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Abstract
Background Retinal ganglion cell loss is considered to be a
cause of visual impairment in Alzheimer`s patients. Alter-
ations in amyloid precursor protein (APP) processing and
amyloid-β (Aβ) accumulation, key molecules associated
with Alzheimer`s disease pathogenesis, may therefore
contribute to retinal damage. We therefore investigated
retinal APP processing and eye morphology in Alzheimer`s
transgenic mouse models.

Methods Eyes and brain samples of 2- to 18-month-old
transgenic mice expressing human APP with the double
Swedish mutation (APPswe) (APP K595N/M596L)
(Tg2576) were compared with eyes and brain tissue from
wild-type background C57BL6xSJL controls. In addition,
6- to 12-month-old double transgenic mice over-expressing
human APPswe and mutant presenilin 1 with exon 9 deletion
(APPswe/PS1-dE9) were compared with background controls
of C57BL6xC3H strain. Tissue samples were fixed in
formalin for immunohistochemistry, and dissected retinal
and cerebellar extracts were frozen for Western blotting and
enzyme-linked immunosorbent assay (ELISA). Monoclonal
antibodies 1E8 andWO2were used for immunohistochemical
detection of APP and Aβ, whereas Aβ 42/40 levels were
assayed by ELISA. APP and processed fragments were
detected biochemically by Western blotting with domain-
specific antibodies, using antibody WO2 (Aβ) and rabbit
antibody 369 to the C-terminal domain of APP.
Results Immunocytochemistry revealed strong cytoplasmic
expression of APP and possibly Aβ in retinal ganglion cells
and inner nuclear layer cells, and in lens and corneal
epithelia for APP transgenic mice. Retinas from the APP
transgenic mouse strains contained 18 to 70 kDa APP
proteolytic products that were not detected in the cerebellum.
We found a higher proportion of APP α-secretase generated
C-terminal fragments in transgenic retinal tissues than β-
secretase-generated C-terminal fragments. Very low level
Aβ was detected in transgenic retinas by ELISA; retinal Aβ
42 was 75 times less than for transgenic brain. Aβ was not
detected in mouse retina by Western blotting in our study, in-
dicating much less generation of Aβ in retina than brain tissue.
Conclusions Alzheimer’s mouse model retinas present with
different APP proteolytic products and have a significantly
lower production of amyloidogenic Aβ than found in brain.
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Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia, with 27 million individuals affected worldwide.
Patients are mostly 65 or older, and display progressive
cognitive impairment, reduced executive functions, and
behavioural changes. Currently there is substantial interest
related to changes in vision in Alzheimer’s patients. In
some AD patients, visual impairment is more likely to be
cortical and associated with impaired visuomotor integra-
tion and object recognition [1, 2], but there is still little
information regarding alterations in visual perception that
might originate in the retina or optic nerve.

Histological examination of retinas from AD patients has
demonstrated thinning of the retinal nerve fiber layer
(RNFL) and a reduction in macula volume in line with
pathological electroretinograms [3, 4]. Loss of ganglion
cells and their axons, with resultant thinning of the neuro-
retinal rim of the optic nerve, is a characteristic feature of
glaucomatous optic neuropathy [5]. Ophthalmologic exami-
nations in Alzheimer’s patients show an increased visual
impairment with glaucoma in 25.9% of AD cases compared
to 5.2% in age-matched controls [6]. Another common
feature in AD patients is impaired colour vision, which is
hypothesised to be caused by the loss of smaller-sized axons
of the optic nerve [7].

The molecular pathology of AD is characterized by
accumulation of amyloid-β peptide (Aβ) with extracellular
plaque formation, tau aggregation within neurofibrillary
tangles, and progressive neuronal loss [8, 9]. Aβ is formed
sequentially from transmembrane APP through β− and
γ-secretase cleavage. γ−secretase cleavage is critical in
generating Aβ species of varied length, including the
strongly aggregating amyloidogenic Aβ 1–42. Mutations
in presenilin (PS1 or PS2), which forms the catalytic core
of the γ-secretase complex, enhance Aβ 1–42 production,
leading to early onset and higher severity of disease in
affected families [10]. To date, there is minimal data about
retinal APP processing, leading us to question whether
there are differences between brain and retinal APP
processing and Aβ accumulation, resembling Alzheimer’s
pathology, in animal models. Aβ deposits have been
reported in glaucomatous optic nerve heads, drusen of
age-related macula degeneration, and cataractous lens [11–
14]. Intravitreal injection of Aβ causes retinal ganglion cell
damage, illustrating Aβ toxicity to retinal tissue [15]. For
age-related macula degeneration, Aβ is presumed to be
involved in inflammation and neovascularisation [13].
Studies on the DBA/2J mouse model of glaucoma showed

that sustained intraocular pressure (IOP) leads to extracel-
lular Aβ accumulation in optic nerve heads and ganglion
cell loss [16].

There is limited data demonstrating Αβ accumulation in
human retinas of AD patients. Therefore, using AD animal
models could be a useful tool for investigation of potential
retinal changes caused by dysregulated APP processing.
Several AD mouse models expressing mutant human AD
related genes have been established. To mimic retinas
afflicted by AD in this study, we used two well-established
genetically modified mouse models, one over-expressing
APP with the Swedish mutation (APPswe or Tg2576), the
other being the APPswe and mutant presenilin 1 with exon
9 deletion (PS1-delE9). These mutations in humans cause
Alzheimer’s disease, with individuals showing an early onset
of disease [17, 18].

Two recent studies investigated retinal changes in AD
mouse models. Ning et al. (2008) showed retinal degeneration
in two APP/PS1 transgenic mouse lines with apoptotic cells
detected in the retinal ganglion cell layer [19]. APP
accumulation was reported in neurons of the inner nuclear
layer and ganglion cells; Aβ deposits were reported in the
nerve fiber layer and the retinal and choroidal vasculature, in
an age-dependent manner. In addition, Shimazawa et al.
found reduced retinal function in APP/PS1 transgenic mice
with prolonged retinal visual potentials but reduced sensi-
tivity to NMDA induced apoptosis [20].

In this study we investigated differences in APP
metabolism in brain and retinal tissue. We compared the
production of Aβ isoforms in brain and retina and
investigated precursor cleavage products (APP CTFs)
involved in APP breakdown by α- and β−secretase.
Investigation of amyloidogenic APP processing in trans-
genic Alzheimer’s mouse retinas may give an indication
whether toxic Αβ production in retina is likely to be
sufficient to cause direct Aβ pathology in the eyes of
Alzheimer’s patients.

Materials and methods

Animal models

The single transgenic (Tg2576) mice which contain the
well-characterised hAPP695swe mutation were obtained
from Karen Hsiao Ashe, Minnesota, USA [21]. Littermate
wild-type C57Bl6/SJL controls were also utilized. Double
transgenic mice over-expressing chimeric mouse/human
APP695swe and presenilin1 exon-9 deletion (PS1-dE9)
mutations were obtained from the Jackson Laboratory, Bar
Harbor, ME, USA [22]. Both mutations are associated with
familial Alzheimer’s disease. Background genotype mice,
C57BL6/C3HeJ were compared with the double Tg mice.
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Mice aged 2 to 18 months were used for the study. Animals
were housed in boxes (n=3–5), with an ad libitum diet of
standard mouse chow and a 12-hour light and dark cycle.
Experimental protocols were approved by the animal ethics
committee of the Department of Pathology, University of
Melbourne, Australia.

Tissue collection

Mice were euthanized by CO2 asphyxiation. Brain and eyes
were fixed in buffered formalin at 4°C for immunohisto-
chemistry. Alternately brain and eyes were placed on dry
ice, and further stored at −80°C for performing ELISA and
western blot analyses.

Antibodies

Monoclonal mouse antibody WO2 detects residues 5–8 of
human Aβ peptide [23]. For detection of carboxyl-terminal
fragments (CTFs) we used the rabbit Ab 369 antibody
raised to the cytoplasmic domain of human APP [24] (gift
from Prof. S. Gandy, Philadelphia, PA, USA). Monoclonal
mouse antibody 1E8 is raised to Aβ 17–24 [25]. G210 and
G211 mouse monoclonal antibodies directed to the C-terminal
ends of Aβ 40 and Aβ 42 were used in ELISA assay to
assess the relative levels of these Aβ forms [26].

Immunohistochemical analysis

Formalin-fixed tissue was embedded in paraffin for
sectioning. 5-μm sections were treated with 80% formic
acid for 5 min at room temperature, then treated with 3%
hydrogen peroxide for 5 minutes, and incubated in blocking
buffer (50 mM Tris-HCl, 175 mM NaCl, pH 7.4, with 20%
blocking serum corresponding to species for secondary
Ab). Monoclonal 1E8 was used at 1:200 and WO2 at
1:1000 for 1 hour at room temperature. Sections were
incubated with biotinylated secondary antibody (Dako
LSAB) for 15 minutes at room temperature, followed by
washing in PBS and incubation with streptavidin/horseradish
peroxidase reagent (Dako LSAB) for 15 min at room
temperature. After washing in PBS and water, sections were
treated with chromagen (Dako DAB kit) and washed with

water, then counterstained in Mayer`s Haematoxylin and
mounted with DPX.

Western blot analysis

Frozen eyes were microscopically dissected on ice to
conserve retinal extracts. Brain samples and 2–3 dissected
pooled retinas were diluted in 400 μl phosphate-buffered
saline containing protease inhibitors (Sigma P-2714) then
sonicated with a Virsonic600 Probe (Virtis, NY) (3x30 sec
bursts on ice). Total protein concentrations of the suspension
were determined with a BCA assay (Pierce biotechnology,
Rockford, IL, USA). Western blotting with APP and Aβ
antibodies (WO2, Ab 369) was preformed as previously
described [27]. Samples (20 μg protein) were mixed with
SDS sample buffer containing β-mercaptoethanol, heated to
95°C for 5 minutes and then electrophoresed on 15% Tris-
Tricine polyacrylamide gels. Proteins were transferred to
nitrocellulose membrane (Bio-Rad, Regents Park, NSW,
Australia). Western blots were developed with chemilumi-
nescence (PerkinElmer).

ELISA analysis of Aβ isoforms

Enzyme-linked immunosorbent assay (ELISA) was per-
formed for quantification of Aβ 1–40 and 1–42 peptides.
Retinal homogenates from three different Tg 2576 mice
were compared with wild-type mouse (C57Bl6/SJL) retinas
(n=4). Cerebellum from 8 Tg2576 and eight wild-type
controls were also analysed. Samples were analysed as
described previously using Aβ40- and Aβ42-specific G210
and G211 antibodies for capture and WO2 antibody for
detection [26]. Data are presented as means ± SEM
(Table 1).

Results

Localization of APP and Aβ expression in eyes
from Alzheimer`s mouse models

APP and processed product distribution was examined by
immunolabelling of paraffin-embedded tissue sections.

Aβ1–40 (pmoles/g protein) Aβ1–42 (pmoles/g protein)

C57Bl6/SJL retina (n=4) Not detected 8.53±1.81

Tg2576 retina (n=3) 0.192±0.19 14.1±1.91

C57Bl6/SJL cerebellum (n=8) 3.04±3.47 14.3±8.24

Tg2576 cerebellum (n=8) 1493±631 1078±784

Human AD brain (n=3)* 128±39 1082±337

pmoles/g wet wt pmol/g wet wt

Table 1 ELISA analysis of Aβ
levels in cerebellum and retina
of AD mouse model

ELISA analysis of Aβ levels in
brain and retina from Tg2576
mice, mean ± SEM.

*Data from human brain cortical
extracts for comparison taken
from our previous report in
Fodero-Tavoletti et al. 2007.

Graefes Arch Clin Exp Ophthalmol (2009) 247:1213–1221 1215



Staining with antibody WO2 indicated robust expression of
APP in Tg2576 retina at 14 months of age; there was strong
cytoplasmic labelling of the ganglion cell layer and inner
nuclear layer (Fig. 1a–c). Minimal APP was detected in the
photoreceptor or pigmented retinal epithelial cell layers.
There was also strong cytoplasmic expression of APP in the
epithelial cell layers of the cornea and lens of these mice
detected with antibody WO2 (not shown). Further labelling
with Aβ antibody 1E8 indicated APP and possibly
cytoplasmic Aβ labelling in the same regions (Fig. 1d–g).
Positive Aβ labelling in peripheral retina within vacuolar
structures of the ganglion cell layer indicate damaged
capillaries (Fig. 1f). Retinas from age-matched wild-type
background strain mice C57Bl6/SJL showed no reactivity
for these Aβ antibodies, which are specific for the human
APP and its derived Aβ sequence (Fig. 1h,i). Aβ 1E8
antibody-reactive “plaque-like” structures were not detected
in the transgenic mouse eyes examined. Cortical brain
plaques from Tg2576 mice showed positive labelling with
the Aβ 1E8 antibody (Fig. 1j).

Eyes from 9-month-old TgAPP/PS1 mice had similar
intracellular Aβ antibody labelling in the cytoplasmic
compartment of retinal ganglion cells and inner nuclear layer
cells, and in the epithelia of cornea and lens (Fig. 2a–d). These
mice had possible small Aβ deposits associated with
damaged capillaries within the ganglion cell layer and the
inner nuclear layer (Fig. 2a,b); the inner plexiform and outer
plexiform layers of the retinas had moderate immunoreac-
tivity with the 1E8 antibody. Transgenic APP/PS1 brain
cortex accumulate many brain plaque structures of various
size that can be detected with the 1E8 antibody, as shown in
Fig. 2e.

Biochemical analysis of retinal and brain APP processing
in Tg2576 and TgAPP/PS1 mice

To investigate APP processing we used antibody WO2 for
detection of human full length APP and Aβ sequence-
containing cleavage products. Aged Tg2576 mouse retinal
extracts were compared with age-matched cerebellum brain
extracts and corresponding wild-type controls Fig. 3a,b).
Double transgenic APP/PS1 retinas were analysed in
parallel. Tg2576 retinas showed additional cleavage products
between 18 and 70 kDa that were not prominent in brain
extracts. 4 kDa Aβ was not detectable by Western blotting in
these retinal extracts. In transgenic brain there was a very
strong signal for Aβ at the expected apparent mobility of
4 kDa (Fig. 3b, lane 4).

Retinal extracts of transgenic 6-month-old APP/PS1
mice showed a pattern similar to that of the single
transgenic Tg2576 mice with fragments between 13 and
70 kDa, but with an overall weaker signal pattern compared
to retinas from Tg2576 mice (Fig. 3a, lane 6). As for the

Tg2576 line, we have not detected the Aβ peptide in retinal
extracts from the double transgenic mouse line by Western
blotting (Fig. 3a,b).

APP undergoes an initial cleavage step by α- or β-
secretase to yield the corresponding intermediate C-terminal
fragments containing the complete Aβ (CTFβ) or truncated
Aβ sequence (CTFα). These intermediate proteolytic pre-
cursors were analysed by Western blotting with the rabbit Ab
369 to the cytoplasmic C-terminal region of APP (Fig. 3 C,D).
This revealed that the Tg2576 retinas produce more CTFα
than CTFβ, leading to an increased ratio of CTFα/CTFβ
compared to that found in brain tissue from Tg2576 or the
background wild-type cerebellum. This low level of detect-
able intermediate Aβ precursor is in agreement with minimal
Aβ peptide detection in the retinas.

ELISA analysis of Aβ 1–40 and 1–42 levels in Tg2576
retina and cerebellum

To further investigate expression of Aβ isoforms 1–40 and
1–42 in retinas and brain fractions from Tg2576 mice, we
performed a sandwich ELISA with Aβ C-terminal anti-
bodies specific for Aβ1–40 (G210) and Aβ 1–42 (G211),
as used in previous studies from our laboratory [26]. In
wild-type retinas, Aβ 1–40 was below detectable limits
(Table 1). In comparison we detected 14.1 pmol/g protein
of Aβ 1–42 in retinal extracts of Tg2576; wt retina had
significantly less Aβ 1–42 of 8.53 pmol/g protein. Tg2576
retina Aβ 1–40 levels of 0.19 pmol/g protein were signifi-
cantly lower than the Aβ 1–42 level. However, we note that
the Tg2576 retina had a similar level of Aβ to that detectable
in cerebellum from non-transgenic mice, which do not
produce Aβ plaques, again indicating that the retinas are not
producing Aβ at a significant level, and would be unlikely to
accumulate as microscopically visible Aβ aggregates.

In comparison, human cortical tissue and Tg2576
cerebellar tissue revealed considerably greater production
of the Aβ peptide both for 1–40 and 1–42 (Table 1). Level
of Aβ 1−42 was 75 times greater for Tg2576 cerebellum
than for Tg2576 retina.

Fig. 1 Expression and locallization of APP and derived products in
eyes from Tg2576 mice. a,b,c Sections from 14-month-old transgenic
mice labelled with WO2 antibody had strong cytoplasmic labelling of
retinal ganglion cells (GCL, ganglion cell layer) and neurons of the
inner nuclear layer (INL). The inner plexiform layer (IPL), outer
plexiform layer (OPL), outer nuclear layer (ONL), photoreceptors
(PR) and pigmented epithelial layer in c, (RPE) had minimal
immunoreactivity. d,e 1E8 Aβ antibody positive labelling of corneal
(d) and lens (e) epithelial cytoplasm in 14 month Tg2576 mouse
sections. f,g 1E8 immunoreactivity had a similar pattern, with positive
labelling of the cytoplasm of ganglion cells and the INL for 14-month-old
Tg2576 retina, with a labelled capillary in peripheral region in f, and
central region imaged in g. h,i 1E8 labelling of 14-month-old non-
transgenic C57Bl6/SJL retina was negative. j 1E8 positive labelling of
plaques in cortex from Tg2576 18-month-old brain. Bars, 20 μm

b
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Discussion

We analysed APP metabolism and assessed Aβ production
in retinal tissue from two well-established Alzheimer’s
mouse models. Overexpression of the human APP Swedish
mutant gene in the Tg2576 mouse results in age-dependent
accumulation of brain Aβ. These animals develop amyloid
plaque deposition and ultimately memory deficits at
10 months of age [21]. The second transgenic line, with
APPswe/PS1-del9 transgenes, produces earlier deposition
of Aβ in brain plaques, and develops memory deficits from
the age of 6 months.

Recent studies have demonstrated retinal degeneration,
utilising TUNEL staining for identification of apoptotic
cells; this group also reported Aβ accumulation in these
Alzheimer’s mouse models [19]. In addition, Shimazawa
et al. looked at functional changes, finding delayed latency
of electroretinal potential conduction in APP/PS1 mice
compared with wild-type controls [20]. Despite these
largely histological studies, it was unclear whether the
Alzheimer’s mice produce sufficient quantities of Aβ
peptide aggregates to affect retinal integrity. Using two
Aβ antibodies for detection of APP, CTFβ, and/or Aβ, we
found significant cytoplasmic labelling of the ganglion cells
and cell bodies of the inner nuclear layer. In addition, both
WO2 and 1E8 Aβ antibodies strongly labelled the

epithelial cells of the cornea and lens of both transgenic
lines, consistent with the finding of Aβ in lens of
Alzheimer’s patients [14]. Labelling with these antibodies
was negligible in wild-type control tissues, since the
antibodies are raised to regions of the Aβ peptide only
found in the human APP sequence. There was no
significant immunolabelling of the photoreceptor cells in
retinas in our transgenic lines.

Our study, in agreement with previous investigations
[19], did not find Aβ amyloid plaque-like formation in
retina like the plaques which accumulate in the brains of
these mice. Therefore, differences in APP gene expression
and peptide formation between brain and retinal tissue are
to be anticipated.

This is the first report of APP proteolytic products (apart
from Aβ) in retinas of AD mouse models. APP and
products were detected in retinal and cerebral extracts
analysed by gel electrophoresis and Western blotting, using
WO2 Aβ and APP cytoplasmic domain antibodies.
Significant APP was detected in retina from both transgenic
strains. The pattern of APP products showed several
differences between transgenic brains and retinal extracts.
In particular, we detected additional apparent proteolytic
products between 70 and 18 kDa in the transgenic retinas.
This indicates that APP may undergo alternative processing
in the retina compared with brain tissue. More work will be

A B

C D E

GCL
GCLIPL IPL

INLINL INLINL

OPL

ONLONL

PR

Fig. 2 Expression of APP and products in TgAPP/PS1 9-month-old
mouse eye. a,b 1E8 labelling had a similar expression pattern of
immunoreactivity as seen for Tg2576 with labelling of cells in GCL
and INL as well as moderate labelling of IPL and OPL, ONL and PR
labelling was minimal for central retina (a) and outer retina (b). Again

corneal epithelium (c) and lens epithelium (d) showed strong
cytoplasmic labelling with the 1E8 antibody. e 1E8 positive labelling
of TgAPP/PS1 brain cortical plaques of a 12-month-old mouse. Bars,
20 μm
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needed to clarify the features and origin of these protein
products. Interestingly, Aβ was only detectable in transgenic
brain in the Western blot analysis, and this correlated with
prominent expression of Aβ plaques in brains of these mice.

In contrast, there was apparent detection of Aβ by ELISA
in all of our samples, reflecting increased sensitivity of
detection by this method. The ELISA data however, reveal
significantly lower Aβ levels in retina than in brain tissue, with
Aβ levels in transgenic mouse retina being still well above

wild-type controls. We consider that these low levels are
caused by low expression of retinal β-secretase. β-secretase is
known to be a crucial factor contributing to amyloidogenic
APP proteolytic processing, as it generates the N-terminus of
Aβ. Brain contains high expression of β-secretase activity,
which is elevated in Alzheimer’s disease [28, 29]. Although
there may be abundant full-length APP expression, peripheral
tissue β-secretase activity is considerably lower, resulting in
only minor Aβ production in most non-brain tissues [30].
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Fig. 3 Western blot analysis of APP processing in APP transgenic
retina and brain. a,b Protein from total homogenates of retina,
cerebellum, and optic nerve was analysed by electrophoresis and
blotted with WO2 antibody which detects full length human APP
(APP FL), the APP CTFβ proteolytic intermediate, and Aβ peptide.
APP and CTFβ were detected in Tg2576 cerebellum (CB) for 11 and
16 months of age; Aβ was strongly detected only in the 16-month-old
brain sample (b, lane 4). Comparison of retina and optic nerve (ON, b
lanes 1 and 2) revealed a similar pattern of APP processing as for

retina. Detection of APP and products was weaker for the retina from
TgAPP/PS1 mouse (a, lane 6). *Proteolytic products of APP between
18 -70 kDa were detected in retina and not the brain samples. c,d
Parallel samples as used for a,b were blotted with antibody to the
cytoplasmic domain of APP (Ab 369) to compare APP CTF
processing intermediates. This shows strong detection of CTFα in
retina of Tg2576 (c, lane 3; d, lane 8). Cerebellum from Tg2576 and
wild-type mice had a much higher level of CTFβ than produced by
retina (c, lane 1; d, lanes 3 and 4)
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We directly compared CTFα and CTFβ levels in Tg2576
and the double transgenic mouse lines.We found similar CTFα
and CTFβ levels in Tg2576 brain tissue. In comparison,
Tg2576 retinas have high CTFα but only very low CTFβ
expression levels, indicating minimal activation of amyloido-
genicβ-secretase activity [10]. It is known that the α-secretase
APP degradation pathway predominates in peripheral tissues
[31]. These results were also in agreement with the work of
Lehmann et al., who described a high APP CTFα/CTFβ ratio
in whole eye and other peripheral tissues in homogenates
from another mutant APP mouse model (R1.40) [30]. Our
TgAPP/PS1 model showed minimal APPα or CTFβ expres-
sion levels in retina (Fig. 3 A,C lane 6).

Our findings indicate only trace amounts of Aβ in retina,
even in transgenic mice over-expressing APP. In combina-
tion with low CTFβ detection in these studies, we consider
that Alzheimer retinal tissue may be less affected by Aβ
toxicity than suggested by other immunochemical studies
alone. To date, there are only limited biochemical reports
implicating accumulation of Aβ in retina from AD patients.

Whether visual impairment in Alzheimer’s patients is due
to retinal pathology or due to extraretinal ocular pathology
remains unclear. Bayer et al. measured a high occurrence rate
of elevated intraocular pressure in Alzheimer’s patients [6].
Glaucoma is defined by retinal papillary changes, as well as
elevated pressure. Other studies showed glaucoma-like
thinning of the nerve fibre layer in Alzheimer cases using
optical coherence tomography [4, 32]. Possible association
of APP and Aβ deposition in the anterior eye segment with
these changes is unknown. Our immunohistochemistry
revealed high expression of APP in the lens and the corneal
epithelial cell layers of the transgenic mouse models. Strong
expression of APP in the lens epithelium of APP transgenic
mice correlates with reported deposits of Aβ peptides in the
cytoplasm of lens cells from AD patients [14]. Examination
of trabecular meshwork properties and anterior chamber
depth in Alzheimer’s patients and AD mouse models may be
a future approach to further investigate visual disturbances in
Alzheimer’s disease patients in the future.
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