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ABSTRACT: The elusiveness encircling around the domain of cognition, its impairment, and the poor prognosis of Alzheimer's disease has
made early diagnosis a necessity. The noticeable symptoms in these conditions appear years later after the neuropathological changes occur in
the brain. Exosomes, a small-sized extracellular vesicle facilitate intercellular communication of disease pathologies and their cargo can provide
molecular information about its place of origin. The study titled “A novel approach to correlate the salivary exosomes and their protein cargo in
the progression of cognitive impairment into Alzheimer’s disease” was an attempt toward understanding the role of salivary small-sized extracel-
lular vesicular (EV’s) cargo in monitoring the progression. Outcomes of the study represent, that the salivary small-sized EV's (ssEV'’s) levels were
higher in the cognitively impaired and Alzheimer’s diseased as well the differential expression of the protein in the cargo correlates well with the
disease severity staging. Thus, it can help in the development of an early non-invasive screening method.
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Background
Alzheimer’s disease, a neurodegenerative disorder has its inci-
dence ranging from 2% to 3% with age from 70 to 75years to
20% to 25% among those with the age of 85years.! According
to the World Health Organization’s report, approximately
55 million individuals are currently suffering from this disease,
with 60% of the cohort belonging to countries with a low and
middle-income group of people. The number of suffering indi-
viduals may rise to 78 million by the year 2020. AD is the most
prevalent form of dementia. According to the Global Burden
of Disease estimates for the 2003 World Health Report,
dementia contributed 11.2% of years lived with disability in
people aged 60 years and older.? It is known, after the age of 70,
16% of people have the condition of mild cognitive impair-
ment (MCI), and 14% experience dementia. Two-thirds of
individuals suffering from dementia are observed in population
studies have Alzheimer’s disease (AD). On the whole AD
account for 70% of dementia cases followed by VD accounting
for 20% to 25% of cases.>*

Dementia, an umbrella term, which is commonly used for
any impairment in the domains of cognition when accompa-
nied by memory loss. The decline in cognitive abilities of an
individual constitutes a multitude of changes in different
domains of cognition that is memory, language, learning, and
visuospatial skills. The domains of cognition are observed
to follow a hierarchical order, keeping thinking and execution
tasks on the top tier followed by perception, foresightedness,
ability at the tier.> The

remembering lower-most

neuropsychological examinations devised for neurological and
neuropsychiatric conditions are based on the various combina-
tions of the sub-domains of these major domains. They are in
a questionnaire format, where the suspected individual is
needed to perform different assigned tasks. The degree of
decline in abilities has categorized cognitive impairment into
some sub-divisions. The condition of SCI: a person can per-
form well in objective tests, but lacks in subjective tests; MCI,
a person has a loss in multiple domains of cognition and the
impairment is severe enough to hamper the daily life activities.
Majorly the behavioral symptoms in cognitive impairment
occur later in a lifetime in comparison to the neuro-patholog-
ical changes, which conclusively lead to poor prognosis of the
disease. The progression to the condition of AD has become a
point of prime importance, as the majority of dementia cases
are dominated by the pathology of Alzheimer’s disease.

The prominence of early diagnosis

Alzheimer’s disease has no cure. The facts and figures pre-
sented by the National Institute of Aging: the treatment of
AD, neither regresses the rate nor stops the progression rather
it helps in the management of only some symptoms of an indi-
vidual. Currently, there are many molecular as well neuroimag-
ing-based markers present,%” however, they come in use only
with the individuals showing any symptoms. The poor progno-
sis of these conditions is one of the major lacunae in the diag-
nosis and therapeutics of AD.
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The ongoing developments and continuous studies did aid
in better understanding of the disease, nonetheless, there is no
such medication, which can be perfectly referred to as disease-
modifying therapy. Many FDA trials on amnestic MCI to mild
and severe AD patients are carried in the hope of better AD
therapeutics. The dearth of better therapeutics can be over-
come by the constant efforts to ease the malaise around AD.
Therefore, the search for a novel molecular marker or a meth-
odology, that is targeted toward early detection of neuropatho-
logical changes, has gained prominence worldwide.

The principal character: Small sized extracellular
vescicles

Recently, small-sized extracellular vesicles, with sizes ranging
from 30 to 150nm have gained high significance due to their
precise representation of the conditions of their origin. Small-
sized extracellular vesicles facilitate intercellular communication
as well as have established their role in the spread of disease
pathologies. The ssEV’s cargo content is defined as the finger-
print of the molecular status of its origin, due to the heterogene-
ity of its content: nucleic acids, proteins, and lipids in its cargo.
They are known to be abundantly present in all biofluids. In AD
the role of these vesicles is well known. The ssEV’s protein car-
gos containing amyloid precursor protein (APP), A, and tau
facilitating intercellular communication and further propagation
of A and tau pathologies is a vividly researched phenomenon.®

Description of the study

The study was designed to comprehend the role of neuronal
salivary ssEV’s cargo in monitoring the progression of cognitive
impairment conditions to Alzheimer’s disease.” Exosomal con-
centration in biofluids tends to increase during conditions of
neurodegeneration, neurological disorders, cancer, and other
disease pathologies.”1? Conditions like neurodegeneration have
shown increased ssEV secretion in the peripheral system. The
rationale of this study was the neuronal ssEV’s concentration in
saliva could play the role of a progression marker of cognitive
impairment paving the path for early determination of AD.The
study consisted of different categories of subjects, namely cog-
nitively impaired, Alzheimer’s disease, and vascular dementia.
The disease severity staging assessment of the subjects per-
formed using Addenbrooke’s cognitive examination III (ACE
IIT) & MMSE (Mini-Mental State Examination) scoring test
which are the normal clinical assessment. ACE III, a subjective
test, was instilled to detect cognitive impairment, as well the
cognitive functioning in dementia cases. Majorly the variation
in scores of different cognition domains, aids in differentiation
between frontal-temporal dementia and Alzheimer’s disease.
MMSE, a generalized and more commonly used assessment to
determine the cognitive functions in patients, although contains
some neuropsychological issues in contrast to ACE II1.13

The study used the clarified saliva samples of the subjects
from which small-sized extracellular vesicle were isolated

through polyethylene glycol-based chemical precipitation.
Antibody-based validation of isolated small-sized extracellular
vesicles via western blot profiling using the surface marker
CD63, followed by CD171/L1-CAM marker to prove their
neuronal origin.

Morphological characterized small sized extracellular vesi-
cles through transmission electron microscopy were quantified
quantification using the Nanoparticle Tracking Analysis. The
salivary ssEV’s concentrations (particle/ml) resulted to be
higher in cognitively impaired and Alzheimer’s diseased indi-
viduals in comparison to healthy age-matched controls. CD63
Alexa fluor 488 antibody-based NTA was also performed that
corroborated with the western blot analysis of CD63. The
investigations of the study targeted the contents of the ssEV’s
cargo and studied the differential expression of pathological
hallmarks.

The amyloid-beta and phospho-tau (p-tau) play a central
role in Alzheimer’s pathology. A Capillary electrophoresis-
based automated western blotting system was used for the
determination of expression of AD hallmarks. Moreover, the
findings of the study suggested, the expression of amyloid-beta
oligomer was found to be higher in CI & AD in comparison to
HC. The amyloid-beta oligomer/fibril ~180KDa was seen to
be higher in AD and oligomer ~60KDa in CI. One of the
striking observation was the increased levels of phosphoryl-
ated-tau in the cognitively impaired individuals when com-
pared to healthy control and Alzheimer’s disease patients,
which could be primarily due to the formation of the neurofi-
brillary tangles and its pattern of spreading in the brain in
accordance to Braak and Braak staging. The existing studies
also show the higher expression of p-tau was almost equivalent
in the small-sized extracellular vesicles of patients who are at
higher risk of developing AD and those who suffered from
MCI progressed to AD in 3years.! The increased ssEV’s tau
in Cl in comparison to AD can be associated with more small-
sized extracellular vesicle secretion, thus more seeding of p-tau
across the neurons. The temporal discord as it is stated in the
case, whether amyloid-beta regulates or induces tauopathy or
vice-versa is still a conflict. The amyloid hypothesis: prime
causative agent of AD is amyloid-beta, however, the pattern of
impairment in cognition relates better with the tau protein.
In-vitro, in-vivo studies provide evidence for the oligomeric
amyloid-beta induced neuro-fibrillary tangle formation.
Although tau protein depletion has also disrupted the homeo-
stasis of amyloid-beta in mouse models.!>

In the patient with stroke-related vascular dementia, where the
major culprit of disease causation is not amyloid-beta, there was a
significant decline in the expression levels of oligomeric forms of
amyloid-beta and p-tau proteins from the isolated salivary small-
sized extracellular vesicle from the patient. The findings of the
study confirmed the neuronal origin of the salivary small-
sized  extracellular
isolated small-sized extracellular vesicles from all categories of sub-
jects corroborated with the results of the western-blot analysis.

vesicles. The concentration of the
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Pictorial representation of key-findings of the study. (A) The outcomes in the healthy controls. (B) The outcomes in patients.

Conclusion

The rationale of this study was to understand the role of salivary
small-sized extracellular vesicle in understanding the progression
of cognitive impairment to Alzheimer’s disease. The results of the
transmission electron microscopy, which is used for morphologi-
cal characterization of small-sized extracellular vesicle revealed
the lipid-bilayer of the neuronal vesicles as well confirmed the
purity of isolated small-sized extracellular vesicles from the saliva
samples of healthy control, cognitively impaired, and Alzheimer’s
disease patients. The quantification of small-sized extracellular
vesicles by the scatter-mode-based NTA and the antibody-based
NTA show the increased concentration of salivary small-sized
extracellular vesicle in cognitively impaired and Alzheimer’s dis-
ease in comparison to healthy controls, which corroborated with
the pre-existing studies stating a change in concentration of vesi-
cles. The expression level of the hallmark protein (amyloid-beta
and p-tau) was determined using the automated western blotting
system. The investigations carried out revealed that the concen-
tration of the salivary small-sized extracellular vesicles of all the
subject categories obtained by nanoparticle tracking analysis and
the expression level of hallmark proteins in western blot analysis
correlated well with the disease severity staging. Thus, the novel
methodology based on the nanoparticle tracking analysis of sali-
vary ssEV’s cargo shows eminent potential to be developed as an
early diagnostic tool for the detection of neuropathology in early-
stage patients of CI and AD.
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