Tear biomarkers in neurodegenerative diseases
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Abstract
In neurodegenerative diseases (NDD) early and accurate diagnosis is a priority in neurological research, as treatment is
most effective when started early in the disease evolution. Biomarkers could be used as an assessment tool for high
risk population, for monitoring disease progression and evaluation of treatment efficacy. The close connection
between the eye and the brain leads to the hypothesis of detecting biomarkers for neurological diseases in tear fluid,
collected by non-invasive methods and with a relatively stable composition.
A combination of four tear proteins (lipocalin-1, lysozyme-C, lacritin and dermcidin) is demonstrated to be specific
for Alzheimer’s disease (AD). Asymptomatic patients which showed increased volume and protein content of tear
secretion, and decreased levels of lipocalin-1, lysozyme-C and lacritin and increased levels of dermcidin, may be
considered at risk of developing AD, and may be subjects to further psychological and neuroimagistic tests.
In Parkinson’s disease (PD), tear levels of oligomeric ɑ-synuclein are considered to be a strong biomarker. Also, high
tear levels of oligomeric ɑ-synuclein could precede the onset of clinical manifestations of PD, with possible utility as
screening tool in asymptomatic people. The diagnosis of NDD through the eye window could be an important step
forward in personalized medicine.
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Introduction
Neurodegenerative diseases (NDD) are a group of
age-dependent, chronic disorders characterized by
progressive dysfunction and loss of neurons, which
became increasingly prevalent. Pathogenesis is
related to deposition of proteins with altered
physicochemical properties in brain cells (misfolded
proteins), followed by the involvement of different
functional systems in the nervous system, with
specific clinical presentation (1).
Early and accurate diagnosis of NDD before the
occurrence of clinical symptoms is a priority in
neurological research, as treatment is most effective
when started early in the disease evolution. Usually,
the methods currently available have less
applicability for the screening of general population,
and there is a high demand for novel diagnostic
methods using non-invasive and accessible tools for
detecting NDD in their pre-clinical stage or groups
of high-risk individuals.
Biomarkers are a useful tool in detecting the risk of
developing a disease, in assessing the rate of disease

progression and activity, and in predicting the
response to a specific therapy (2). A biomarker is a
“defined characteristic that is measured as an
indicator of normal biological processes, pathogenic
processes, or responses to an exposure or
intervention, including therapeutic interventions”
(3).
Biomarker levels in biofluids (serum, plasma,
cerebrospinal fluid or tears) have been measured in
several NDD, with the aim of finding a diagnostic or
prognostic parameter (4). Biomarkers collected by
noninvasive methods are valuable, especially for
screening high-risk populations.
Tears are an accessible body fluid, with relatively
simple composition and non-invasive sample
collection. There are four types of tears: basal,
reflex, emotional and closed eye. Samples are
collected through Schirmer strips, minisponges,
microcapillary tubes or eye-wash, without inducing
reflex tearing, and should be stored in standard
conditions (5,6).
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The lacrimal glands are part of the “lacrimal
functional unit”, together with the ocular surface
(cornea, conjunctiva and meibomian glands) and the
interconnected sensory and motor nerve fibers (7).
The volume and the composition of the tear film is
controlled by this unit, and consequently, the
secretion of specific tear proteins is influenced by
changes in neuronal function. The lacrimal glands
are innervated by autonomic sympathetic and
parasympathetic nerves; the cholinergic nerves
stimulates the tear secretion. The flow rate of tears
is thus influenced by autonomic pathways, and is
highly sensitive to autonomic dysfunction (8,9,10).
Tear functions consist in lubrication of the eyelids
during blinking, maintaining homeostasis of eye
surface and preservation of the corneal surface (11).
The tear film creates a chemical and immunological
barrier at eye’s surface, protecting against physical
and biological agents (12).
Tear biomarkers in clinical practice
Tear film is formed by a muco-aqueous layer, which
contains proteins, and a lipidic layer (11). Tears
contain a mixture of proteins, peptides (including
between 1500 and 2000 types identified by
proteomics), lipids (6 classes with 150 species),
mucins, small molecule metabolites (100 types
identified), nucleic acids (microRNAs), electrolytes
and water, secreted from lacrimal glands,
Meibomian glands, goblet cells and ocular surface
epithelial and nerve cells (2,10,13,14,15). The
assessment of tear composition represents an ideal
tool for biomarker detection.
Tear protein content is high, between 6-10 mg/ml,
and the major tear proteins, such as lipocalin-1,
lactotransferrin and lysozyme-C, are involved in
local immunologic and inflammatory processes
(9,16). Two thirds of the proteins are tear-specific,
and one third is common with plasma proteins (10).
Multiple tear biomarkers have been described in
ocular diseases such as: dry eye disease (DED),
diabetic retinopathy, glaucoma, giant papillary
conjunctivitis,
vernal
kerato-conjunctivitis,
peripheral ulcerative keratitis, Sjorgren’s syndrome
(SS), thyroid-associated orbitopathy (TAO), etc. In
this group, useful biomarkers detected were:
lactoferrin, matrix-metalloproteinase-9 (MMP-9) for DED, inflammatory cytokines (interleukin-8,
interferon-gamma, tumor necrosis factor-alpha,
interleukin-1, interleukin-6, -17, -22, etc) and
chemokines – for DED, TAO and SS (2,17).

Tear composition is a source of biomarkers in
systemic diseases, such as: diabetes, systemic
sclerosis, cystic fibrosis, rheumatoid arthritis and
cancer (2,10). Lacryglobin was shown to be secreted
in higher amounts in the tears of patients with colon,
prostate, breast and lung cancers (18).
Tear biomarkers in neurodegenerative diseases
The close connection between the eye and the brain
leads to the hypothesis of detecting specific ocular
biomarkers for neurological diseases (2).
Biomarkers in NDD could be used as risk
assessment in general population, monitoring of
disease progression and evaluation if treatment
efficacy. The eye shares neural similarities with the
brain, and is considered to be a target in the research
field of biomarkers in NDD (19).
For the anterior pole, tear fluid is one of the most
important source of biomarkers, as changes in tear
composition have already been described in
systemic and neurological diseases. Lacrimal glands
are highly innervated by cholinergic neurons, and
influenced by adrenergic and dopaminergic
pathways, and characteristic tear protein profiles
could be detected if alterations of specific neural
pathways occurred (20,21).
In two of the most frequent neurodegenerative
diseases – Alzheimer’s dementia (AD) and
Parkinson’s disease (PD) - visual impairments has
already been described (22). Oxidative stress and
inflammatory mechanisms could represent a
common pathogenic chain in degenerative
ophthalmologic and neurologic diseases, but tear
abnormalities could be also linked to associated
dysfunctions in autonomic nervous system. NDD are
also associated with altered tear production and
decrease corneal sensitivity (23).
The ocular involvement in AD affects the anterior
and the posterior pole of the eye. Maintaining the
integrity of visual pathways should be an important
objective in assessing NDD evolution and prognosis
(24). Neurodegenerative changes detected in the
brain of an AD patient are presumably associated
with structural changes of the neuroretina (19).
Damage of the retinal neurons have been described
in AD, ganglionic cell loss and optic nerve
degeneration could lead to visual impairment (25,26,
27). Beta-amyloid plaques were found in the retina
of AD patients from an early stage of the disease
(28).
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Also, beta-amyloid deposits were found in the eyes
of patients with glaucoma and age-related macular
degeneration, suggesting a link with AD
pathogenesis (29,30). Alteration in retinal structure
and blood flow impair the eye microenvironment in
AD, leading to anterior pole involvement and
changes in tear composition.
Lacrimal gland dysfunction has been demonstrated
in AD, showing increase tear flow rate and increased
protein content (9). Proteins that are differently
expressed in tears of patients with AD are those
involved in local defense mechanisms and eye
chemical barrier, so changes in tear composition
may involve a greater risk for ocular infection (9). In
the tears of patients suffering from AD, lower levels
of lipocalin-1, lactotransferrin, lysozyme-C,
extracellular glycoprotein lacritin and prolactininducible protein and higher levels of dermcidin
were described (9). Also, elevated levels of nucleic
acid – microRNA-200b-5p were detected in the tear
samples of patients with AD, compared to controls
(16).
Based on these findings, a combination of four tear
proteins could be used as a screening tool for AD
diagnosis in asymptomatic patients: lipocalin-1,
lysozyme-C, lacritin and dermcidin. Asymptomatic
patients which shows a combination of these
biomarkers with increased tear volume and protein
content, may be considered at risk of developing
AD, and may be subjects to further psychological
and neuroimagistic tests. These tear markers are
more valuable as actually there is no tool for
population screening in AD.
Visual dysfunction has already been described in PD
patients, being caused by dopaminergic depletion
and accumulation of a pathologic protein, alphasynuclein, in the retina (31,32).
Tear secretion in PD patients is influenced by the
specific dysfunction of autonomic nervous system.
In a study, the PD patients have a decreased blink
rate and tear secretion, compared to controls,
complaining of dry eye sensation and blepharitis
(33). The dysfunction of cholinergic pathways in PD
patients influence lacrimal gland secretion, and is
involved in changing tear composition.
The tears of patients with Parkinson’s disease (PD)
contain biomarkers that can be directly tested. High
levels of tumor necrosis factor alpha (TNF-ɑ), DJ-1
protein (a cysteine protease encoded by PARK7
gene) (34), oligomeric alpha-synuclein (ɑ-syn), and
decreased levels of total ɑ-syn have been described
in tear fluid of parkinsonian patients (8,21).

Alpha-synuclein is the main abnormal protein
identified in the brain of PD patients, being one of
the components of Lewy bodies (35). Neurons
which innervates lacrimal glands of PD patients are
affected by neurodegenerative changes, and may
release oligomeric ɑ-synuclein into the tear fluid. On
the other hand, rich corneal sensory innervation
could be another source of oligomeric ɑ-synuclein
from ciliary nerves terminations (10).
Oligomeric ɑ-syn is considered to be a strong
biomarker for PD, especially in male patients. DJ-1
protein was also increased in the tears of male PD
patients compared to controls (21).
It has been hypothesized that abnormal high levels
of oligomeric ɑ-syn in tears and other biofluids
could precede the onset of clinical manifestations of
PD, and could be used at a screening tool in
detecting the risk of disease in asymptomatic people
(21).
In amyotrophic lateral sclerosis (ALS), a severe
NDD in which central and peripheral motoneurons
are affected, an alteration of corneal small sensory
fibers has been described, but there is no study
regarding tear composition (36).
In Hungtington disease, there are no clinicaly
validated biofluid markers available for screening or
outcome (37).
Conclusions
Tear analysis is an uncomplicated and easy to
perform test, that can be used in the screening
process of the general population for degenerative
diseases. There are some evidences that tear
biomarkers could predict with specificity the risk for
NDD, and patients with positive tests may be further
evaluated by specialists (9). As tears are the most
important source of eye biomarkers, there is a strong
reason for the development and validation of new
and precise non-invasive tools to facilitate the early
detection of neurodegenerative diseases and the
prediction of their progression. Further research are
needed to increase the specificity of tests and of tear
biomarkers panel (38).
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