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Abstract
Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most common
neurodegenerative disorders, and are characterized by deposition of specific proteins in the brain.
If similar abnormal protein deposits are present in the eye, it would facilitate noninvasive
diagnosis and monitoring of disease progression. We therefore evaluated expression of proteins
associated with AD and PD pathology in postmortem eyes and brains in a case-control study. Eyes
from 11 cases of AD, 6 cases of PD or PD with dementia, and 6 age-matched controls were
retrieved from the autopsy archives of The Johns Hopkins Hospital. Immunostains for β-amyloid,
phospho-tau and α-synuclein and Congo red stains were performed in the same laboratory in both
brains and eyes. No amyloid deposits or abnormal tau accumulations were detected in the lens,
retina or other structures in the eyes of AD patients. Eyes also lacked definite Lewy bodies or
Lewy neurites in either PD or AD cases. Patchy cytoplasmic α-synuclein positivity was seen in the
retina of AD, PD and control cases, but did not correlate with the presence or extent of Lewy body
pathology in the brain. Abnormal protein aggregations characteristic of AD and PD are thus not
commonly present in the retinas or lens of affected patients when assayed using the same
protocols as in the brain. This suggests that β-amyloid, phospho-tau nd α-synuclein either do not
deposit in the eye in a manner analogous to brain, or are present at lower levels or in different
forms.
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INTRODUCTION
Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most common
neurodegenerative disorders, with AD accounting for approximately two-thirds of cases
overall (26). The characteristic microscopic finding in AD is neuronal loss in the cerebral
cortex accompanied by the accumulation of neurofibrillary tangles (NFTs) and the formation
of neuritic plaques (NPs). NFTs are abnormal aggregations of hyperphosphorylated tau
proteins in the neuronal bodies and processes, while non-phosphorylated tau is present in
both AD and normal brains (12). NPs are complex lesions of the cortical neuropil containing
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extracellular β-amyloid (Aβ) protein deposits, dystrophic neurites, activated microglia and
fibrillary astrocytes (29). Pathological findings associated with PD include loss of
dopaminergic neurons and the presence of Lewy bodies (LBs), which are intraneuronal
cytoplasmic proteinaceous inclusions made up largely of α-synuclein (10).

Definitive diagnosis of AD and PD still relies on postmortem examination of the brain, but
detection of AD- and PD-associated proteins in living patients would facilitate early
initiation of treatment and the tracking of therapeutic response. It has been suggested that
pathology associated with AD and other neurodegenerative diseases is present in the eye,
and that diagnosis of these conditions may be possible through direct optical imaging of
abnormal proteins in the lens and retina (6, 13, 16). Such noninvasive tests of ocular tissue
would greatly facilitate the diagnosis and treatment of these common diseases.

The concept that AD might affect the retina was first proposed several decades ago. In 1986,
Hinton and colleagues compared 4 retinas and 10 optic nerves obtained at autopsy from
affected individuals and controls, and concluded that reductions in ganglion cell number and
nerve fiber layer thickness, as well as axonal degeneration of the optic nerve, were
associated with the neurodegenerative process (9). More recent optical coherence
tomography and multifocal electroretinogram studies have confirmed significant nerve fiber
layer thinning and functional defects in the retinas of AD patients, although these are often
of modest magnitude and present only focally (11, 18, 24). Animal models in which AD-
associated proteins are overexpressed provide additional support for the concept that the
disease can affect the eye (1, 2, 5, 25, 27, 30), although in such models it is often unclear if
the levels or sites of abnormal protein expression faithfully recapitulate those seen in human
disease.

Studies of abnormal protein deposition in the retinas of human patients with AD have
yielded disparate results. In the initial report of retinal changes in four AD cases by Hinton
and colleagues, no NFTs or amyloid deposition was found (9). A subsequent light-
microscopic and ultrastructural study by the same group of retinas and optic nerves from 16
AD patients showed degeneration in the retinal ganglion cells but no NFTs, NPs or amyloid
angiopathy (3). More recently, immunohistochemical techniques have been applied to
answer these questions.

Loffler and colleagues examined non-phosphorylated tau, amyloid precursor protein and Aβ
in 24 eyes of varying ages, and found increased anti-amyloid precursor protein (APP) (but
not Aβ) immunoreactivity in retinas of older individuals (17). However, none of the 24 cases
were known to have AD. Leger and colleagues examined 19 enucleated eyes of patients 49–
87 years of age, two of whom had a clinical dementia, and found increasing tau-positive
ganglion cells with aging but no phospho-tau or Aβ in the retinas (16). In another study,
cryosections from postmortem globes of eight patients with a definite AD diagnosis and five
with possible or probable AD, as well as controls, were examined by Koronyo-Hamaoui and
colleagues using thioflavin-S and curcumin stains, as well as Aβ immunohistochemistry.
These investigators found evidence for Aβ deposition in the retina of patients with dementia
but not in controls (14). Finally, Schon and colleagues examined postmortem retinas of six
patients who had suffered from AD and from from progressive supranuclear palsy (28).
While they could detect hyperphosphorylated tau, they did not observe any fibrillar tau or
Aβ aggregates.

The lens has also been proposed as an intraocular site in which AD-related amyloid can
accumulate. In 2003, Goldstein and colleagues reported using Western blot and mass
spectrometry analysis of postmortem eyes from individuals with and without AD that Aβ
accumulated to a greater degree in those with the neurodegenerative condition. They also
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localized this protein to the supranuclear region using Congo red staining and Aβ
immunohistochemistry, and suggested that its accumulation in the cytosol of the
supranuclear cortical lens fiber cells leads to formation of supranuclear cataracts in AD
patients (7). Subsequently, the same group has identified Aβ deposits in the lenses of Down
syndrome patients, who generally manifest early-onset AD (23).

Thus, while some groups have identified AD-associated proteins in the retina or lens of
affected patients, others have not. In many of the studies described above, only a few AD
cases were examined, or the status of commonly used markers such as phosphorylated tau
were not assessed. Techniques such as cryosection or curcumin staining not commonly used
in routine AD diagnosis were also often utilized. Indeed, in most of the studies only eye
tissues were examined, without confirmation using the same techniques that protein deposits
were present in both the brain and the eye of each patient. This makes it difficult to directly
compare the levels and appearance of AD-related proteins in the brain to those in the retina
and lens in individual cases. Finally, little has been reported on deposition of abnormal
proteins in the eyes of PD patients (19). We therefore evaluated the expression of proteins
associated with AD and PD pathology in paired postmortem eyes and brains, as well as in
controls, using the same standard diagnostic techniques in all tissues.

MATERIALS AND METHODS
Eyes enucleated at autopsy from 11 cases of AD (including one case of Down syndrome), 6
cases of PD or PD with dementia, 1 case of incidental NFTs (neurofibrillary degeneration)
and 6 age-matched controls were retrieved from the brain resource center and autopsy
archives of The Johns Hopkins Hospital. Neuropathological changes in all the cases had
been previously confirmed at our center. All brains were reviewed by one or more board
certified neuropathologists (JT, CGE), while eyes were reviewed by an ophthalmic
pathologist (CGE). The AD cases included nine cases of definite AD with a CERAD
(Consortium to Establish a Registry for Alzheimer’s Disease) plaque score C and Braak
tangle score IV-VI/VI, and two cases of probable AD with a CERAD score B and Braak
score II-IV/VI (male : female = 3:7; median age: 82 years; range 61–92 years) (4, 22). The
PD cases included four cases of PD and two cases of PD with dementia (male : female =
5:1; median age: 76 years; range 68–97 years) (20). PD cases with three different LB
distribution patterns (brain stem, limbic and neocortical) were examined to investigate the
relationship between the α-synuclein expression in the retina and the severity of the LB
pathology in the brain. There were six aged-matched controls (male : female = 2:4; median
age: 74 years; range 66–86 years) and one case with incidental NFTs (neurofibrillary
degeneration) in the limbic region (male; 55 years old). The case with incidental tangles did
not have any history of cognitive impairment or motor deficits. An additional four eyes from
patients diagnosed with Down syndrome (ages 2 weeks, 6 years, 10 years and 36 years)
were retrieved from the Wilmer Ophthalmic Pathology laboratory.

The eyes and brains removed at autopsy were fixed in buffered formalin, processed in the
Johns Hopkins Hospital clinical laboratories and embedded in paraffin. In each case, the
superior and inferior caps were removed to generate a pupil-optic (PO) nerve block in which
the anterior chamber and lens, peripheral nasal retina, posterior retina including the macular
region and optic nerve head, and peripheral temporal retina were represented. Several
widely spaced, 4-μm-thick hematoxylin and eosin (H&E) sections of eyes were examined.
Immunohistochemistry was performed on eye sections and selected brain sections for Aβ
(Dako, Carpinteria, CA, USA; mouse monoclonal antibody, clone 6F/3D; 1:100 dilution)
and phospho-tau (Research Diagnostic Inc., Flanders, NJ, USA; mouse monoclonal
antibody, clone AT8; 1:50 dilution) on all the AD and control cases. Congo red stains were
performed on all the AD and control eye sections and examined in brightfield and polarized
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light to detect the presence of amyloid. Immunohistochemistry was performed on eye
sections and selected brain sections for α-synuclein (Transduction Laboratory, San Jose,
CA, USA; mouse monoclonal antibody, clone 42; 1:1000 dilution) on all cases. The tissues
were pretreated with formic acid for 20 minutes prior to the immunostains for Aβ and α-
synuclein. All of these tests were performed using automated stainers in our routine
diagnostic laboratory, with appropriate positive and negative controls included on each run.

RESULTS
No amyloid deposits or abnormal tau accumulations were detected in the eyes of AD
patients

Patient demographics, clinicopathological diagnosis and the results of special stains and
immunohistochemical analysis from eyes in the 24 cases are summarized in Table 1.
Immunohistochemical changes consistent with the neuropathological diagnoses were present
in the brains of all affected study patients, including Congo red, Aβ and phospho-tau
staining in individuals with AD (Figure 1A–D), and α-synuclein staining in those with PD
(Figure 1E). Degenerative changes consistent with superficial cortical cataracts were
observed on H&E stained sections in 5 of 11 AD and 3 of 6 control cases (Figure 2A,B). We
stained eye sections using the same protocols as the brains in Figure 1. On Aβ
immunostains, the superficial cortical region of the lenses from five AD and three control
cases demonstrated a faint granular staining pattern (Figure 2C,D). Congo red stains showed
variable orange-red staining of lens fibers in both AD and control groups, but all cases were
completely negative for birefringent congophilic material. Given the negative Congo red
stains, we believe that the very weak Aβ staining seen in a subset of AD and control cases
was most likely nonspecific and unrelated to AD pathology.

Our analysis failed to reveal congophilic amyloid or Aβ immunoreactivity in the retinal
pigment epithelium or retina of either AD patients or controls (Figure 3). We also stained
four autopsy eyes from patients with Down syndrome for whom corresponding brain tissue
was not available, but detected no birefringent congophilic material in the lens or retinas of
these cases. Of note, we did observe congophilic amyloid angiopathy in retinal sections from
patients with cerebral amyloid angiopathy, which served as an additional internal positive
control for the Congo red stain. Finally, no abnormal tau accumulation was seen in the
lenses or retinas of AD cases, or the single case with incidental tau pathology in the brain by
phospho-tau immunostains (Figure 4). We did not attempt to quantify ganglion cell density
or nerve fiber layer thickness in our study, but did not appreciate any major differences
between AD cases and control eyes in the representative OP nerve sections examined.

Definite LBs and Lewy neurites are lacking in PD and AD eyes
On H&E sections, the PD eyes also did not show any specific pathology, with no
discernable inner retinal layer thinning as compared to controls. α-synuclein
immunohistochemical studies demonstrated scattered-to-frequent cells in the ganglion cell
layer and inner nuclear layer of retina with diffuse cytoplasmic immunostaining (Figure 5).
The α-synuclein immunoreactivity was detected in 7 of 11 (64%) AD cases, 4 of 6 (67%)
PD cases and 3 of 6 (50%) control cases. However, no morphologically appropriate LBs or
Lewy neurites were identified in the lenses or retinas. The retinal α-synuclein positivity also
did not correlate with the presence or extent of the LB pathology in the brain.

No significant pathological findings were identified in the optic nerve of AD or PD cases,
except for one AD case with mild optic nerve atrophy with reactive astrocytosis.
Pronounced nerve fiber thinning or loss was not noted in our H&E stained sections, but no
special studies to quantify axon number or size were performed. NFTs and Lewy neurites
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were absent in the optic nerve. Congo red stains and immunostains for Aβ, tau and α-
synuclein were negative in the optic nerve of AD and PD cases as well as controls.

DISCUSSION
AD and PD are two prevalent and devastating neurodegenerative disorders. Although a
clinical diagnosis can be made based on the medical history, neuropsychological assessment
and neurological examination, definitive diagnosis still requires postmortem histopathologic
examination. Recent research efforts have focused on early detection of the conditions even
before symptoms occur, so treatment intervention can start at the earliest stages.
Neuroimaging is potentially a powerful tool for the differential diagnosis of
neurodegenerative diseases and for monitoring disease course, but generally uses positron
emission tomography (PET) tracers that are costly and can be difficult to generate (8, 31).
Given the direct connection of many ocular tissues to the brain, and our increasingly
sophisticated ability to directly image its contents, the eye would be an attractive site for
early diagnosis and monitoring of neurodegenerative disease.

We were not able to demonstrate selective deposition of abnormal proteins in the retinas of
patient with AD. Using the same procedures to examine the brain and the eye, 11 AD cases
were examined, along with six age-matched controls. While plaques with strong Aβ staining
were present in the brains of the affected subjects, no immunoreactivity was identified in the
retinas of the AD or control patients. Congo red stains also failed to highlight NPs or other
structures in any retinas. Our findings suggest that abnormal Aβ does not accumulate in the
retina to the same degree as the brain in AD patients.

These findings are consistent with some studies, but not with others. Hinton and colleagues
failed to identify NPs, NFTs or amyloid in the retinas of four AD patients, but their special
studies were limited to light microscopy, ultrastructural analysis and thioflavin S staining (3,
9). Loffler et al and Leger et al studied 24 and 19 eyes, respectively, from mostly older
patients, with the latter study including two AD patients. The first group found no signs of
intraretinal amyloid using Congo red stains and Aβ immunohistochemistry, while the second
utilized only Aβ immunohistochemistry which was also negative (16, 17). Most recently,
Schon and colleagues could detect one form of hyperphosphorylated tau in retinas from AD
patients, but did not observe any fibrillar tau or Aβ aggregates, and concluded that
measuring amyloid or tau in the retina was unlikely to be of diagnostic value (28).

In contrast, Koronyo-Hamaoui and colleagues examined eight postmortem eyes from AD
patients, five suspected early-stage cases and five controls, and found Aβ plaques selectively
in affected individuals using curcumin, thioflavin-S and Aβ immunostaining (14). This study
focused mainly on immunofluorescent analysis of frozen material, which may be more
sensitive in detecting amyloid than the analyses of formalin-fixed paraffin-embedded tissue
we used. In addition, the curcumin used in some of their studies has been shown to bind tau
(15) and potentially other proteins with oligomer-forming ability, thus its specificity for
amyloid is not clear. The potentially most important difference was the fact that Koronyo-
Hamaoui and colleagues looked at retinal whole mounts, which allow deposits scattered
across the entire retina to be observed. In contrast, we examined representative cross-
sections of the retina, which include much less tissue.

The lens is another ocular tissue in which investigators have previously demonstrated the
presence of amyloid plaques, raising the possibility of using optical imaging for diagnosis of
AD. In 2003, Goldstein and colleagues identified amyloid precursor protein as well as Aβ1–
40 and Aβ1–42 peptides in the lenses of AD patients using Western blot and mass
spectrometry. They also identified supranuclear cataracts in the AD patients, and found Aβ
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deposits using immunohistochemistry (7). Recently, the same group extended their
observations to include Down syndrome patients with early-onset AD (23). The superficial
cortical region of the lenses from four of our AD patients and three controls demonstrated a
faint granular staining pattern, and Congo red stains showed patchy orange-red color in
scattered lens fibers, but all cases were negative for the green birefringent material seen in
true amyloid. Because the very weak Aβ staining was nonspecific, and present in both AD
and control cases, it seems most likely to be unrelated to AD pathology. We also failed to
identify birefringent congophilic material in the lenses or retinas of four additional eyes
from patients with Down syndrome for whom corresponding brains were not available,
although three of these patients were children. Our findings are similar to those recently
reported by Michael and colleagues, who examined lenses obtained postmortem from 21
patients with AD and found some orange staining but no birefringent material diagnostic of
amyloid (21).

Relatively little is known about the presence of PD-associated proteins in the eye. We
performed α-synuclein immunostains on all 23 cases in our study, and found
immunoreactivity in the retinas of the majority of the cases. Compared to previous studies
that showed cytoplasmic α-synuclein aggregates in the inner nuclear layer of the retina (15,
30), the α-synuclein staining pattern we saw was diffuse and cytoplasmic. Maurage and
colleagues reported pale inclusions in the outer plexiform layer of a patient with dementia
with LBs, but the structures did not stain on α-synuclein immunostains (19). Given the fact
that no LBs or neurites were detected, and the random α-synuclein positivity among AD, PD
and control cases, we do not believe that the α-synuclein staining is associated with LB
formation. Instead, it most likely reflects the abundant nature of this protein in neural tissue.
It is possible that the use of phospho-specific antibodies in retina would assist in detecting
forms of the protein associated with neurodegenerative pathology.

In conclusion, when eyes and brains are processed and examined using the diagnostic stains
in current standard use at our institution, abnormal protein aggregation characteristic of AD
and PD is not present in the retinas or lenses of affected patients. It is not entirely clear why
our results differ from some prior studies, but the use of different assays, frozen tissues and
whole mount preparations that allow more of the retina to be examined may account for
some of these discrepancies. Nevertheless, our data suggest that if present, AD and PD
pathology is much smaller in magnitude or extent in the eye than in the brain.
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Figure 1. Brain pathology of Alzheimer’s and Parkinson’s disease
A. Amyloid angiopathy and amyloid plaques on Congo red stain. B. Apple green
birefringence of Congo red stains under polarized light. C. Amyloid plaques on the Aβ
immunostain. D. Neurofibrillary tangles on the phospho-tau immunostain; * indicates
neurons with tangles. E. Lewy body on the α-synuclein immunostain.
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Figure 2. Cortical cataracts and the weak Aβ immunoreactivity were present in some AD and
control cases
A. AD lens, H&E. B. Control lens, H&E. C. AD lens, Aβ immunostain. D. Control lens, Aβ
immunostain. Faint granular Aβ staining was seen in the subcapsular region in both AD and
control cases.
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Figure 3. No extracellular or cytoplasmic amyloid deposits were detected in the retina of AD
patients
A. AD retina, H&E. B. Control retina, H&E. C. AD retina, Aβ immunostain. D. Control
retina, Aβ immunostain.

Ho et al. Page 11

Brain Pathol. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. No neurofibrillary tangles or abnormal tau aggregates were detected in the retina of
AD patients on phospho-tau immunostains
A. AD retina. B. Control retina.
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Figure 5. Diffuse cytoplasmic α-synuclein immunoreactivity in the ganglion cell layer and inner
nuclear layer of retina
A. Control and B. PD retina with no α-synuclein immunoreactivity. C. Control and D. PD
retina with frequent α-synuclein-positive cells. The α-synuclein staining pattern was diffuse
cytoplasmic and did not have the morphology of a Lewy body.
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