plasma biomarkers could be more suit-
able for a broad application and repeated measures
due to their low cost and low risk. Our findings need
independent confirmation by other group and if repli-
cated, longitudinal studies are needed to examine
their utility as markers of disease progression.



1602 A. Slachevsky et al. / Tau Platelets and Alzheimer’s Disease

ACKNOWLEDGMENTS

This work was supported by CONICYT/FONDE
CYT/1100975 (to AS, CD, PR, CM, EB, PF, CG, JTB,
OLL, RBM); CONICYT/FONDECYT/1140423 (to
AS, CD, EB, PF, and MF); CONICYT/FONDECYT/
1110373 (to LG-M, GAF, and RBM); CONICYT/FO
NDAP/15150012 (to AS); Corfo INNOVA Chile
12IDL2-18218 (to RBM); International Center for
Biomedicine (ICC) (to LG-M, GF, RBM); and PIA-
CONICYT Basal Funds for Centers of Excellence
Project BF0003 (to AS); and NIH/NIA AG005133
(to OLL and JTB). Authors’ disclosures available
online (http://j-alz.com/manuscript-disclosures/16-
0652r2).

SUPPLEMENTARY MATERIAL

The supplementary material is available in the
electronic version of this article: http://dx.doi.org/
10.3233/JAD-160652.

REFERENCES

[1] Ferri CP, Prince M, Brayne C, Brodaty H, Frataglioni L,
Ganguli M, Hall K, Hasegawa K, Hendrie H, Huang Y, Jorm
A, Mathers C, Menezes PR, Rimmer E, Scazufca M (2005)
Global prevalence of dementia: A Delphi consensus study.
Lancet 366, 2112-2117.

[2] Hyman BT, Phelps CH, Beach TG, Bigio EH, Cairns NJ,
Carrillo MC, Dickson DW, Duyckaerts C, Frosch MP,
Masliah E, Mirra SS, Nelson PT, Schneider JA, Thal DR,
Thies B, Trojanowski JQ, Vinters HV, Montine TJ (2012)
National Institute on Aging-Alzheimer’s Association guide-
lines for the neuropathologic assessment of Alzheimer’s
disease. Alzheimers Dement 8, 1-13.

[3] Braak H, Braak E (1991) Neuropathological stageing of
Alzheimer-related changes. Acta Neuropathol 82, 239-259.

[4] Bussiere T, Giannakopoulos P, Bouras C, Perl DP, Mor-
rison JH, Hof PR (2003) Progressive degeneration of
nonphosphorylated neurofilament protein-enriched pyrami-
dal neurons predicts cognitive impairment in Alzheimer’s
disease: Stereologic analysis of prefrontal cortex area 9.
J Comp Neurol 463, 281-302.

[5] Haroutunian V, Purohit DP, Perl DP, Marin D, Khan K, Lantz
M, Davis KL, Mohs RC (1999) Neurofibrillary tangles in
nondemented elderly subjects and mild Alzheimer disease.
Arch Neurol 56, 713-718.

[6] Lavados M, Farias G, Rothhammer F, Guillon M, Mujica
MC, Maccioni C, Maccioni RB (2005) ApoE alleles and
tau markers in patients with different levels of cognitive
impairment. Arch Med Res 36, 474-479.

[7] Neumann K, Farias G, Slachevsky A, Perez P, Maccioni RB
(2011) Human platelets tau: A potential peripheral marker
for Alzheimer’s disease. J Alzheimers Dis 25, 103-109.

[8] Galasko D, Chang L, Motter R, Clark CM, Kaye J, Knop-
man D, Thomas R, Kholodenko D, Schenk D, Lieberburg I,
Miller B, Green R, Basherad R, Kertiles L, Boss MA, Seu-

bert P (1998) High cerebrospinal fluid tau and low amyloid
beta42 levels in the clinical diagnosis of Alzheimer disease
and relation to apolipoprotein E genotype. Arch Neurol 55,
937-945.

[9] Good CD, Johnsrude IS, Ashburner J, Henson RNA, Friston
KJ, Frackowiak RSJ (2001) A voxel-based morphometric
study of aging in 465 normal adult human beings. Neuroim-
age 14, 21-36.

[10] Thompson PM, Moussai J, Zohoori S, Goldkorn A, Khan
AA, Mega MS, Small GW, Cummings JL, Toga AW (1998)
Cortical variability and asymmetry in normal aging and
Alzheimer’s disease. Cereb Cortex 8, 492-509.

[11] Jack CR, Petersen RC, Xu YC, O’Brien PC, Smith GE, Ivnik
RJ, Boeve BF, Waring SC, Tangalos EG, Kokmen E (1999)
Prediction of AD with MRI-based hippocampal volume in
mild cognitive impairment. Neurology 52, 1397-1403.

[12] Frisoni GB, Fox NC, Jack CR Jr, Scheltens P, Thompson
PM (2010) The clinical use of structural MRI in Alzheimer
disease. Nat Rev Neurol 6, 67-77.

[13] de Souza LC, Chupin M, Lamari F, Jardel C, Leclercq D,
Colliot O, Lehericy S, Dubois B, Sarazin M (2012) CSF
tau markers are correlated with hippocampal volume in
Alzheimer’s disease. Neurobiol Aging 33, 1253-1257.

[14] Mayeux R, Tang MX, Jacobs DM, Manly J, Merchant C,
Small SA, Stern Y, Wisniewski HM, Mehta PD (1999)
Plasma amyloid beta peptide 1-42 and incipient Alzheimer
disease. Ann Neurol 46, 412-416.

[15] Seppala TT, Herukka SK, Hanninen T, Tervo S, Hallikainen
M, Soininen H, Pirttila T (2011) Plasma Abeta42 and
Abeta40 as markers of cognitive change in follow-up: A
prospective, longitudinal, population-based cohort study.
J Neurol Neurosurg Psychiatry 81, 1123-1127.

[16] van Oijen M, Hofman A, Soares HD, Koudstaad PJ, Breteler
MMB (2006) Plasma alpha beta 1-40 and alpha beta 1-42
and the risk of dementia: A prosepctive case-cohort study.
Lancet Neurol 5, 655-660.

[17] Zetterberg H, Wilson D, Andreasson U, Minthon L,
Blennow K, Randall J, Hansson O (2013) Plasma tau levels
in Alzheimer’s disease. Alzheimers Res Ther 5, 9.

[18] Chiu MJ, Chen YF, Chen TF, Yang SY, Yang FP, Tseng
TW, Chieh JJ, Chen JC, Tzen KY, Hua MS, Horng HE
(2014) Plasma tau as a window to the brain-negative asso-
ciations with brain volume and memory function in mild
cognitive impairment and early Alzheimer’s disease. Hum
Brain Mapp 35, 3132-3142.

[19] Mukaetova-Ladinska EB, Abdell-All Z, Andrade J, da Silva
JA, Boksha I, Burbaeva G, Kalaria RJ, O’Brien JT (2013)
Platelet tau protein as a potential peripheral biomarker in
Alzheimer’s disease: An explorative study. Curr Alzheimer
Res 10, 1-8.

[20] Farias G, Perez P, Slachevsky A, Maccioni RB (2012)
Platelet tau pattern correlates with cognitive status in
Alzheimer’s disease. J Alzheimers Dis 31, 65-69.

[21] McKhann G, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM (1984) Clinical diagnosis of Alzheimer’s dis-
ease: Report of the NINCDS-ADRDA Work Group under
the auspices of Department of Health and Human Ser-
vices Task Force on Alzheimer’s Disease. Neurology 34,
939-944.

[22] Hughes CP, Berg L, Danzinger WL (1982) A new clinical
scale for the staging of dementia. Br J Psychiatry 140, 566-
572.

[23] Folstein MF, Folstein SE, McHugh PR (1975) Mini-mental
state: A practical method grading the cognitive state of
patients for the clinician. J Psychiatr Res 12, 189-198.

http://j-alz.com/manuscript-disclosures/16-0652r2
http://j-alz.com/manuscript-disclosures/16-0652r2
http://dx.doi.org/10.3233/JAD-160652
http://dx.doi.org/10.3233/JAD-160652


A. Slachevsky et al. / Tau Platelets and Alzheimer’s Disease 1603
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