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A B S T R A C T   

Recently, measurable peripheral biomarkers in the plasma of patients with Alzheimer’s disease (AD) have gained 
considerable clinical interest. Several studies have identified one or more blood signatures that may facilitate the 
development of novel diagnostic and therapeutic strategies. For instance, changes in peripheral amyloid β42 
(Aβ42) levels have been largely investigated in patients with AD and correlated with the progression of the 
pathology, although with controversial results. In addition, tumor necrosis factor α (TNFα) has been identified as 
an inflammatory biomarker strongly associated with AD, and several studies have consistently suggested the 
pharmacological targeting of TNFα to reduce systemic inflammation and prevent neurotoxicity in AD. Moreover, 
alterations in plasma metabolite levels appear to predict the progression of systemic processes relevant to brain 
functions. In this study, we analyzed the changes in the levels of Aβ42, TNFα, and plasma metabolites in subjects 
with AD and compared the results with those in healthy elderly (HE) subjects. Differences in plasma metabolites 
of patients with AD were analyzed with respect to Aβ42, TNFα, and the Mini-Mental State Examination (MMSE) 
score, searching for plasma signatures that changed simultaneously. In addition, the phosphorylation levels of 
the Tyr682 residue of the amyloid precursor protein (APP), which we previously proposed as a biomarker of AD, 
were measured in five HE and five AD patients, in whom the levels of Aβ42, TNFα, and two plasma lipid me
tabolites increased simultaneously. Overall, this study highlights the potential of combining different plasma 
signatures to define specific clinical phenotypes of patient subgroups, thus paving the way for the stratification of 
patients with AD and development of personalized approaches.   

1. Introduction 

Alzheimer’s disease (AD) is an incurable age-related neurodegener
ative disease that occurs after the age of 65 and progressively results in 
cognitive deficits and loss of the ability to perform daily activities [1]. To 
date, diagnosis is only possible by measuring amyloid β42 (Aβ42) and 
neurofibrillary tau tangle in cerebrospinal fluid (CSF) or using neuro
imaging approaches such as amyloid positron emission tomography 
(PET) [1,2]. However, these procedures are medically invasive and 
expensive. 

Several recent studies have highlighted the relevance of early 
changes in peripheral blood signatures in the onset of AD [2–4]. In 
particular, Aβ42 levels have been proposed as peripheral biomarker of 
AD, either alone or in combination with Aβ40 or tau tangles [5,6]. Aβ 

levels fluctuate with the progression of the pathology and increase with 
the genetic forms of AD [4,7]. Aβ42 efflux from the blood-brain barrier 
(BBB) is controlled by a direct binding to low-density lipoprotein 
receptor-related protein-1 (LRP1) [8]. However, this binding appears to 
be compromised in patients with AD where the Aβ42 free peptides in
crease in the plasma [9]. LRP1 also indirectly interacts with the amyloid 
precursor protein (APP) by binding to specific adapter proteins, 
including Fe65 [10]. Interestingly, we have shown that the phosphor
ylation of the Tyr682 residue of APP (APP pTyr682) affects the APP 
binding to Fe65 [11], and thus triggers the APP amyloidogenic pro
cessing in neurons of patients with AD [11–13]. In addition, we reported 
that Fyn Tyrosine kinase (TK), which regulates several physiological and 
pathological processes in neurons and non-neuronal populations [14], is 
responsible for APP pTyr682 [11]. It is important to note that changes in 
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plasma levels of Aβ42 occur before the development of amyloid-positive 
PET structures in the brain, but align with Aβ42 alterations in the CSF, 
which are thought to occur earlier in the disease. 

Neuroinflammation is supposedly protective in the brain, as it in
creases blood flow and eliminates damaged tissues. However, under 
diseased conditions, it activates aberrant processes that far outweigh its 
protective effect. Previous evidence has underlined how peripheral in
flammatory factors drive AD and impact its progression and clinical 
outcomes [15]. Tumor necrosis factor α (TNFα) is an inflammatory 
mediator produced mostly by microglia [16]. Its expression increases 
upon brain injury, peripheral inflammatory processes, or in chronic 
disorders [17]. Peripheral mononuclear cells also produce TNFα, which 
migrates across the intact BBB [18–21] and affects cognitive functions 
[22]. 

Plasma metabolomic analysis of patients with AD has frequently 
been suggested as a strategy for identifying metabolic pathways that 
may correlate with the disease in either its predictive phase or its pro
gression [23]. Although many metabolites change because of different 
lifestyles or conditions unrelated to AD, others appear to correlate with 
the disease [3,23]. In particular, a significant number of studies agree 
with altered lipid levels in patients with AD, regardless of saturation or 
length [24–27]. Unfortunately, patients differ frequently in their clinical 
features and most do not uniformly reflect the disease. This makes 
essential the development of diagnostic strategies that target small 
groups of patients with similar clinical features thus allowing the design 
of personalized therapeutic approaches while minimizing unwanted 
side effects. 

In this study, we aimed to identify potential plasma signatures for the 
stratification of patients with AD. To this end, we measured the Aβ42 as 
a signature of AD progression, TNFα as an indicator of systemic in
flammatory processes, and metabolite levels as vascular components 

contributing to the disease, in the plasma of patients with AD and 
healthy elderly (HE). These factors were interpreted with respect to the 
Mini-Mental State Examination (MMSE) score, which allows the mea
surement of the extent of cognitive decline [28,29]. In addition, APP 
pTyr682 levels were assessed in peripheral blood mononuclear cells 
(PBMC) from five patients with AD, in which Aβ42, TNFα and two lipid 
metabolites were increased and the results were compared with those 
from HE. 

2. Materials and methods 

2.1. Participants 

34 healthy elderly (HE) subjects and 38 patients with AD were 
recruited from the Center for Research and Training in Medicine for 
Aging at the University of Molise, Campobasso (Italy). Table 1 reports 
the clinical and demographic characteristics of the two groups of par
ticipants. Patients with MMSE scores < 24 and Clinical Dementia Rating 
(CDR) > 0.5 were defined as probable AD patients according to the 
National Institute on Ageing/Alzheimer’s Association (NIA-AA) criteria 
[30]. Participants with a Geriatric Depression Scale-Short Form 
(GDS-SF) score ≥ 6 were not included in the study [31]. Patients with 
alcohol abuse (>2 standard drinks per day for females and >3 standard 
drinks per day for males) or use of any medication expected to influence 
central nervous system functions were excluded from the study. 

Neuroimaging analysis was requested only in cases where there were 
reasons for concerns about brain damage. CSF analysis was not per
formed because of budget limitations and difficulties in engaging the 
patients and caregivers in these diagnostic procedures. 

This study was conducted in accordance with the ethical principles of 
the Declaration of Helsinki and approved by the National and Interna
tional Guidelines for Human Research. The Ethics Committee of the 
University of Molise (ASReM) reviewed and approved this study (pro
tocol no. 142 – 19/09/2019). Written informed consent was obtained 
from all the participants or caregivers. 

2.2. Blood sampling 

Venous blood was collected with standard clinical procedures be
tween 7:30 and 8:00 am after an overnight fasting of approximately 12 
h. For collection we used vacutainer tubes (Becton & Dickinson, Milan, 
Italy). Following blood centrifugation within 1 h at 2000g for 10 min, 
plasma aliquots were divided into 0.5 ml aliquots in Sarstedt poly
propylene tubes and stored at − 80 ◦C. 

2.3. BIOCRATES metabolomics analysis 

Metabolomic analysis was performed using BIOCRATES Life Sci
ences AG service. Plasma was packed with dry ice, and sent by courier to 
the Biocrates laboratory. Upon arrival, they were stored at − 80 ◦C until 
measurements. Quantitative levels of 630 endogenous metabolites were 
assessed in the plasma of HE subjects and patients with AD using a mass 
spectrometry-based metabolomic approach. A summary of the 630 
metabolites analyzed is available at this link: https://biocrates.com/wp- 
content/uploads/2021/01/Technical-note-List-of-metabolites- 
v2–2020.pdf. 

As shown on the BIOCRATES Life Sciences website, the procedure 
consisted of triple-quadrupole ultra-high-performance liquid 
chromatography-tandem mass spectrometry (UHPLCMS/MS) using a 
Shimadzu Nexera chromatography platform (Shimadzu Corporation, 
Kyoto, Japan) coupled with a Sciex QTrap 5500 mass spectrometer (AB 
Sciex LLC, Framingham, MA, USA). All pre-analytical and analytical 
procedures were performed, documented, and reviewed according to 
BIOCRATES Life Sciences AG ISO 9001:2015 certified quality manage
ment guidelines and standards. 524 Lipids and hexoses were measured 
by flow injection tandem mass spectrometry (FIA-MS/MS) using a 

Table 1 
Clinical features of subjects included in the study. Data are expressed as mean ±
standard error (SEM). Fisher’s exact test or Unpaired T test were used for 
comparisons. Statistical significance was set at P < 0.05. The confidence interval 
(CI) was set at 95%. M=males; F=Females; NS=non-significant.   

HE (n.34) AD (n.38) Fisher’s exact 
Test or 
Unpaired T 
test (P value) 

Gender 15 F/19 M 19 F/19 M NS 
Age (years, Mean ± SEM) 68.0 ± 1.4 2 

95% CI 
65.00–70.95 

79.5 ± 1.27 
95% CI 
77.00–82.11 

NS 

Education 
(years, Mean ± SEM) 

10.7 ± 0.65 
95% CI 
9.37–12.05 

7.9 ± 0.89 
95% CI 
6.06–9.73 

*0.033 

BMI (Mean ± SEM) 39.1 ± 10.77 
95% CI 
17.07–61.15 

25.5 ± 0.93 
95% CI 
25.56–27.41 

****<0.0001 

MMSE (Mean ± SEM) 29.5 ± 0.33 
95% CI 
28.85–30.23 

12.13 ± 1.59 
95% CI 
8.88–15.38 

****< 0.0001 

Risk factors  
Smokers Alcohol (more 
than 3 glasses)  

18/34  
0/34  

11/38 3/38 
NS 
NS 

Comorbidities 
Hypertension Myocardial 
infarction Tia/stroke 
Dyslipidaemia Diabetes  

18/34 1/34 0/ 
34 8/34 0/34  

16/38 3/38 1/ 
38 10/38 8/38 

NS 
NS 
NS 
NS 
*0.0182 

Pharmacological 
treatment 
Antihypertensives Lipid 
lowering drugs 
Hypoglycemics Antiacids 
Antithrombotic 
Memantine/AchE 
Inhibitors  

17/34  
6/34  
0/34  
3/34  
1/34  
0/34  

11/38  
9/38  
4/38  
5/38  
0/38  
4/38 

NS 
NS 
NS 
NS 
NS 
NS  
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QTRAP® 5500 instrument (AB Sciex, Darmstadt, Germany) with an 
electrospray ionization (ESI) source. In addition, 106 small molecules 
were measured by liquid chromatography coupled with tandem mass 
spectrometry (LC–MS/MS) using a QTRAP® 5500 instrument. 

The procedure consisted of a patented 96-well plate design that 
allowed to analyze 10 µl of each sample and contained human plasma- 
based quality controls at three concentration levels (low, medium, and 
high), which were used for quality control or batch normalization. 
Isotope-labelled and chemically homologous internal standards were 
used for quantification. 

2.4. Immunoprecipitation (IP) and western blot analysis (WB) 

Peripheral blood mononuclear cells (PBMC) were isolated immedi
ately after collecting the blood samples and subjected to IP and WB 
analysis. PBMC were collected and homogenized in RIPA buffer 
(Thermo Fisher Scientific) supplemented with protease inhibitors 
(Sigma-Aldrich, Darmstadt, Germany). After 60 min of incubation on 
ice, the homogenates were centrifuged (14.000 × rpm, 4 ◦C, 20 min), 
and supernatants were immediately prepared for IP using a previously 
established procedure [11,13]. Briefly, lysates were immunoprecipi
tated using an anti-phospho-tyrosine mouse antibody magnetic bead 
conjugated (p-Tyr-100) (Cell Signaling Technology, #8095) and 
analyzed by WB using rabbit anti-APP antibody (1:1000; Abcam, clone 
Y188, ab32136). Detection of the protein of interest was achieved by 
chemiluminescence with Clarity Western ECL Substrate (Bio-Rad Lab
oratories, Milan, IT). Densitometric analysis of the immunoreactive 
bands was performed using ImageLab 6.1.0 software (2020, Bio-Rad 
Laboratories, Milan, IT, USA). The following primary antibodies were 
used: monoclonal anti-β-actin (1:20,000; Sigma-Aldrich, #A3854), 
rabbit anti-Src pTyr416 (Cell Signaling Technology, #2101), and mouse 
anti-pTyr (Sigma-Aldrich, #9416). The following secondary antibodies 
were used for immunoblotting: anti-rabbit IgG-HRP conjugated (1:5000, 
Santa Cruz, #sc-2357), anti-mouse mIgGk BP-HRP (1:5000, Santa Cruz, 
#sc-516102. 

2.5. Enzyme-linked immunosorbent assay (ELISA) 

Aβ42 and TNFα plasma levels were assessed using ELISA kits #CSB- 
E10684h and #CSB-E04740h respectively (Cusabio, Houston, TX, USA), 
according to the manufacturer’s instructions. Kit sensitivity was 0.078 
ng/ml and 1.95 pg/ml for Aβ42 and TNFα, respectively, according to the 
information provided in the datasheet. Known amounts of Aβ42 and 
TNFα peptides were used as standards for sample quantification. Aβ42 
and TNFα ELISA were simultaneously performed on all samples to 

minimize technical differences. Values below the kit sensitivity were 
excluded from the analysis. 

2.6. Statistical methodology 

All statistical analyses were performed using GraphPad software 
(Version 9.5.1). The most appropriate statistical test was applied based 
on the software recommendations. Differences in patient clinical char
acteristics were analyzed using Fisher’s exact test or unpaired T test. 
Significance in Aβ42 and TNFα levels was analysed using the unpaired T 
test. Differences in metabolite levels were evaluated using multiple 
unpaired T test with the false discovery rate (FDR) approach. The power, 
simplicity, and assumptions were controlled using Benjamini, Krieger, 
and Yekutieli’s two-stage step-up method. A Volcano plot was used to 
visualize the significantly changed metabolites based on -log10(q 
values) > 2 and differences > ±0.5 in the mean values between HE and 
AD. Correlation analysis was performed using Spearman’s test. Only 
Spearman coefficients (r)> 0.5 with P < 0.05 were considered 
significant. 

3. Results 

34 HE and 38 patients with AD were enrolled in the study. Patients 
with AD had lower MMSE scores than HE and showed lower BMI and 
education levels. In terms of comorbidities, the two groups were fairly 
homogeneous, although eight out of 38 patients with AD had diabetes 
(Table 1). 

We measured the plasma levels of Aβ42 and TNFα in the participants. 
Aβ42 was chosen as a parameter to assess the progression of AD [6], and 
TNFα as an index of systemic inflammation [16]. MMSE score is referred 
to as diagnostic factor for AD [1,29]. Results showed that both Aβ42 
(Fig. 1A) and TNFα (Fig. 1B) levels were significantly higher in patients 
with AD than in HE. 

Next, we searched for changes in plasma metabolites and correlated 
them with the MMSE score, as well as Aβ42 and TNFα levels. To this end, 
we performed metabolomic analysis in the plasma of the same in
dividuals, in which we previously assessed Aβ42 and TNFα. Volcano plot 
analysis was used to identify significant differences in metabolite levels 
between AD and HE, assuming − log10(q values)> 2 and differences 
between HE and AD > ±0.5 (Table 2 and Supplementary Figures 1–3). 

We found that lipid metabolites, such as cholesteryl ester (ChE) and 
phosphatidylcholines (PC), were the most affected and largely differed 
between the two groups. In addition, AD patients showed higher levels 
of methionine sulfoxide, p-cresyl sulfate, diacylglyceride 18:1_18:1, and 
lysophosphatylcholine (Lys-PC) C28:0 than HE subjects (Table 2). 

Fig. 1. Aβ42 and TNFα plasma levels increase in patients with AD. Aβ42 (A) and TNFα (B) levels were assessed in the plasma of 34 HE and 38 AD patients. To 
evaluate the statistical differences an unpaired T Test was used. P values are reported in (A) and (B). P < 0.05 was considered significantly different. Aβ42 levels were 
below the kit sensitivity in four patients with AD and one HE. Similarly, TNFα was undetectable in three patients with AD and two HE. 
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The metabolites were then analyzed using Spearman’s correlation 
analysis to highlight their possible correlations with Aβ42, TNFα levels, 
and MMSE scores (Supplementary Table 1). Interestingly, most metab
olites that were increased in patients with AD were negatively correlated 
with MMSE scores (Supplementary Table 1), especially those belonging 
to PC and Lyso-PC. The same metabolites did not increase in patients 
with high levels of TNFα, where we found a negative correlation with 
triacylglyceride instead (Supplementary Table 1). 

Notably, the levels of two metabolites lyso-PC C26:1 and C28:1, were 
lower in patients with higher Aβ42 levels and higher in those with lower 
MMSE scores (Fig. 2). 

To evaluate whether these plasmatic signatures were associated with 
alterations at the cellular level, we searched for changes in the levels of 
APPpTyr682 and Fyn TK in PBMC of five AD patients in which TNFα, 
Aβ42 and C26:1- and C28:1- lyso-PC were increased and five HE 

subjects. The clinical features of the selected patients are shown in  
Fig. 3A. Differences in C26:1- and C28:1- lyso-PC between the two 
groups of preselected subjects are shown in Fig. 3B and Fig. 3C. Notably, 
we found that APP pTyr682 levels were higher in patients with AD than 
in HE individuals (Fig. 3E and F), whereas full-length APP levels did not 
change (Fig. 3D and G). In addition, Fyn was activated in the same pa
tients in whom APP pTyr682 levels were increased (Fig. 3D and H). Fyn 
activation was assessed by increased phosphorylation of the Tyr420 
residue. 

4. Discussion 

In this study, we provide insights into a new framework for strati
fying patients with AD based on plasma biomarkers, whose clinical 
relevance has been demonstrated previously [3,4,23]. Particularly, we 
assessed the Aβ42 and TNFα levels in the plasma of 38 patients with AD 
and 34 HE subjects. Plasma metabolites of 32 patients with AD were 
correlated with changes in Aβ42 and TNFα levels and were interpreted 
with respect to the MMSE scores. We found that C26:1- and C28:1- 
lyso-PC levels increased in AD patients with lower MMSE scores and 
decreased in patients with higher Aβ42 levels. Instead, it was surprising 
to find that no plasma metabolites were correlated with MMSE scores or 
Aβ42 in patients with elevated levels of TNFα. In addition, the levels of 
several metabolites in the triacylglyceride pathway changed in AD pa
tients with higher TNFα levels, but not in those with higher Aβ42, or 
lower MMSE scores, suggesting that changes in TNFα might be inde
pendent of cognitive impairment in AD patients. Accordingly, previous 
evidence has demonstrated a role for TNFα in regulating lipid meta
bolism and predisposing individuals to cardiovascular diseases [32]. 

In contrast, PC and lyso-PC levels were increased in patients with 
lower MMSE scores. Changes in lipid profile have been previously sug
gested as a signature of AD, especially for identifying a cohort of patients 
with serious cardiovascular comorbidities [33]. Indeed, AD and car
diovascular diseases are not always independent pathologies, as most 
patients with AD have a clinical profile with cardiovascular components, 
and conversely, cardiovascular pathologies represent one of the most 
critical risk factors for AD [34]. 

PC are a class of phospholipids largely present in the neuronal cell 
membranes and actively regulating cell signaling, protein trafficking 
and energy metabolism in brain [35,36]. Increased or decreased PC 
levels have been previously reported in patients with AD [37–40]. PC is 
significantly decreased, and its metabolites are increased in the frontal, 
primary auditory, and parietal cortices of patients with AD [41]. In 
agreement, Mapstone et al. (2014) and Proitsi et al. (2017), reported PC 
values below those of cognitively normal subjects [40,42]. Differently, 
Nho et al. (2021) reported higher levels of seven PC associated with 
increased Aβ deposition as well as changes in memory and executive 
functioning [39]. Similarly, Gonzalez-Dominguez et al. (2014, 2016) 
found that PC levels increased in serum samples of patients with AD [43, 
44]. Indeed, the discrepancies in these findings and conclusions may rise 
from differences in the population selected for the study or by techni
calities related to the procedure used for the analysis. 

Lyso-PC include lysoglycerophospholipids and lysosphingolipids, 
and are abundant in interstitial fluids and plasma [45]. Lyso-PC are the 
degradation products of PC. Phospholipase A2 (PLA2) mediates PC hy
drolysis and produces lyso-PC [46]. Alternatively, acyl-CoA-lyso-PC 
acyltransferase transforms lyso-PC into PC, which is rapidly integrated 
into biological membranes [47]. Alterations in lyso-PC affect BBB 
function and might induce pericyte loss, demyelination, and motor 
function defects [45]. Lyso-PC and lyso-PC/PC ratios have been found to 
decrease in patients with AD [38,40,48–51]. Of note, biological mem
brane alterations might influence APP trafficking and increase APP 
phosphorylation on Tyr682 or Thr668 residues in neurons, predisposing 
to APP processing to generate Aβ [52]. In this regard, alterations in APP 
pTyr682 levels have been proposed to predict amyloidogenic processes 
in neurons and fibroblasts [11,12,53], as well as in the PBMC of patients 

Table 2 
List of metabolites altered in AD patients. Metabolite analysis was performed 
using multiple unpaired T tests. The two-stage step-up method (Benjamini, 
Krieger, and Yekutieli) was used to control the false discovery rate (FDR, Q=1%) 
in multiple comparisons. The metabolites that show “Difference” > ± 0,5 and 
-Log10 (q value) > 2 were considered significative. “Difference” refers to the 
difference between HE and AD mean values (HE-AD). P values significance was 
set at < 0.05.  

Metabolites altered in AD patients  

P value Difference SE of 
difference 

q value -Log10 
(q 
value) 

Aminoacid-related 
Methionine- 

Sulfoxide 
0.000443 -3.730  0.9740 0.009401 2.02681 

Cholesteryl-ester (ChE) 
ChE 15:0 0.000631 1.8343  0.4945 0.002231 2.51090 
ChE 17:1 0.003345 -3.4730  1.113 0.005912 2.14032 
ChE 20:0 0.000814 -134.64  37.17 0.002303 2.51090 
ChE 20:1 0.001554 -39.75  11.70 0.003140 2.40622 
ChE 22:0 0.000475 -0.5709  0.1382 0.002231 2.65156 
ChE 22:1 0.000005 -1.656  0.3119 0.000071 4.11626 
ChE 22:2 0.001257 -6.630  1.910 0.002963 2.41909 
ChE 22:5 0.000077 -2.378  0.5397 0.000545 3.23367 

Diacylglycerides 
p-Cresyl 
sulphate 

< 0.000001 54.06  6.013 < 0.000001 9.63920 

18:1_18:1 < 0.000001 3.220  0.3782 < 0.000001 7.78627 
Lysophophatidyl-cholines 

a C28:0 0.000134 -0.5878  0.1391 0.000607 3.21646 
Phosphatidyl-cholines (PC) 

PC aa 
C40:2 

0.000105 -0.9183  0.2133 0.000814 3.08934 

PC aa 
C40:3 

0.000050 -0.8063  0.1774 0.000567 3.24617 

PC ae 
C36:1 

0.000396 -6.554  1.695 0.001278 2.89337 

PC ae 
C38:1 

0.000197 -3.295  0.8018 0.000814 3.08934 

PC ae 
C38:2 

0.000413 -4.459  1.157 0.001278 2.89337 

PC ae 
C38:3 

0.000173 -6.408  1.547 0.000814 3.08934 

PC ae 
C40:1 

0.003687 -0.6561  0.2127 0.006916 2,16015 

PC ae 
C40:2 

0.000031 -1.560  0.3323 0.000514 3.28925 

PC ae 
C40:3 

0.000189 -3.187  0.7751 0.000814 3.08934 

PC ae 
C40:4 

0.000182 -2.198  0.5328 0.000814 3.08934 

PC ae 
C40:5 

0.001040 -2.193  0.6198 0.002237 2.65035 

PC ae 
C42:1 

0.000956 -0.5789  0.1623 0.002151 2.66743 

PC ae 
C42:5 

0.000176 -0.8075  0.1952 0.000814 3.08934  
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with AD [23]. APP pTyr682 is mediated by Fyn TK in AD neurons [13], 
and a specific Fyn T isoform has been identified in PBMC of patients with 
AD [54]. 

5. Conclusion 

The goal of this study was to explore the importance of performing 
research on a small number of patients with similar clinical character
istics and potentially druggable signatures, thus prospecting for the 
design of therapies that might be most effective and result in fewer side 

Fig. 2. Spearman’s correlation analysis in patients with AD. Spearman’s correlation analysis between C26:1 lyso-PC (A) and C28:1 lyso-PC (B) and MMSE score or 
Aβ42 in plasma from patients with AD. Significance was set at P < 0.05 (r)=Spearman’s correlation coefficient. 

Fig. 3. APP pTyr682 increases in PBMC from patients with AD. Panel (A) shows the age, MMSE score, TNFα, Aβ42 and a C26:1- and a C28:1- lyso-PC levels in five 
patients with AD and five HE subjects. Panels (B) and (C) show differences in C26:1- and C28:1- lyso-PC levels in five HE and five AD individuals. P values are shown 
in the graphics. Representative WB analyses of APP and Fyn pTyr420 are shown in (D), and APP pTyr682 is reported in (E). Data from (D) and (E) were normalized to 
β actin and IgG values, respectively. Quantitative analyses are reported in (F), (G), and (H). To evaluate the statistical differences an unpaired T Test was used. 
Statistical significance was set at P < 0.05. 
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effects. In addition, the possibility of stratifying patients based on 
changes in multiple blood signatures paves the way for the management 
of AD using medications previously indicated in other pathologies. 

In conclusion, combinations of clinical parameters, such as MMSE 
scores and plasma signatures that reflect multiple AD-related pathways, 
including amyloidogenesis, such as Aβ42; inflammation, TNFα; lipid 
profile; and APP pTyr682, might improve our understanding of AD and 
likely aid in more appropriate therapeutic treatment. 
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