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A B S T R A C T

Core Alzheimer's Disease (AD) biomarkers are the cerebrospinal fluid (CSF) proteins amyloid β42 and β40, and the tau proteins, total and phosphorylated. Their use
is recommended by research guidelines for diagnostic purpose and for stratification of patients for clinical trials. However, novel potential biomarkers are needed,
which can mirror risk factors and other different mechanisms of the disease, hopefully in less invasive biological fluids or matrices. Studies on blood, urine, saliva,
tears gave promising results, and several novel molecules have been identified, as potential brain derived biomarkers, thanks to the development of novel ultra-
sensitive technologies. In this review, we discuss about advantages and limits of the classical CSF biomarkers of AD, as well as of novel CSF candidate biomarkers and
recent promises from alternative matrices.

1. Introduction

The development of an effective therapy for Alzheimer's Disease
(AD) is yet like the “quest for the Grail”, something that you search but
that is very hard to get. To pursue this goal, the discovery of novel
biomarkers may improve diagnostic sensitivity and help to achieve
more precise therapeutic targets. The “precision medicine” indeed fo-
cuses on identifying which approaches will be effective for which pa-
tients, based on the individual assessment of biological, genetic and
other risk factors.

Currently, the core AD biomarkers are the cerebrospinal fluid (CSF)
proteins amyloid β42 and β40, and the tau proteins, total and phos-
phorylated, directly related to the specific AD pathology. Their use is
recommended by research guidelines for diagnostic purpose and for
stratification of patients for clinical trials. However, novel potential
biomarkers are needed, which can mirror also risk factors and other
different mechanisms of the course of the disease, hopefully in less
invasive biological fluids or matrices. So far, hundreds of candidate
biomarkers have been investigated, but their involvement in the AD
pathophysiology and their usefulness in clinical practice have to be
validated yet, assessing their sensitivity and specificity [1]. Actually, in
clinical practice exceptionally a test has the ideal 100% sensitivity and
specificity, giving the certainty of the diagnosis; in reality, just tests
with sensitivity and specificity values above 90% are considered to
have credibility, giving high probability, but not certainty in differ-
ential diagnosis. In this review, we discuss about the clinical relevance
of classical CSF biomarkers of AD, as well as of novel emerging CSF
candidate biomarkers and recent promises from alternative non-in-
vasive matrices.

2. Cerebrospinal fluid is the main source for neurodegenerative
biomarkers

For neurodegenerative diseases, such as AD, CSF is the main source
for investigating substances released by brain tissue and eventually
representing biomarkers of disease, because it is draining the interstitial
fluid in near proximity with the cells of the central nervous system and
can reflect modifications occurring during the disease [2]. In AD pa-
thology, biomarkers can represent the biological evidence of the pa-
thological processes measurable in vivo, and their measurement is a
useful tool for improving the accuracy as well as for allowing an early
and timely diagnosis. Aside AD, the CSF represents the main source for
the detection of the protein 14-3-3, considered in the past the Gold
Standard for the in vivo diagnosis of Creutzfeldt-Jakob Disease (CJD)
included in the diagnostic criteria by the World Health Organization
(WHO) [3]. However, in recent years the 14-3-3 assay, although of
moderately high diagnostic accuracy, has been considered an imperfect
test by the Evidence-based Guideline of the American Academy of
Neurology (2012), since the test lacks the diagnostic accuracy either to
include a CJD diagnosis as a possibility or to rule out CJD. Recently, a
novel ultra-sensitive assay, the Real-Time Quaking-Induced Conversion
(RT-QuIC) has been developed, exploiting the seeding ability of the
pathogenic Prion Protein (PrP) in the CSF [4], and its use has been
accepted for the premortem diagnosis of CJD [5], with the 92% sensi-
tivity and the 100% specificity [6].

2.1. CSF core AD biomarkers

In AD, modification of the CSF levels of amyloid β42 (Aβ42), total
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and phosphorylated tau (T-tau and p-tau), mirror the tissue formation
of amyloid plaques and neurofibrillary tangle, respectively, the neuro-
pathological hallmarks of the disease [7,8]. The decrease of CSF Aβ42,
and more recently and accurately, the decrease of the amyloid ratio
Aβ42/Aβ40, together with the increase of both T-tau and p-tau con-
stitute the so called “CSF AD profile”, which can be useful for estab-
lishing a correct diagnosis especially in case of ambiguous clinical di-
agnoses of dementia [9]. Moreover, the assessment of CSF biomarkers
has a predictive value in asymptomatic or prodromal phase of the
disease, and helps to identify those patients with mild cognitive im-
pairment (MCI) that are stable or will develop other forms of dementia
[10–12]. Furthermore, CSF biomarkers can identify AD patients with
rapidly progressive dementia [13,14], and can be associated with
clinical phenotype, specific functional traits or cholinergic dysfunction
[15,16]. Recently, a systematic review and meta-analysis evaluated the
data from literature for classical and emerging biomarkers of AD, in CSF
and blood, on a total of 15,699 patients with AD and 13,018 controls.
The study confirms the strong association of the core CSF biomarkers
with AD and MCI due to AD, encouraging their use in both clinical
practice and research [17].

In 2011, CSF biomarkers have been included in the recommenda-
tions for the diagnosis of pre-clinical, MCI, and AD dementia by both
the National Institute on Aging and Alzheimer's Association (NIA-AA)
[18,19] and the International Working Group (IWG), with a revision
updated in 2014 [20]. In 2018, NIA-AA recommendations were further
updated, unifying imaging and biological markers in a research fra-
mework, and grouping biomarkers in three categories or AT(N) groups,
indicating amyloid deposition (A), pathologic fibrillary tau (T), and
neurodegeneration (N). Group A includes low CSF Ab42 or cortical
amyloid PET ligand binding; group T includes elevated CSF phos-
phorylated tau (P-tau) and cortical tau PET ligand binding; group “(N)”
includes elevated CSF T-tau, FDG PET hypometabolism, and atrophy on
MRI. The characteristics of group A and T define the specific AD ab-
normal protein deposits as a unique neurodegenerative disease among
different disorders that can lead to dementia. The characteristics of
group “(N)” define biomarkers of neurodegeneration or neuronal injury
which also occur in non-AD conditions, particularly in elderly in-
dividuals where comorbidities are common, separating tau pathology
specific for AD, from tau and other biomarkers that are nonspecific
measures of neurodegeneration/neuronal injury. New emerging bio-
markers can be incorporated within the existing AT(N) groups, such as
neurofilament light chain both in blood or in the CSF, or CSF neuro-
granin, to be included in the “N” category. The AT(N) classification
provides a research framework for grading disease severity using bio-
markers: categories in group A and T are measures used to define AD
and must be specific for the disease, whereas neurodegenerative/
neuronal injury biomarkers in group (N) are non-specific for AD, and
are used only to stage severity not to define the presence of the Alz-
heimer's continuum. However, none of the biomarkers in the AT(N)
groups are as sensitive as direct examination of tissue at autopsy. In-
deed, there is not correspondence between the disease severity graded
on biomarkers' profiles, and the different cognitive stages, because we
cannot know if the cognitive deficit is attributable to AD alone or to
other potential comorbidities in addition. Accordingly, different algo-
rithms have been developed based on the biomarker profile and cog-
nitive stage to assess risk of short-term cognitive decline and to define
the descriptive nomenclature of the syndromal cognitive staging, al-
ternative to traditional syndromal categories, dividing the cognitive
continuum into three stage —Cognitively Unimpaired, MCI, and de-
mentia, with dementia further subdivided into mild, moderate, and
severe stages. However, these three syndromal categories, have been
codified for clinical practice in the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition, criteria by the terms “mild neurocog-
nitive disorder” (essentially MCI) and “major neurocognitive disorder”
(essentially dementia) [21].

2.2. Novel CSF candidate biomarkers

The research of novel fluid markers may have great advantages as
tool for the diagnosis and clinical progression of AD and other neuro-
degenerative diseases. In fact, compared to imaging or neuropsycho-
logical examination, the cost of CSF biomarkers is relatively less ex-
pensive, and prices are expected to decrease dramatically with new
random-access platforms opening commercial concurrence. A number
of candidate molecules including Beta secretase1 (BACE1), Triggering
receptor expressed on myeloid cells 2 (TREM2), neurogranin, α-synu-
clein, neurofilament (NF), and many others, have been investigated as
potential biomarkers of AD. These proteins are associated with patho-
logical mechanisms or to other aspects of AD pathophysiology, such as
biochemical modifications, enzymatic deficits, clearance and degrading
pathways [22,23]. For example, the neurofilaments are axonal protein
which can be of high (NF-H), intermediate (NF-I) and light (NF-L)
molecular weight. NFs are released in the extracellular space and are a
marker for neuronal damage and degeneration. In the CSF, level of NF-L
increases as result of diffuse neuronal damage in many neurodegen-
erative diseases, such as Multiple Sclerosis, Frontotemporal Dementia
and AD [17,24,25].

However, the values of such molecules as biomarkers for AD or
other dementias have yet to be validated [26]. Moreover, a widespread
diffusion of CSF biomarkers in the integrated diagnosis for AD in clin-
ical practice is hampered by different factors, e.g. the fear regarding the
lumbar puncture, economic considerations, or the skepticism regarding
the value of biomarkers in clinical practice [27,28]. So, there is a need
to identify additional reliable, reproducible, non-invasive, simple to
measure, and inexpensive fluid biomarkers in alternative matrices, e.g.
blood, urine, saliva and other (Fig. 1). The development of a reliable
blood-based or alternative matrix biomarkers easily implementable into
large populations may be of paramount help.

3. Biomarkers discovery in alternative matrices

3.1. Biomarkers in blood

The blood is separated from the CSF and the central nervous system
(CNS) by the blood-brain-barrier, but a selected low amount of brain-
derived proteins can cross the barrier reaching the bloodstream, and
vice versa. Therefore, we could search in the blood specific substances
deriving by exclusive brain pathologies, or substances deriving by
systemic disease processes involving also the brain. Oppositely to CSF,
blood is a more complex matrix for investigating neuronal processes,
for different reasons. In fact, blood contains a high number of cells and
molecules, such as different classes of proteins, immunoglobulins,
hormones, cytokines, lipids, etc. rendering the investigation into this
matrix challenging, due to the potential analytical interference with the
traditional immunoassay platforms. Then, the activity of proteases or
protein carriers can participate in degrading or masking the epitopes of

Fig. 1. Alternative matrices for biomarkers discovery.
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pathological markers, which finally interfere with their detection and
measurement. Moreover, the low amount for brain derived biomarkers
in blood require highly sensitive technologies for the detection, while
the investigation of blood derived proteins implicates a systemic origin
of the disease and a secondary probable involvement of the CNS. For all
these and many other reasons, the research of neurodegenerative bio-
markers in alternative fluids is challenging and, to date, the use of blood
biomarkers for the diagnosis of AD has not been validated.

Several studies on plasma biomarkers have indeed shown con-
flicting results, even for the core AD biomarkers. The measurement of
amyloid entities in blood would be of great interest, but it would be also
difficult to have clear interpretation. In fact, although it is well known
that Aβ peptide is mainly produced by brain cells, astrocytes and
neurons [29,30], an alternative hypothesis thus supposed that Aβ
peptide can spread to the brain from the blood, similarly to other
amyloidosis which are characterized by the abnormal extracellular
deposition of misfolded amyloid proteins. In blood, platelets are the
primary source of Aβ peptide producing about 90% of total blood Aβ
[21]. This platelets' secreted Aβ is similar to that found in the senile
plaques of AD patients, and is increased in vivo in patients with familiar
form of AD, which are due to the mutations of presenilin-1 and -2 or
Amyloid Precursor Protein (APP) [31]. Moreover, proteins may be
regulated and modified by different processes in the CNS versus the
periphery, resulting in a lack of correlation between abundance in CSF
and blood. A possible imbalance between the Aβ production/degrada-
tion process may contribute to the pathogenesis of AD, and different
proteolytic systems have been demonstrated to regulate Aβ peptide
levels in AD [22,32].

Oppositely to the significant decrease of Aβ42 and Aβ42/Aβ40 ratio
in CSF of AD patients, their level in blood have been found to be un-
altered or having only small changes in patients respect to control [17].
This finding, together with the evidence that the level of plasma Aβ42
does not correlate with the CSF concentration, leads to hypothesize a
different metabolism for amyloid-β in peripheral tissues [33].

In order to overcome the limit in the detection encountered using
traditional ELISA platforms, novel approaches and technologies are
emerging with the potential to provide superior sensitivity and speci-
ficity for measuring Aβ, tau and novel candidate biomarkers in blood
samples. Among others, the most promising technologies appear to be
the mass-spectrometry analysis (MS) coupled with immunoprecipita-
tion, new immunoaffinity-based assays, including immunomagnetic
reduction (IMR), electrochemiluminescence, and the single molecule
array (SIMOA) [34]. In ImmunoMagnetic Reduction (IMR), magnetic
nanoparticles are coated with specific monoclonal antibodies, and de-
tected via magnetic interaction. Briefly, magnetic nanoparticles are
incubated with biological samples, binding with the antigens to be
detected; due to the association with the antigen, magnetic nano-
particles become larger, with a reduction of the oscillation amplitude
under the magnetic field, which corresponds to the amount of bound
antigen [35]. A preliminary study using SQUID-based IMR assayed
plasma amyloid and total Tau protein in a small group of patients
(n= 39) with subjective cognitive decline or mild cognitive impair-
ment. The results showed a diagnostic accuracy for prodromal AD
higher than 80% and reveal the possibility of screening for early-stage
AD [36].

MS techniques have the advantage of allowing the investigation of
different species of Aβ peptides at very low concentration.
Immunoprecipitation is used to pull down various Aβ fragments in
plasma samples followed by MS analysis, reaching a sensitivity of
2.5–40 pM for Aβ42 and 10–160 pM for Aβ40 [37]. The sensibility of
MS may indeed be enhanced by combining different sources, analyzers
and detectors and by the use of MS in tandem with chromatographic or
other separation techniques [38]. Panels of novel candidate biomarkers
have been identified in plasma and CSF of AD patients as well as in
cognitively unimpaired subjects. Such putative biomarkers or pre-
dictive panel are related to Aβ-peptide processing pathway, or to

different metabolic pathways, mostly not directly related to Aβ pa-
thology per se, such as the serine protease prothrombin (a precursor to
thrombin), NGN2, FHAD1, and DNAH10, and many others [39].

Several MS studies have shown that differences in the plasma level
of Aβ42, Aβ42/40 ratio or APP species can identify Aβ-PET positive
individuals with high sensitivity and specificity in both MCI and AD
patients, as well as in subjects without cognitive impairment [37,40].

SIMOA is a digital form of ELISA, which uses individual im-
munocomplexes on paramagnetic beads, in thousands of femtoliter
sized wells, reaching a very high sensitivity (0.019 pg /ml for tau and
0.044 pg/ml for Aβ42). Using SIMOA technique, ultrasensitive assays
for the measurement of brain derived proteins in plasma have been
developed, including amyloid, tau and NF-L. Different studies found
positive correlations between the level of plasma and CSF Aβ42 and
Aβ42/40 ratio [41,42], and a negative correlation with brain amyloid
deposition [41]. In subject with MCI or subjective cognitive impair-
ment, and preclinical or prodromal AD, the level of plasma Aβ42 was
slightly decreased [41].

The plasma tau protein has been broadly investigated in AD, with
the attempt to detect peripheric alterations associated with the neu-
ronal damage occurring in the brain. Results from studies using clas-
sical enzyme-linked immunoassays shown controversial results, and
have the limit of small population of patients enrolled. In different
studies, levels of plasma tau were found to be highly increased [43–45],
moderately increased [46], unaltered [47] or decreased [48,49] in AD
group.

A recent study evaluated the correlations between plasma tau and
clinical data, CSF and imaging markers, by using an ultrasensitive
method (with the Human Total Tau kit (research use only grade,
Quanterix, Lexington, MA), on the Simoa HD-1 analyzer, in a large
number of patients from the Biomarkers for Identifying
Neurodegenerative Disorders Early and Reliably (BioFINDER) study
and the Alzheimer's Disease Neuroimaging Initiative (ADNI). Authors
found higher level of plasma tau in patients with AD dementia, but in
part overlapped with normal aging and in patients without dementia;
interestingly, in this study a prognostic value for plasma tau con-
centration has been observed, allowing to identify cognitive impair-
ment or brain atrophy and hypometabolism during the follow-up [50].
Notwithstanding, despite the differences observed among groups, these
findings do not support the use of plasma tau as an AD biomarker in
individual people.

Moreover, in a review and meta-analysis study, Olsson et al. found
that, oppositely to CSF, data from 22 AD and 20 control cohorts on a
total of 15,699 patients with AD and 13,018 controls showed that the
level of Aβ42 and Aβ40 in blood were not statistically different;
whereas, only a significant difference was confirmed for the increase of
plasma t-tau in AD compared to controls [17].

Recently, a study using IMR found a correlation between plasma p-
tau181 level and AD severity, with level of plasma p-tau181 sig-
nificantly higher in mild AD respect to MCI due to Ad and to healthy
subjects [51].

A great variability of the results in relation to the methodology used
has been observed and represents a limitation for the use of these
markers. Several studies that have evaluated biological markers in the
blood have shown conflicting results [52]. For example, increased Aβ42
was reported in AD patients compared to controls by using IMR assay
[43,44]; other studies on the same biomarker measured with SIMOA
found significant decreased concentration in AD respect to MCI and
control subjects [41]. On the other hand, significant increase of plasma
tau level was observed in AD compared to control, by using both SIMOA
or IMR platforms.

Interestingly, the plasma level of NF-L, a marker of axonal damage,
is correlated with the concentration in CSF, representing a useful
screening test for neurodegenerative processes, or a potential mon-
itoring biomarker of disease progression or therapy [42,53,54]. Level of
NF-L were found to be highly increased in MCI- AD patients, and even
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more in severe AD respect to nondemented group, and moderately
correlated with cognitive impairment evaluated by the Mini Mental
State Examination across all patients [53]. In AD, the concentration is
increased, and moreover, a potential predictive value has been found in
a study on familial cases of AD, were increased blood NF-L was ob-
served in symptomatic as well as in presymptomatic carriers of AD
mutations [55]; further, NF-L are predictive of cognitive decline [55].

Finally, a number of other emerging biomarkers or multi-marker
panel have been investigated in different studies, aiming to find a po-
tential link with the neurodegeneration, glial activation, Aβ pathology,
systemic and inflammatory response to the disease, impaired protein
[17] or degrading enzymes [56]. However, despite most of these can-
didate markers show significative association with the disease in CSF
concentrations, the corresponding levels in blood do not reflect such
modification [17].

3.2. Saliva and tears

Due to its complete lack of invasiveness, saliva represents an at-
tractive matrix for the biomarkers' research. Moreover, saliva can be
self-collected with no stress for the patients, and the collection can be
repeated as necessary, thus rendering saliva an ideal marker for mon-
itoring diseases. Most blood proteins used for diagnosis of different
diseases can be found in saliva [57]. Moreover, several studies have
demonstrated a versatile use of saliva for omics profiling [38,58,59].
Since salivary secretion is reduced with aging, it is expected that
changes in the biochemical composition may be associated with the
development of age-associated disorders.

Several methods have been developed for the measurement of Aβ in
saliva, by using ELISA, magnetically assembled antibody conjugated
nanoparticles, Luminex assay or mass spectrometry following im-
munoprecipitation. Salivary Aβ levels have been investigated by dif-
ferent studies but results are conflicting: Aβ42 levels were found to be
increased [60–62] or unaltered [63,64] in AD and MCI patients respect
to controls or PD. Moreover, the level of salivary tau seems to not have
a clinical usefulness, whereas the ratio p-tau/tau is slightly increased in
AD patients [64,65].

Moreover, several candidate biomarkers have been investigated in
saliva, including mucins, acetylcholinesterase, markers of oxidative
stress, cortisol, etc. Unlucky, results should still be replicated in larger
multicenter and longitudinal studies (for a review see [57].

Recently, a paper hypothesized the use of tears as tool for non-in-
vasive translational studies in AD patients [66]. Authors investigated
the modification in tears chemical composition in 23 AD patients and
control donors, by using quantitative proteomics approach. Interest-
ingly, authors found modifications in the tear flow rate, total protein
concentration and composition of the chemical barrier specific to AD. In
particular, the combination of a panel of proteins, including lipocalin-1,
dermcidin, lysozyme-C and lacritin had a good accuracy (81% sensi-
tivity and 77% specificity) in discrimination AD patients [66] sup-
porting the use of tears for research purpose.

3.3. Biomarkers in olfactory mucosa

Olfactory mucosa has an extracranial location, and constitute a
source of true neural progenitor cells. Although biopsies of the olfactory
neuroepithelium (ON) are an established even though experimental
procedure, successful in vivo collection of ON is possible by gentle non
damaging brushing with wet cotton swab in the medial and superior
side of the inferior nasal meatus. Olfactory cells become attached to the
brush and can be studied. After nasal brushings, RT-QuIC analysis of
PrP in the olfactory neuroepithelium has been shown to have a com-
parable specificity and improved sensitivity when compared with CSF
analysis [67,68].

3.4. Biomarkers in urine

Urine has so far represented an interesting source of markers,
mainly for the diagnosis and monitoring of renal dysfunction, prostate
and urinary tract cancers. Urine has the advantage of an easy and non-
invasive collection, and the possibility of repeatable collections. Several
cells, proteins, free DNA and microRNA, as well as extracellular ve-
sicles, can be detected, which can reflect different pathological condi-
tions.

Recently, growing evidences support the use of urine in a number of
diseases, including AD. Dementia and kidney diseases seems to share
common risk factors, as diabetes, high blood pressure and high cho-
lesterol [69]. A review and meta-analysis shown that renal dysfunction
is associated with increased risk of developing cognitive impairment or
dementia [69]. Moreover, a meta-analysis including 5 studies, for a
total of more than 27,000 persons, has demonstrated that albuminuria
is associated with an increased risk of cognitive impairment or de-
mentia of 35%, although it has to be defined whether the association
with albuminuria is causal or due to a common mechanism. Oppositely,
no association was found for estimated glomerular filtration rate
(eGFR) [70].

A recent study combined computational and experimental methods
to identify potential urine biomarkers associated with AD. Authors
identify 559 genes encoding for urine-excretory proteins which were
differentially expressed in AD brains. Among them, three proteins, SPP1
(Secreted Phosphoprotein 1), GSN (Gelsolin) and IGFBP7 (Insulin-Like
Growth Factor-Binding Protein-7) were found to be differentially ex-
pressed in the urine of AD patients [71].

Several studies support the use of urinary Alzheimer-associated
neuronal thread protein (AD7c-NTP) as potential candidate for the
early diagnosis of AD. AD7c-NTP is a transmembrane phosphoprotein,
which co-localizes with neurofibrillary tau tangle [72]. AD7c-NTP is
associated with neuron accumulation of p-tau and its CSF increase in
AD patients [73,74]. Concentration of urinary AD7c-NTP can predict
Aβ brain deposition in AD and MCI patients with high accuracy [75].
Moreover, increased AD7c-NTP was observed in CSF and urine in the
early phase of AD pathology, with positive association with the AD
severity [76]. These data were confirmed by a meta-analysis, en-
couraging the use of urinary AD7c-NTP for the early diagnosis of
probable AD [77].

Although promising, larger and longitudinal studies are needed in
order to confirm the employment of urine AD biomarkers.

4. Discussion

One of the reasons for the failure of clinical trials for AD is the lack
of an accurate panel of biomarker for establishing a correct diagnosis
especially in case of ambiguous clinical dementia. The discovery of
novel biomarkers for AD is a great challenge, and is strictly linked to the
development of effective disease modifying therapies. Recent advances
in molecular medicine, has leads to a novel concept named “precision
medicine”, which is characterized by the choose of the most effective
therapy for each patient, based on an accurate stratification of patient
profile. Any novel marker which can be helpful for this purpose is of
paramount interest, in order to reach the classification of the popula-
tion based on molecular, biological markers and environment factors.

The recent advance of novel ultrasensitive technologies has renewed
the enthusiasm for the research of biomarkers in alternative body
fluids, due to increasing accuracy and sensitivity of the detection.
Further, the identification of biomarkers in non-invasive matrix is
auspicable but not yet consolidated, to allow the screening of people at
risk, to identify initial biochemical modifications in mild patients, and
to monitor evolution of the disease.

Actually, there is a great expectation towards the discovery of new
biomarkers in alternative matrices that can provide in vivo measure-
ments of a series of further pathophysiological processes associated
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with the pathogenesis of AD. New molecules, including synaptic pro-
teins and oligomers, will expand the range of markers covering the full
spectrum of molecular events in the AD [78]. The use of panels in multi
centers longitudinal clinical studies on large populations will provide
essential additional information on the understanding of pathogenetic
processes and on the development of effective disease modify therapies
for AD. However, the work is just in progress and not definite new
biomarkers of neurodegenerations have been achieved.

5. Concluding remarks

In the future, the potential use of alternative matrices for the di-
agnosis and research of AD and other pathologies seems to be really
interesting, notably due to their low invasiveness. The impact of plasma
biomarkers on daily clinical practice could be substantial.
Notwithstanding, some difficulties should be taken into account. The
use of novel matrices has some limitations, for example the standardi-
zation of the preanalytical phase or technical problems linked to the
small volume of samples. This should encourage rather than discourage
the research.
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