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Figure 2 The RPE morphological degeneration in aged APP/PS1 mice Histological H&E-stained sections of the RPE layer revealed a
large number of vacuoles in APP/PS1 mice (A, arrow head), and no changes in the NTG mice (B), while a higher magnification showed from
the rectangle in A, B. Transmission electron microscopy images revealed degeneration changes in APP/PS1 mice (C), including vacuoles (V),
shortened basal infoldings (arrow) and basal deposits (black dotted line), while no such change in NTG mice (D). The immunofluorescence
staining of ZO-1 on RPE flat mounts exhibited a regular, well-organized structure in NTG mice (E), whereas an irregular disorganization was
observed in APP/PS1 mice (F) (E,,, F,,). Separate channels for DAPI and ZO-1. As a higher magnification of E in a sampled rectangle, G was
segmented to highlight the method for evaluating the RPE cells morphology change in Image Pro Plus5 software. In a morphometric analysis,
the resultant histograms demonstrated a decrease in cell area (H, P=0.0795), an increase value in degree of elongation (I), an increase value
in hexagon shape factor (J), and a reduce value in shape factor (K) in APP/PS1 mice with. RGC: Retinal ganglion cell; IPL: Inner plexiform
layer; INL: Inner nuclear layer; ONL: Outer nuclear layer; OS: Outer segment; RPE: Retinal pigment epithelium; BrM: Bruch membrane. Error

bars=Means+SEM; Scale bars=20 um (A, B, E, F), =1 um (C, D). *P<0.001, *P<0.05.

not disrupted or even missing in the RPE cell border. The ZO-1
cytoplasmic level exhibited a tendency of increasing; however,
we did not further confirm this tendency with Western blotting
in APP/PS1 mice.

Accumulation and Infiltration of IBA-1 Positive Cells in
RPE Flat Mounts in Aged APP/PS1 Mice Recently, AP
deposition has always been identified to cause an inflammatory
response that can be characterized by the infiltration of
microglia in both the brain and retina®. In order to evaluate
glial activity in response to AP deposition in the RPE, we
examined the expression of IBA-1, which is a microglia cell

marker, and performed a quantitative analysis in APP/PS1
mice. Figure 3 depicts representative microphotographs of
IBA-1 immunoreactivity on RPE flat mounts. Using fluorescent
microscopy, a similar pattern of IBA-1 immunoreactivity was
detected on RPE flat mounts that were obtained from both
NTG and APP/PS1 mice; however, the IBA-1-positive cells
in APP/PS1 mice displayed a considerably more “dendritic-
like” appearance in comparison to those observed in NTG
mice (Figure 3A, 3B). In addition, there was a slight increase
in the number of IBA-1-positive cells on the RPE flat mounts
in the APP/PS1 group relative to the NTG group, but this
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Figure 3 The accumulation of IBA-1 positive cells on the RPE flat mounts and beneath the RPE/BrM interface complex in aged APP/
PS1 mice A, D, G, Jand B, E, H, K, L came from NTG and APP/PS1 mice respectively. Confocal immunofluorescence images depicting IBA-1 (red)
and ZO-1 (green) that were detected on RPE flat mounts obtained from NTG (A) and APP/PS1 mice (B). The depicted histogram showed an
increase in IBA-1 positive cells on RPE flat mounts, but with no statistical significance (C, P=0.2575). D, E demonstrated the IBA-1 positive
cells beneath the RPE layer elucidated in the Z-stack (triangle), and the green/red line indicated the Z-stack scanning surface (D, E). The graph
in F revealed an increase in IBA-1-positive cells beneath the RPE layer. Transmission electron micrograph of the RPE/BrM interface came from
NTG (G) and APP/PS1 mice (H). Some cells can be observed (triangle), the thickened BrM was indicated with a double-headed arrow; I: The
thickness of the BrM in APP/PS1 mice was greater than that in NTG mice; J, K: The images were overlaid with L at a higher magnifications of
K (in rectangle), indicating IBA-1 positive cells co-stained with AB deposition (A-B,,, D-E,, J-K,,). Separate channels for each staining. RPE:
Retinal pigment epithelium; BrM: Bruch membrane. Error bars=Means+SEM; Scale bars=20 um (A-E, J-L), 1 um (G, H). *P<0.001.

finding was not statistically significant (Figure 3C, Student’s
t-test, P=0.2575). Surprisingly, we observed the accumulation
of IBA-1 positive cells beneath the RPE layer, as indicated
by the nuclei location in the Z-stack and the green/red line
that indicated the Z-stack scanning surface (Figure 3D, 3E).
Quantification of the IBA-1-positive cells beneath the RPE
layer demonstrated a significant increase in the number of
IBA-1 positive cells in the APP/PS1 mice, in addition to
2.578+0.180 fold changes observed in comparison to the
NTG group (Figure 3F; P<0.0001). This finding was further
confirmed by TEM. Electron micrographs revealed abundance
of cells under or in the BrM (Figure 3G, 3H) which displayed
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almost the same appearance as the IBA-1 positive cells
that were found beneath the RPE layer in RPE flat mounts
by fluorescence (Figure 3D, 3E). The cells detected in the
TEM were associated with the observed thickened BrM
(1.896+1.036 um in the APP/PS1 group vs 0.916+0.195 um
in the NTG group). More importantly, we also found that the
IBA-1 positive cells (red color for IBA-1) were co-stained
with AP deposition (green color for 6E10) in the APP/PSI
mice (Figure 3J, 3K), which indicated that the IBA-1 positive
cells contained AP peptides; however, not all of the AP
depositions were surrounded or overlaid with microglia cells,
as demonstrated in Figure 3L.
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DISCUSSION

In this study, we focused on the APP and the process product-
AP depositions, and we investigated the effect of AB deposition
in the RPE layer in APP/PSI transgenic mice. We identified
the expression of APP and the accumulation of AP depositions
in the RPE layer, and we demonstrated RPE degeneration
that was associated with microglia cells activation and
accumulation in the RPE layer in aged APP/PS1 mice.

In this study, we used APP/PS1 transgenic mice, which
included a human APP with Swedish mutations (K595N/
M596L) and a mutant human presenilin 1 (PS1-dE9).

35-36]

According to previous studies™” %, overexpression of APP

resulted in AP deposits in the brain at the age of approximately
6-7mo and in the retina at the age of approximately 12mo!**",
In our research, RPE cells demonstrated a moderate expression
of APP in the cytoplasm of the RPE sections, which was
consistent with results reported by previously”'*". We also
found plaque-like AP deposits on the RPE flat mounts.
Although other researchers had reported senile plaque or AP
deposition in the retina” in AD transgenic mouse model, this
study reported plaque-like AP depositions in the RPE layer on
flat mounts from AD transgenic mice. As well-known, RPE
cells differ from neuron cells, such as RGC, and RPE cells
could phagocytose waste materials or debris originating from
the outer segments of photoreceptor cells. It was interesting
to recognize that AP peptides deposited on the outer segments
layer in both human and mouse retinas''*, and that AB plaques
were also found in the photoreceptor outer segment layer”,
which was also identified in our research (data not shown).
These data indicated that the AP depositions observed on the
RPE flat mounts might have come from photoreceptor cells.
On the other hand, Yoshida ez al''” had suggested an RPE
origin for AP peptides because of the expression of neprilysin
and B-secretase”® in RPE, which was supported by the fact
that endoplasmic reticulum (ER) calcium disruption could
induce AP accumulation in ARPE19"”, Taking these results
into consideration, it would be interesting to investigate in
further studies where the AP peptides/depositions in RPE cells
originate.

Furthermore, we identified RPE histopathological degeneration
with the presence of vacuoles in addition to a shortening of
the basal infoldings and basal deposits in aged APP/PS1 mice.
These findings suggested that AR deposition could cause a
degenerative change in RPE in transgenic mouse. Previous
studies have pointed out that Ap could induce oxidative stress

0 . .
9 and oxidative stresses

41-42

in RPE cells'"*” and in neurons
were strongly related to RPE degeneration''™*”. Therefore,
oxidative stress might be a potential intermediate candidate
that was responsible for the RPE degeneration observed in
aged APP/PS1 mice. Recently, AP had been reported to alter
the expression of CRALBP and RPE65 in RPE both at the

mRNA and protein levels">'”. CRALBP and RPE65 were two

important proteins in the visual cycle. These facts suggested
that AP might alter the functioning of the visual cycle, and
photoreceptor homeostasis might be impacted due to the
disturbance of visual cycle, and all of these insults might
ultimately result in losses of the photoreceptor outer segments
in mice, and this indication needed a further work to support.
In order to phagocytose the debris of the outer segments,
the vacuoles increasing in the RPE cells suggested by our
performed experiments might due to the process of digesting
the debris, a conclusion supported by our TEM characterization
in which we found vacuoles containing membranous material
in RPE cells.

Several studies have shown that A directly affected the tight
junction and adhesion**. Furthermore, Bruban et al'"”
have found that AP caused the tight junction disruptions, as
indicated by an increasing trans epithelial permeability in RPE
cells in both in vitro and in vivo contexts. Our experiments
have shown the RPE morphological changes with irregular
shapes, which was further highlighted with the disorganization
of ZO-1; taken together, these facts strongly suggested that
AP might be involved in modifying the tight junctions and
cellular permeability in RPE cells, just as pointed out by

1
] In our work, however, there were no

another researcher
disruptions or missing segments of ZO-1 immunoreactivity in
the borders of the RPE cells on the RPE flat mounts, indicating
the possibility of undamaged RPE cells junctional integrity to
some extent. The precise mechanisms relating to the observed
ApB-induced tight junction disruptions still remain unknown.

As well-known, the presence of microglia infiltration plays
a significant role in the inflammatory response caused by A}
deposition and in the clearance or turnover of AR deposition
in the brains of both humans and transgenic mice""*.
Microglia activation occurs early in the retina with retinal
degeneration”. In AD transgenic mice, microglia cells
infiltration has been detected coincidently with the appearance
of AP deposition in the retinas’®”*"". In our experiments, we
observed the accumulation of “dendritic-like” IBA-1 positive
cells in the RPE layer on flat mounts in aged APP/PS1 mice.
Considering IBA-1 as a microglia cell marker and that the
location and appearance of these cells, we proposed they
were microglia cells. Amazingly, we found that microglia
cells were co-stained with AP depositions on RPE flat
mounts. Our work supported that microglia might migrate in
response to AP or AB-induced inflammatory factors, such as
chemokine monocyte chemoattractant protein-1 (MCP-1)%",
and might interact with Af in an internal attempt to remove
it[47-48

in microglia/macrophages cells infiltration beneath the RPE

!, More interestingly, we found a significant increase

layer in the immunofluorescence and TEM tests. This result
appears difficult to explain. Although the number of microglia
cells increased on the RPE layer surface in aged APP/PS1

mice, they may be less capable of clearing waste material
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or AP deposits and appeared overloaded with debris and AP

™1 As a result, more microglia cells were needed to

deposits
be recruited in an attempt to maintain a homeostasis between
the accumulation of AP deposits or cellular debris and their
clearance, as pointed out by Hoh Kam et al'* in aged mice.
The macrophages in choroid vessels, close to the RPE cell,
would be perfect candidates for recruitment; however, if over-
recruited, microglia cells might, in turn, caused RPE/BrM
interface complex degeneration by inducing an inflammatory
reaction””, which was supported by our findings of a thickened
BrM and basal deposition in APP/PS1 mice. But we could
not rule out the role that AP direct toxicity played in RPE/
BrM interface complex degeneration. Future studies should
elucidate the relationship between microglia cells activation
and RPE degeneration caused by A} depositions.

In summary, the aged APP/PS1 mice investigated in this
study demonstrated that AP deposition might cause the RPE
degeneration that is associated with microglia cell infiltration
on RPE flat mounts, which suggests that A might play a
critical role in RPE-related degenerative diseases, such as
AMD.
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