Peertechz®

L
g
"ANNALS OF

Alzheimer's and Dementia Care

DOI:  http://dx.doi.org/10.17352/aadc

mail.alzheimers@peertechz.com

-8
=]
5)
P
o
-
<
2
z
2
o

Received: 06 March, 2020
Accepted: 05 June, 2020
Published: 06 June, 2020

Review Article

*Corresponding author: Dr. P Rani, Professor, Depart-
ment of Biotechnology, PSG College of Technology,
Avinashi Rd, Peelamedu, Coimbatore, Tamil Nadu
641004, India, Tel: 9443161653; Fax: 91-0422-2573833;
E-mail: rani.bio@psgtech.ac.in

Molecular signatures in
exosomes as diagnostic
markers for neurodegenerative
disorders

Palaniswamy Rani*, Sevugan Karthik and Sampathkumar
Srisharnitha A

Department of Biotechnology, PSG College of Technology, Coimbatore, Tamil Nadu 641004, India

Keywords: Exosomes; Diagnosis; Biomarkers;
Neurodegenerative disorders; Prion disease;
Amyotrophic lateral sclerosis; Huntington disease;
Parkinson’s disease; Alzheimer’s disease

https://www.peertechz.com

’.) Check for updates

Abstract

Exosomes are small membrane-bound entities of endocytic origin. These membrane-derived, extracellular vesicles have been shown to be secreted by a number
of cell types such as adipocytes, platelets, cardiac progenitor cells, muscle cells, mesenchymal stem cells, lymphocytes, tumor cells, embryonic stem cells, umbilical
cord blood-derived cells and cells in the central nervous system including neurons, neuroglial cells etc., These extracellular vesicles contain various protein, lipid, pro-
inflammatory cytokines and RNA species whose content is altered under pathological diseased conditions of the CNS. Currently, the techniques available to diagnose
neurodegenerative disorders involve analysing the physiological levels of certain proteins in the Cerebrospinal Fluid (CSF) and checking for extracellular senile plaque
formation (protein aggregation and accumulation) in the brain using MRI/CT scans. These techniques are quite expensive, invasive and painful in nature as collecting
the CSF and accessing the brain area are difficult. In the past few years, there is a growing interest on using exosomes for diagnosis of neurodegenerative disorders due
to their easy availability from most of the biological fluids including the blood, urine, saliva, breast milk, semen etc., their extremely high disease-specific bio-molecular
signature/profile, the ability of exosomes to cargo a variety of biomolecules in between cells and their capacity to cross the blood-brain barrier. These make them a
potential biomarker for neurodegenerative disorder. This review begins with a brief introduction about exosomes and focuses mainly on using exosomes for diagnosing
major neurodegenerative diseases like Prion disease, Amyotrophic lateral sclerosis, Huntington’s disease, Parkinson’s disease, and Alzheimer’s disease.

Abbreviations

AD:  Alzheimer’s Disease; ALS: Amyotrophic Lateral
Sclerosis; APP: B -Amyloidprecursor Protein; Ap: Amyloid-f
Peptide; Ap,, (Amyloid-p peptide which is 42 amino acids long);
CJD: Creutzfeldt-Jakob Disease; CNS: Central Nervous System,;
CSF: Cerebral Spinal Fluid; DNA: Deoxy ribonucleic Acid;
ESCRT: Endosomal Sorting Complex Required for Transport;
GTPase: Guanidine Triphosphatase; HD: Huntington’s Disease;
HSP: Heat Shock Protein; htt: huntingtin; ILVs: Intraluminal
vesicles; Lincrna: Long Intergenic Non-Coding RNA; Incrna:
long non-coding RNA; LAMP-1: Lysosome-Associated
Membrane Protein 1; Mhtt: Mutant htt; MCI: Mild Cognitive
Impairment; miRNA: micro RNA; MRI/CT: Magnetic Resonance
Imaging/ Computed Tomography; MRNA: Messenger RNA;
MVB: Multivesicular body; nc-RNA: non-coding RNA; NRGN:
Neurogranin; PD: Parkinson’s Disease; PolyQ: Polyglutamine;
PS1: Presenilin-1; PS2: Presenilin-2; PrP: Prion Proteins;

REST: Repressor Element 1-Silencing Transcription Factor;
RNA: Ribo Nucleic Acid; rRNA: Ribosomal RNA; Snrna:
Small Nuclear RNA; Snorna: Small Nucleolar RNA; mSODzi:
Mutant Cu-Zn Superoxide Dismutasel; TARDBP (TDP-43)
gene tRNA: Transfer RNA; TSEs: Transmissible Spongiform
Encephalopathies

Key messages

In the past decade, progressive research on the exosomes
led to the identification of its potential role in intercellular
communication by the transfer of various biomolecules
including proteins and miRNAs whose contents vary depending
from on the physiological to pathological conditions. The major
proteins and miRNAs which are involved in neurodegenerative
disorders like prion disease, Amyotrophic Lateral Sclerosis
(ALS), Huntington disease, Parkinson’s disease, Alzheimer’s
disease etc., are found to be differentially expressed in the
exosomes isolated from patients when compared to the healthy

Citation: Rani P, Karthik S, Srisharnitha AS (2020) Molecular signatures in exosomes as diagnostic markers for neurodegenerative disorders. Ann Alzheimers

Dement Care 4(1): 012-017. DOI: https://dx.doi.org/10.17352/aadc.000012


https://crossmark.crossref.org/dialog/?doi=10.17352/aadc.000012&domain=pdf&date_stamp=2020-06-06

M Peertechz® Publications

individuals. This makes exosomes as a potential diagnostic
biomarker. This review is providing an insight into using
exosomes for diagnosing these major neurodegenerative
disorders.

Introduction

Exosomes are small cell-derived vesicles whose secretion
has been reported for a number of cell types and are present
in various biological fluids and Central Nervous System (CNS)
tissues. These are the extracellular vesicles that are released
from cells due to the fusion of the Multivesicular Body (MVB),
an intermediate endocytic compartment, with the plasma
membrane. This releases the Intraluminal Vesicles (ILVs) into
the extracellular milieu, known as exosomes[1]. Exosomes
are known to have various important functions under both
physiological and pathological conditions in the CNS, such as
the cell-to-cell communication which is done by the transfer
of exosomes between neurons [2].

Neurons make up the nervous system which comprises the
brain and spinal cord. Neurons lack the ability to reproduce or
renew themselves, as a result of which the body is unable to
replace them if dead or damaged. Neurodegenerative disorders
are chronic and fatigue conditions resulting in the death of
neurons causing ataxias or dementias. Dementia refers to a
syndrome that is characterized by progressive deterioration
of cognitive functions. Few examples of neurodegenerative
diseases include Prion disease, Amyotrophic Lateral Sclerosis
(ALS), Huntington’s Disease (HD), Parkinson’s Disease (PD),
Alzheimer’s Disease (AD) [3].

Evidence is accumulating that exosomes play a key role
in processes such as coagulation and intercellular signalling.
Consequently, there is a growing interest in the clinical
applications of exosomes as they can potentially be used for
diagnosis, prognosis, therapy and as biomarkers for health and
a variety of diseases. First of all, Exosomes carry significant
amounts of molecular constituents including proteins, lipids
and nucleic acids whose content and composition solely
depend and vary with their tissue of origin under pathological
conditions [4,5]. Second, exosomes can be concentrated to
significantly increase the detection sensitivity and their ability
to cross the blood-brain barrier in both the directions [6],
helps to overcome the problem of the circulating proteins and
nucleic acids getting diluted in the bloodstream (most of them
originate from other tissues besides neurons due to the tight
regulation of the blood-brain barrier in molecule transport).
Third, isolation of exosomes can be done using painless-
invasive methods from easily available biological fluids like
blood, saliva, urine etc [7-9], making it a potential biomarker
for the diagnosis of neurodegenerative disorders.

This review is focused on using exosomes as biomarkers
for diagnosing various neurodegenerative disorders. Here, we
first provide an overview of exosomes and in the later part; we
discuss using exosomes as a diagnostic tool in the context of
Prion disease, ALS, HD, PD, and AD.

Exosomes: Origin, composition and functions

Exosomes are lipid bi-membranous entities having a
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diameter of 30-120 nm and are of endocytic origin that is
present in almost all biological fluids including blood, saliva,
semen, urine, breast milk, the culture medium of cell cultures
and extracellular matrix bioscaffolds (non-fluid). Invagination
of a cell’s plasma membrane forms small intracellular
vesicles which upon fusion results in early endosomes [10].
On maturation, these early endosomes give raise to the
intraluminal vesicles (ILVs) [10,11]. The accumulation of
cytoplasmic molecules such as proteins, messenger RNA
(mRNA) and small non-coding microRNAs (miRNAs) inside the
ILVs is aided by a subset of molecules called endosomal sorting
complex required for transport (ESCRT). Accumulation of ILVs
in the late endosomes forms a Multivesicular body (MVB).
MVBs in turn fuse with the plasma membrane releasing out
exosomes [10,12].

Key components of a typical exosome include Normally
PrPc, a protein with adhesion molecules, integrins (1, B2, f4,
ICAM-1), tetraspanins (CD9, CD81, CD63, CD82), lipid rafts
(cholesterol, flotilins), immuno regulator molecules (MHC-I,
MHC-II, MICA, MICB, ULBP1), membrane transporters
(annexins, RabGTPase), heat shock proteins (HSP70, HSP90),
cytoskeletal proteins, DNA, mRNAs, mi-RNAs, r-RNAs,
t-RNAs, sno-RNAs, snRNAs, Inc-RNAs, Linc-RNAs, nc-RNAs,
a-synuclein, alix, TSG101 etc., [13]. Specific databases such as
EXOCARTA are available to obtain information regarding the
composition of exosomes [14].

Exosomes released from the CNS cells such as neurons,
oligodendrocytes etc., play a significant role in the
communication between neuron-neuron, neuron-glia and in
the regeneration of damaged axons. These endosome-derived
vesicles carry specific RNA and protein cargo that regulates
certain signal transduction pathways of the recipient cells [2].

Exosomes in disease diagnostics

Prion disease: Prions, meaning proteinaceous infectious
particles are composed of prion proteins (PrP), which
causes transmissible spongiform encephalopathies (TSEs),
including Creutzfeldt-Jakob disease (CJD) in humans [15].
Normally PrPc, a protein with a well-defined 3D structure
is present on the surface membrane of many cells. This
protein has been reported to play a significant role in cell-cell
adhesion and intracellular signalling [16]. Under pathological
conditions, this protein abnormally folds and clumps in the
brain forming PrPs, leading to the damage of brain tissues
[15]. This infectious isoform of PrP (PrP%°) has the ability to
convert normal PrP (PrP¢) into infectious isoforms by causing
conformation changes in them [17], making prion disease a
progressive and a fatal neurodegenerative disorder.

Dissemination of prions is found to be mediated through
exosomal pathways. Exosomes were identified as intercellular
carriers of both PrPscand PrP<[18,19]. The ESCRT machinery and
the need for ceramide, is significant for exosome biogenesis.
Hence, the spread of infectious prions can be controlled by
altering the ESCRT complex and decreasing ceramide levels
[20]. However, data from certain studies showed that in some
cases, the prion infection might not necessarily be associated
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with PrPs(i.e.) Transmission of prion infection has occurred
even in extremely low levels or in the absence of detectable
abnormal Prion Proteins, thereby eliminating the possibility
for considering the presence of PrP%in exosomes as a potential
biomarker for diagnosis of the disease [21,22]. Generally,
under pathological conditions, the miRNA expression levels
are altered. In case of prion infection, 15 miRNAs were found
to be de-regulated; miR-342-3p, miR-320, let-7b, miR-328,
miR-128 and miR-139-5p were up-regulated over 2.5 folds and
miR-338-3p, miR-337-3p were down-regulated over 2.5 folds.
Hence, the prion-induced neurodegeneration is found to be
associated with a highly conserved, disease specific deregulation
and differential expression pattern of a unique set of miRNAs.
Deregulation of certain miRNA seen in prion disease might
be a response to the abnormal accumulation of PrPs[23,24].
Exosomes that were released from prion-infected neural cells
were observed to contain a deregulated miRNA cargo (i.e.) the
levels of let-7b, let-7i, miR-128a, miR-21, miR-222, miR-29b,
miR-342-3p and miR-424 were increased and the levels of
miR-146a was decreased when compared to the miRNA content
of exosomes released from normal brain tissues. Therefore,
the circulating exosomes released from prion-infected brain
tissues have extremely specific, conserved and a distinct
miRNA signature that can be exploited for disease diagnostics
[25]. Prions have been identified to be present in blood plasma
exosomes, and are spread by transfusion of blood. The presence
of infectious prions in blood-circulating extracellular vesicles
makes plasma exosomes a novel diagnostic tool for prion
disease [26,27].

Amyotrophic lateral sclerosis: Amyotrophic lateral
sclerosis is a chronic neurodegenerative disease, characterized
by progressive muscular paralysis which occurs as a result
of motor neuron degeneration (i.e.) death of upper motor
neurons in the primary motor cortex and death of lower motor
neurons in the corticospinal tracts, brainstem and spinal
cord. ALS results due to a dominant mutation in the cytosolic
Cu-Zn superoxide dismutasel (SOD 1) gene and TARDBP
(TDP-43) gene. Aggregation of TDP-43 in the cytoplasm is
a pathological hallmark of ALS [28]. A distinctive feature
that can be observed under pathological conditions include
abnormal immunoreactive protein (TDP-43) aggregations in
degenerating lower motor neurons and loss of upper motor
neurons with intra neuronal ubiquitin-immuno reactive
inclusions [29,30].

Exosomes have been reported to play an important role
in the secretion and propagation of TDP-43 aggregates. The
exosomes secreted from Neuro2a cells and primary neurons in
human ALS brains, were reported to have up regulated levels
of TDP-43 full length and C-terminal fragment species [28].
Exosomal transfer of mutant Cu-Zn superoxide dismutase 1
(mSOD1) from one cell to another is known to play a significant
role in ALS dissemination. The secretion of SOD1 has been
studied using stable mouse motor neuron-like NSC-34 cell
lines overexpressing human SOD1 (both wild-type hSOD1*t
and mutant hSOD1%934) as ALS cell models. This study resulted
in an important finding that SOD1, being a cytoplasmic
protein that lacks a signal peptide, depends on exosomes for
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its extracellular export [31]. In order to identify distinct RNA
profiles from exosomes secreted by mutant cells, a study was
conducted, which assessed a set of inflammatory-associated
miRNAs in NSC-34 MN-like cells, which were transfected with
mutant SOD1(G93A) and the effects produced by their derived
exosomes (mSOD1 exosomes) in the activation and polarization
of the recipient N9 microglial cells. The results showed that
the expression level of inflammatory-associated miR-124 was
highly increased in mSOD1 NSC-34 cells and mSOD1 exosomes.
Thus, this data suggests that the miR-124 is translocated
to the exosomes from mSOD1 MNs and this modulation in
mSOD1 exosomal cargo, in turn determines the early and
late phenotypic alterations in the recipient N9-microglial
cells, making them a promising therapeutic agent in halting
microglia activation and associated effects in motor neuron
degeneration [32]. Exosomes which were obtained from the
blood plasma samples of ALS patients were analysed to identify
ALS-associated, specific miRNAsignatures. On subjecting the
exosomes obtained from ALS patients and healthy controls to
next generation sequencing, differentially expressed miRNAs
were identified. This data was subsequently validated by
droplet digital PCR which showed elevated levels of 5 miRNAs
and reduced levels of 22 miRNAs in the exosomes collected
from patients with ALS as compared with healthy control
subjects. Exosomes that were secreted by ALS brain tissues
were found to have a deregulated miRNA profile including
miR-9-5p, miR-183-5p, miR-338-3p and miR-1246. MiR-
15a-5p and miR-193a-5p. Therefore, exosomes released from
ALS brain tissues, which can cross the blood-brain barrier and
enter the circulatory system, have highly specific and distinct
miRNA signatures making them a potential biomarker for
disease diagnostics [33].

Huntington disease: Huntington disease is an autosomal
dominant disorder, characterized by neuronal degeneration
which is severe mainly in the striatum and the deeper cortical
layers. HD is a neurodegenerative condition that is caused by
mutations that expands CAG repeats, which is in turn translated
into abnormally long stretches of polyglutamine (polyQ) at the
N terminus of huntingtin(htt) [34]. The mutant htt (mHtt)
and the expanded repeat RNA, aggregates and accumulates in
the intra neuronal regions causing toxicity thereby leading to
neuron degeneration in HD. HD is caused by deleterious gain-
of-function mechanisms conferred on the encoded mutant
proteins [35,36].

Exosomes are found to be associated with the spread of
mHtt (polyQ proteins) and expanded HD-associated repeat
RNA [37]. Studies conducted on in vivo models (involving a co-
culture of the SH-SY5Y human neuroblastoma cell lines and
mouse neural stem cells with 143 CAG repeat fibroblasts) and
in vitro models (newborn wild-type mice) suggests that, under
pathological conditions, exosomes cargo the mHtt in between
cells, thereby transmitting HD [38]. There exists a hypothesis
that mutant proteins involving mHtt and various other miRNA
that are found in exosomes from a wide variety of sources
highly intersect with the HD datasets. This increased overlap
of mutant proteins and miRNA from both exosome and HD
datasets suggests both mechanistic and biomarker links [39].
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Parkinson’s disease: Parkinson’s disease is the second
most common and chronic neurodegenerative disease after
Alzheimer’s. Parkinson’s neuropathological hallmarks can be
characterized by a progressive loss of dopaminergic neurons
in the substantianigra, along with the presence of intracellular
inclusions of aggregated o.-synuclein (deposits of ubiquitinated
protein in neural cytosol) termed Lewy bodies. Mitochondrial
dysfunction has also been proposed to play an important role
in the pathogenesis of PD[40-42].

On evaluating the levels of o-synuclein in exosomes,
which are relatively more specific to the CNS, it was found
that the concentration of cerebrospinal fluid (CSF) exosomal
a-synuclein was lower in PD patients when compared to
healthy controls. In contrast, it has also been reported that the
concentrations of plasma exosomal o.-synuclein are higher in
PD patients compared to the controls [43]. Exosomes have also
been found to be present in the saliva of PD patients and the
levels of a.-synOlig, a-synOlig/a-synTotal in salivary exosomes
are comparatively higher in PD patients than in controls
[44]. Blood plasma levels of exosomes derived from various
sources such as neurons, astrocytes and oligodendrocytes
were quantified in diseased patients and healthy controls to
formulate a correlation between the exosome levels and PD.
Results showed that the plasma levels of neuron-derived
exosomes (characterized using the biomarkers CD81 and
SNAP25) were significantly higher in PD compared to controls
[45]. On analysing the proteomic data of exosomes isolated
from serum samples of PD patients, it was found that 23
proteins including Syntenin 1 were differentially abundant in
Parkinson’s patients [46]. MicroRNA profiling was performed
on exosomalmiRNA isolated from CSF of Parkinson’s patients
and the data showed that there was a significant up-regulation
in 16 exosomalmiRNAs including miR-10a-5p, let-7g-3p,
miR-153 and miR-409-3p and 11 exosomalmiRNAs including
miR-1 and miR-19b-3p were under regulated in PD CSF when
compared to healthy controls [47]. Global microRNA expression
profiles were obtained from circulating plasma exosomalmiRNA
in diseased patients and healthy controls, as a result 13 most
differentially-expressed miRNAs in PD, namely, miR-548b-3p,
miR-1307, miR-647, miR-505, miR-192*, miR-626, miR-506,
miR-1826, miR-222, miR-572, miR-671-5p, miR-1225-5p and
miR-9* were identified. Data show that under pathological
conditions, there is a significant over expression of exosomal
miRNA-331-5p and the levels of exosomal miR-505 were
significantly lower in PD Plasma compared to controls. k-TSP
algorithm has been used to identify 9 pairs of PD-predictive
miRNA classifiers, namely, miR-1307/miR-632, miR-1225-
5p/miR-891b, miR-579/miR-708*, miR-647/miR-99a*,
miR-1826/miR-450b-3p, miR-506/miR-1253, miR-488/
miR-518¢c*, miR-192*/miR-485-5p and miR-200a/miR-455-
3p. The above-mentioned pairs can be interpreted as, for the
first pair miR-1307/miR-632, if the expression of miR-1307 is
significantly higher than that of miR-632, then the patient has
PD else they are normal. A similar interpretation pattern can be
applied for the rest of the miRNA k-TSP pairs as well [48,49].
This data as a whole suggests that exosomes play a significant
role in the pathogenesis of PD by acting as an intercellular
carrier of a-synuclein and various miRNAs, thus can be used
as a potential diagnostic biomarker for PD.
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Alzheimer’s disease: Alzheimer’s is a chronic, progressive
and most common neurodegenerative disorder which causes
irreversible damage and death of neurons, mainly in the cortex
and hippocampus. On average, two thirds of all dementia
cases (42 to 81 percentage) are Alzheimer’s types [40]. The
pathological hallmarks of AD usually include the deposition of
B-amyloid fibrils (encoded by ABPP) and neurofibrillary tangles,
composed of abnormally hyperphosphorylated microtubule
binding protein tau (encoded by MAPT). The deposits of the
Amyloid-p peptide (AB) in the form of extracellular senile
plaques is the cleavage product of p —amyloid precursor
protein (APP) by a-, B- and y- secretases. In particular, the
y- secretase cleaves APP into A, , (Amyloid-f peptide which is
42 amino acids long) which has pathogenetic significance as it
forms the toxic insoluble fibrils that deposit and accumulates as
extracellular senile plaques causing AD. In short, Alzheimer’s
is associated with mutations in either one of the three proteins
namely, APP, presenilin-1 (PS1) or presenilin-2 (PS2) (the
catalytic subunit of y- secretase is composed either of PS1 or
PS2) [50,51].

Quantification of the levels of various AD related proteins in
plasma neuronal derived exosomes (NDEs) led to a finding that
the levels of P-S396-tau, P-T181-tau and AB1-42 in plasma
NDEs were extremely high whereas, the levels of neurogranin
(NRGN) and the Repressor Element 1-Silencing Transcription
factor (REST) were significantly reduced in Alzheimer’s
patients and patients with Mild Cognitive Impairment (IMCI)
converting to AD when compared to those in cognitively
normal controls and patients with a stable MCI [52,53]. Also,
the plasma NDE levels of cathepsin D, ubiquitinylated proteins
and lysosome-associated membrane protein 1 (LAMP-1) were
significantly higher and the levels of heat-shock factor-1,
heat-shock protein 70, and low-density lipoprotein receptor-
related protein 6 were significantly lower in AD patients
when compared to healthy controls [54]. On measuring the
expression levels of Micro RNA in plasma exosomes, it was
found that there was a significant difference in the expression
levels of 20 miRNAs namely, miR-185-5p, miR-23b-3p, miR-
29b-3p, miR-125b-5p, miR-138-5p, miR-24-3p, miR-139-5p,
miR-150-5p, miR-152-3p, miR-338-3p, miR-342-3p, miR-
342-5p, miR-548at-5p, miR-141-3p, miR-659-5p, miR-3613-
3p, miR-4772-3p,miR-3916,miR-5001-3p and miR-3065-5p
among the AD group, especially, miR-342-3p was significantly
down-regulated in Alzheimer’s patients [55]. Studies indicate
that the overexpression of microRNA - miR-193b significantly
represses the mRNA and protein expression of APP. Thus, the
level of exosomal miR-193b in blood and CSF was found to
be significantly lowered in Alzheimer’s patients as compared
to the controls [56]. Release of the above-mentioned
Alzheimer’s related proteins and miRNAs in plasma NDEs
occur approximately 10 years prior to the onset of the disease,
making neuronal derived exosomes a novel biomarker for
Alzheimer’s diagnosis.

Conclusion

In the last decade, there is a growing interest in using
exosomes as a potential disease diagnostic tool. Initially, waste
material disposal from cells was considered as the only known
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function of exosomes. However, progressive research on these
extracellular vesicles led to the identification of its intercellular
communication ability that transfers various biomolecules
including proteins and RNA from one cell to another whose
contents vary from physiological to pathological conditions
(Figure 1). Their ability to cross the blood-brain barrier and
their high disease-specific biomolecular signature or profile
provide us with information regarding the status of the CNS.
Although there has been a great development made in exosome
isolation and analysis techniques, further studies and advanced
research works are required regarding the use of exosomes in
disease diagnosis and therapeutics.
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Figure 1: Representation of differentially expressed miRNA and protein biomarkers

in exosomes for diagnosis of neurodegenerative disorders.
A\ - Signifies up-regulated biomolecules, W-Signifies down-regulated biomolecules
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