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Abstract.
Background: A major drawback in Alzheimer’s disease (AD) is the lack of validated biomarkers for routine clinical diag-
nostic. We have reported earlier a novel blood biomarker, named Alz-tau®, based on variants of platelet tau. This marker
evaluates the ratio of high molecular weight tau (HMWtau) and the low molecular weight (LMWtau) tau.
Objective: To analyze a potential novel source of antigen for Alz-tau®, plasma tau, detected by immunoreactivity with the
novel monoclonal antibody, tau51.
Methods: We evaluated tau variants in plasma precipitated with ammonium sulfate from 36 AD patients and 15 control
subjects by western blot with this novel monoclonal antibody.
Results: The HMW/LMWtau ratio was statistically different between AD patients and controls.
Conclusions: Plasma tau variants are suitable to be considered as a novel antigen source for the Alz-tau® biomarker for AD.

Keywords: Alz-tau®, Alzheimer’s disease, HMW/LMWtau ratio, monoclonal antibodies, peripheral biomarkers, tau protein
in the human plasma

INTRODUCTION

Alzheimer’s disease (AD) is a multifactorial,
neurodegenerative pathology characterized by extra-
cellular deposits of amyloid-� peptide (A�) in
plaques, as well intracellular polymers such as paired
helical filaments and neurofibrillary tangles result-
ing from tau oligomerization [1, 2]. Clinically, AD is
characterized by a progressive cognitive impairment
and behavioral disorders of patients, affecting around
12% of people >65 years [3]. AD is the main cause
of dementia in the elderly (accounts for a 60–70%
of cases) [4], thus affecting not only the patient, but
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also their caregivers. Consequently, considering the
accelerated aging rate worldwide [5], this disease has
turned in recent years in a serious public health issue.

Our neuroimmunomodulation theory [6] states
that several danger signals (e.g., reactive oxygen
species, A� oligomers, etc.) trigger microglial and
astroglial activation, which leads to a neuroinflam-
matory microenvironment due to a chronic activation
of the innate immune system, leading to neuronal
dysfunction and finally neuronal death [6, 7].

Tau oligomers are constituted by hyperphosphory-
lated tau (p-tau), due to an excessive activity of CDK5
and GSK3� [8]. These oligomers lead to neurodegen-
eration, and due to that, tau aggregates are released
to the extracellular domain, where they can act as
danger signals to activate microglia and astrocytes,
promoting the proinflammatory microenvironment
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[9]. Thus, paired helical filaments and neurofibrillary
tangles are neurotoxic agents for the brain. The latter
can also be applied to A� oligomers [10] which can
exacerbate the inflammatory response.

Considering that AD is a multifactorial disease,
and that current treatments only mitigate its symp-
toms [11, 12], early diagnosis is critical. Currently,
there are no biomarkers that can diagnose AD in a
preclinical or clinical stage. The only ones currently
available are biomarkers in cerebrospinal fluid (CSF)
[13, 14], positron emission tomography [15, 16], and
magnetic resonance imaging [17], which are expen-
sive and/or highly invasive [18]. Also, some of them
require complementation with neuropsychology.

Recently, some potential blood-based biomark-
ers have been reported for preclinical diagnosis
of AD, as well as to predict disease progres-
sion. The majority has focused on the A� peptide,
which is a widely studied biomarker for AD [19].
However, due to the heterogeneity of the sources
and contradictory results, further investigation is
required. Another potential biomarker is CSF p-tau
by electro-chemiluminescence using two monoclonal
antibodies [20]. However, plasma p-tau is still under
validation and even though if successful could be sen-
sitive and specific, the cost due to the requirement
of two monoclonal antibodies and required equip-
ment, would made the implementation difficult at
large scale. One of the few validated biomarkers
involves tau protein evaluated in CSF [13]. Not only
it has been correlated successfully with hippocam-
pal volume [14], but also with cognitive decline [21].
However, it is highly invasive.

Recently, a novel non-invasive biomarker was
developed, based on platelet tau which was detected
by western blot [22, 23], and discriminates between
AD patients and controls. This biomarker, named
Alz-tau®, is based on an algorithm in which the ratio
of two variants detected in platelets, high-molecular
weight (HMW) and low-molecular weight (LMW)
tau are evaluated by densitometry. Currently, Alz-
tau® has been clinically validated by three clinical
trials [24–26], and currently a fourth ongoing study
is underway to validate the novel monoclonal anti-
body tau51. The marker using this antibody has a
sensitivity of a 75.7% and a specificity of a 73.7%
[25], which is appropriate for a novel technique.

In the present investigation, we present a reliable
novel antigen source for the Alz-tau® biomarker, the
plasma tau, consistent with our previous work, to sup-
port the Alz-tau® biomarker as an early predictor for
AD.

METHODS

Subjects

The subjects for this study were recruited from the
Ace Foundation, Barcelona, Spain, previously stud-
ied in Alz-tau® clinical trial [24]. For the purpose of
the present study focused on plasma tau, we exam-
ined 36 probable AD subjects (Mini-Mental Status
Exam (MMSE) score <28 and Global Deterioration
Scale (GDS) >2) and 15 control subjects (MMSE
score >28 and GDS < 2). The range of patients age in
both groups of the study was between 52 to 91 years
old (see Table 1). All the procedures were approved
by the Medical Ethics Committee of the International
Center for Biomedicine and Medical Ethics of the
Ace Foundation, and all participants and/or their legal
guardian signed the informed consents.

Plasma tau analyses

6 mL of venous blood samples were obtained from
the patients and voluntary control subjects and sub-
jected to differentiated centrifugation to separate the
platelets. First the blood samples were centrifuged
at 250 RCF (Relative Centrifuge Force) for 10 min
at room temperature (RT), to obtain platelet-rich
plasma. Next, plasma was centrifuged at 1750 RCF
for 10 min at RT in order to obtain the isolated
platelets. Platelets were then used for clinical trial of
the Alz-tau® biomarker, and the plasma was stored
at –20◦C until use for this study.

Plasma was incubated with (NH4)2SO4 at 45%
(e.g., for 1.5 mL of plasma, 0.42 g of (NH4)2SO4
was added) for 1 h at RT. Then, the mixture was
centrifuged at 16000 RCF for 30 min. Pellet 1 (P1)
was stored at –20◦C and supernatant was incubated
with ammonium sulfate at 60% for 1 h at RT (for
1 mL of supernatant, 0.1 g of (NH4)2SO4 was added).
Then, this new mixture is centrifuged at 16000 g for
30 min. Pellet 2 (P2) and supernatant (S) were stored
at –20◦C. Pellet 1 (the one which has tau) was resus-
pended in 500 �L of TBS 1× supplemented with
protease inhibitors (Roche) and protein concentration
was determined by nanodrop.

Production of the anti-tau monoclonal antibody
(tau51)

The tau51 monoclonal antibody was produced
according to monoclonal production technology [27],
by injecting the highly purified platelet tau protein



A. González et al. / A Potential Biomarker for Alzheimer’s Disease 879

Table 1

Demographic and clinical characteristics of the groups of Alzheimer’s disease and healthy subjects (*).
(From Guzmán-Martinez et al, 2019 [24])

AD patients Healthy subjects

Total subjects 36 15
Men 7 6
Women 29 9
GDS 3.97 ± 0.77 1.53 ± 0.52
CDR 1.11 ± 0.57 0.07 ± 0.18
MMSE 21.69 ± 3.90 29.47 ± 0.74
Age (mean) 74.92 ± 10.89 (52-91) 65.87 ± 6.63 (55-78)
Plasma ratio HMW/LMWtau** 0.4647 ± 0.0313 0.2982 ± 0.03670
Platelets ratio HMW/LMWtau*** 1.445 ± 0.439 1.098 ± 0.349

*Plasma samples employed for this study were obtained from the same cohort as Guzmán-Martinez et al.,
2019 [24]. **Ratio calculated from samples of human plasma obtained from blood according with Material
and Methods. ***Platelets data was added for comparison purposes.

into Balb/c mice (0.2 mg/mouse) aged 6 to 7 weeks.
After primary injection and a booster, B cells from
the popliteal lymph nodes were fused with SP2/0-
AG14 myeloma cells, in RPMI medium with 10%
FBS, the resulting granule was collected and plated
in cell culture plates. After culturing for 10 days in
selection media with hypoxanthine, aminopterin, and
thymidine (HAT), the hybridomas were screened and
subcloned, to ensure that viable antibody-producing
hybridomas are available after the selection process.
The hybridomas were grown in RPMI 1640 + L-
glutamine culture medium supplemented with 10%
FBS, 1x Penicillin/streptomycin (100 I.U/mL), and
1 mM sodium pyruvate. Finally, antibodies were puri-
fied by a Protein A column, quantified and stored at
–20◦C. Hybridomas were produced on the basis of
service purchase agreement, by Dr. Laura Bover of
the Monoclonal Center at MD Anderson Hospital in
Texas.

SDS-PAGE and western blot

50 �g of total protein from P1 1/10 were loaded in
10% polyacrylamide gels, and then transferred to a
nitrocellulose membrane of 0.45 �m pore at 330 mA
for 90 min. The membrane was blocked with 5% non-
fat milk in 1X TBS for 1 h at RT. It will be used as
specific primary antibody tau51 (1 : 1000), allowing
to incubate in constant agitation overnight at 4◦C. The
membranes were incubated with the conjugated sec-
ondary antibody HRP 1 : 7000 (Pierce) for 1 h at RT.
Immunoreactive bands were detected using appro-
priate reagents for chemiluminescence. The films
were scanned, and the intensities of the bands quan-
tified using Fiji for MAC OS and a ratio of tau of

high molecular weight (HMWtau > 80 kDa) and of
low molecular weight (LMWtau < 80 kDa) was cal-
culated for each sample, both control subjects and
AD patients.

Statistical analysis

The levels of the biomarker between AD and
control were compared using a two-tailed Student’s
t-statistic for unrelated samples, using Graph Pad
Prism program, version 5.0 for mac. The level of sig-
nificance was set at 0.05 to consider the significant
differences in the different statistical analyzes.

RESULTS

As similarly observed in previous studies regard-
ing Alz-tau® and platelet tau as a marker [24],
immunoblots presented an electrophoretic pattern
immunoreactive with the monoclonal antibody tau51,
with molecular weights ranging from approxi-
mately 55 kDa (the expected molecular weight for
monomeric tau) to sizes as large as 230 kDa (approx-
imately) in which each lane represents one patient
(Fig. 1). The ratio of plasma tau was as much
for healthy subjects as for AD, according to those
described by Neumann et al. [23], with some modifi-
cations. As seen in Fig. 1, HMW immunoreactive
bands (>70 kDa) for tau appears in both AD and
healthy subjects, but more marked in AD. Based on
Fig. 1, in Fig. 2 a 3D analysis was performed in order
to highlight the differences among AD and Control.
In this figure, it can be appreciated that HMW peaks
are higher in AD patients than controls. However, it
should be noted that the AD and control definition
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Fig. 1. Representative western blots of plasma tau with tau51
antibody. High molecular weight tau bands (≥80 kDa), showed
increased immunoreactivity in AD patients compared to healthy
subjects. On the other hand, the bands corresponding to low molec-
ular weight tau (≤70 kDa), showed similar immunoreactivity in
both control subjects and patients with AD. Lane 1: protein lad-
der; lanes 2-5: AD patients; lane 6: empty; lanes 7-10 Healthy
controls. Each lane represents one patient.

is based on parameters of neuropsychology, thus it
is possible that cognitive healthy subjects may have
altered biomarker (Fig. 2).

According to the western blot densitometric ana-
lyzes of each subject under study, it was observed
that the ratio HMW/LMWtau is significantly higher
in the AD group in relation to the healthy subjects
(p = 0.033) (Figs. 2 and 3A). Due to the fact that
the HMW/LMW tau ratio is < 1, it can be sustained
that the oligomeric form of tau (HMWtau) is found
in less quantity than the low molecular weight vari-
ant (LMWtau) in plasma. The difference, however,
relies that the levels of HMWtau in AD patients
are significantly higher than in controls (see Figs. 1
and 2)

Figure 3B shows the ROC curve data for platelet
tau ratio as a biomarker for AD. In this analysis, a
cut-off point of 0.3897 for HMW/LMWtau ratio dis-
played a sensitivity of 80.00% and a specificity of
66.67% to discriminate AD and control subjects.

DISCUSSION

In this work, we describe a new tau biomarker for
early detection of AD based on a novel source of tau
antigen, in the human plasma. This is of relevance
to generate an innovative a non-invasive peripheral

Fig. 2. Representative 3D immunoblotting of tau plasma with tau51 antibody. Image shows the difference in the intensity of the bands
between AD patients and cognitively healthy subjects, according to the increase in exposure time (A) 20 seconds and (B) 40 seconds. C
shows the highest density of the bands of the electrophoretic pattern in AD patients compared to the bands obtained in control subjects.
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Fig. 3. HMW/LMW ratio is different when compared AD and Control. A) Graphic in which HMW/LMW ratio is represented in arbitrary
units of densitometric quantization of tau species. This ratio is higher in AD patients when compared to controls. Two tailed T-student test,
p = 0.033. Note that HMW/LMWtau values are less than 1, instead the Alz-tau® done in platelets has values higher than 1. B) Receiver-
Operating Characteristic curve (ROC curve) of plasma tau, results obtained are similar to those obtained with platelet tau, appropriate to a
novel technique. Area under the curve corresponds to 0.759. Sensibility of 80% and specificity of 66.5% (IC 95 : 0-6280 to 0.8905).

biomarker for AD. This potential biomarker derives
from the already validated one, the Alz-tau® [22–25].
The difference between the present biomarker tool
and our previously developed biomarker is that it
is based in searching tau protein in plasma sam-
ples, as compared with the original Alz-tau® in
which the target is the human platelet. Therefore,
this human plasma approach appears as a useful and
easier alternative procedure, in addition to the pre-
viously described Alz-tau® in human platelets, in
order to have a reliable biomarker for diagnosis and
early detection purposes. Firstly, this complemen-
tary approach has some advantages as compared with
the platelet procedure: 1) The procedure to obtain
the samples is easier, as it will not require platelet
processing. 2) The plasma procedure would expand
the implementation in more clinical laboratories of
the hospitals and health centers, since it is techni-
cally easier. The use of both assays will certainly
strengthen the diagnosis as it will have confirmation
using two different samples (platelets and plasma).

Using plasma precipitated with ammonium sulfate,
we defined that a similar electrophoretic pattern to the
one obtained with platelet is observed when a novel
monoclonal antibody (tau51) is employed. Interest-
ingly, when HMW/LMWtau ratio is compared to the
platelet tau, it was observed that HMW/LMW ratio
is <1 in plasma (see Fig. 3A), and >1 in platelets
[24], which could be explained by the lower lev-
els of oligomeric tau in plasma when compared to
platelets, as demonstrated in research conducted by
Parck et al. (2019), in which they showed that tau
protein is in a very low quantity in plasma (in order
of picograms), since it is an intracellular protein [28].
However, the results are consistent with the fact that
the ratio HMW/LMWtau is higher in AD patients

when compared to controls. The ROC curve, sensitiv-
ity and specificity are acceptable for a novel method,
and similar to the one obtained with platelets [24].

Plasma tau has been evaluated as a peripheral
marker for tauopathies, including AD [28, 29]. How-
ever, since plasma tau is increased in other diseases,
such as Down syndrome, its specificity should be
taken into consideration [20, 30]. Other potential
blood-based biomarkers include A� [31], p-tau and
plasma tau [20] and micro-RNAs [32]. However,
A�-based biomarkers in plasma has not been cor-
related with cognitive impairment [31] and not been
evaluated with other neurodegenerative diseases. The
evaluation of p-tau and plasma tau is promising, but
since it is evaluated by a novel high-performance
ELISA, with two antibodies, it is not likely that it can
be implemented at a large scale [20]. micro-RNA is
still under evaluation [32]. Previous studies with Alz-
tau® demonstrated that the HMW/LMWtau ratio is
specific for AD, as in other neurodegenerative dis-
eases, such as Parkinson’s disease and Lewy body
dementia, there was no difference obtained between
those and controls (unpublished data). Thus, it is
likely that using the same algorithm used in platelet
tau, now in plasma tau may maintain the high speci-
ficity for AD, though this should be evaluated later.
It should be noted, that cognitive healthy subjects
can present an altered biomarker, in platelets and
now, in plasma. This allow us to propose that Alz-
tau® employing plasma and platelets, can be used for
preclinical diagnosis of AD.

Conclusion

Plasma tau can be a candidate to be an antigenic
source to be evaluated as a derivative alternative for
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the platelets Alz-tau® biomarker. Its electrophoretic
pattern resembles the one obtained with platelet tau,
and the results obtained are also consistent with the
HMW/LMWtau ratio being higher in AD patients
when compared to controls. This approach has some
advantages as compared with platelets counterpart,
and therefore it can provide an additional biomarker
to complement the tools for early detection of AD
based on tau variants.
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