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Abstract Hyperhomocysteinemia (Hhcy) is an indepen-
dent risk factor for Alzheimer’s disease (AD). Visual
dysfunction is commonly found and is positively correlated
with the severity of cognitive defects in AD patients. Our
previous study demonstrated that Hhcy induces memory
deficits with AD-like tau and amyloid-f (AB) pathologies
in the hippocampus, and supplementation with folate and
vitamin B12 (FB) prevents the Hhcy-induced AD-like
pathologies in the hippocampus. Here, we investigated
whether Hhey also induces AD-like pathologies in the
retina and the effects of FB. An Hhcy rat model was
produced by vena caudalis injection of homocysteine for
14 days, and the effects of FB were assessed by simulta-
neous supplementation with FB in drinking water. We
found that Hhey induced vessel damage with AP and tau
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pathologies in the retina, while simultaneous supplemen-
tation with FB remarkably attenuated the Hhcy-induced tau
hyperphosphorylation at multiple AD-related sites and A
accumulation in the retina. The mechanisms involved
downregulation of amyloid precursor protein (APP), pre-
senilin-1, beta-site APP-cleaving enzyme 1, and protein
phosphatase-2A. Our data suggest that the retina may serve
as a window for evaluating the effects of FB on hyperho-
mocysteinemia-induced Alzheimer-like pathologies.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder
characterized by a progressive deterioration of cognitive
functions and its initial symptoms are easily mistaken for
stress or ageing [1]. In addition, AD is associated with high
comorbidity burdens [2]. Pathologically, AD is character-
ized by the accumulation of extracellular plaques com-
posed of B-amyloid (AP) and intracellular neurofibrillary
tangles (NFTs) comprised of hyperphosphorylated tau in
the brain. These pathological changes lead to synaptic
dysfunction and neuronal loss [3]. Impaired visual function
is also commonly reported in AD patients.

The development of effective medications to cure or
delay the progressive brain degeneration in AD is a great
challenge [4, 5]. Currently, the medications used to treat
AD include rivastigmine, tacrine, donepezil, galantamine,
and memantine. However, these drugs cannot stop or even
delay the progression of the disease. Therefore, finding
non-invasively detectable early indicators will help to
assess the effectiveness of treatment strategies, and

@ Springer


https://doi.org/10.1007/s12264-018-0293-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s12264-018-0293-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12264-018-0293-8&amp;domain=pdf
https://doi.org/10.1007/s12264-018-0293-8
www.springer.com/12264

326

Neurosci. Bull. April, 2019, 35(2):325-335

eventually help to treat or delay the progression of this type
of neurodegenerative disease.

The retina, a developmental outgrowth of the brain, is
considered to be a window through which to study the
brain. The retina is marked by an array of pathological
features in AD patients, including retinal ganglion cell
(RGC) degeneration, nerve fiber layer thinning, and
changes in vascular parameters. Moreover, recent studies
have suggested that multiple sclerosis, Parkinson’s disease,
and ischemic stroke also exhibit retinal abnormalities
similar to the cerebral pathologies, and the retina is an
appealing target in which to detect neurodegenerative
disease [6—8]. The accumulation of hyperphosphorylated
tau and AP has also been detected in the retina at early
stages of AD [9, 10], indicating that AD is both a cerebral
and an ocular disease [11]. However, the upstream factors
inducing AD-like pathologies in the retina and whether
they can be prevented and detected are still elusive.

Epidemiological and clinical investigations have shown
that hyperhomocysteinemia (Hhcy) is an independent risk
factor for AD [12-15]. In Hhcy mouse models, AD-like
behavioral and neuropathological changes have been
detected [16—19]. Our previous studies also demonstrated
that elevation of plasma homocysteine (Hcy) induces AD-
like AP accumulation and tau hyperphosphorylation in rats
[20, 21]. Therefore, reducing the elevated plasma Hcy
could be a promising strategy to arrest the AD process.

Hcy is a thiol-containing amino-acid formed by the
demethylation of methionine. Hey is catabolized through
multiple pathways and one of these is dependent on folate
and vitamin B12 (FB). Folate provides the methyl and
vitamin B12 works as a co-enzyme for the methyltrans-
ferase [22]. FB can reduce the level of plasma Hcy [23].
Simultaneous supplementation with FB partially restores
the plasma Hcy level and ameliorates the AD-like tau and
AP pathologies in the hippocampus [20, 21]. Although it is
commonly known that FB plays an important role in Hey
metabolism, the effects of FB treatment on Hhcy-induced
AD-like lesions in the retina have not been reported to date.

In the present study, we produced an Hhcy model in
adult rats by injecting Hcy through the vena caudalis as
reported previously [21]. We found that in addition to
vessel damage, Hhcy induced AD-like tau and A patholo-
gies in the retina, while simultaneous administration of FB
remarkably attenuated these effects.

Materials and Methods
Antibodies and Chemicals

The primary antibodies used are listed in Table S1. Rhodamine
Red-X-conjugated goat anti-mouse IgG (H4L) and Oregon
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Green 488-conjugated goat anti-rabbit IgG (H+L) were from
Molecular Probes (Eugene, OR). DL-homocysteine was from
Sigma Chemical Co. (St Louis, MO). Ketamine was from
Hengrui Co. (Jiangsu, China) and xylazine was from Sigma
Chemical Co. Folate was from Yabao Co. (Tianjin, China) and
vitamin B12 was from Shiyao Co. (Shijiazhuang, China). The
bicinchoninic acid BCA protein detection kit was from Pierce
Chemical Co. (Rockford, IL).

Animals and Drug Administration

Male Sprague-Dawley rats (3—4 months old), supplied by
the Experimental Animal Center of Tongji Medical College,
Huazhong University of Science and Technology, were
housed under a 12:12 light-dark cycle. The animal experi-
ments were performed according to the “Policies on the Use
of Animals and Humans in Neuroscience Research” revised
by the Society for Neuroscience in 1995, and all animal
experiments were approved by the Ethics Committee of
Tongji Medical College. The rats were injected with Hecy
(400 pg/kg per day) for 14 days with or without simultane-
ous supplementation with folate (4 mg/kg per day) and
vitamin B12 (250 pg/kg per day) in their drinking water
[21, 24] for 14 days. The injection was implemented from
09:00 to 11:30 each day. The animals were sacrificed 24 h
after the final injection after recording the electroretinogram
(ERG) and photographic examination of the fundus.

Electroretinograms

Animals were dark-adapted overnight (> 12 h) and pre-
pared for recordings under dim red illumination. Rats were
intraperitoneally anesthetized with a mixture of 0.12 g/mL
ketamine hydrochloride and 1.8 mg/mL xylazine
hydrochloride. The injection volume was 8 mL/kg of body
weight. Then, pupil dilation and topical corneal anesthesia
were achieved using 0.5% tropicamide and 0.5% propara-
caine, respectively (Alcon Laboratories, Fort Worth, TX).
Custom-made silver chloride electrodes were placed on the
right eye, with the reference electrode situated circumfer-
entially around the corneoscleral limbus. A subdermal
needle electrode (Technomed Europe, Maastricht, Nether-
lands) at the tail base served as the ground. Simultaneous
ERGs were recorded using the RETT port (Roland Consult,
Brandenburg an der Havel, Germany) Electrodiagnostic
Testing System with brief, white light stimuli. Scotopic
threshold responses were obtained for white flash stimuli
(< 5 ms duration) and ERGs were recorded.

Fundus Photography

The central retina of rats was visualized under a micro-
scope (Zeiss, Thornwood, NY) using hydroxypropyl
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methylcellulose ophthalmic (Goniosol; Novartis, Basel,
Switzerland). The entire retina, including the peripheral
retina up to the ora serrata in all directions, was examined
and photographed using fundus camera (Micron IV;
Toshiba, Irvine, CA). Briefly, the diameters of three of
the most prominent vessels were estimated at 3 sites in its
widest portion at equal distances from the center [25].
Before estimation of the diameter, the retinal photographs
from all groups were randomized, and the estimations were
made by three independent observers. The final vessel
diameter was the average of the three estimates.

Hematoxylin-Eosin (HE) Staining

Rats were sacrificed by an overdose of chloral hydrate (1 g/
kg) and perfused through the aorta with 100 mL 0.9%
NaCl followed by 400 mL phosphate buffer containing 4%
paraformaldehyde. The eyes were removed, embedded in
paraffin, and then cut into sections (4 pm). The sections
were collected consecutively in PBS for HE staining
according to the instructions with the kit (Beyotime,
China), and images were captured using an optical
microscope (Olympus BX60, Tokyo, Japan).

Immunohistochemical Staining

Rats were sacrificed by an overdose of chloral hydrate (1 g/
kg, i.p.) and perfused through the aorta with 100 mL 0.9%
NaCl followed by 400 mL phosphate buffer containing 4%
paraformaldehyde. The eyes were removed and paraffin-
embedded and then cut into sections (4 pm). The sections
of retina were collected consecutively in PBS for immuno-
histochemical staining. Free-floating sections were blocked
with 0.3% H,0, in absolute methanol for 30 min and
nonspecific sites were blocked with bovine serum albumin
for 30 min at room temperature. Then the sections were
incubated overnight at 4 °C with primary antibodies
(Table S1). After washing three times with PBS, the
sections were incubated with biotin-labeled secondary
antibodies for 1 h at 37 °C and washed again three times.
The immunoreaction was measured using horseradish
peroxidase-labeled antibodies for 1 h at 37 °C and visual-
ized with the diaminobenzidine tetrachloride system
(brown color). After three washes with PBS, positive
staining of the tissues was detected with diaminobenzidine
according to the manufacturer’s manual (ZSGB-BIO,
Beijing, China). The sections were mounted and visualized
by light microscopy (Olympus BX60, Tokyo, Japan), then
the images were captured. For immunofluorescence stain-
ing, free-floating sections were incubated at 4 °C overnight
with primary antibodies (Table S1). The secondary anti-
bodies conjugated to Alexa-Fluor 488/546 were added to
the coverslip and left for 1 h at room temperature, and then

DAPI (1:1000) for 10 min. The coverslips were washed,
mounted onto slides, and imaged under a Carl Zeiss
LSM710 confocal microscope.

Sandwich Enzyme-Linked Immunosorbent Assay
(ELISA)

ELISA was used to assess the plasma level of Hcy and the
AB1-42 level in retinal extracts following the manufac-
turer’s instructions (Elabscience, Wuhan, China).

Western Blotting

Western blotting used the method established in our
laboratory. Briefly, the dissected retinal tissues were
homogenized or lysed in RIPA buffer and centrifuged for
10 min at 5000 x g, then the supernatant was collected and
the protein levels were analyzed. For Western blotting,
protein extracts were separated by SDS/PAGE followed by
transfer onto 0.2 pum nitrocellulose membranes. The mem-
branes were blocked with 5% bovine serum albumin
(Sigma) in Tris-buffered saline (TBS), then the membranes
were washed with TBS containing 1% Tween-80 (Sigma)
and incubated with primary antibodies in blocking buffer.
The primary antibodies used in Western blotting were
against APP (1:1000, Millipore, Billerica, MA), PSI1
(1:500, Millipore), BACE1 (1:500, Santa Cruz, CA),
Taul (1:1000, Chemicon, CA), pS262 (1:500, SAB,
Zhejiang, China), pS356 (1:500, SAB), T-GSK-3f
(1:1000, Cell Signaling, Danvers, MA), S9-GSK-3f
(1:1000, Cell Signaling), PP2Ac (1:1000, Biosource,
Camarillo, CA), p-PP2Ac (1:1000, Santa Cruz), M-PP2Ac
(1:1000, Abcam, Cambridge, UK), and DM-PP2Ac
(1:1000, Abcam) (Table S1). Blots were then incubated
and visualized with the secondary antibodies (1:10,000;
Odyssey, Li-Cor Biosciences, Nebraska, USA) at room
temperature. The immunoreactive bands were visualized
with the Odyssey Infrared Imaging System and quantita-
tively analyzed using Image] software (Version 1.5;
National Institutes of Health, Bethesda, MD).

Statistical Analyses

Data were analyzed using GraphPad Prism (GraphPad
Software, Inc., La Jolla, CA) and SPSS version 21.0 for
Windows (SPSS Inc., Chicago, IL). Student’s #-test for
two-group comparisons, or one-way ANOVA followed by
post hoc tests for multiple comparisons among more than
two groups was used to determine the differences between
the means among groups. The results are presented as mean
+ SEM and P < 0.05 was accepted as statistically
significant.

@ Springer



328

Neurosci. Bull. April, 2019, 35(2):325-335

Results

FB Attenuates Hhcy Along with Amelioration
of Impairments in the Retinal Artery and RGCs

By vena caudalis injection of Hcy (400 pg/kg per day) for
14 days, we previously established an Hhcy rat model with
AD-like tau and AP abnormalities in the hippocampus
[18, 19]. To further investigate whether Hhcy also induces
AD-like pathologies in the retina and the preventive effects
of FB, we used the Hhcy rat model with simultaneous
supplementation with FB (Fig. 1A). By measuring plasma
Hcy using ELISA, we first confirmed that the injections
increased the plasma Hcy level to ~ 17.5 pmol/L in rats,
which is consistent with the Hhcy standard (> 15 pumol/L)
for humans [10]. We also found that simultaneous supple-
mentation with FB restored the plasma Hcy level in rats
(Fig. 1B).

Next, we investigated how Hhcy impairs the retina and
whether FB supplementation has beneficial effects on
Hhcey. By ERG recording, we found that Hhey significantly
decreased the amplitude and increased the latency of the
b-wave without changing the a-wave, while FB restored the
b-wave to the normal level (Fig. 2A-D). Meanwhile, we
conducted photographic fundus examination and observed
that Hhey induced arterial stenosis and distortion, while FB
supplementation reversed these vessel abnormalities
(Fig. 3A-C). By HE staining, we also observed that Hcy
exposure induced nuclear shrinkage in the RGC layer and
significantly decreased the number of RGCs (Fig. 3D, E),
while FB supplementation attenuated these pathological
changes. The cell number in the inner cell layer (INL) also
showed a decreasing trend, but the difference was not
statistically significant in Hhcy rats (Fig. 3F). These data
together indicate that simultaneous FB supplementation
attenuates Hhcy-induced retinal artery impairment and
RGC loss in vivo.

A B
FB, p.o m

%}Hcy

Vena caudalis injection

Fig. 1 Simultaneous supplementation with FB reduces plasma Hcy
level. A Schematic of procedures: rats were injected via the vena
caudalis with Hcy (400 pg/kg per day) with or without folate and
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FB Attenuates Hhcy-Induced Intracellular Ap
Accumulation in Rat Retina

AP is the main component of amyloid plaques in the brain
of AD patients and its accumulation is one of the main
mechanisms that cause neurodegenerative diseases. To
assess the effect of FB on retinal AP after Hcy injection,
we measured the AB42 level in the retina by ELISA. We
found that Hcy increased retinal AP after injection for
14 days, while FB supplementation almost restored it to the
normal level (Fig. 4B). To further outline the AP pathology
in the retina, we used immunohistochemistry and
immunofluorescence staining for the antibody 6E10. We
observed abundant intracellular AB accumulation in the
ganglion cell layer (GCL) and INL and FB supplementa-
tion reduced this accumulation (Fig. 4C-F). We also found
that FB attenuated the elevation of APP, PS1, and BACE 1
in the retina of the Hhey group (Fig. 4G, H). These data
suggested that AP and its synthesis are activated in the
retina during Hhey exposure, and FB attenuates these
pathological changes.

FB Reduces Hhcy-Induced Tau Hyperphosphoryla-
tion in Rat Retina

Hyperphosphorylated tau is the major protein component
of NFTs in degenerating neurons of the AD brain [27-29].
Therefore, we analyzed tau phosphorylation in the retina
using the phosphorylated tau-specific antibodies pS262 and
pS356, which react with the AD-related epitopes [30-34].
By Western blotting, we found that Hhcy significantly
increased the phosphorylation level of tau at PS262, PS356,
and the tau-1 epitope, the latter reacting with the unphos-
phorylated sites at Ser198/199/202 (Fig. 5A, B). By
immunohistochemistry and immunofluorescence staining,
we observed the accumulation of pS262-tau in the INL,
inner plexiform layer (IPL), and GCL in the Hcy group at

20 skskok

10 5

0-
Con

Hcy

Hcy+FB

vitamin B12 (FB) supplementation. B FB reduced plasma Hcy levels
in rats as measured by sandwich ELISA. ***P < (0.001 versus
control; P < 0.01 versus Hey at 14 days.
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Fig. 2 FB ameliorates Hhcy-
induced suppression of retinal
activity in rats. A, B The elec-
troretinogram (ERG) showed an
unchanged a-wave (A) and a
reduced b-wave amplitude

(B) in the rod-specific response
in rats injected with Hcy for
14 days, and that simultaneous
supplementation with FB atten-
uated the changes. C, D The
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14 days, and FB rescued the tau hyperphosphorylation at
Ser262 (Fig. 5C-F). These data together demonstrated that
Hhey induces tau hyperphosphorylation at multiple AD-
related sites in the retina and simultaneous supplementation
with FB attenuates this hyperphosphorylation.

FB Ameliorates Hhcy-Induced Protein Kinase
and Protein Phosphatase Imbalance in Rat Retina

The activation of protein kinases and/or inhibition of
protein phosphatases (PPs) are the direct cause of tau
hyperphosphorylation, and since GSK-3f3 and PP2A are the
most implicated, we measured their levels. We found that
Hhcy with or without FB did not change the total GSK-3f3
or Ser9-phosphorylated GSK-3f in the retina (Fig. 6A, B).
Hcy exposure for 14 days significantly decreased methy-
lated PP2Ac (M-PP2Ac, the active form) along with
increased demethylation (DM-PP2Ac, the inactive form)
and no change in the total PP2Ac level; FB restored the
levels (Fig. 6A, B). The beneficial effects of FB on DM-
PP2Ac in the GCL, IPL, and INL were also demonstrated
by immunofluorescent staining (Fig. 6C-F). These data
suggested that FB supplementation modulates the Hhcy-
induced imbalance of PP2A.

Discussion
AD is characterized pathologically by the formation of

numerous senile plaques and NFTs in specific brain
regions, with a progressive decline in several cognitive
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fields [35, 36]. The major components of the tangles and
plaques are hyperphosphorylated tau protein and Ap,
respectively. During the last decades, the therapeutic
strategies developed to target misfolded proteins in the
AD brain have been disappointing, because these strategies
are unable to stop the cognitive decline [37—40]. Since the
main lesion is the accumulation of hyperphosphorylated
tau and A in the hippocampus, the therapeutic effect of a
drug cannot be visualized at an early stage. Therefore, a
non-invasive and accurate visualization window for AD
studies is urgently needed.

Hcy concentration increases with age in normal human
plasma [12, 13, 41, 42]. Epidemiological studies have
shown that patients with high plasma Hcy levels display
more rapid neurodegenerative changes, and > 40% of AD
patients have high levels of plasma Hcy. Therefore, Hhcy
has been proposed to be an independent risk factor for AD
[12]. An alternative route of Hcy metabolism is degrada-
tion to cysteine by the transsulfuration pathway through
two sequential vitamin B6-dependent reactions [43]. Folate
deficiency results in decreased leucine carboxyl methyl-
transferase-1 and PP2A subunit protein levels which,
combined with tau hyperphosphorylation [44] and vitamin
B deficiency, induce Hhcy and selectively impair the
performance of apolipoprotein-E-deficient mice in the
Morris water maze [45]. Previous studies have demon-
strated that administration of Hcy through the vena
caudalis for 14 days induces a spatial memory deficit with
AD-like tau and B-amyloid pathologies in the hippocampus
[20, 21]. Simultaneous supplementation with folate and
vitamin B12 partially restores the plasma Hcy level and
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ameliorates the tau and B-amyloid pathologies in the
hippocampus [20, 21]. In the current study, we found that
Hcy injected for 14 days induced the accumulation of A}
and phosphorylated tau protein in the retina in addition to
vessel impairment, and FB attenuated the AD-like patho-
logical changes. With regard to retinal biomarkers in AD,
reports have been controversial [46]. Some support the idea
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positive intracellular staining). G, H Western blots and quantitation
showing increased levels of APP, PS1, and BACEI in retinas with
Hcy injection, and FB supplementation arrested the elevations
(n = 3/group). Data are expressed as mean = SEM; *P < 0.05,
#4P < 0.01, **%P < 0.001 versus control; *P < 0.05, ¥P < 0.01
versus Hey at 14 days.

that retinal pathology can be used as a biomarker for AD
[47, 48], while others suggest that AP, phosphorylated tau,
and o-synuclein are not deposited in the eye in a manner
analogous to the brain, or that these molecules are present
at lower levels or in different forms in the eye [49]. Our
data revealed that FB not only ameliorates the Hhcy-
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Fig. 5 FB attenuates Hhcy-induced tau hyperphosphorylation in rat
retina. A, B Western blots of phosphorylated tau at Ser262, Ser356,
and the Tau-1 epitope in the retina (n = 3/group). Note that Tau-1
reacts with the dephosphorylated tau at the Ser198/199/202 epitope.
C-F Retinal images and quantitation of tau hyperphosphorylation as

induced lesions in the hippocampus, but also rescues the
AD-like pathologies in the retina.

The direct cause of tau hyperphosphorylation is an
imbalance of protein kinase and protein phosphatase. To
explore the mechanism underlying the changes of hyper-
phosphorylated tau with Hhcy, we examined the activities
of kinases and phosphatase. Previous studies have reported
that Hhey results in increased phosphorylation of PP2Ac-
Y307 and DM-PP2Ac, thus it inhibits PP2Ac activity and
increases the hyperphosphorylation of tau protein [50]. We
showed that simultaneous administration of FB reduced the
phosphorylation of tau and DM-PP2Ac in the retina.
Meanwhile, FB increased the level of M-PP2Ac, thereby
restoring the activity of PP2Ac and reducing the tau
phosphorylation. The mechanism underlying the attenua-
tion of PP2A by FB is currently not fully understood. As
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o Q&Cﬁ XQ‘?’

Q&*X
measured by immunohistochemical and immunofluorescent staining
using PS262 (n = 5/group; scale bars, 50 um; arrowheads indicate
representative intracellular positive staining). Data are expressed as

mean + SEM. *P < 0.05, **P < 0.01, ***P < 0.001 versus control;
*P < 0.05, P < 0.01 versus Hey at 14 days.

simultaneous supplementation with FB significantly
decreased the plasma Hcy level, which has also been
reported [13], the beneficial effects of FB on PP2A may be
through reducing plasma Hcy level or directly acting on the
phosphatase.

We used folate (4 mg/kg per day) and vitamin B12
(250 pg/kg per day) in rats by referring to previous reports
[20, 21]. In one report, 6.7 mg/kg per day folate in mouse
was used and no adverse reaction was shown [44]. In a
more recent report, 500 pg/day vitamin B12 was used [51].
In humans, 8-80 pg/kg per day folate and 3-30 pg/kg per
day vitamin B12 have been recommended for supplemen-
tary treatment of Hhcy [52]; these are much lower than the
doses used in rats or mice. However, 0.4 mg—1 g/day folate
and 1 mg/day vitamin B12 for 1 month have been pre-
scribed for treating human macrocytic anemia [50]; by
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Fig. 6 FB attenuates Hhcy-induced PP2Ac inhibition in rat retina. A,
B Western blots and quantitation of the levels of GSK-3f8, GSK-38-
S9, PP2Ac, PP2Ac-Y307, M-PP2Ac, and DM-PP2Ac in the retina
(n = 3/group). Hey injection decreased the methylated PP2Ac (M-
PP2Ac) along with increased demethylated PP2Ac (DM-PP2Ac).
Increased tyrosine-307 phosphorylation of PP2Ac (PP2Ac-Y307) was
detected with no changes of GSK-38 and GSK-3B-S9 in the Hcy
group and FB restored the PP2A activity. C-F Representative images

conversion, 7 pg—17 mg/kg per day for folate and 17 pg/kg
per day for vitamin B12 may be used for a person weighing
60 kg. It seems that the doses of vitamin B12 and folate
used in humans and mice are different, which may be
considered in future studies.

and quantitation of DM-PP2Ac in the retina measured by immuno-
histochemistry (C, D) and immunofluorescence (E, F). Increased
DM-PP2Ac immunoreactivity occurred in the GCL and INL of the
Hcy group, and FB ameliorated this increase (n = 5/group; scale bars,
10 um; arrowheads indicate representative intracellular positive
staining). Data are expressed as mean £ SEM. *P < 0.05,
P < 0.01, ***P < 0.001 versus control; #P < 0.05 versus Hcy at
14 days.

In summary, we demonstrate in the present study that
Hhey induces AD-like tau hyperphosphorylation and A
accumulation in the retina in addition to vessel impairment,
while simultaneous supplementation with FB efficiently
reduces plasma Hcy levels with attenuation of the AD-like
pathologies in the retina. Our data suggest that the retina
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may serve as a window for the early non-invasive detection
of AD-like pathologies and for evaluating the intervention
effects of therapeutic compounds in some disorders with a
high risk for AD, such Hhcy.
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