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Abstract

Aim: Our aim was to show similarities between retinal findings in Alzheimer’s disease (AD) and
Traumatic Brain Injury (TBI).

Methods: 30 patients with AD, 4 patients with TBI and 20 age-matched healthy controls were
examined by FAF and SD-OCT to find amyloid plaques and tau tangles in the retina.

Results: Similar images of plaques and tau tangles were detected in both diseases.

Conclusion: TBI may cause neurodegeneration in the retina similar to AD.
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1. Introduction

Alzheimer's disease (AD), first described by German psychiatrist and neuropathologist Alois
Alzheimer in 1906 is the most common form of dementia. (1) Most often, AD is diagnosed In
people over 65 years of age, although the less prevalent early-onset AD can occur much EarlierAD
is a chronic neurodegenerative disease characterized by loss of memory And cognitive decline and
is neuropathologically associated with an increase in beta- amyloid Plaques, neurofibrillary tangles
and other degenerative aggregates (2) A previous history of Traumatic brain injury (TBI) has been
reported to increase the incidence of AD and other dementias. (3) Repeated mild TBI in boxers,
American football players and military personnel have been linked With arly neuropathological
changes in the brain (4) the deposition of hyperphosphorylated Tau Has been proposed as the
pathognomonic feauture of TBI which is also the culprit in AD that is a Process beginning many
years before symptoms of dementia becomes evident. (3) New research Has found changes in the
brain and body up to 20 years before AD symptoms arise. (5, 6)

Lipofuscin Hypothesis of AD
Lipofuscin is probably one of the most studied pigments of aging. As people age, it starts to
accumulate in many tissues .(7) There is much evidence that lipofuscin is an important In aging
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and neurodegenerative diseases It is an end result of free radical damage to biological membranes.
Cell membranes are damaged by oxygen free radicals through lipid Peroxidation and the
molecular garbage formed turns into lipofuscin. (8)

Lipofuscin may give damage to the tissues by mechanically obstructing the flow into and out of
the cells and slowing down the elimination of waste materials. The other waste pigments are
ceroid and amyloid a form of which is beta amyloid and it plays a major role in AD. (8)

Lipofuscin in the Retina

In the retinal pigment epithelium (RPE), lipofuscin is formed as a by-product of phagocytosis of
photoreceptors over age 70, lipofuscin may occupy more than 20 % of the cytoplasmic space of
The cell Excessive levels of lipofuscin may compromise RPE and contribute to age-related
maculardegeneration (AMD). (7, 8) Fundus autofluorescein (FAF) detects lipofuscin in the retina

9)

Lipofuscin, Beta-Amyloid Plaques and Tau Tangles

In a study, a high-resolution, noninvasive optical imaging device was used to identify beta-amyloid
Plaques in the retinas of live mice. (10) The research team used a fluorescent compound (curcumin)
to detect retinal plaques. Characteristic amyloid plaques in retinas of AD patients and live
laboratory mice were shown with this noninvasive optical imaging technique. Beta-amyloid
plaques which damage cells were recognized as the hallmark sign of AD. (10,11) Tau tangles are
the other toxic proteins which cause neuronal death and may be found in close contact with
alphasynuclein. Other than amyloid beta, according to a very recent study Tauprotein is the culprit
in AD and the major damage to the neurons stems from the accumulation of toxic Tau .(12)

2. Materials and Methods

4 patients with a history of severe TBI due to motor vehicle accident were examined by FAF and
SD-OCT. All the patients were seen after 6 months of the initial event. Their neurological
rehabilitation was performed at other centers and they were referred to our hospital for retina tests.

Cranial MRI images disclosed hippocampal atrophy in all of them. (Figure 1) Age range was 51
(28-69). Hypo or hyperfluorescent regions were detected by FAF and SD-OCT was performed
through these lesions to find the layer of accumulations. Curcumin capsules (80 mg bid for three
days) were given to all the patients. First, the areas detected by FAF were observed with SD-OCT,
and then most parts of the retina were inspected. Plaque, Tau tangle and alpha-synuclein images
were compared with the histopathologic imagings. (Figure 2)
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Figure 1: Hippocampal atrophy on MRI.

Figure 2: Histopathologic images of Tau and alpha-synuclein.

Identical images were taken into consideration. Abnormal protein aggregations in the retina were
detected by two observers in a masked fashion. The observers agreed on the final appearance of
the lesions.

3. Results

In all the patients Tau tangles and curcumin stained plaques were detected. Tau tangles and plaques
were most frequently found in hypo or hyperfluorescent regions detected by FAF. The stained
plaques were commonly found in the outer plexiform and ganglion layers. Tau tangles occupied
many layers and extended to the ganglion layer. (Figures 3, 4)Tau tangles were found either
isolated or in close contact with alpha-synuclein. (Figure 5)
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Figure 3: Beta amyloid plagues.

The appearance of the abnormal protein accumulations looked very similar to the
neurodegenerative changes in AD. Curcumin stained plaques were mostly located in the temporal
retina, again identical to the plaque localizations in AD.
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Figure 4: Tau tangle.
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Alpha-synuclein

Figure 5: Alpha-synuclein.
4. Discussion

Although accumulation of alpha-synuclein has mostly been reported in Parkinson’s disease, it is
Also a hallmark of many neurodegenerative diseases including AD Alpha-synuclein and Tau share
common feautures and may work together in harmony. Both of them can form toxic oligomers
intracellular aggregates and evidence suggests that interactions between them spread
neurodegeneration. Studies showed that phospho-tau and alpha-synuclein were found together in
neurofibrillary tangles, Lewy bodies and neurites. (13,14).

A major difference between Tau and alpha-synuclein is that alpha-synuclein has the capability to
Self- aggregate, whereas Tau cannot aggregate by itself and requires an inducing agent. It was
demonstrated that alpha-synuclein and Tau promote each other’s aggregation in Vitro These
observations demonstrated that tau accelerated alpha-synuclein polymerization and that alpha-
synuclein could act as an inducing agent of tau aggregation (15).

There has been a long- recognized association between repeated mild brain trauma and cognitive
Decline Extensive microglial activation leading to neuroinflammation and degeneration has been
Suggested as the cause of chronic encephalopathy TBI can cause rapid elevations in beta amyloid
plagues and Tau phosphorylation. (3)

Neuroradiological changes are consistent with volume loss, white matter changes and hippocampal
atrophy. (16)

Since retina is the extension of the brain, accumulations in different layers directly reflect the
neuropathological changes. In our study, beta amyloid plaques in outer plexiform layer which is
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the synaptic region having similarities with the hippocampal neurons may be the identification of
the TBI pathology in the brain.Tau phosphorylation is implied as the main pathology that
progresses the disease and beta- amyloid accumulation is influenced by it. Plus, in animal studies
immunotherapy that targets tau protein can slow the cognitive decline. (17) Monitoring tau has
been extremely important according to recent research, and retina is the most easily accessed
region that can offer this opportunity.Our study confirms the parallel findings in retina in AD and
TBI. This is the first study that identified retinal plague and Tau accumulation in TBI.

5. Conclusion
TBI may cause retinal neurodegeneration similar to AD.
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