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Abstract

To date Alzheimer’s dementia (AD) is
defined biologically, by neuropathologic
change, and clinically treating cognitive
impairment as a symptom of the disease
rather than the definition of the disease. This
approach underlines the complexity of such a
disease and should enhance efforts to identi-
fy a sensitive but easy to get biomarker that
will play a key role when innovative and effi-
cacious treatment for AD will be found
because, then it will be possible to treat this
disease before the onset of clinical symp-
toms. Several biomarkers have been studied
in cerebrospinal fluid: amyloid beta 1-42
(AP1-42), total tau (t-tau), phospho-tau (p-
tau), AP1-42/t- tau ratio and AB1-42/p-tau
ratio are currently revealed in clinical prac-
tice. In the next future, it would be useful to
dose biomarkers in less invasive samples
(such as blood or urine) as like as to use
OMICs technologies, including proteomics
and metabolomics, to find more predictive
and diagnostic biomarkers for AD.

Introduction

Diagnosis of dementia should be set as
soon as possible to allow the most appropri-
ate treatment and the use of sensitive bio-
markers - defined as indicators of normal
biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic
intervention that is objectively measured -
to support the diagnosis. The ideal biomark-
er should be: i) sensitive and specific of
almost 80%; ii) have a positive predictive
value (PPV or the probability that subjects
with positive screening test truly have dis-
ease-) of almost 90%; iii) reliable, repro-
ducible and repeatable; iv) strictly related to
the pathophysiological process; v) able to
set an early and differential diagnosis; vi)
cheap and slightly invasive. The last pub-
lished Alzheimer’s dementia (AD) criteria
included cerebrospinal fluid (CSF) and neu-
roimaging markers to improve the diagnos-
tic accuracy, early and differential diagnosis
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between several dementia types and to pre-
dict the conversion from the prodromal
stage to full-blown dementia. CSF biomark-
ers are represented by amyloid beta 1-42
(AB1-42), total tau (t-tau), phospho-tau (p-
tau), AP1-42/t- tau ratio and AB1-42/p-tau
ratio. Their diagnostic accuracy is shown in
Table 1. To date, the use of biomarkers is
based more on practical considerations that
reflect resources and experience, rather than
on clinical and evidence-based considera-
tions. European guidelines state that they
are rated as class II and class III of evidence
- i.e., slightly supportive - respectively for
positive and differential diagnosis of AD-
with some difficulties related to a different
reimbursement through different countries.

Biomarkers in clinical practice
from healthy subjects through
mild cognitive impairment

To detect cognitive impairment in pro-
dromal or early stages, the use of biomark-
ers as a screening tool for apparently
healthy individuals is still under debate.
Firstly because it is not feasible to accu-
rately identify all individuals with prodro-
mal dementia with the sole recruitment of
general practice physicians, as demonstrat-
ed in the UK, where such an attempt was
phased out in two years.! Secondly,
because the clinical course of dementia is
not yet amenable to intervention since cur-
rently there is no curative drug for such a
disease. Therefore, the use of diagnostic
biomarkers in the absence of efficacious
treatments able to cure or to delay disease
progression, do not make available a pop-
ulation screening.

Another problematic issue is the useful-
ness of CSF biomarkers in mild cognitive
impairment (MCI), a condition of cognitive
decline without interference with activities
of daily life, with a wide range of preva-
lence (5-37%), due to changes in criteria
and differences in populations studied and
methodology.? Published studies show
accuracy for AB1-42, t-tau, and p-tau in
detecting prodromal AD subjects up to 90%
(93.5%) of sensibility and 80% (82.7%) of
specificity, but data are widely variable.? To
have an appropriate evaluation it might be
essential to know the predictive value (PV)
that depends also from prevalence of dis-
ease: if the prevalence is low in general
population, predictive value will be lower
than specificity and sensibility values,
hence if prevalence is 5% PV will be lower
than in case of 37% of prevalence of dis-
ease. However, the CSF mentioned above
biomarkers is likely to predict the clinical
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progression of AD. Sierra-Rio and coll.*
found that MCI and subjective cognitive
decline (SCD) individuals with abnormal
AP42/ phosphorylated tau ratio had a higher
proportion of conversion to dementia dur-
ing S-year follow-up, supporting the utility
of AD CSF biomarkers to predict a clinical
decline in subjects with SCD or MCI in the
medium term. On the other hand, the nor-
mality of AD CSF biomarkers could
exclude progression to AD dementia.
Although we do not have therapeutic tools
for the disease, this prognostic information
might have clinical relevance in subjects
seeking answers when attending a specialist
setting.*

Interlaboratory and interlaboratory vari-
ability in dosing CSF biomarkers represent
a critical problematic issue to define their
accuracy. Therefore different efforts on bio-
markers harmonization studies have been
made with the introduction of novel assays
to provide a minimal lot-to-lot variation and
thus leading to a higher agreement between
different centers and measurements.

Finally, another limitation is represent-
ed by CSF biomarkers usefulness in the old-
est olds, the part of population aged 85
years or more, who has been growing very
fast in last decades reaching more than 1%
of the Italian population. They are an
extremely heterogeneous group, also
according to the clinical and neuropatholog-
ical presentation of dementia. In fact, oldest
olds can be classified as: i) escapers (who
reach 100 years and more without diseases);
ii) delayers (who start to be affected by
chronic diseases after 85 years old); iii) and
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survivors (who survive together with their
chronic diseases after 85 years old).?
Despite the presence of classical neu-
ropathological hallmarks, oldest old sub-
jects often preserve their cognitive perform-
ances. It is unclear if they had better tolerate
the adverse effects of neuropathological
alterations or if they do not live long enough
to express their clinically visible effects.
Mattson and coll.® showed that the diagnos-
tic accuracy of CSF biomarkers for AD
decreases with age; nevertheless the nega-
tive (NPV) predictive values remains per-
sistently high also in oldest old, allowing to
rule out AD even in this class of age.
However, biomarkers have beneficial
and potential use in the oldest old popula-
tion, mainly with the evaluation of the pro-
gression from MCI to dementia. Adding
CSF biomarkers to the usual care diagnostic
workup can improve the ability to differen-
tiate between subjects with or without pro-
gression to dementia,’ especially for escap-
ers, who might also benefit of their strong
negative predictive value. In fact, the exclu-
sion of AD pathology in a well-fit subject
older than 85 years means that he could
spend the rest of life without the fear of
dementia, improving quality of life.
Conversely, fit oldest old subjects with the
mild cognitive decline with positive bio-
markers could be included in clinical trials
that currently exclude the oldest olds. In
survivors and delayers, the medical practice
should be performed according to ethical
principles of beneficence, autonomy, jus-
tice, integrity, dignity, and vulnerability, so
that it is often dispensable to make an accu-
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rate diagnosis or to predict MCI conversion
in these classes.

Pathogenesis of dementia:
toward new markers

CSF biomarkers limitations are probably
due to an erroneous rationale behind demen-
tia pathogenesis: amyloid and tau hypothesis
have been widely studied in recent years, but
according to several studies, they should rep-
resent a final stage of neuronal damage rather
than the primary and only cause of neurode-
generation. Furthermore, Giuffrida and coll.?
even showed that AB1-42 monomers have a
broad neuroprotective activity related to
insulin/IGF-1  signaling. Many other
hypotheses have been proposed, and they
could contribute all together to dementia
pathogenesis (Table 2). Indeed, lumbar punc-
ture is a safe procedure but it is quite inva-
sive and expensive, so it would be more
comfortable and cheaper to obtain diagnostic
biomarkers from blood taking advantage of
new methodologies such as proteomic,
lipidomic, and genomic profiling.

New potential cerebrospinal fluid
biomarkers
Cerebrospinal fluid visinin-like-protein-1
Visinin-like-protein-1 (VILIP-1)
belongs to the family of visinin-like pro-
teins, which are neuronal calcium sensor
proteins, and it is implicated in both neuro-
protective and neurotoxic functions. In par-

Table 1. The accuracy of available cerebrospinal fluid biomarkers.?>?
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ticular, VILIP-1 is released into the CSF
from injured neurons and in neurodegener-
ative diseases. Tarawneh and coll.® showed
a role of this protein as a diagnostic and
prognostic marker of AD in subject aged
38-93 years old.

Neurogranin and YKL-40

Neurogranin is a marker of synaptic
dysfunction that may be an early pathologic
process in age-related neurodegeneration,
and a sensitive marker of age-related cogni-
tive abilities, potentially preceding or even
acting independently from AD pathogene-
sis. YKL-40 (chitinase-3 like-1) is a marker
of neuroinflammation, and it is up-regulated
in various inflammatory conditions and
expressed by neutrophils, macrophages,
chondrocytes, and vascular smooth muscle
cells and astrocytes. Their CSF levels are
increased in AD, and decreased in
Parkinson dementia or dementia with Lewy
Body; moreover, the first one seems to be
reduced in vascular dementia and
Frontotemporal dementia, and the latter
appears to be increased in CSF of people
with frontotemporal dementia. !0
Neurogranin detection along with the f-site
amyloid precursor protein cleaving enzyme
1 (BACEL1) (i.e., the enzyme that catalyzes
the first step in the formation of an amyloid
beta peptide from amyloid precursor protein
in AD brain) improves diagnostic perform-
ance rather than neurogranin alone. De Vos
and coll." showed that NGRN/BACE] ratio
was well related with the yearly decline in
mini-mental state examination (MMSE)
scores in patients with MCI and AD.

AB1-42 0.58-0.80 0.55-0.82 0.48-0.92
t-tau 0.61-0.96 0.60-0.98 0.57-0.98
p-tau 0.76-0.86 0.82-0.92 0.86-0.94
A 1-42/t- tau ratio (.38-0.86 0.71-0.98 0.57-1.00
A 1-42/p-tau ratio 0.89-0.96 0.74-0.86 0.83-0.91

Cl, confidence interval; PPV, positive predictive value.

Table 2. The pathogenic hypothesis of Alzheimer’s dementia.?

Inflammatory hypothesis ~ Microglial activation, pro-inflammatory cytokines release, insulin/IGF-1 resistance

Oxidative hypothesis Radical oxidative species exposure, cellular oxidative stress, protein oxidation, protein nitration, glycoxidation and lipid peroxidation.

Cholinergic hypothesis Degeneration of cholinergic neurons, reduction of cholinergic tone in the cortex and hippocampus, cognitive dysfunction

Insulin resistance Impairments of insulin/IGF-1 signaling and glucose metabolism, impaired synaptic plasticity, synaptic degeneration, cell death

Gut microbiota activity Interactions with the central nervous system through direct and indirect pathways involving vagal nerve activation, cytokine
production, and release of neuropeptide/neurotransmitters and short-chain fatty acids
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AD7c¢-NTP

NTP (neuronal thread proteins) are a
family of proteins expressed in brain and
some neuroectodermal tumor cell lines; AD-
associated NTP (AD7¢-NTP) seems to be
elevated in brain tissue, cerebrospinal fluid,
and even in urine of patients with
Alzheimer’s disease reflecting the severity
and progression of dementia as demonstrated
in several recent studies.>'? The high accura-
cy of urine measurement (sensibility of 89%
and specificity of 85%) makes of AD7c-NTP
a promising biomarker of dementia.

Microbiota biomarkers

Gut microbes can produce secretory
products as amyloids, lipopolysaccharides,
virulence factors rhamnolipids (RLs), tox-
ins, and other neuroactive compounds; in
particular elevated RLs, levels have been
found in cerebrospinal fluid of both AD and
MCI patients compared to healthy.
Moreover, they seem to be related to the AD
stages clinical severity.'?

Blood biomarkers
AP1-42/Af1-40 ratio

Findings on the relationship between
AD pathogenesis and plasmatic AP levels
are contradictory, but new elaborate tech-
niques revealed a correlation between an
increase in the plasma AB42/AB40 ratio and
risk of developing AD.! Fei and coll.! also
found a link between this ratio and the risk
of progression from MCI to AD with a
specificity of 70% and sensibility of 85%.

Biomarkers of neocortical amyloid burden
(NAB): the fibrinogen gamma chain

It represents the gamma component of
fibrinogen, produced by FGG, a human
gene found on chromosome 4. It can predict
high NAB when combined with age, yield-
ing a sensitivity of 59% and specificity of
78%!° that increase respectively to 71% and
84% if combined with a 4-plex metabolic
panel (phosphatidylcholine, PE 39:7, anan-
damide, and anandamide isotope).!”

Clusterin

Clusterin is a protein overexpressed in
the brain of AD patients associated with the
clearance of cellular debris and apoptosis. It
has been demonstrated that MCI patients
have higher plasmatic clusterin levels com-
pared to healthy controls; moreover higher
clusterin levels were associated with signif-
icantly lower MMSE scores at baseline and
with the longitudinally structural atrophy
for patients with MCIL.'®

Neurofilament
It is a protein of neuronal cytoskeleton
where it provides mechanical strength and
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regulates axonal diameter; its levels are
higher in AD, FTD and Parkinsonism com-
pared to healthy control, also in oldest olds,
and it is related to brain atrophy.'

Metabolic biomarkers

Lipidomics research involves the identi-
fication and quantification of cellular lipid
molecular species and their interactions with
other lipids, proteins, and different metabo-
lites. Extensively studied lipidomic biomark-
ers of AD include abnormal glycerophospho-
lipids (due to an abnormality in the integrity
of cell membranes). Notably, Mapston and
coll.?® reported a set of 10 phospholipids
from peripheral blood that predicted pheno-
conversion to either aMCI or AD within 2-3
years, with over 90% accuracy.

Micro-RNA

mi-RNA is endogenous ~23-nucleotide
non-coding RNA molecules highly con-
served in eukaryotes that regulate gene
expression through post-transcriptional
repression. Deregulation in their expression
modulate some AD-related genes (such as
AP, BACE], tau, o and y secretase genes)
and promotes disease progression affecting
levels of AP, p-tau and synaptic damage.
Recently Reddy and coll.?! reviewed the
role as potential biomarkers of miRNAs in
blood and CSF from patients with AD
showing neuroprotective forms (e.g.,
miRNAs 101, 124, 219, 16) and neurode-
generative forms (e.g., RNAs-26b, 206,
125, 33) in the brain and hippocampus.?>?*

Conclusions

So far it is corroborated the measure-
ment of CSF classical biomarkers (CSF
AP42, t-tau, and p-tau) in clinical practice,
but they are not entirely suitable for AD
diagnosis showing several limitations, such
as variability inter and intra-laboratory, lack
of universal cut-off, partial usefulness in
MCI and oldest olds, absence of indication
in healthy subjects screening. Hence, efforts
are needed to find novel candidates in CSF,
or in more suitable and easy to get samples
including blood or urine. In the next future,
it is hopeful that research will find easily
measurable biomarkers that can predict
cognitive decline in subjects who have a
preclinical, prodromal, or clinical AD.
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