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Abstract

Background Standard neuropathologic analysis of Alzheimer’s brain relies on traditional fluorescence microscopy,
which suffers from limited spatial resolution due to light diffraction. As a result, it fails to reveal intricate details of amy-
loid plagques. While electron microscopy (EM) offers higher resolution, its extensive sample preparation, involving
fixation, dehydration, embedding, and sectioning, can introduce artifacts and distortions in the complex brain tissue.
Moreover, EM lacks molecular specificity and has limited field of view and imaging depth.

Results In our study, we employed super-resolution Stimulated Emission Depletion (STED) microscopy in conjunc-
tion with the anti-human APP recombinant antibody 1C3 fluorescently labelled with DyLight™633 (1C3-DyLight633).
This combination allowed us to visualize amyloidogenic aggregates in vitro and in brain sections from a 17-month-
old 3xTg-AD mouse with sub-diffraction limited spatial resolution. Remarkably, we achieved a spatial resolution

of 29 nm in vitro and 62 nm in brain tissue sections, surpassing the capabilities of conventional confocal microscopy
by 5-10 times. Consequently, we could discern individual fibrils within plaques, an achievement previously only pos-
sible with EM.

Conclusions The utilization of STED microscopy represents a groundbreaking advancement in the field, enabling
researchers to delve into the characterization of local mechanisms that underlie Amyloid (A) deposition into plaques
and their subsequent clearance. This unprecedented level of detail is especially crucial for comprehending the etiol-
ogy of Alzheimer’s disease and developing the next generation of anti-amyloid treatments. By facilitating the evalua-
tion of drug candidates and non-pharmacological interventions aiming to reduce amyloid burden, STED microscopy
emerges as an indispensable tool for driving scientific progress in Alzheimer’s research.
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Introduction

The major component of plaques found in the brains of
patients with Alzheimer’s disease (AD) are 40—42 amino
acids long amyloid beta (AB) peptides derived from the
amyloid precursor protein (APP) by enzymatic cleavage,
first with B-secretase (BACEL) and then by y-secretase
[1, 2]. Immunohistochemistry has significantly contrib-
uted to mapping the distribution of AP peptides and AP
amyloidogenic fibrils in the brain, both at the inter- and
intracellular level. For example, AB,, was found in the
nuclear envelope and endoplasmic reticulum, whereas
AP, was found to be restricted to the trans-Golgi net-
work [3]. It was early on observed that the intracellular
pathology becomes less evident as the extracellular A
deposition progresses, which has led D’Andrea to pro-
pose that intracellular AP can contribute to the genera-
tion of amyloid plaques in the human brain [4]. More
precisely, using antibodies against AB,, and Ap,,, it was
found that AB,, accumulated in granular bodies inside
pyramidal neurons of AD brains [5]. Based on observa-
tions of an inverse relationship between plaque density
and pyramidal neuron density, chromatin abnormalities
in pyramidal neurons rich in AP,,, larger intracellular
AB,, granules in areas with higher plaque density and
nuclear remnants in the dense core of plaques, it was sug-
gested that AB,, amyloid fibrils first accumulate inside
the neurons which eventually die, releasing their amyloid
content from which the extracellular plaques are being
formed in due course [4]. This notion of an intracellular
pathology preceding extracellular plaque deposition was
also supported by an independent immunocytochemi-
cal study by Gouras et al. [6] showing an age-dependent
accumulation of intraneuronal Ap,, in non-AD subjects,
especially in AD-vulnerable brain regions.

Electron microscopy (EM) has often been used to
examine the structure and morphology of AP aggregates
and aggregates composed of other amyloidogenic pep-
tides. Aggregates originating from ex vivo materials and
from synthetic peptides/proteins in vitro, have appeared
to be similarly elongated (thread-like), unbranching, and
of a comparable diameter (6—10 nm) [7], often consist-
ing of filaments wound around one another [8]. However,
using light microscopy, which has limited spatial reso-
lution of 220 nm at best, the pathological AB-deposits
observed in the brain tissue could only be described in
collective terms, e.g. as amorphous, dense core or diffuse
plaques [9-11], without much relation to the individual
AP fibres seen with EM that were shown to develop pro-
tease resistance [12].

To specifically visualize the fibril network structure of
AP amyloid plaques in brain tissue with improved spa-
tial resolution, we have resorted to Stimulated Emis-
sion Depletion (STED) microscopy. STED microscopy

Page 2 of 9

was first experimentally realized at the turn of the
millennium by the group of S.W. Hell [13], as the first
optical super-resolution technology allowing imaging
with a spatial resolution that goes beyond the barrier
imposed by the diffraction of light. STED images are
constructed by scanning across the sample two concen-
tric lasers, a focused excitation laser beam that is of the
highest intensity at the centre and the so-called STED
laser beam that is of a longer wavelength and has lowest
intensity at its centre and highest at its circumference.
The STED laser forces the excited molecules that are
localized outside its centre to lose energy through stim-
ulated emission and return to the ground state before
being able to emit fluorescence. In this way, spatial
resolution down to tens of nanometers was achieved in
live cells when small molecular probes such as silicon-
rhodamine (SiR) or germano-rhodamine (GeR), aptam-
ers (~ 15 kDa; ~ 4 nm) or nanobodies (~ 13 kDa; ~
2—4 nm) are being used [14]. For immunostaining, the
spatial resolution is somewhat lower due to antibody
size (~ 150 kDa; 10—15 nm) and even lower when a
combination of a primary and a fluorescently labelled
secondary antibody is being used — here the labelling
complex becomes = 30 nm and the probes often cannot
bind to every target molecule due to spatial constraints,
giving rise to “spotty” images and a spatial resolution
that is ~ 40 nm at best [14].

Thus far, STED microscopy has only been used in a
handful of AD-related studies, e.g., to visualize amy-
loid fibrils in vitro [15]; characterize in the cerebro-
spinal fluid (CSF) of individuals with AD the number
and size of AP and tau aggregates [16]; determine the
localization of y-secretase in the neuronal synapse in
mouse hippocampal neurons in culture [17-19]; exam-
ine nanoscale features of spine morphology in the APP/
PS1 mouse model of AD amyloidosis [20]; and visualize
normal, unaggregated tau protein in the mouse brain
[21]. Querol-Vilaseca et al. [22] used super-resolution
in three dimensions by Array Tomography (AT) and
STED microscopy, to characterize non-fibrillar Ap
structures in amyloid plaques in post-mortem human
brain tissue of AD, revealing that an amyloid plaque
is formed by a dense core of higher order AP species
(22 nm®) and a peripheral halo of smaller AB struc-
tures (3 nm?); whereas Hernindez et al. combined
STED with selective plane illumination microscopy
(STED-SPIM) to image AD-related brain pathology
with improved optical slicing [23]. In relation to other
amyloid diseases, STED microscopy of cellular uptake
of a-synuclein oligomers, putative causative agents in
Parkinson’s disease, was recently described [24] and
STED imaging of a Thioflavin T labelled amyloid of
an a-synuclein mutant was developed [25]; STED was
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used to characterize huntingtin aggregates and seques-
tration in inclusion bodies [26], and to visualize apofer-
ritin amyloid fibrils formation [27].

Recent success in the development of immunotherapies
against AB for the treatment of AD [28] have renewed
the interest in characterising the affinity profile and bind-
ing kinetics of monoclonal antibody drug candidates [29,
30], and have also highlighted the need for characteriz-
ing local mechanisms through which plaque formation/
clearance is achieved. In this study, we show that STED
microscopy allows us to visualize individual fibrils in
plaques in brain tissue sections at a spatial resolution that
is 5-10 times better than using conventional confocal
microscopy.

Materials and methods

Animals and brain sections

Experiments were performed in accordance with the
relevant guidelines from the Swedish National Board
for Laboratory Animals, the Spanish legislation and the
European Community Council Directive (2010/63/UE)
on this subject under the protocol CEEAH 3588/ DMAH
9452. The present study includes the analysis of brain
sections from one 17-month-old 3xTg-AD mouse bear-
ing three human mutant genes: presenilin-1 (PS1) with
the M146V mutation, the human APP gene with the
Swedish mutation, and tau with the P301L mutation [31].
Mice were kept under standard laboratory conditions
at Universitat Autonoma de Barcelona, with food and
water ad libitum, T = (22+2) °C, under a 12:12 h light:
dark cycle and relative humidity of 40-60%. Euthanasia
was performed using CO,. The brains were quickly dis-
sected and immediately frozen on dry ice, followed by
storage at —80 °C. Sagittal sections of 16 um thickness
were cut using a cryostat (Leica Jung CM 3000, Leica
Microsystems, Wetzlar, Germany) at approximately —20
°C. Sections were collected on Superfrost Plus glass slides
(Gerhard Menzel GmbH, Braunschweig, Germany) and
stored at —20 °C. Sections cut at 2.88-2.90 mm from
brain’s midline were selected and processed for immuno-
histochemistry as described below.

Antibodies

Monoclonal anti-human APP recombinant antibody 1C3
that detects the linear N-terminal fragment comprising
residues 2—8 and is not conformation specific [32] fluo-
rescently labelled with DyLight™ 633.

Immunohistochemistry

For immunohistochemistry, brain tissue sections
were blocked for 30 min with 10% horse serum, 5 mg/
ml bovine serum albumin and 0.2% Triton X-100
in PBS. For amyloid plaque visualization, AD brain
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tissue sections were immunostained for 1 h using 500
nM 1C3-DyLight633 (BioArctic, Stockholm, Swe-
den). In immunohistochemistry control experiments,
1C3-DyLight633 binding was blocked by simultane-
ous co-incubation with unlabelled AB,, in large excess,
100 pg/ml (23 pM). For nuclear staining, the ProLong'
Gold Antifade Mountant with DAPI (ThermoFisher,
P36935) was used following manufacturer’s instructions.

AB,4, aggregation in vitro

50 pg of the human recombinant Af,, peptide (Alexo-
Tech AB, Umed, Sweden) was dissolved in 50 ul of 10
mM NaOH and incubated at room temperature for
1 min. The peptide/NaOH solution was diluted to 10 uM
peptide concentration with 20 mM HEPES buffer (pH
7.4) and incubated at room temperature for 1 h while stir-
ring at 1100 rpm. After turning off the stirrer, the sample
was allowed to rest and a 5 pl aliquot of AP,, aggregates
that accumulated at the bottom of the reaction vessel was
pipetted out and transferred to the grid for EM imaging.
For STED microscopy, a 100 ul aliquot of AB,, aggre-
gates that accumulated at the bottom of the reaction
vessel was pipetted out, mixed with 1C3-DyLight633 to
a 1C3-DyLight633 concentration of 500 nM, transferred
to a #1.5 coverglass (VWR, 631 —0136) and imaged. The
AB,, aggregates were always freshly prepared before
imaging.

Transmission Electron Microscopy (TEM) imaging

A formvar coated TEM grid stabilized with evaporated
carbon film on 200 mesh copper (Formvar/Carbon Film
coated, 200 Mesh, Cu) was first hydrophilized by treat-
ment in an EMS 100x glow discharge unit for 45 s at the
current of 25 mA. Thereafter, a 5 pl aliquot of freshly
prepared AP, aggregates was transferred to the grid and
incubated for 1 min at room temperature. The droplet
was removed with a pipette and the specimen was nega-
tively stained following the procedure described by Keller
et al. [33]. Briefly, a 5 pl droplet of freshly prepared 1%
uranyl acetate (UAc) was applied to the grid and incu-
bated for a few seconds. The UAc droplet was removed
and a fresh 5 ul UAc droplet was applied. The application-
removal cycle was repeated seven times. Following the
removal of the last droplet, the sample was air-dried for
several minutes and subjected to TEM imaging using a
Talos L120C transmission electron microscope (Thermo
Fisher Scientific) operating at 120 kV. The images were
acquired using a Ceta-D camera.

Confocal laser scanning Microscopy (CLSM) imaging

of whole brain tissue sections

CLSM imaging was performed using an LSM880
(Carl Zeiss) microscope system equipped with a
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633 nm He-Ne laser, objective lens (Plan-Apochromat
10x/N.A. 0.45 M27), and a 32-channel gallium arsenide
phosphide (GaAsP) spectral detector. DyLight™633
fluorescence was excited using the 633 nm HeNe laser.
The pinhole size was 90 pum. Fluorescence was spec-
trally split by gratings and detected in the 638—755 nm
range by the GaAsP detector. The tile scan function was
used to acquire an image series of neighboring fields of
view and construct images of the whole mouse brain
tissue section (size: 9 mm X 7 mm).

Stimulated Emission Depletion (STED) microscopy imaging
Super-resolution STED and related CLSM images
were acquired at the same position using the STEDY-
CON compact line nanoscope (Abberior Instruments
GmbH, Goéttingen, Germany) mounted on an Zeiss
Axio Imager Z2 (Carl Zeiss) microscope. The STEDY-
CON nanoscope unit is equipped with a 405 nm con-
tinuous wavelength laser, a 640 nm pulsed excitation
laser and a 775 nm pulsed STED laser; oil immersion
objective (Plan-Apochromat 100x/N.A. 1.46 Oil DIC
M27) and avalanche diode detectors (APDs). DAPI and
DyLight633 fluorescence were excited using the 405 nm
and the 640 nm lasers, respectively. The pinhole size
was 64 um. The fluorescence was split and detected by
distinct APDs (DAPI: 420-475 nm, DyLight633: 650—
700 nm). The STED laser power was set to 98% (maxi-
mum power) to acquire images with the highest spatial
resolution possible.

Results

Super-resolution STED imaging of in vitro formed AB,,
aggregates

A STED image of AP,, aggregates formed in vitro and
immune-stained using the antibody 1C3-DyLight633
(Fig. 1A), showed spatially well-resolved fibrils (Fig. 1A
and B) that could not be easily discerned in the diffrac-
tion-limited image acquired by conventional confocal
microscopy (Fig. 1C). TEM imaging (Fig. 1D), con-
firmed the STED microscopy findings, convincingly
showing that most of the precipitated aggregates are
either single-thread filaments or twisted two-thread
filaments (Fig. 1D). The smallest filament thickness,
29 nm, and average fibril thickness, (44 + 13) nm, were
discernable by STED microscopy, as evident from the
full width at half-maximum (FWHM) of the fluores-
cence intensity distribution across the fibril (Fig. 1B).
Given the antibody size (10-15 nm) and the thickness
of the filament/fibril (7-14 nm), this value is in good
agreement with the true size of the fibril-antibody
complex.
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Fig. 1 Super-resolution STED microscopy and TEM images of in vitro
formed AB,, aggregates. A Super-resolution STED microscopy
image of in vitro formed AB,, aggregates rendered visible using
1C3-DyLight633. Scale bar 2 um. B Fluorescence intensity profile
along the fibril highlighted by yellow arrows showing a fibril
diameter of 44 nm. C The diffraction-limited CLSM image of AR,
aggregates shown in A. Scale bar 2 um. D Negatively stained TEM
image of in vitro formed ApB,, aggregates showing single-threaded
filaments (7 + 2) nm and twisted two-filament fibers (14 + 1) nm.
Scale bar 100 nm

Super-resolution STED imaging of AP aggregates in brain
tissue sections

Whole mouse brain tissue sections (Fig. 2A) showed dis-
tinct regions of AP aggregates’ accumulation (Fig. 2B)
that were not observed in the negative control experi-
ments, where antibody binding was blocked using a large
excess (45-50 higher amount) of unlabelled A, peptide
(Fig. 2C). The photon count level in the negative control
(Fig. 2C) was similar in intensity to the level measured in
the brain regions devoid of A aggregate deposits, PC ~
7 photons. These results indicate that the 1C3 antibody
against AP specifically recognizes AP aggregates in the
mouse brain tissue, without giving rise to an increased
background due to unspecific binding. This further
implies that the fluorescence signal above the back-
ground level, which was observed around the clearly dis-
cerned fibrils in the AP plaque, is due to monomeric AP
and possibly also small-sized A oligomers that could not
be discerned by STED microscopy.

For further imaging with STED microscopy, we
selected three brain regions where plaques were observed
(Fig. 2B, yellow rectangles). The super-resolution STED
images (Fig. 3A, 5 with corresponding CLSM images
shown in Fig. 3B, ), reveal that the smallest and the aver-
age fibril thickness determined by STED were 62 nm
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Fig. 2 CLSM images of A amyloidogenic aggregates in a brain tissue section from a 17 months old 3XTgAD mouse. A Large-capture tile &

stich CLSM image of a sagittal mouse brain section showing A amyloid aggregates in the hippocampus (left) and the cerebral cortex (right),
visualized using 1C3-DyLight633. Scale bar 2 mm. B Magnified CLSM image of the rectangular area highlighted in A. Different regions selected

for super-resolution STED microscopy imaging (shown in Fig. 3) indicate: a small plaque (1), plague outskirt (2) and a detail of a large plaque (3).
Scale bar 10 um. € Immunohistochemical control obtained by displacing 1C3-DyLight633 by simultaneous incubation with unlabelled AB,, in large
excess, (roughly 45 or 50 X higher). The average photon count in the background shown in C, PCyy = 7 photons, is the same as the background in B,
indicating that: (1) nonspecific binding of 1C3-DyLight633 is low and (2) regions characterized by fluorescence > PC,,; indicate the presence of AR
monomers/small-sized oligomers that could not be resolved by STED imaging. Scale bar 10 um

and (86 + 18) nm, respectively (Fig. 3C;), compared to
(320 + 80) nm by CLSM. The STED images also showed
that it was possible to successfully resolve two Ap fibrils
within a close distance, d=260 nm, from one another
(Fig. 3C,). Finally, dual-colour imaging with DAPI and
1C3-DyLight633 (Fig. 3A; and B;), compellingly showed
that STED microscopy can resolve individual Ap amyloid
fibrils in cell-dense regions neighbouring the plaque, as
well as within the plaque.

Discussion

This paper introduces super-resolution STED imag-
ing of immunostained amyloid deposits in vitro (Fig. 1)
and in brain tissue sections from an animal AD model
(Fig. 3). STED microscopy enabled us to resolve details
of the plaque structure that could not be resolved by
confocal microscopy. Most notably, we were able to dis-
cern individual fibrils laying on top of one another in an
untidy pile (Fig. 1A) that appeared by confocal imaging
as a blurred diffuse smear (Fig. 1C) and measure their
size—the average diameter of the in vitro formed fibrils
was about (44 + 13) nm in vitro, with the smallest diam-
eter measured being 29 nm and the largest one 68 nm.
The amyloid structures in brain tissue sections resolved
in the present study are elongated, unbranched fibrils of
an average fibril thickness of (86 + 18) nm, ranging from
62 to 120 nm (Fig. 3), matching those in a recent in vitro
STED study of an a-synuclein mutant with a 63-residue

truncation in the N-terminal region that reported fine
structures not resolved in confocal microscopy at a spa-
tial resolution of 60—70 nm [25].

Based on the obtained results, several important
STED microscopy applications are envisaged that could
improve AD diagnostics and our understanding of basic
mechanisms underlying AD.

Most notably, by pushing the boundaries of spatial
resolution, AP tissue pathology can be examined at the
nanoscale without resorting to EM. While indispensable
in biomedical research—EM has been used to visualize
with supreme spatial resolution details of synthetic amy-
loids structure in vitro, revealing the spacing between
B-strands in a pleated [-sheet at a distance of 0.47 nm,
protofilaments diameter of 3 nm, and fibrils of 8—10 nm
in diameter (reviewed in [8]); has shown that different
peptides/proteins, irrespective of their primary struc-
ture, chain length and native conformation, can acquire
a prototypical, fibrillar amyloid structure [34-36]; and
that amyloid filaments (dispersed to be suitable for cryo-
EM reconstruction) may show AD-specific differences
in interprotofilament packing [37], diagnostic EM is
not widely available. The possibility to visualize AP tis-
sue pathology at the nanoscale spatial resolution using
STED microscopy is of relevance as the local environ-
ment in which peptides/proteins assemble into amyloid
fibrils may significantly affect their morphology, giving
rise to variations in twist periodicity, number of bundled
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Fig. 3 STED and CLSM images of A amyloid aggregates in a brain tissue section from a 17 months old 3XTgAD mouse. A1/B1 STED (A1)

and CLSM (B1) images of a small plague. The yellow arrows point to a detail at the plaque outskirt. C1 Fluorescence intensity distribution profile
shows that the detail from A1/B1 is a single fiber with an apparent diameter of 87 nm measured by STED (black squares and corresponding
Gaussian fit (red line)) and 320 nm by Confocal (grey diamonds and corresponding Gaussian fit (blue line)). A2/B2 STED (A2) and CLSM (B2) images
of a detail in the small plaque (magnified in A2'/B2’) showing bundled fibers that are clearly distinguishable by STED, but not by Confocal imaging.
C2 Fluorescence intensity distribution profile shows that STED could distinguish two fibers, 80 and 110 nm in diameter, that are 260 nm apart
(black squares and corresponding Gaussian fit (red line)), whereas confocal imaging showed a blurred rod-like structure with a broad, single-peak
fluorescence intensity distribution profile (grey diamonds and corresponding Gaussian fit (blue line)). A3/B3 STED (A3) and CLSM (B3) images

of a cell-dense area (DAPI nuclear stain (blue)), showing short fibrils in the perinuclear region and long fibrils located between cells that are hardly
visible due to the large extracellular depositions of structured aggregates present nearby, where the 1C3-DyLight633 antibody binds in a large

excess (red). Scale bar in all images is 2 um
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filaments, sheet-like rather than ribbon-like assem-
blies etc. [38]. Hence, morphological analysis of plaques
nanoscale structure may better reflect underlying AD
pathology.

Optimal use of antibodies and other staining in AD
diagnostics is far from settled. Comparison of tradition-
ally used methods for AP amyloid plaque labelling, e.g.
Congo red, Gallyas silver staining and Thioflavin-S, with
one of the more commonly used antibodies for immu-
nohistochemistry [39], antibody cross-reactivity analysis
[40], and inter-laboratory comparison of neuropatho-
logical assessments of AP [41], showed good agreement
in dichotomized valuations, presence/absence of Af
plaques, but limited agreement in any more elaborate
quantification analysis. In this context, the use of super-
resolution microscopy and monoclonal antibodies that
selectively reacts with AP aggregates, including soluble
oligomers and insoluble fibrils, but do not bind to the
monomers present in large excess, could be of high value
as it could result in histopathological diagnostics that bet-
ter reflect underlying pathology. Structured Ap amyloid
fibrils rather than unstructured protein aggregates are
stable to the action of denaturing agents and proteases,
and they have the mechanical strength of industrial
materials [42]. The ability to observe individual Ap amy-
loid fibrils with high resolution and sensitivity in relation
to cell structures (Fig. 3A;), may enable studies on how
amyloid fibrils cause damage to neighbouring cells. Stud-
ies of the anatomical relationship between fibrils and cell
structure are important as there is evidence that amyloid
fibrils can mechanically distort adjacent cells [43].

Spread of AP via neuro-anatomical pathways may be
characterized in detail. For example, Armstrong and co-
workers have compared the spatial patterns of amyloid
deposits in sporadic AD and Down’s syndrome, finding
that different disorders show considerable similarities
in the spatial patterns of AP deposits, which may, in
turn, suggest that the spread of AP via neuro-anatomi-
cal pathways may be common to several disorders [11].
However, differences were also observed among disor-
ders. For example, the diffuse AP deposits were more
frequently distributed in regular clusters in AD, while
cluster sizes of the diffuse and primitive deposits were
significantly smaller in chronic traumatic encephalopa-
thy [11]. Results from intracerebral injection of AB-rich
brain extracts suggest that AP aggregation can be ini-
tiated by seeding [44]. Interestingly, it has been found
that tau misfolding can propagate between individual
hippocampal neurons [45]. The STED methodology can
be useful for studies of such propagation, and it will be
interesting to know whether similar transfer holds for
AP, as network patterns of AP deposition have been
described in Parkinson’s disease [46]. Astrocytes may

Page 7 of 9

also play a role, as there is evidence for toxic AP oli-
gomers induced self-replication in astrocytes triggering
neuronal injury [47, 48] developed spatially extended
nucleation-aggregation-fragmentation models for the
dynamics of prion-like neurodegenerative protein-
spreading in the brain. The prion-like hypothesis of
neurodegenerative diseases states that the accumula-
tion of misfolded proteins in the form of aggregates is
responsible for tissue death and associated neurode-
generative pathology and cognitive decline. The spread-
ing and aggregation of both AP and tau molecules in
the brain connectome has recently been modelled
[49]. In a mouse model, a “feed-forward” mechanism
whereby AP plaques enhance endogenous a-synuclein
seeding and spreading over time post-injection has
been proposed [50].

Finally, recent success in the development of immu-
notherapies against Ap for the treatment of AD that
were shown to reduce the amyloid load [28], underline
the need for observing at the nanoscale spatial resolu-
tion local plaque clearance mechanisms while monitor-
ing the therapeutic efficacy of these treatments. STED
microscopy may also shed light on our understanding
of mechanisms through which negative side effects may
arise [44] and may also help us understand how amy-
loid deposition builds-up/is cleared within cerebral
vessels in cerebral amyloid angiopathy (CAA).
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