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Abstract
The clinical diagnosis of Alzheimer’s disease (AD) is a probabilistic formulation that may lack accuracy particularly at early 
stages of the dementing process. Abnormalities in amyloid-beta precursor protein (APP) metabolism and in the level of APP 
secretases have been demonstrated in platelets, and to a lesser extent in leukocytes, of AD patients, with conflicting results. 
The aim of the present study was to compare the protein level of the APP secretases A-disintegrin and metalloprotease 10 
(ADAM10), Beta-site APP-cleaving enzyme 1 (BACE1), and presenilin-1 (PSEN1) in platelets and leukocytes from 20 
non-medicated older adults with AD and 20 healthy elders, and to determine the potential use of these biomarkers to dis-
criminate cases of AD from controls. The protein levels of all APP secretases were significantly higher in platelets compared 
to leukocytes. We found statistically a significant decrease in ADAM10 (52.5%, p < 0.0001) and PSEN1 (32%, p = 0.02) in 
platelets from AD patients compared to controls, but not in leukocytes. Combining all three secretases to generate receiver-
operating characteristic (ROC) curves, we found a good discriminatory effect (AD vs. controls) when using platelets (the area 
under the curve—AUC—0.90, sensitivity 88.9%, specificity 66.7%, p = 0.003), but not in leukocytes (AUC 0.65, sensitivity 
77.8%, specificity 50.0%, p = 0.2). Our findings indicate that platelets represent a better biological matrix than leukocytes to 
address the peripheral level of APP secretases. In addition, combining the protein level of ADAM10, BACE1, and PSEN1 
in platelets, yielded a good accuracy to discriminate AD from controls.
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Introduction

The clinical diagnosis of Alzheimer’s disease (AD) is a 
probabilistic definition that takes into account the patient’s 
complaints, the objective characterization of cognitive 
impairment, family history of dementia, neuropsychiatric 
examination, laboratory tests, and brain imaging [1, 2]. 
New technologies have raised the possibility of using bio-
logical markers to reinforce the diagnosis of probable AD 
[3–5], addressing in vivo molecules related to core patho-
genic mechanisms of AD and to surrogate markers of the 

neurodegenerative process, i.e., respectively related to the 
formation of neuritic plaques and neurofibrillary tangles 
[6–8].

The beta-amyloid peptide (Aβ) is the major component 
of plaques in AD, which are characteristically found in neo-
cortical areas and in the hippocampus [9]. Amyloid-related 
biomarkers are commonly referred to as ‘molecular’ (core) 
markers of the disease process, e.g., cerebrospinal fluid 
(CSF) Aβ1−42 and amyloid-PET, as opposed to downstream 
markers of the neurodegenerative process (e.g., CSF Tau 
and phosphorylated Tau, hippocampal atrophy) [10, 11]. 
As compared to CSF-based biomarkers, which undoubt-
edly bear a closer relationship with the abnormalities that 
occur in the brain [12], the search for peripheral biomarkers 
of AD is justified by its better accessibility and tolerability, 
i.e., samples can be obtained by less invasive procedures [3]. 
In addition, blood-based biomarkers may be more adequate 
for longitudinal studies that require multiple sampling [13]. 
However, the accuracy of these methods critically relies on 
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the development of technologies sensitive enough to ascer-
tain changes that occur at much lower concentrations com-
pared to the CSF, and that may be subject to the interference 
of multiple unspecific proteins expressed in the same biolog-
ical matrix [12]. Recent studies presented promising results 
on plasma concentrations of neurofilament light (NFL) and 
Tau protein [14], but, to date, the search of amyloid-related 
biomarkers in the peripheral blood—largely represented by 
plasma concentrations of Aβ peptides—has yielded incon-
sistent results [3, 12].

The amyloid-β precursor protein (APP) is an integral 
type-I transmembrane protein present in several cell types 
[15–20]. It is a key element in the amyloid cascade, being 
the precursor of Aβ peptide, which is released by sequen-
tial cleavage of APP by β- and γ-secretase (amyloidogenic 
pathway). Alternatively, in the non-amyloidogenic pathway, 
APP cleavage by α- and γ-secretases precludes Aβ forma-
tion [21]. Beta-site APP-cleaving enzyme 1 (BACE1) has 
been reported to exert β-secretase activity, and A-disinte-
grin and metalloprotease 10 (ADAM10), a member of the 
ADAM family, has been associated with α-secretase activity 
[22–24]. Finally, presenilin-1 (PSEN1) comprises one of the 
four proteins of γ-secretase complex [25, 26]. Both central 
and peripheral biomarkers of the APP metabolism may pro-
vide important insights into the neurobiology of AD [27, 
28], some of which with diagnostic implications [29–31].

Human platelets are largest source of circulating APP, 
and second most important source of APP beside the brain 
[32, 33]. In addition, platelets mainly express two of the 
three major APP variants (APP751 and APP770) [34–37] and 
bear the enzymatic machinery required for APP metabolism 
[16, 38, 39]. Peripheral blood leukocytes also contain the 
enzymatic machinery for APP processing and, as well as 
platelets, exhibit the isoforms APP751 and APP770 [40–44].

Considering that abnormalities in APP metabolism and 
in level of APP secretases have been consistently demon-
strated in platelets of AD [27, 45–50], and to a lesser extent 
in leukocytes [51–53], sometimes with conflicting results, 
the aim of the present study is to compare the level of the 
APP secretases ADAM10, BACE1, and PSEN1 in platelets 
and leukocytes simultaneously drawn from AD patients and 
healthy controls, using the same methodology.

Methods

Subjects and assessment

The present study was conducted at the Laboratory of Neu-
roscience (LIM-27), Institute of Psychiatry, University of 
Sao Paulo, Brazil, according to the tenets of the Helsinki 
declaration. The protocol was approved by the local Eth-
ics Committee (CAPPesq-HCFMUSP—No. 982.945/2015) 

and designed to include a cross-sectional assessment of the 
whole sample at baseline.

Forty physically healthy older adults were enrolled to the 
present study, being 20 patients with mild or moderate AD, 
whose diagnosis was established according to the Diagnos-
tic and Statistical Manual of Mental Disorders—version IV 
(DSM-IV) criteria [54], and the specification of probable 
AD was made according to the National Institute of Neuro-
logical and Communicative Disorders and Stroke—Alzhei-
mer’s Disease and Related Disorders Association (NINCDS-
ADRDA) diagnostic criteria [55], and 20 age-matched 
healthy elderly adults with no evidence of cognitive impair-
ment or psychiatric disorder at the clinical and neuropsycho-
logical assessment. Patients and controls were assessed by 
a geriatric psychiatrist and a neurologist using the Brazilian 
version of the Cambridge Examination for Mental Disorders 
of the Elderly (CAMDEX) structured interview [56], which 
includes a cognitive screening schedule Cambridge Cogni-
tion Examination (CAMCOG), from which the Mini-Mental 
State Examination (MMSE) scores can be drawn [57]. Cases 
with neuropsychiatric comorbidities or other neurodegen-
erative diseases were ruled out. Eligible participants were 
included in the study only if not under current treatment with 
medications with potential effect on platelet function, such 
as non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, 
and clopidogrel. In addition, AD patients were not receiving 
antidementia treatment with acetylcholinesterase inhibitors 
or memantine at baseline. A 6-month wash-out period was 
required for participants with previous use of these or other 
drugs with relevant systemic and/or CNS effects (e.g., anti-
diabetic agents, lithium, neuroleptics, atypical antipsychot-
ics, antidepressants, and anticonvulsants).

All participants (or respective caregivers in case of 
dementia) signed a written informed consent prior to 
enrollment.

There were no statistically significant differences 
in gender distribution (χ2 = 0.125; p = 0.7) and in age 
(t = − 0.71; Z = 2.22; p = 0.5) between diagnostic groups. 
AD patients were less educated (Mann–Whitney U test; 
Z = − 3.94; p < 0.0001) and had lower scores on cognitive 
tests (Mann–Whitney U test for both; MMSE, Z = − 3.78, 
p = 0.004; and CAMCOG, Z = − 5.05, p = 0.005) compared 
to healthy controls (Table 1).

Preparation of platelets and leukocytes

Platelets and leukocytes were used to determine the pro-
tein level of BACE1, ADAM10, and PSEN1 for patients 
and controls. Samples of peripheral blood (8 ml) were 
collected by venipuncture of the median cubital vein into 
0.1-M sodium citrate-coated tubes (S-Monovett, Sarsted). 
This procedure was performed in the morning (between 8 
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and 10 a.m.) and after a 10–12-h fasting. Blood samples 
were homogenized with 200 µl of 0.09M ethylenediami-
netetraacetic acid (EDTA) and centrifuged at 200×g for 
10 min at room temperature. Platelet-rich plasma was 
separated from blood cells, and platelets were collected by 
centrifugation at 1159×g for 15 min at room temperature. 
Pellets were washed with 5 ml of 10-mM Tris, pH 7.4, and 
resuspended in lysis buffer containing 10-mM Tris–HCl, 
pH 7.4, 1-mM ethylene glycol tetra acetic acid (EGTA), 
100-mM phenylmethanesulphonyl fluoride (PMSF), and 
protease inhibitors. Platelet homogenates were stored at 
− 80 °C. Regarding leukocytes, isolation was performed 
by lysing Red Blood Cell (RBC) (pH 7.6) with 0.01-M 
sodium chloride, 0.01-M Tris–HCl, pH 7.4, 5-mM mag-
nesium chloride, and 0.001-M EDTA, vortexed for 10 min 
and centrifuged at 965×g for 15 min at 4 °C. Then, leu-
kocyte pellet was resuspended twice in RBC lysis buffer, 
vortexed for 10 min, and centrifuged at 425×g for 10 min 
at 4 °C. Finally, pellet was resuspended in 1 mL of RBC 
lysis buffer and 10-µL PMSF and stored at − 80 °C. To 
perform the extraction of leukocyte proteins, the samples 
were thawed on ice and immediately spun down by cen-
trifugation at 239×g for 15 min at 4 °C. The supernatants 
were discarded and the pellets resuspended with radio-
immunoprecipitation assay (RIPA) buffer. After resuspen-
sion, samples were centrifuged again at 239×g for 15 min 
at 4 °C and the supernatant was kept for experimentation.

Determination of platelet and leukocyte protein 
levels of BACE1, ADAM10, and PSEN1

All procedures described below were similar for both plate-
lets and leukocytes. Protein concentrations were determined 
in all aliquots by a modified Lowry method [58] using 
Bio-Rad DC protein kit assay (Bio-Rad Hercules) before 
immunoblotting. Aliquots holding 25 µg of total protein 
obtained from each of these samples were submitted to elec-
trophoresis in 8–10% polyacrylamide gels, and transferred 
to nitrocellulose membranes by Western blotting. After 
blocking unspecific bindings, membranes were incubated 
with primary antibodies as follows: (i) 1 h with anti-BACE1 
(Abcam, ab108394); (ii) overnight with anti-ADAM10 
(Abcam, ab124695); (iii) overnight for platelet and 1 h for 
leukocyte with anti-PSEN1 (Abcam, ab76083). All mem-
branes were then incubated for 1 h with anti-rabbit IgG, 
peroxidase-conjugated, secondary antibody (GE Healthcare 
Life Sciences, NA934V). Next, an enhanced chemolumi-
nescence assay was performed using Amersham™ ECL™ 
Select Western Blotting Detection Reagent (GE Healthcare 
Life Sciences). Imaging was performed in Alliance 4.7 
equipment (Uvitec Cambridge), which captures the chemilu-
minescent light emission from the reaction of the peroxidase 
conjugate with the ECL reagent. Light emission was cap-
tured for 5 min and the densitometry of distinct bands was 
performed with specific software tools. The densitometries 
of 56-, 65-, and 53-kDa bands were used to estimate the 

Table 1   Demographic 
characteristics, cognitive 
performance, and platelet 
APP secretases according to 
diagnosis

Values are presented as means and standard deviations (SD)
AD Alzheimer’s disease, MMSE mini-mental state examination, CAMCOG cognitive test Cambridge, 
BACE1 β-site APP-cleaving enzyme 1, ADAM10 A-Desintegrin and Metallopeptidase 10, PSEN1 preseni-
lin 1
a Chi-squared test (χ2)
b t test, Z Z-test values, p statistical significance
c Mean densitometric values captured from immunoblots

Diagnosis Statistical test Z p

Healthy controls (n = 20) AD (n = 20)

Gender (% females) 75% 70% 0.125a – 0.7
Age (years) 74.9 (4.5) 76.2 (7.2) − 0.71b 2.22 0.5
Years of education 14.0 (5.4) 6.4 (4.1) – − 3.94 < 0.0001
MMSE (total score) 29.4 (1.4) 23.7 (14.9) – − 3.78 0.004
CAMCOG (total score) 95.5 (7.1) 60.7 (20.6) – − 5.05 0.005
Plateletsc

 BACE1 1.3368 (0.8247) 1.7433 (0.9336) – 0.1 0.1
 ADAM10 1.6642 (0.5721) 0.7888 (0.4349) – < 0.0001 < 0.0001
 PSEN1 1.6589 (0.6868) 1.1255 (0.4579) – 0.02 0.02

Leukocytesc

 BACE1 0.5391 (0.4200) 0.3168 (0.2034) – 0.04 0.04
 ADAM10 0.3748 (0.3843) 0.3608 (0.3840) – 0.1 0.1
 PSEN1 0.6115 (0.4296) 0.3632 (0.1660) – 0.05 0.05
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levels of BACE1, ADAM10, and PSEN1 respectively for 
both matrices (Fig. 1). Each sample was analyzed in dupli-
cate, and additional blots of the same samples were per-
formed whenever the reading between replicates displayed 
a variation > 15%. For normalization of leukocyte assay 
values, we used β-actin as loading (internal) control (IC), 
and membranes were incubated for 1 h with anti-beta-actin 
antibody (Abcam, ab6276) and then for 1 h with anti-mouse 
IgG, peroxidase-conjugated, secondary antibody (Sigma, 
A9044). For normalization of platelet assays, we used an 
internal standard (IS), which consisted of an in-house pre-
pared suspension of platelets, generated from a pool of plate-
lets drawn from young healthy volunteers. This IS was added 
to each gel to control for analytical differences between blots 
performed in different days (inter-assay variation). The IS 
readings in proportion to the 65, 56, and 53 kDa was then 
calculated, respectively yielding the normalized estimate of 
the ADAM10, BACE1, and PSEN1. The optical density of 
the secretases in leukocytes and in platelets was normalized 
on the optical density of the IC or IS, respectively.

Data analysis

All statistical analyses were performed with the aid of 
the software Statistical Package for the Social Sciences 
(SPSS)—version 14 [59]. Differences in sociodemographic 
characteristics, cognitive performance, leukocytes, and 
platelet secretases’ concentrations at baseline were analyzed 
by parametric (t test) or non-parametric tests (Mann–Whit-
ney U test) between groups according to the data distribu-
tion. Differences in gender distribution were analyzed by 
Chi-squared tests. For MMSE and CAMCOG scores, a one-
way analysis covariance (ANCOVA) was conducted with 
years of education used as covariate. Finally, the Wilcoxon 
signed test was used to compare the protein level between 
the two matrices (platelets and leukocytes) and a scatter plot 
was used for representation of the values for secretases in 
platelets and leukocytes.

Receiver-operating characteristic (ROC) curves were 
built to determine the diagnostic accuracy (sensitivity and 
specificity) and area under the curve (AUC) that best dis-
criminates cases of AD from controls, using the level of APP 
secretases in leukocytes and platelets. Then, we evaluated 
the cut-off APP secretases densitometry values by Youden’s 
index. Statistical significance of the differences between 
groups was set at 5%.

Results

We found a statistically significant decrease in platelet level 
of ADAM10 (52.5% mean reduction) and PSEN1 (32% 
mean reduction) in AD patients compared to healthy sub-
jects (Fig. 2a); with respect to the platelet level of BACE1, 
although 30% higher in AD patients, such difference was not 
statistically significant. Please refer to Table 1 for means and 
statistical test values.

As opposed to that, in leukocytes, we found a statisti-
cally significant reduction (40%) in the level of BACE1 in 
AD compared to controls, along with a significant reduc-
tion (40%) in PSEN1 in AD. No significant differences were 
found in the level of ADAM10 (p = 1.0) (Fig. 2b).

Comparing the level of APP secretases in these two 
biological matrices irrespective of diagnostic groups, we 
observed consistent and statistically significant differences 
in the level of BACE1 (sevenfold higher; Wilcoxon signed 
test, p < 0.0001), PSEN1 (threefold higher; Wilcoxon signed 
test, p < 0.0001), and ADAM10 (30% higher; Wilcoxon 
signed test, p = 0.05) in platelets as compared to leukocytes 
(Fig. 2c).

Next, we used Youden´s index to establish the best cut-
off values based on the expression of APP secretases to 
determine sensitivity (Se) and specificity (Sp) parameters. 
ROC curves were built to determine the contribution of the 

Fig. 1   Representative western blot for ADAM10, BACE1, and 
PSEN1 in AD vs. controls in platelets (a) and leukocytes (b). BACE1 
β-site APP-cleaving enzyme 1, ADAM10 A-Desintegrin and Metallo-
peptidase 10, PSEN1 presenilin 1, AD Alzheimer’s disease, IS inter-
nal standard, β-actin beta-actin
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level of APP secretases in platelets or leukocytes to clas-
sify cases (AD) and controls (Table 2). With respect to 
the level of BACE1, no statistically significant differences 
were observed comparing the AUC (AD vs. controls) in 
platelets (0.67; p = 0.15; 95% CI 0.5–0.9) or in leukocytes 
(0.72; p = 0.012; 95% CI 0.5–0.9) (Fig. 3a). Nonetheless, 
when evaluating the ROC curves obtained with the level 
of ADAM10 and PSEN1, the use of platelets proved more 
advantageous than leukocytes to discriminate the two 
groups. In platelets, the level of ADAM10 in AD vs. con-
trols (Fig. 3b) yielded a significantly higher AUC (0.90, 
p = 0.001; 95% CI 0.8–1.0) and better sensitivity/specificity 
profile (Se 88.9%; Sp78.9%), compared to these parameters 
in leukocytes (AUC = 0.56, p = 0.64; 95% CI 0.3–0.8; Se 
77.8%; Sp 36.8%). The level of PSEN1 in platelets yielded 
results in a similar trend (AUC = 0.80, p = 0.01; 95% CI 

0.7–1.0; Se 77.8%; Sp 83.3%), as opposed to non-significant 
values in leukocytes (AUC = 0.69, p = 0.1; 95% CI 0.5–0.9; 
Se 77.8%; Sp 50.0%) (Fig. 3c). The combined analysis of 
values obtained with the three secretases indicated again 
that the level of ADAM10, BACE1, and PSEN1 in plate-
lets (AUC = 0.86, p = 0.003; 95% CI 0.7–1.0; Se 88.9%; Sp 
66.7%), but not in leukocytes (AUC = 0.65, p = 0.3; 95% CI 
0.4–0.9; Se 77.8%; Sp 50.0%), may contribute to the clas-
sification of cases and controls (Fig. 3d).

Discussion

In this study, we aimed to compare two blood-based periph-
eral cells, i.e., platelet and leukocyte, with respect to the 
protein level of the APP secretases ADAM10, BACE1, and 

Fig. 2   Levels of BACE1, ADAM10, and PSEN1 in platelets and 
leukocytes. Scatter plot representation by Graph Pad: of BACE1, 
ADAM10, and PSEN1 levels in platelets (a) and leukocytes (b), 
according diagnosis; and of protein levels according to matrices irre-

spective of diagnostic group (c). BACE1 β-site APP-cleaving enzyme 
1, ADAM10 A-Desintegrin and Metallopeptidase 10, PSEN1 preseni-
lin 1, AD Alzheimer’s disease
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Table 2   ROC curve analysis of 
the level of APP secretases in 
platelets and leukocytes

BACE1 β-site APP-cleaving enzyme 1, ADAM10, A-Desintegrin and Metallopeptidase 10, PSEN1 preseni-
lin 1, Se sensitivity, Sp Specificity, AUC​ the area under the curve, CI 95% confidence interval, SE standard 
error, p statistical significance
a Cutoff: biomarker concentrations are given in densitometric values captured from immunoblots

Variables Cutoffa Se (%) Sp (%) AUC (95% CI) SE P

Platelets BACE1 3.5700 77.8 66.7 0.67 (0.5–0.9) 0.1 0.2
ADAM10 1.2450 88.9 78.9 0.90 (0.8–1.0) 0.1 0.001
PSEN1 1.1450 77.8 83.3 0.80 (0.6–1.0) 0.1 0.01
Combination of three secretases 0.1212 88.9 66.7 0.86 (0.7–1.0) 0.1 0.003

Leukocytes BACE1 0.3320 77.8 66.7 0.72 (0.5–0.9) 0.1 0.06
ADAM10 1.3494 77.8 36.8 0.56 (0.3–0.8) 0.1 0.6
PSEN1 0.4674 77.8 50.0 0.69 (0.5–0.9) 0.1 0.1
Combination of 3 secretases 0.2567 77.8 50.0 0.65 (0.4–0.9) 0.1 0.3

Fig. 3   Receiver-operating characteristic (ROC) curve analyses of the 
protein level of APP secretases in AD patients vs. controls a BACE1; 
b ADAM10; c PSEN1; d Combined analysis of all APP secretases. 
Platelet data represented with a continuous line, and leukocyte data 

with a dashed line. The reference line is represented in bold. BACE1 
β-site APP-cleaving enzyme 1, ADAM10 A-Desintegrin and Metallo-
peptidase 10, PSEN1 presenilin 1
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PSEN1. In addition, we also intended to determine the diag-
nostic accuracy of these biomarkers to differentiate cases of 
AD from controls.

Our overall findings indicate that the level of all 
secretases, but particularly of BACE1 and PSEN1, is signifi-
cantly higher in platelets compared to leukocytes. In general, 
our results in platelets are in line with the literature, reinforc-
ing the notion of decreased level/activity of ADAM10 in AD 
[27, 46, 48, 50], along with less consensual findings about 
the level of BACE1 [49, 50] and PSEN1 [60].

Regarding the level of BACE1, which was not signifi-
cantly different in platelets from AD vs. controls in the pre-
sent sample, such levels in leukocytes were 40% decreased 
in AD. The level of BACE1 in leukocytes has been subject 
of fewer investigations [52]. BACE1 is widely expressed in 
the brain and is less present in other organs, locating pre-
dominantly in acidic intracellular compartments [61–63]. 
One study has already reported no significant differences 
in the mRNA level of BACE1 in lymphocytes from AD 
patients compared to controls [64, 65]. In contrast, Del-
vaux et al. [53] showed decreased BACE1 levels in leuko-
cytes when compared to the levels of this protein in brain 
tissue corroborating our findings. Presumably, the level of 
BACE1 in leukocytes does not reflect the increased levels 
of this secretase in the AD cortex [66–69] or the increased 
activity/level of this enzyme in the CSF [70–74]. The fact 
which we found different BACE1 protein levels in leuko-
cytes among diagnostic groups analyzed may be due to this 
protein has other physiological functions, since BACE1 has 
substrates besides APP, such transmembrane proteins, many 
of which function in cell signaling, immune, or inflamma-
tory responses, and which suggests a role for BACE1 in this 
ability [75]. Regarding platelets, the increased protein level 
[45] and activity [23] of BACE1 have already been reported. 
A previous study of our group did not identify difference 
in levels of this protein when comparing AD with healthy 
control at baseline [50], as well as the present study. Fur-
thermore, Sarno et al. [50] identified that long-term treat-
ment with donepezil was associated with a decreased level 
of BACE1 in platelets, suggesting that the role of BACE1 
in platelets is directly linked to the amyloidogenic pathway 
of proteolytic processing of APP.

We are unaware of other studies that addressed 
ADAM10 in AD leukocytes. In our study, the protein level 
of ADAM10 in leukocytes was similar in AD as compared 
to controls, although significantly reduced in AD platelets, 
as stated above. ADAM10 has played an important role 
in both the development and normal functioning of the 
brain [76]. Moreover, APP cleavage by ADAM10 liberates 
APP-alpha, which is involved in the regulation of synaptic 
plasticity and learning and memory (reviewed in [77]). 
Nonetheless, as BACE1, ADAM10 also presents other 
substrates and is involved in different pathophysiological 

processes besides AD such as embryonic development, 
cell adhesion, signal transduction, immune system, and 
cancer [78, 79]. Considering that ADAM10 has multiple 
functions and that, in our studies, we did not find a differ-
ence in their leukocyte protein levels between diagnostic 
groups, we can suggest that this matrix does not reflect the 
pathophysiological processes of AD, although it contains 
the necessary machinery for Aβ formation.

Similarly, the level PSEN1 in leukocytes was not sig-
nificantly different in the two groups, whereas platelet 
PSEN1 levels were lower in the present sample of AD 
patients. Increased PSEN1 level has been reported in 
platelets from patients with AD [60], and studies in the 
post-mortem brain have shown conflicting results, i.e., 
similar level in AD and controls [80], increased levels 
in AD [81, 82], and decreased levels of PSEN1 in AD 
[83, 84]. Such divergent results may be due to PSEN1 is 
involved in both the pathways of APP, amyloidogenic and 
non-amyloidogenic [85], and that little is known about 
other pathophysiological functions of this protein [86].

The analysis of ROC curves using the level of each 
APP secretase separately indicated a good diagnostic accu-
racy (AUC > 0.80) to discriminate AD from controls when 
using platelet ADAM10 or platelet PSEN1; even better 
results were obtained with the combination of data of the 
protein level of all APP secretases in platelets to build the 
ROC curves. The high sensitivity (88.9%) attained with 
this method suggests the potential use of platelet (but not 
leukocyte) APP biomarkers in the diagnostic screening 
of AD.

Establishing the best matrix is extremely important for 
biomarker research. In this regard, platelets have proven 
a good biological matrix for the study of AD biomarkers, 
given their biochemical similarities with neurons, and the 
pathological changes that may mirror abnormalities that 
are central to many neuropsychiatric disorders [87–91]. In 
the present study, we provide evidence that those platelets 
are superior to leukocytes for this purpose. Nonetheless, 
we must acknowledge that the relatively small sample size 
and the distinct distribution of patients and controls with 
respect to the education level represent limitations of the 
present study, which we understand that may be attenu-
ated by the fact that all participants were medication-free. 
With respect to the lower education level in the AD group 
compared to controls, this is a persistent finding in stud-
ies conducted in developing Countries and certainly in 
other Brazilian studies. This discrepancy can be possibly 
explained by the fact that low education is a well-estab-
lished risk factor for cognitive decline and dementia. In the 
present study, analysis of covariance did not suggest any 
interfering effect of education level on the values obtained 
for protein expression in platelets or leukocytes.
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Conclusions

In this study, we propose that platelets represent a better bio-
logical matrix compared to leukocytes to address AD-related 
changes in the regulation of APP metabolism. Although the 
protein level of ADAM10, as well as the combination of 
secretases (ADAM10, BACE1, and PSEN1) in platelets, 
may have a potential use as a peripheral biomarker of AD, 
further studies on this subject are necessary, so that the data 
obtained in platelets can be validated by other methodolo-
gies and reproduced by multicenter studies with a larger 
sample size.
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