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INTRODUCTION

Misfolding and aggregation of certain proteins are funda-
mental features of neurodegenerative diseases. In AD, genetic
evidence from mutations in the amyloid precursor protein
(APP) and Presenilins strongly implicate AP in the patho-
genesis of familial AD (4, 10). Fibrillogenesis from Af
monomers to oligomers, protofibrils and finally fibrils occurs
via a nucleation dependent polymerization process. This
cascade of AP aggregation can also be induced in vivo by
a single inoculation of Ap-rich brain extract in mouse models
of cerebral amyloidosis that follows a prion-like seeding
mechanism (12, 20). The spreading of AP pathology to other
brain regions originates within the limbic connectome (35)
and is thought to involve the transport of preformed AP
aggregates that nucleate the formation of new amyloid deposits
(11), suggesting an involvement of Af in the seeding process.
There is a growing evidence that aggregated AP in the brain
homogenate is essential for the amyloid-inducing activity.
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Abstract

Aggregation of amyloid-f (Ap) that leads to the formation of plaques in Alzheimer’s
disease (AD) occurs through the stepwise formation of oligomers and fibrils. An
earlier onset of aggregation is obtained upon intracerebral injection of Ap-containing
brain homogenate into human APP transgenic mice that follows a prion-like seeding
mechanism. Immunoprecipitation of these brain extracts with anti-Aff oligomer
antibodies or passive immunization of the recipient animals abrogated the observed
seeding activity, although induced AP deposition was still evident. Here, we establish
that, together with AB monomers, AP oligomers trigger the initial phase of Ap
seeding and that the depletion of oligomeric AP delays the aggregation process,
leading to a transient reduction of seed-induced AP deposits. This work extends
the current knowledge about the role of Ap oligomers beyond its cytotoxic nature
by pointing to a role in the initiation of AP aggregation in vivo. We conclude that
AP oligomers are important for the early initiation phase of the seeding process.

Both, aggregate depletion of these brain extracts as well as
immunizing the recipient-seeded mice with an anti-Af anti-
body prevented seeding (6, 20, 21), while synthetic Ap prepa-
rations accelerated AP pathology but seemed to be less potent
compared to complete brain homogenate (29). The amyloid-
inducing agent was shown to range in size from small, soluble
to proteinase K-resistant assemblies (15). Extended sonification
of the brain extract increased the seeding capacity (15),
whereas treatment with formaldehyde or boiling reduced the
seeding potential (8, 20).

Although many features of the seed-inducing factor have
been uncovered in the past, the role of Af intermediates, in
particular of oligomers, during seeding remains elusive. There
is mounting evidence that oligomers are not only the most
neurotoxic form of AP (14, 31, 34) but also an important
intermediate form that might itself play a role in the aggre-
gation process. Injection of AP oligomers into the lateral
ventricle of nonhuman primates induced AD-like pathology
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such as tau hyperphosphorylation or synaptic loss and accu-
mulated in brain regions associated with memory and cognitive
functions (7). Since passive immunization with antibodies
against AP oligomers resulted in a reduction of plaque burden
and an improvement of cognitive functions in APP transgenic
mice (16, 27, 28), we further investigated the ability of oli-
gomeric AP to influence the seeding process.

MATERIAL AND METHODS

Mice

We used heterozygous SXFAD transgenic mice coexpress-
ing  human APPKSONMETIL  (Sw+I7I6V  (F)+VIITI(Lo)  apd
PSIMHMOLAL286V ynder the control of the neuron-specific
Thy-1 promoter (23) and heterozygous APP23 transgenic
mice (30) expressing human APPKO7ONMGTIL e backcrossed
heterozygous SXFAD and APP23 mice to C57BL/6N mice
to generate heterozygous SXFAD or APP23 mice and non-
transgenic littermates. Animals were group-housed under
specific pathogen-free conditions. Mice were kept under
a 12-h light, 12-h dark cycle with food and water ad libi-
tum. All animal experiments were carried out in accord-
ance with the policies of the state of Baden-Wiirttemberg
under license numbers G13-093 and G16-60.

Preparation of brain extract for intracerebral
injections

Brains from aged (SXFAD 51-week-o0ld/APP23 84-week old)
amyloid-depositing transgenic mice or young 5XFAD mice
(14-week old) were used. After removal of the cerebellum,
the brain samples were immediately fresh frozen on dry
ice and stored at —80°C until use. Samples were homog-
enized at 10% (w/v) in sterile phosphate-buffered saline
(PBS, Lonza), sonicated 3 X 5 s (70% amplitude) and
centrifuged at 3000 g for 5 minutes. The supernatant was
stored until use at —80°C.

Immunoprecipitation of brain extract

For immunoprecipitation (IP), 400 ug of total protein from
brain extract (10% w/v) was diluted in a total volume of
1000 pL. G sepharose beads (GE Healthcare) were washed
3x with PBS and 50 uL per 500-uL diluted brain homoge-
nate were incubated with 1 pL of Ap antibody 3552 (kindly
provided by E. Kremmer, Ludwig Maximilians University,
Munich, Germany) (33) or amyloid oligomeric-specific
antibody All (All, Millipore) overnight by 4°C shaking
head over heel. The supernatant was reused. This experi-
ment was repeated until the remaining oligomers resulted
in greatly reduced band intensities as detected by western
blot probed with A antibody 6E10 (Covance). The cleared
supernatant was used for the experiments.

CSF collection

CSF samples were taken as described previously, with
slight modification (1, 5). CSF samples were taken from
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the cisterna magna of anesthetized mice using glass micro-
pipettes (Stoelting). Samples were checked for blood con-
tamination by visual examination, and those with blood
contamination were excluded from the analysis. The samples
were frozen immediately at —80°C.

Stereotaxic surgery

Mice were anesthetized via intraperitoneal injection of
a mixture of ketamine (100 mg/kg body weight) and
xylazine (10 mg/kg body weight) in saline. For bilateral
stereotactic injections of brain homogenates, a Hamilton
syringe needle was placed into the hippocampus (AP-2.3
mm; lateral = 2.0 mm; DV 2.0 mm) of 6-week-old male
5XFAD mice or 24-week-old male APP23 mice. A volume
of 2.0 uL (or as indicated) was injected at an injection
speed of 1.25 uL/min and the needle was kept in place
for additional 2 minutes before withdrawal. The surgical
site was cleaned with sterile saline and the incision
sutured. Mice were monitored until recovery from
anesthesia.

Passive immunization

For passive immunization 6-week-old male 5XFAD mice
were stereotactically injected with 10% w/v aged brain
homogenate. The weekly antibody treatment with either
100 puL of amyloid oligomeric antibody All (Millipore)
or with 100-uL rabbit IgG as control, started 2 weeks
after stereotactic injections of brain homogenates. Mice
were sacrificed 1 week after the last treatment.

Histology

Mice were deeply anesthetized with a mixture of ketamine
(300 mg per kg) and xylazine (20 mg per kg) and tran-
scardially perfused with ice-cold PBS and 4% paraform-
aldehyde. Brains were removed and postfixed for 24 h in
4% paraformaldehyde (Roti®-Histofix, Roth), followed by
48 h in 30% sucrose (in PBS). Frozen brains were cut
into 25-um-thick coronal serial sections on a sliding micro-
tome (SM2000R, Leica Biosystems, Wetzlar, Germany) and
collected in 5% Gycerol (in PBS). Immunofluorescence
staining was performed using the following antibodies:
rabbit polyclonal antibody 3552 specific for Af 1-40 (kindly
provided by E. Kremmer, Ludwig Maximilians University,
Munich, Germany; diluted 1:3000), rabbit anti-doublecortin
(DCX; 1:5000; abcam), mouse monoclonal anti-NeulN (1:200;
Millipore) and DAPI (Roche) was used as a counterstain.
Dense-core plaques were stained with Thiazine Red (Sigma
Aldrich; 2 uM solution in PBS for 5 minutes at RT fol-
lowed by 3 X 5 minutes washes). Appropriate secondary
antibodies conjugated to Alexa 488 or 555 (1:1500) were
used.

Assessment of A plaque load and cell analysis

Fluorescent images of brain slices were taken using a Zeiss
Axio Imager M2M microscope with a CCD camera. Every
10th brain section was immunostained and Ap load was
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determined as a fraction of the hippocampus immunoreac-
tive for AP using the imaging software ImageJ (National
Institutes of Health freeware). Cell number was quantified
by counting the number of immunoreactive cells for DCX
in the dentate gyrus in a 1 in 10 series of sections through-
out the whole hippocampus; three to five animals per group
and six sections per animal were analyzed. The hippocampal
area was defined based on the mouse brain atlas (26). All
analyses were conducted in a blinded manner. Confocal
images of NeuN-positive cells in the dentate gyrus were
taken with an Olympus confocal microscope (Fluoview FV
1000).

Quantification of Ap by immunoassay

Human AP was measured by a sandwich electrochemilu-
minescence (ECL)-linked immunoassay using the Meso
Scale Discovery Sector Imager 2400, as described previ-
ously (24). For more sensitive detection of Af species, the
MSD Triplex sandwich immunoassay was used (25). All
samples were measured in duplicates.

Immunoblot analysis of injected brain
homogenates and CSF

CSF and Brain homogenates used for injection and immu-
noprecipitation were subjected to SDS-PAGE using 10%-—
20% Tris-tricine gels (Invitrogen). Proteins were transferred
onto a nitrocellulose membrane (0.1-um pore size; Protran;
Whatman) and probed with antibodies specific to human
Ap (6E10, Covance, 1:2000 dilution), and (3552; 1:2000
dilution) or with an antibody specific to oligomers (All,
Millipore, 1:1000 dilution) and visualized using Amersham
ECL plus (GE Healthcare).

Dot blot assay

Two microliters of each sample were transferred onto a
nitrocellulose membrane (0.1-um pore size; Whatman).
Membranes were allowed to air dry and subsequently
immunoblotted using antibodies 6E10 and All and cor-
responding  HRP-conjugated secondary antibodies.
Antibody reactivity was visualized using the ECL reagent.
Bioluminescence was assessed in a Chemidoc MP imaging
system (Bio-Rad, Munich, Germany).

Statistical analysis

Data sets were tested for normality with the Kolmogorov—
Smirnov test and the appropriate parametric or non-
parametric statistical comparison test was carried out
using GraphPad Prism software, version 6.2. Depending
on the outcome, the test used was either parametric or
non-parametric, i.e. one-way ANOVA or the Kruskal-
Wallis test, the 7 test or Mann—Whitney test. Significance
level a was set at 0.05. Reported values are means *
S.E.M.
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RESULTS

Depletion of Ap oligomers delays the initiation
of exogenously induced amyloidosis

We used an indirect approach and injected 6-week-old pre-
depositing SXFAD mice (23) with Ap-containing brain
homogenate (10% w/v) followed by weekly treatment with
either the oligomer-specific antibody All (13) or a polyclonal
IgG serum as control to determine the role of Ap oligomers
in the seed-induced AP plaque development (Figure 1A).
This passive immunization treatment regimen significantly
reduced the seed-induced plaque load, although amyloid
induction was still observed and not completely abolished
(Figure 1B). In an alternative approach, we injected SXFAD
mice either with Ap-containing brain homogenate from aged
5XFAD mice, with brain homogenate immunodepleted with
All for AP oligomers or with brain homogenate immuno-
depleted for AP. Immunoblotting and dot blot assays con-
firmed the presence of total protein and monomeric Af in
both inoculates but significantly less oligomeric A in the
All immunodepleted extract and almost no oligomeric and
monomeric Af in the AB-immunodepleted extract (Figure
1C). Again, quantification of Ap immunoreactivity revealed
that the All-immunodepleted extract yielded a significantly
less induced AP deposition than the complete brain homoge-
nate, whereas the uninjected or wt injected SXFAD controls
at the same age were free of Ap deposits (Figure 1D). Similar
findings were obtained when we injected APP23 mice (30)
with aged APP23 transgenic brain extract or its immuno-
depleted versions (Figure 1E,F), suggesting that the almost
complete absence of oligomeric AP intermediates limits Af
seeding.

Time course of Af seeding

Since seeding was shown to be a time-dependent process
(20), we next performed a time course analysis. The first
seeded AP plaques were observed 6 weeks post-injection
in 80% of 5XFAD mice that had been injected with
complete brain extract but were mostly absent in the
ones injected with immunodepleted brain extract (Figure
2A, C and E) and completely absent in uninjected SXFAD
mice of the same age (Supplementary Figure 1A,B),
indicating that the lack of AP oligomers in the inoculate
delays the onset of seeding. Interestingly, at longer incu-
bation times, the formerly significant difference in the
amount of seeding was diminished and disappeared over
time (Figure 2A,C). The same phenomenon was observed
in APP23 transgenic mice (Figure 2B,C). To account for
the differences in the amount of total Af in the brain
extract measured by ELISA (5XFAD: ratio complete/Af
oligomer IP: 4.5; APP23: ratio complete/Ap oligomer IP:
3), we adjusted the volumes of the All-immunodepleted
brain extract accordingly. However, this adjustment nei-
ther changed the amount of induced AP deposits (Figure
2D) nor did it reach the same percentage of visible
seeding pattern (complete brain homogenate: 80% vs.
increased volume of AP oligomer IP: 40%) at 6 weeks
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Figure 1. Reduction of Ap oligomers diminishes exogenously induced
Ap deposition. A. Schematic representation of the passive immunization
paradigm. 6-week-old 5xFAD transgenic mice were intracerebrally
injected with Ap-containing brain homogenate (10% w/v) from aged
mice, followed by weekly intraperitoneal administration of either A11
antibody or IgG for 5 weeks. B. Immunofluorescence staining against
AB with antibody 3552 (red) and quantification of hippocampal-induced
AP load revealed significantly reduced Ap load in mice passively
immunized with A11 antibody compared to control immunized mice
with IgG (n = 3-5 mice per group) Mann-Whitney test: *P = 0.036. C.
Immunoblot analysis with Ap-specific antibody 6E10 of brain
homogenate from 5xFAD that was used for injections. D. Reduction of
Ap oligomers in the injected brain homogenate significantly reduced
seed-induced Ap deposition in 5xFAD tg mice. E. Immunoblot analysis
with Ap-specific antibody 6E10 of brain homogenate from APP23

Katzmarski et al

transgenic mice that was used for injections. Note that Ap oligomers
were significantly reduced in the aged brain homogenate after several
rounds of immunoprecipitation with A11 antibody (lane 2) and total A
after immunoprecipitation with antibody 3552 (lane 3). Representative
dot blots confirmed the low abundance of total AB/APP and A oligomers
in the A11-depleted brain homogenate. F. Reduction of Ap oligomers in
the injected brain homogenate significantly reduced seed-induced Ap
deposition in APP23 mice. Injection of wt brain homogenate or Ap-
depleted brain homogenate failed to induce seeding in 5xFAD and
APP23 transgenic mice. Confocal images of NeuN-positive neurons
(green) and Ap (red) confirm that the seed-induced Ap deposits are
located extracellularly. Unpaired t-test for 5xFAD mice (n = 4-5 mice
per group): *P = 0.03 and for APP23: ***P = 0.0002. Scale bar in (B, D
and F) indicates 100 pm in the overview and 10 pm in the higher
magnification images in (D and F).

post-injection (Figure 2E). Thus, larger volumes of All-
immunodepleted brain homogenate failed to accelerate
Ap seeding.

Seeding capacity of Af oligomers in CSF and
young brain homogenate

Previous studies have proposed AP peptides, in particular
soluble forms of AP as seeding factor (6, 15, 20, 29), but
the exact AP seeding species still remains elusive. In order
to circumvent the use of artificial synthetic assemblies,
we focused on the cerebrospinal fluid (CSF) and brain
homogenate of young APP transgenic mice (19) as natural
sources for AP oligomers and assessed their potencies to
seed AP plaques. We found excessive amounts of Ap oli-
gomers but only negligible monomeric Ap in both prepa-
rations and especially in CSF (Figures 3A,C and 4A).
However, despite the high abundance of Ap oligomers in
both inoculates, no seeded plaques were observed even
when the injection volumes were doubled (Figures 3B,D
and 4B), indicating that oligomeric Af alone fails to induce
seeding, thus implying the importance of concomitant
monomeric Af bioavailability.

Spreading of induced Ap deposits is
independent of Ap oligomers and has no effect
on newborn neurons

Since exogenously induced cerebral p-amyloidosis in APP
transgenic mice was shown to spread within the limbic
connectome and use neuronal pathways (35), we next com-
pared the efficiency of complete vs. All-immunodepleted
brain homogenate to induce AP spreading and the ability
to induce dense-core plaques. To address this question, we
first analyzed the emergence of AP deposits in the dorsal
subiculum and entorhinal cortex of 5XFAD mice that had
been inoculated with AP seeds into the hippocampal for-
mation. After 10 weeks of incubation, the amount of amyloid
induction was remarkably similar and was not significantly
different between both injection groups in the subiculum
as well as in the entorhinal cortex (Supplementary Figure
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2A). This was also true for the number of seeded Thiazine
Red-positive dense-core plaques in the hippocampus
(Supplementary Figure 2B), suggesting that the formation
of compact plaques was independent of the presence of
All-reactive oligomers in the inoculant.

Due to the cytotoxicity of AP oligomers (32), we finally
assessed the impact of All-reactive oligomers in the inocu-
late on newborn neurons and examined the number of
DCX-positive cells at 2, 8 and 10 weeks post-injection.
As expected, we found a reduction of DCX-positive cells
over time (36), but there was no significant difference
between the two brain homogenate preparations
(Supplementary Figure 3), which is consistent with a recent
publication describing little or no cytotoxic activity of
high molecular weight oligomers (34).

DISCUSSION

In summary, we here report the importance of Ap oli-
gomers for the early and rapid seed-induced aggregation
process as they represent the first nucleation step in the
absence of Ap fibrils. As soon as fibrils are formed in
the diseased brain, further additional aggregation and the
growth of AP deposits follows a pathway independent of
All-reactive oligomers. The formation of these oligomers
could therefore be determined as the time-limiting step.
In the present study, a significant reduction of these All
oligomers in the brain homogenate and the immunization
with All antibody-limited AP seeding and was shown to
influence the initial step of the Ap polymerization process
by delaying the development of seed-induced AP plaques.
However, All-depleted brain homogenate retained its seed-
ing capacity, although to a lesser extent, suggesting that
the remaining monomers are sufficient to induce Af depo-
sition. However, due to our immunoprecipitation procedure,
we can’t rule out completely that Af fibrils might play
a role as well. Interestingly, with longer incubation times,
this difference in the amount of seeding disappeared over
time indicating that once aggregation starts, Ap oligomers
might only play a minor role during the later aggregation
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Figure 2. Seed-induced Ap load aligns with longer incubation time. A.
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for 2, 4, 6 or 10 weeks. First seed-induced Ap deposits appeared at 6
weeks post-injection in mice injected with complete brain homogenate
(white arrow). B. 24-week-old APP23 transgenic mice were injected
with complete brain homogenate or AB oligomer-depleted brain
homogenate and incubated for 6 or 18 weeks. C. The induced Ap load
was nearly similar 10 weeks after injection in 5xFAD mice (upper graph)
and was not significantly different 18 weeks after injection in APP23
mice (lower graph). The cohort of mice for the 8-week time point is
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Figure 3. Seeding capacity of Ap oligomers from murine CSF. A. CSF
from young, 9-week-old 5xFAD mice revealed the presence of AB
oligomers but no monomeric Ap that was confirmed by dot blot analysis.
B. Despite these high levels of oligomeric Ap in the CSF of young mice,
this preparation failed to induce Ap deposition. C. Immunoblot and dot
blot analyses confirmed the abundance of oligomeric AB in the CSF of
21-week-old APP23 transgenic mice as well (each lane represents a
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different CSF probe) when compared to aged brain homogenate. D.
Undiluted murine CSF from APP23 mice was injected into young,
predepositing APP23 transgenic mice and analyzed after a 3-month
incubation period. Neither CSF from APP23 mice nor higher volumes of
the CSF revealed any seed-induced A depositions. Scale bar in (B, D)
indicates 100 pm. (B) n(2.5 pL CSF) = 3; n(5 uL CSF) = 3. (D) n(2.5 pL
CSF) = 3; n(5 yL CSF) = 4. Indicated is the mean + S.E.M.

Brain Pathology 30 (2020) 36-45

© 2019 The Authors. Brain Pathology published by John Wiley & Sons Ltd on behalf of International Society of Neuropathology

35UBD| 7 SUOLILIOD dAIER1D) 3|qedi|dde auyy Aq pausenob afe 9. YO '8N J0 Sa|nJ oy AreiqiT auluQ 8|1 UO (SUOIPUOD-pUe-SWR)WOD AS | 1M AReid 1pUI|UO//:SANY) SUO I IPUOD pUe SWS | 38Ul 89S *[7202/70/62] U0 AriqiTauliuo A3|iIA 'BapoineN N4 wniuez ssyasined Aq +€/21edq/TTTT 0T/10p/wod A |1m Afelq 1 pul|uo//:sdny wouy papeojumod ‘T ‘0202 ‘6€9E0SLT



Katzmarski et al

phase. These results are in agreement with studies dem-
onstrating that polymerization of Af} aggregates can occur
through a secondary pathway that overtakes primary
nucleation as the relevant source of new oligomers (2,
18), supporting the notion that All-reactive oligomers seem
to be important in the early initial phase of the seeding
process. However, despite the high abundance of A oli-
gomers in the CSF and brain homogenate of young APP
transgenic mice, those preparations failed to induce AP
seeding. Thus, monomeric species of Af might be suf-
ficient for the initiation of AP plaque formation which is
in line with a previous finding by another group showing
formaldehyde fixed brain homogenate that contains pre-
dominantly monomeric AP displayed plenty of seeding
capacity (8). Nevertheless, we can’t exclude the possibility
that there is an as yet “unknown” factor and/or Ap fibrils
in the brain homogenate that is missing in the brain
extract of young mice as well as in the CSF. Another
study with similar results attributed the lack of
N-terminally truncated AP species and smaller Ap particles
in the CSF to its failure to induce AP seeding (9). Future
studies should include a detailed biochemical investigation
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Figure 4. Seeding capacity of Ap oligomers from young 5xFAD mice.
A. Immunoblot analysis using SDS-PAGE and dot blot assay (right panel)
revealed the presence of AB oligomers but no monomeric Ap in
brain homogenates of young, 16-week-old 5xFAD transgenic mice.
Membranes were probed with hAp/APP-specific antibody 6E10, 3552 or
Ap oligomer-specific antibody A11. The presence of AB oligomers in
young brain homogenate was also confirmed by dot blot analysis. B.
Immunofluorescence staining against Ap with antibody 3552 (red)
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of both extracts in comparison to aged brain homogenate.
To finally address the question if monomers alone are
sufficient to induce AP seeding, it will be important to
study brain homogenate with significantly reduced mono-
mer content.

In vitro experiments showed that oligomer growth fol-
lows a defined mechanism that is distinct from fibril growth
and independent of the monomer concentration by adding
only one monomer at a time (3, 22). Thus, the missing
part of preformed oligomers will most likely be replenished
by newly generated oligomers, a process that is known
to be less dependent on monomer concentration but on
time, finally extending the lag phase and shifting the
aggregation curve to the right. The fibrils formed afterward
by nucleated conformational conversion of All-reactive
oligomers might grow rapidly due to the increased access
of AB monomers (17). The monomers, as the fundamental
building blocks for all subsequent intermediate forms of
Ap peptides in the aggregation process on the way to
insoluble mature fibrils and finally to amyloid plaques,
should hence be able to form the initial nucleus that is
needed for seed-induced AP deposition.
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showed robust induced A deposition when 10% w/v of aged
brain homogenate was injected, whereas no amyloid deposition
was observed with young brain homogenate even with higher
volumes. Scale bar in (B) represents 100 pm. One-way ANOVA F(2,9)
= 21.09; P = 0.0004; Bonferroni's multiple comparisons test
**P< 0.0021). n(aged brain homogenate) = 5; n(2.5 pL young brain
homogenate) = 4; n(5.0 uL young brain homogenate) = 3. Indicated is
the mean + S.E.M.
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SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s web site:

Figure S1. Induced Ap deposition. (A) Fluorescence micros-
copy of AP (red) and DAPI (blue) in SXFAD mice either 6
weeks or (B) 10 weeks post-injection with transgenic brain
homogenate, or in uninjected control SXFAD animals at the
same age. (C) Fluorescence microscopy of Af (red) and DAPI
(blue) in APP23 mice 18 weeks post-injection with transgenic
brain homogenate or in uninjected control APP23 mice at the
same age. Scale bars represent 100 pm.

Figure S2. Formation of dense core plaques after injection of

oligomer-depleted brain homogenate. (A) Thiazine Red stain-
ing to detect dense core plaques revealed similar numbers of
plaques in the hippocampus (a; insert i and iii) and entorhi-
nal cortex (a; insert ii and iv) of 5XFAD mice 10 weeks after
injection. Mann-Whitney test: n.s. Scale bar in (A) represents
500 pm and in the inserts 100 pm. Indicated is the mean *
S.E.M per group. (B) The number of dense core plaques
within the seeding pattern of the dentate gyrus was not sig-
nificantly different between both injection groups (complete
versus oligomer-depleted brain homogenate; n = 4). Inserts
in the middle panel confirmed the existence of dense-core
plaques within the seeding area by co-labeling of A plaques
(with antibody 3552 in green) and thiazinred. Mann-Whitney
test: n.s. Scale bar in (B) represents 100 pm. Indicated is the
mean = S.E.M per group.

Figure S3. Impact of Ap oligomers on neuronal precursor
cells. Fluorescence microscopy of DCX (red) and DAPI
(blue) at 2, 8 and 10 weeks post-injection. Quantification
of DCX-positive cells in the dentate gyrus of SXFAD trans-
genic mice either injected with complete homogenate or
oligomer-depleted brain homogenate revealed a decrease
in DCX positive cells over time, but no significant differ-
ence between both injection groups was observed (complete
brain homogenate n = 5 for all time points; AP oligomer
IP: n(2, 10 weeks) = 4; n(8 weeks) = 3; Kruskal-Wallis test
**%(,0004; Dunn’s multiple comparisons test). Scale bar
represents 100 pm and in the inserts 20 pm. Indicated is the
mean = S.E.M per group.
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