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ABSTRACT
The amyloid cascade hypothesis, proposed over 30 years ago, places amyloid-β (Aβ) at the center of Alzheimer's disease (AD) 
pathogenesis. Though controversial, recent clinical successes with Aβ-targeting therapies have reinforced its importance. 
However, these treatments have shown only modest clinical benefits in line with a two-stage AD progression: an early phase 
driven by Aβ-seed and a later phase that progresses at least partly independently of Aβ. Evidence of Aβ seed transmission in 
humans raises both therapeutic potential and biosafety concerns. This review explores current understanding of Aβ seeds, in-
cluding challenges in studying such seeds, model systems to study Aβ seeds, and biosafety issues when working with Aβ seeds.

1   |   Introduction

Since the proposal of the amyloid cascade hypothesis more than 
30 years ago, the amyloid beta peptide (Aβ) has been at the cen-
ter of debates about the main cause of Alzheimer's disease (AD) 
(Selkoe and Hardy  2016; Kepp et  al.  2023). These discussions 
have not been without controversy, even to the extent of rejecting 
a possible role for Aβ in AD pathology (Herrup 2015). However, 
recent positive outcomes of large phase III clinical studies target-
ing Aβ aggregates, along with the approval of Aβ-based immu-
notherapies in many countries around the world, have positioned 
Aβ as a leading target for disease-modifying AD therapies (van 
Dyck et al. 2023; Hampel et al. 2021). Nevertheless, the effects 
of Aβ immunotherapy on the clinical progression of the disease 
were small, and a large body of evidence now suggests that AD 

progresses in two phases: an early phase in which pathogenesis is 
driven by Aβ aggregation, and a later phase in which AD progres-
sion becomes at least partly independent of the massive amount 
of Aβ deposition that is present in this later phase (Jucker and 
Walker 2023; De Strooper and Karran 2016). For these reasons, 
the focus of Aβ-centered research and clinical intervention is 
shifting from the relatively large Aβ plaques, which represent an 
endpoint in the aggregation cascade, to Aβ seeds, much smaller 
bioactive assemblies that propagate throughout the brain and are 
thought to be a critical early driver of AD pathogenesis. Research 
in animal models has shown that this pathogenic process closely 
resembles the endogenous action of prions in neurodegener-
ative prionopathies such as Creutzfeldt-Jakob disease (Jucker 
and Walker 2018, 2024; Uhlmann et al. 2020). In addition, sub-
stantial evidence has been provided for the transmission of Aβ 
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seeds in humans (Gomez-Gutierrez and Morales 2020; Banerjee 
et al. 2024). A better understanding of the prion-like properties of 
Aβ seeds and, especially, how and where the propagation of ab-
errant Aβ starts in the brain is key to designing novel therapeutic 
approaches targeting the initial stage of AD. However, the prion-
like molecular mechanism of Aβ propagation also has raised sev-
eral safety questions about how to handle human and synthetic 
Aβ seed-containing samples.

Here we summarize the current knowledge on the nature and 
propagation of Aβ seeds. We also highlight the difficulties of 
studying Aβ seeds and review current model systems to study 
pathogenic Aβ assemblies. Finally, we provide an update on the 
transmission of Aβ seeds and the biosafety issues.

2   |   Aβ Seeds and the Initial Stage of AD

Aβ misfolding propagates through the brain by a prion-like 
mechanism in which small seeding-active nuclei template the 
misfolding and aggregation of naïve Aβ monomers into higher 
aggregation states, ranging from small soluble oligomers to large 
mature plaques (Figure 1). Therefore, such seeding-active nuclei 
(i.e., seeds) might represent the smallest pathogenic unit in the 
aggregation and deposition of Aβ (Hampel et  al.  2021; Jucker 
and Walker 2018).

In AD, Aβ aggregation and deposition in the brain starts more 
than 20 years before the onset of symptoms, potentially offer-
ing a wide timeframe for preventive Aβ-based therapies (Jia 
et al. 2024; Bateman et al. 2012). However, the variety of Aβ ag-
gregates, together with other characteristics such as the existence 

of conformationally distinct strains, makes it difficult to select 
the proper molecular target for the initial stage of Aβ aggrega-
tion (Lau et al. 2021; Panza et al. 2019). In mouse models and AD 
brain, Aβ aggregates at early amyloid stages show a higher seed-
ing potency when compared with aggregates found at later stages 
(Condello et al. 2022; Ye et al. 2017). Not only the disease stage 
is important for seeding activity but also the aggregation state of 
Aβ. Small soluble oligomers seem to be the most seeding-active 
Aβ species, being crucial for the initial stage of Aβ aggregation 
(Katzmarski et al. 2020; Langer et al. 2011). Such seeding-active 
oligomers have been termed “on-pathway” to differentiate 
them from oligomers that are not part of the aggregation pro-
cess (termed “off-pathway”) (Muschol and Hoyer  2023; Oren 
et al. 2021) (Figure 1). Remarkably, soluble Aβ oligomers are pres-
ent in the brain (Sideris et al. 2021) and CSF (Blömeke et al. 2024) 
of early-stage AD patients, although it is unclear whether such 
oligomers are seeding active, as is the case for soluble oligomers 
from late-stage AD patients (Song et al. 2025). The importance 
of soluble aggregates in AD pathogenesis may be in line with 
the assumption that Lecanemab, the recently approved anti-Aβ 
immunotherapy, binds preferentially to oligomeric forms of Aβ 
aggregates (van Dyck et al. 2023; Söderberg et al. 2023; Meilandt 
et al. 2019; Ostrowitzki et al. 2022; Fertan et al. 2024).

The aggregation of Aβ follows a nucleation-dependent model 
that begins with a lag phase in which small seeding-active nuclei 
(Aβ seeds) are formed, but Aβ deposition cannot be detected yet 
(Jarrett and Lansbury 1993; Arosio et al. 2015). Consistent with 
such in vitro findings, pre-amyloid Aβ seeds have been detected 
in the brains of transgenic (tg) mouse models overexpressing 
the β-amyloid precursor protein (APP) (Uhlmann et  al.  2020). 
Acute immunotherapy of pre-depositing APP tg mice with an 

FIGURE 1    |    Aggregation of amyloid beta (Aβ). Amyloid aggregation of Aβ is represented in brown. Aβ seeds form through nucleation from Aβ 
monomers and initiates the aggregation process that leads to the formation of amyloid fibrils. Different aggregation states are shown, including “on-
pathway” oligomers which will grow into a fibril state. It should be noted that the exact nature of Aβ seeds is unknown although current evidence 
suggests a soluble oligomeric conformation. Alternatively, “off-pathway” oligomers can form from Aβ monomers. Such oligomers will not convert 
into fibrils, but they compete with the formation of amyloid fibrils by depleting the Aβ monomers pool.
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Aβ antibody (Aducanumab) led to a significant reduction of 
Aβ deposition and associated neurodegeneration later in life 
(Uhlmann et al. 2020). This finding indicates that bioactive Aβ 
seeds already exist during the lag phase of protein aggregation in 
the brain, and that their targeting and removal might represent 
the most suitable therapeutic target for AD prevention.

3   |   Nature of Aβ Seeds

The exact molecular nature of Aβ seeds is currently elusive, 
posing a major challenge for scientists working in the AD field. 
In vivo experiments have repeatedly demonstrated that Aβ ag-
gregation can be induced in the brains of young APP transgenic 
mice by intracerebral injection of Aβ-laden brain homogenates 
(Langer et al. 2011; Jucker and Walker 2013; Meyer-Luehmann 
et  al.  2006). However, no specific conformation can currently 
be assigned to Aβ seeds, as different aggregate forms can trig-
ger seeding—albeit with sometimes large differences in their 
respective efficiency. There is evidence that intracerebral Aβ 
aggregation can be induced by small, soluble Aβ seeds from the 
brain parenchyma (Langer et al. 2011), by Aβ seeds isolated from 
various cellular compartments and intracellular membranes 
(Marzesco et  al.  2016), by purified Aβ fibrils from the brain, 
and by aggregated synthetic Aβ (Stöhr et  al.  2012; Novotny 
et  al.  2016; Kollmer et  al.  2019). While Aβ in the brain forms 
the most active seeds, Aβ from the cerebrospinal fluid of trans-
genic mice and AD patients seems to be inert (Fritschi, Langer, 
et al. 2014). Interestingly, however, a recent publication reported 
seeding activity of plasma Aβ (Jia et al. 2022). Since several Aβ 
assemblies with different aggregation states are capable of act-
ing as seeds, it is difficult to assign a specific conformation to Aβ 
seeds, although a soluble oligomeric nature of the Aβ seed might 
be the most plausible entity.

Aβ seeds can persist in the living brain for months following ex-
ogenous injection (Ye, Fritschi, et al. 2015). To this end, App-null 
mice were inoculated with Aβ seeds. Up to 6 months later, brain 
extracts from these inoculated App-null mice were still seeding 
actively. Thus, Aβ seeds can successfully escape parenchymal 
degradation and clearance mechanisms for at least 6 months, 
which is a substantial time in a mouse's lifespan. How Aβ seeds 
escape degradation remains unclear. Aβ aggregates injected into 
the peritoneal cavity could be detected in blood monocytes up to 
1 week after initial seed inoculation, but the seeding activity of 
the material in monocytes was not tested (Eisele et al. 2014). Aβ 
aggregates can be degraded by cells of the monocyte lineage (Ye, 
Fritschi, et  al.  2015; Majumdar et  al.  2008; Zaghi et  al.  2009). 
Whether Aβ seeds are transported by monocytes and released 
before the degradation processes are complete or whether seeds 
can resist degradation in monocytes is unknown.

The observation that Aβ seeds can exist in the brain at levels 
below their detectability by routine methods is problematic 
(Uhlmann et  al.  2020). Although new, ultrasensitive ELISA-
based detection methods might help to overcome this problem 
(Yang et al. 2015), the major problem remains that the molecular 
composition of seeds remains unknown. What is known is that 
brain-derived Aβ seeds exhibit a much higher biological activ-
ity compared to the seeds from synthetic Aβ (Stöhr et al. 2014). 
It would be of considerable importance to establish where Aβ 

seeds initially emerge and from where they start the pathologi-
cal seeding cascade that ultimately results in AD.

4   |   Cellular Origin of Aβ Seeds

A neuronal origin for Aβ seeds and their propagation through-
out neural networks has been demonstrated in tg mice with 
neuronal expression of APP on an endogenous App-deficient 
background (Eisele et al. 2014; Calhoun et al. 1999). Evidence 
for both extracellular and intraneuronal Aβ seed formation 
has been provided (Ye et al. 2017; Eisele and Duyckaerts 2016; 
Olsson et  al.  2018). More recently, oligodendrocytes, microg-
lia, and neuronal lysosomes have been suggested as a source of 
Aβ seeds.

Oligodendrocytes produce Aβ with an elevated 42/40 amino 
acid ratio, which suggests a high capacity to form oligomers 
(Rajani et al. 2024; Kuperstein et al. 2010). Indeed, Aβ from oli-
godendrocytes contributes to cerebral Aβ deposition, as shown 
by the reduction of Aβ plaque burden after selective suppression 
of the Aβ rate-limiting generating protease BACE1 specifically 
in oligodendrocytes (Rajani et al. 2024; Ishii et al. 2024; Sasmita 
et al. 2024). Nevertheless, also in these models, it appears that 
neuron-derived Aβ is responsible for the initial seeding and 
propagation of Aβ, while oligodendrocyte-derived Aβ might be 
involved in further Aβ seed propagation and plaque growth.

Microglia are well-known contributing factors to AD risk and pa-
thology by their role in neuroinflammation (Hampel et al. 2021). 
In addition to their role in neuroinflammation (Botella Lucena 
and Heneka 2024), there is evidence that microglia are involved 
in Aβ seed formation. Non-plaque-associated microglia accumu-
late Aβ aggregates within their lysosomes that can be released 
after cellular death, potentially contributing to plaque formation 
(although the seeding activity of such lysosomal aggregates has 
not been demonstrated) (Spangenberg et al. 2019). Besides, it has 
been suggested that microglia can contribute to Aβ pathology 
by carrying Aβ seeds and propagating them through the brain 
(Huang et al. 2021; d'Errico et al. 2022). Moreover, ASC specks, 
which are structures released by microglia after inflammasome 
activation, bind to Aβ, increasing aggregation and deposition 
(Friker et  al.  2020; Venegas et  al.  2017). Recently, ApoE has 
emerged as a potential mediator of the role of microglia on Aβ 
aggregation (Kaji et al. 2024). In a series of elegant experiments, 
Kaji et al. showed that ApoE aggregates can act as seeds for Aβ 
aggregation inside microglial lysosomes. Interestingly, ApoE co-
aggregates with Aβ in the initial stage of Aβ aggregation but not 
in later stages (Xia et al. 2024).

Although the association of neuronal lysosomes with the intra-
cellular accumulation and aggregation of Aβ has been known 
for years (Olsson et al. 2018; Gouras et al. 2000; Hu et al. 2009; 
Yang et  al.  2011), new research has brought these organelles 
into focus again. In normal conditions, the autophagic pathway 
clears Aβ through lysosomes, whereas in AD this pathway is 
impaired (Nixon 2024). In mouse models of amyloid pathology, 
lysosomal deficiencies arise at an early stage, leading to poorly 
acidified lysosomes where APP-β-C-terminal fragment and Aβ 
build up. This accumulation leads to perinuclear amyloid that 
might be the origin of Aβ plaques (Lee et al. 2022). This finding 
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brings back the idea of an intracellular origin for Aβ seeds (Hu 
et al. 2009; Nilsson et al. 2013; Gouras et al. 2014). However, re-
combinant Aβ oligomerization seems to be enhanced by the ly-
sosomal low pH in normal conditions (Schützmann et al. 2021), 
which is somewhat in contrast to the proposed role of faulty 
acidification in Aβ aggregation, although such lysosomal 
oligomerization may refer to “off-pathway” Aβ oligomers (see 
above). Hence, faulty acidification might shift Aβ kinetics from 
“off-pathway” Aβ oligomers toward fibrillization, with initial 
seed formation and subsequent perinuclear aggregation. More 
research is needed on the role of lysosomes in the formation 
and propagation of Aβ seeds.

5   |   Models to Study Aβ Seeds

Aβ research has mainly focused on the use of APP transgenic 
(tg) rodent models. Although these models only replicate 

certain aspects of AD pathology, they are ideal to study Aβ 
seeding (Sasaguri et  al.  2017; Ulm et  al.  2021). APP tg ro-
dent models provide information on how Aβ seeds propagate 
throughout anatomical structures of the brain, how plaque 
conformation is influenced by the conformation of the orig-
inal seeds, and how differences in susceptibility to Aβ inoc-
ulation depend on the host environment, that is, the specific 
model used (Figure 2).

Aβ seeding is usually initiated with intracranial injection of 
aggregated Aβ-laden brain material or synthetic aggregated 
Aβ into the hippocampus or cortex of tg rodent models (Meyer-
Luehmann et  al.  2006; Ye, Fritschi, et  al.  2015; Rasmussen 
et al. 2017; Li et al. 2022; Yue et al. 2021; Hérard et al. 2020; 
Ye, Hamaguchi, et  al.  2015). The chosen injection site of Aβ 
seeds is crucial for the subsequent pathological protein aggre-
gation. While the induction of Aβ aggregation is usually abun-
dant in the vicinity of the injection site, it is also detectable in 

FIGURE 2    |    Transmission and biosafety of amyloid beta (Aβ) seeds. Experimental transmission: Animal models can be used to study Aβ seed-
ing by intracerebral, intraperitoneal, or peripheral inoculation with brain extracts containing misfolded Aβ. These experiments help reveal the 
mechanisms and timelines of pathology spread. Iatrogenic transmission in humans: Documented in rare cases following exposure to contaminated 
human-derived biological materials (e.g., cadaveric dura mater grafts, pituitary-derived hormones, and surgical instruments). Evidence comes from 
neuropathological examinations showing early-onset Aβ pathology in individuals decades after exposure. Potential routes of exposure: Includes 
neurosurgical instruments, endoscopes, or other reusable medical devices that may come into contact with nervous tissue. Contamination is resis-
tant to standard sterilization and may require prion-specific decontamination protocols. Biosafety measures: Implement WHO-recommended prion 
decontamination procedures for high-risk tissues. Use disposable instruments when feasible. Segregate instruments used in high-risk procedures. 
Maintain strict traceability and staff training to prevent inadvertent transmission.
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connected brain regions (Eisele and Duyckaerts  2016; Eisele 
et  al.  2011; Walker et  al.  2002). The specific spreading may 
involve passive diffusion at the injection site as well as active 
transport along axonal connections (Eisele et  al.  2011, 2009). 
Importantly, the regional Aβ production—according to the pro-
motor used in each mouse line—plays an important role in the 
spatial aggregation process and underlines also the importance 
of the host environment for the spreading and propagation of 
Aβ seeds (Jucker and Walker  2018). In human postmortem 
brain, there is an impressive spatiotemporal evolution of Aβ ac-
cumulation. Protein aggregation appears to start in the neocor-
tex and further spreads to the rhinencephalon, the brainstem, 
and the cerebellum (Hampel et al. 2021; Thal et al. 2002). The 
vulnerability of distinct brain regions to Aβ aggregation is not 
fully understood (Grothe et al. 2018; Yao et al. 2024).

Apart from intracranial injection, peripheral application routes 
of Aβ seeds involve intraperitoneal, intravenous, and intra-
muscular application as well as administration of Aβ-laden eye 
drops. In general, the efficiency of peripheral administration 
routes requires more time and is less efficient than that of intra-
cerebral injections (Eisele et al. 2011; Morales et al. 2012).

5.1   |   Animal Models

The most common experimental animal models to study Aβ 
seeding and β-amyloidosis are tg mice overexpressing human 
APP containing mutations associated with familial early-onset 
forms of AD (FAD), either alone or in combination with mutated 
human presenilin (PSEN) (Drummond and Wisniewski 2017). 
Several studies have investigated the dynamics of Aβ seeding 
in such models—mostly APP23, APP/PS1, and 5× FAD—as 
well as human APP-knock-in mouse models (Katzmarski 
et  al.  2020; Langer et  al.  2011; Meyer-Luehmann et  al.  2006; 
Eisele et al. 2009; Heilbronner 2013; Burwinkel et al. 2018; Ruiz-
Riquelme et al. 2018). Differences in the regional vulnerability 
and progression of seeded Aβ pathology, plaque morphology, 
and susceptibility to Aβ inoculation were found, underlying the 
importance of the host and type of seed for the induction and 
propagation of Aβ pathology.

The APP23 mouse model expresses human APP with the 
Swedish double mutation (APPK670N/M671L) under the Thy1 pro-
moter (Sturchler-Pierrat and Stauffenbiel 2000; Sturchler-Pierrat 
et al. 1997). APP23 mice display large and both diffuse and com-
pact plaques and abundant cerebral amyloid angiopathy (CAA). 
Upon Aβ inoculation, the APP23 mouse model exhibits a slow 
and spatially restricted seeding response. When brain homoge-
nate containing Aβ aggregates is injected into the hippocampus 
or other regions such as the neocortex or striatum, the spread 
of pathology follows known limbic connectivity pathways (Ye, 
Hamaguchi, et al. 2015; Heilbronner 2013).

Mouse models expressing both APP and PSEN FAD mutations 
(APP/PS1 transgenic mice) typically show earlier plaque deposi-
tion and high concentrations of Aβ42 due to the PSEN mutations 
(Radde et al. 2006; Holcomb et al. 1998). The plaque morphol-
ogy in these models is characteristically dense-core and congo-
philic. These models are particularly responsive to exogenous 

Aβ seeds and demonstrate robust seed propagation over time 
(Heilbronner 2013). The disadvantage of such rapid models to 
study seeding is that the endogenous Aβ deposition emerges 
so rapidly that it becomes more difficult to distinguish seed-
induced from endogenously induced Aβ deposits at later time 
points.

The heterogeneity in Aβ plaque morphology and the biochemical 
composition of the plaques among tg mice allows for the study of 
strain-like behavior of Aβ seeds. As an example, the injection of 
brain material from APP23 mice (compact and diffuse plaques) 
into APP/PS1 mice leads to the appearance of both diffuse Aβ 
and dense plaques, which contrasts with the typical dense-core-
plaque-only morphology observed in (unseeded) APP/PS1 mice 
(Heilbronner 2013).

APP knock-in models (e.g., APPNL-F mice) have the advan-
tage that they avoid potential artifacts of unphysiological APP 
overexpression, but their response to seeding is only moderate 
because the endogenous Aβ generated is less than that of their 
tg counterparts. Upon injection of Aβ aggregates into the cortex, 
Aβ pathology emerges gradually and remains rather localized. 
The native plaque morphology in these mice is largely diffuse 
in early stages, although more compact plaques can emerge 
with age or following strong seeding stimuli (Ruiz-Riquelme 
et al. 2018; Saito et al. 2014).

To date, Aβ seeding in wildtype mice has not been successful. 
This is likely due to three amino acids that differ in the Aβ se-
quence of mice and humans (R5G, Y10F, and H13R) (Krohn 
et  al.  2015; Xu et  al.  2015). Thus, the expression of human-
sequence Aβ peptide appears necessary for the formation of Aβ 
plaques in the murine brain parenchyma. Interestingly, how-
ever, mice with overexpression of murine APP with FAD muta-
tions have been reported to deposit amyloid, demonstrating that 
murine Aβ can also form amyloid plaques (Xu et al. 2015).

Aβ seeding in the hippocampus of 5×FAD mice not only ac-
celerated amyloid pathology but also led to an early decline in 
hippocampus-dependent memory, as shown by impaired perfor-
mance in the Morris Water Maze (Ziegler-Waldkirch et al. 2018). 
Injection of Aβ seeds into the olfactory bulb, as an alternative 
to hippocampal injections, to directly assess functional con-
sequences to olfaction revealed deficits in odor detection and 
discrimination once seeded Aβ deposits had reached a certain 
threshold (Ziegler-Waldkirch et  al.  2022). These findings pro-
vide evidence that Aβ seeding in the olfactory bulb can drive 
olfactory dysfunction, linking pathology in this region to a clin-
ically relevant behavioral outcome.

Together, these findings underscore the importance of model se-
lection in Aβ seeding experiments. While models like APPPS1 
and 5×FAD offer rapid and widespread pathology for mechanis-
tic or therapeutic studies, knock-in models such as APPNL-F pro-
vide a more physiological context for investigating early-stage 
amyloid pathology. Moreover, the choice of brain region for seed 
injection significantly influences both the anatomical spread 
and morphological features of the resulting plaques, offering a 
valuable approach for dissecting circuit-specific vulnerability 
in AD.
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5.2   |   Cell Culture Models

In 2019, Aoyagi et al. developed a cellular assay for measuring 
the prion-like seeding activity of Aβ using HEK293T cells that 
express Aβ40 or Aβ42 constructs N-terminally fused to yellow 
fluorescent protein (YFP). Upon addition of postmortem AD 
brain tissue homogenate or synthetic Aβ fibrils, seeding activity 
can be determined from the number of cells showing yellow-
fluorescent puncta. This assay has been used to quantify the 
seeding activity of brain samples from patients suffering from 
AD or other neurodegenerative diseases. An application for an-
temortem detection of pathological Aβ seeding activity in the 
CSF or blood of patients could be an important diagnostic tool 
and may even be able to measure the efficiency of treatment ap-
proaches (Aoyagi et al. 2019).

In addition, organotypic hippocampal slice cultures provide 
an ex vivo model that preserves the cytoarchitecture and con-
nectivity of the hippocampus while allowing experimental 
manipulation. These cultures have been used to investigate 
Aβ aggregation and seeding, as well as the spread of pathol-
ogy across neuronal networks, thereby bridging the gap be-
tween simplified cell-based assays and in vivo models (Novotny 
et al. 2016; Panagiotakopoulou 2025).

The development of induced pluripotent stem cells (iPSCs) 
made it possible to use experimental models that are derived 
from human tissue (Takahashi et al. 2007). Cultures of human 
iPSCs and cerebral organoids derived from FAD and sporadic 
AD show increased production of Aβ and tau phosphorylation 
(Yagi et al. 2011; Muratore et al. 2014; Kondo et al. 2013; Israel 
et al. 2012; Raja et al. 2016; Choi et al. 2014; Vanova et al. 2023; 
Urrestizala-Arenaza et al. 2024). Limitations of using iPSC cul-
ture and cerebral organoids to study Aβ seeds include: (i) the 
interplay between the various brain cells and the neurovascu-
lar interface is not well recapitulated in the cultures, and the 
spreading and propagation of Aβ seeds may differ; (ii) aging, the 
greatest risk factor for AD, is not well represented in cell culture 
models.

6   |   Transmission of Aβ Seeds

The experimental transmission of Aβ pathology in mouse mod-
els is well established; a single intracerebral injection of minute 
amounts of Aβ seed-containing brain extracts (from an aged 
APP tg mouse) induces Aβ deposition in susceptible host mice 
(Meyer-Luehmann et al. 2006; Eisele et al. 2009) (Figure 2). The 
misfolding and deposition of the host Aβ is thought to occur 
through a templating mechanism as described for prion diseases 
(Jucker and Walker  2013). When such inoculations are done 
intraperitoneally, the induction of Aβ deposition in the brain 
takes longer and has been reported (at least in the first phase) 
to be predominantly associated with the vasculature (Eisele 
et al. 2014, 2011).

Under rare circumstances, prion diseases such as Creutzfeldt–
Jakob disease (CJD) have been transmitted between humans 
(Figure  2). Unfortunately, such patients received prion-
contaminated cadaver-derived human growth hormone (c-
hGH) or gonadotropin in their youth, and years to decades 

later developed CJD. Similarly, in the past and very rarely, 
patients with brain injury received cadaver-derived prion-
contaminated dura mater transplants, and years later have 
developed CJD (Brown et  al.  2012, 2000; Heath et  al.  2006; 
Thadani et al. 1988). Given the similarities between Aβ seeds 
and prions, there were concerns regarding the potential for iat-
rogenic Aβ transmission. Indeed, based on autopsy reports, it 
was found that young adult patients who died of (iatrogenic) 
CJD after c-hGH treatment had prominent Aβ deposits in 
the brain predominantly in the form of CAA (Jaunmuktane 
et al. 2015). In a follow-up study, it could be shown that such c-
hGH contains Aβ and can induce Aβ deposition in mice (Purro 
et al. 2018). Additionally, numerous other cases have been re-
ported with Aβ pathology after cadaveric dura mater grafts 
(Banerjee et  al.  2024; Raposo et  al.  2020; Hervé et  al.  2018). 
Recently, it was reported that some patients who had received 
c-hGH injections developed signs of early-onset AD. The pos-
sibility that the iatrogenic transmission of Aβ seeds might 
not only induce Aβ pathology but also initiate the entire AD 
pathogenic cascade is now under investigation (Jucker and 
Walker 2024; Banerjee et al. 2024).

Transmission of Aβ pathology via contaminated neurosurgical 
instruments is an obvious, albeit difficult to prove, alternative 
route of transmission. Four patients were reported who un-
derwent neurosurgical procedures early in life and developed 
CAA-related intracerebral hemorrhage three decades later 
(Jaunmuktane et al. 2018). Due to the small numbers and the 
difficulty of ruling out the effect of trauma from neurosurgery 
on the formation of CAA, this finding remains controversial. 
However, Aβ transmission via Aβ seed-contaminated stainless-
steel wire has been demonstrated in mice (Eisele et al. 2009) and 
thus, transmission of Aβ pathology by contaminated surgical 
instruments is possible.

CJD transmission via blood has been demonstrated under 
exceptional and rare conditions and prior to the current use 
of leukapheresis (Seed et al. 2018; Pozzo di Borgo et al. 2023). 
Whether Aβ seeds can be transmitted via blood has been 
widely discussed and there is some evidence from animal 
work (Morales et  al.  2020). A retrospective study analyzed 
data from blood banks in Denmark and Sweden and found 
an increased risk of intracerebral hemorrhages (ICH) in pa-
tients who received blood from donors who later had multiple 
ICH (Zhao et al. 2023). Since ICH is frequently associated with 
CAA, this finding led to the suspicion that Aβ seeds could be 
transmitted through blood transfusions. However, there is no 
direct histological or imaging evidence that these donors and 
recipients had CAA. Also, ICH appeared already after a cou-
ple of years after the blood transfusion, which contrasts some-
what with the observation that it takes decades for iatrogenic 
CAA to develop. Moreover, it cannot be ruled out that other 
blood factors and not Aβ are the cause of the observed rise 
in ICH.

7   |   Aβ Seeds and Biosafety

Although the likelihood of β-amyloid or even AD transmission 
under normal circumstances appears remote, it is important to 
take all possible biosafety measures to prevent transmission.
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7.1   |   Precautions to Avoid Aβ Transmission During 
Medical Procedures

Growth hormone extraction from the pituitary gland of ca-
davers and dura mater grafts from diseased people was dis-
continued in the mid-1980s and mid-1990s, respectively, 
and therefore they no longer pose a risk of iatrogenic trans-
mission (Lauwers et  al.  2020). Similar to prions, Aβ seeds 
are resistant to conventional sterilization methods such as 
heating (95°C), γ-ray irradiation, and formaldehyde (Meyer-
Luehmann et al. 2006; Fritschi, Cintron, et al. 2014; Sakudo 
et  al.  2022; Nakano et  al.  2022). In 2000, the World Health 
Organization (WHO) endorsed prion decontamination meth-
ods during medical procedures. These include the utilization 
of disposable instruments and incineration of waste materials. 
For instruments that cannot be disposed of, soaking in a solu-
tion of sodium hydroxide or sodium hypochlorite prior to au-
toclaving is recommended (World Health Organization 2000) 
(Figure 2).

These guidelines for prions can also be applied to reduce the 
risk of Aβ seeds being transmitted through medical devices. 
Additionally, sterilization methods using hydrogen peroxide gas 
plasma can inactivate Aβ seeds sticking to stainless steel wires 
(Eisele et  al.  2009). This method, which is commonly used in 
hospitals (Sakudo et  al.  2022; Okpara-Hofmann et  al.  2005; 
Kyi et  al.  1995), applies an electric field to the gas that evap-
orates from a concentrated hydrogen peroxide solution in a 
closed chamber and creates a sterilizing environment (Fichet 
et  al.  2007; Rogez-Kreuz et  al.  2009). The Thioflavin T fluo-
rescence assay has shown that autoclaving at 135°C for 90 min 
rather than under conventional conditions (121°C, 30–60 min) 
was more effective in eliminating Aβ seeding activity (Nakano 
et al. 2022).

To evaluate the efficacy of a cleaning method, it is essential 
to detect residual trace amounts of Aβ seeds. Both the protein 
misfolding cyclic amplification assay (PMCA) and real-time 
quaking-induced conversion (RT-QuIC) were originally de-
signed to identify prion seeds (Saborio et  al.  2001; Atarashi 
et  al.  2011). In both processes, the seeds interact with nor-
mal soluble monomeric proteins, converting them into fibrils 
of misfolded Aβ. The difference between the two methods is 
that PMCA uses repeated sonication, while RT-QuIC employs 
shaking to fragment the fibrils into new seeds for amplification 
cycles. Once sufficient aggregates have been obtained, the mis-
folded proteins are detected by biochemical assays in PMCA, or 
fluorescent dyes in RT-QuIC (Kulichikhin et al. 2021). Applying 
these amplification methods for Aβ has been difficult. An Aβ-
PMCA assay has been reported to detect oligomeric Aβ in CSF 
(Salvadores et al. 2014) but it needs replication and has not been 
tested for detection of Aβ seeds on medical devices.

7.2   |   Precautions to Avoid Aβ Transmission in 
Research Laboratories

Although there is no evidence of laboratory transmission of 
Aβ to date, there are at least two cases of accidental transmis-
sion of prions in lab settings. Moreover, Aβ seeds are often 
concentrated in laboratories for experimental purposes and 
thus increase the risk of transmission. Biosafety measures 
are now being implemented in laboratories around the world 
(e.g., UK Department of Health and Social Care (Department 
of Health and Social Care, UK 2021)). Our laboratories have 
also established protocols for handling Aβ seeds (Table 1 and 
Figure 2). Specifically, a dedicated space has been established 
(the potentially infectious-agents laboratory (PIA lab)) to 
limit exposure to Aβ seeds. Wearing protective glasses and a 

TABLE 1    |    Biosafety measures for working with Aβ seeds in PIA labs.

The setup of PIA lab

1. Doors of the PIA labs must always stay closed.

2. Equipment in the PIA lab stays in the PIA lab.

3. Lab coats used in the PIA lab stay in the PIA lab. (Once no longer needed or dirty move them to the laundry collection bag in 
the PIA lab for autoclaving and washing).

4. Cover the bench with an absorbing paper, and trash it in waste baskets that remain in the PIA lab until autoclaving.

Personal protection when working in PIA lab

1. Wear a lab coat, shoe protection, surgical mask, protective glasses and gloves (preferentially double) at all times.

2. When using sharp tools (e.g., TEM tweezers, scalpels and blades for microtome and cryostat) wear anti-cut gloves.

3. When handling potentially Aβ seeds-containing tissue always work in a biosafety cabinet and use disposable scalpels and 
tweezers.

4. Open tubes with Aβ containing materials in the safety cabinet and avoid splashing.

Decontamination

1. Cleaning the bench with 1% SDS (preferentially wetted for 1 h).

2. Immersing the reusable tools completely in 1% SDS for 2 h.

3. Autoclaving all waste from PIA lab.

Abbreviation: PIA, potentially infectious-agent.
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surgical mask and working under the fume hoods when ex-
posed to potential aerosols in the PIA lab minimizes exposure 
to Aβ or other proteopathic seeds. When handling Aβ-rich 
tissues (both from humans and mice), disposable instruments 
and cut-resistant gloves are used to limit potential transmis-
sion via cuts from sharp instruments. Cleaning all reusable 
tools and contaminated surfaces with a solution of 1% SDS, 1% 
Hellmanex II, or 1% TFD4 dissolved in milliQ water is used 
to inactivate putative Aβ seeds (Fenyi et al. 2018) while auto-
claving all waste from the PIA lab can prevent the spread of 
Aβ seeds outside the laboratory (Table 1).

8   |   Conclusion

Prion diseases and other proteopathic neurodegenerative 
diseases, among them AD but also Parkinson's disease, 
ALS, Huntington's disease, and many others (Jucker and 
Walker 2018) are characterized by the misfolding and seeded 
propagation of specific proteins. The complex and still incom-
pletely understood mechanism by which these proteins ag-
gregate and trigger a pathological process is of fundamental 
importance for the development of disease-modifying treat-
ments. Much depends on clarifying the mechanisms by which 
seeds originate, spread, and proliferate throughout the brain. 
New ultrasensitive methods for detecting very low amounts 
of Aβ seeds in the brain, CSF, and blood have the potential 
to clarify some of these mechanisms. Elucidating the role of 
the host and actors such as oligodendrocytes and microglia is 
equally important.

As our understanding of the prion-like properties of Aβ seeds 
has grown, it is now reasonable to ascribe recent reports of iat-
rogenic CAA and possibly AD to the introduction of Aβ seeds 
via contaminated biologics. While there is not yet compelling 
evidence for the transmission of Aβ proteopathy by other means, 
the potential for such infectivity and lessons learned from long-
standing research on prions argue for taking reasonable precau-
tions when working clinically and scientifically with potentially 
infectious proteins. Such precautionary measures have there-
fore been introduced in recent years, similar to those followed 
when working with prions. In the future, the implementation 
of biosafety measures must go hand in hand with advances in 
research on Aβ seeds to ensure that all possible risks are taken 
into account.

Author Contributions

Natalie Beschorner: writing – original draft, writing – review and 
editing. Ying Xu: writing – original draft, writing – review and edit-
ing. Mathias Jucker: writing – review and editing. Alejandro Ruiz-
Riquelme: writing – original draft, writing – review and editing.

Acknowledgments

We thank Lary Walker (Emory University, Atlanta, GA) for excellent 
comments on this manuscript. We thank Anika Bühler for help with 
the PIA guidelines.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing is not applicable to this review because no new data were 
created or analyzed.

Peer Review

The peer review history for this article is available at https://​www.​webof​
scien​ce.​com/​api/​gatew​ay/​wos/​peer-​review/​10.​1111/​jnc.​70267​.

References

Aoyagi, A., C. Condello, J. Stöhr, et al. 2019. “Aβ and Tau Prion-Like 
Activities Decline With Longevity in the Alzheimer's Disease Human 
Brain.” Science Translational Medicine 11: eaat8462.

Arosio, P., T. P. J. Knowles, and S. Linse. 2015. “On the Lag Phase in 
Amyloid Fibril Formation.” Physical Chemistry Chemical Physics 17: 
7606–7618.

Atarashi, R., K. Sano, K. Satoh, and N. Nishida. 2011. “Real-Time 
Quaking-Induced Conversion.” Prion 5: 150–153.

Banerjee, G., S. F. Farmer, H. Hyare, et al. 2024. “Iatrogenic Alzheimer's 
Disease in Recipients of Cadaveric Pituitary-Derived Growth Hormone.” 
Nature Medicine 30: 394–402.

Bateman, R. J., C. Xiong, T. L. Benzinger, et  al. 2012. “Clinical and 
Biomarker Changes in Dominantly Inherited Alzheimer's Disease.” 
New England Journal of Medicine 367: 795–804.

Blömeke, L., F. Rehn, V. Kraemer-Schulien, et al. 2024. “Aβ Oligomers 
Peak in Early Stages of Alzheimer's Disease Preceding Tau Pathology.” 
Alzheimer's & Dementia: Diagnosis, Assessment & Disease Monitoring 
16: e12589.

Botella Lucena, P., and M. T. Heneka. 2024. “Inflammatory Aspects of 
Alzheimer's Disease.” Acta Neuropathologica 148: 31.

Brown, P., J. P. Brandel, T. Sato, et al. 2012. “Iatrogenic Creutzfeldt-Jakob 
Disease, Final Assessment.” Emerging Infectious Diseases 18: 901–907.

Brown, P., M. Preece, J. P. Brandel, et al. 2000. “Iatrogenic Creutzfeldt–
Jakob Disease at the Millennium.” Neurology 55: 1075–1081.

Burwinkel, M., M. Lutzenberger, F. L. Heppner, W. Schulz-Schaeffer, 
and M. Baier. 2018. “Intravenous Injection of Beta-Amyloid Seeds 
Promotes Cerebral Amyloid Angiopathy (CAA).” Acta Neuropathologica 
Communications 6: 23.

Calhoun, M. E., P. Burgermeister, A. L. Phinney, et al. 1999. “Neuronal 
Overexpression of Mutant Amyloid Precursor Protein Results in 
Prominent Deposition of Cerebrovascular Amyloid.” Proceedings of 
the National Academy of Sciences of the United States of America 96: 
14088–14093.

Choi, S. H., Y. H. Kim, M. Hebisch, et al. 2014. “A Three-Dimensional 
Human Neural Cell Culture Model of Alzheimer's Disease.” Nature 515: 
274–278.

Condello, C., A. M. Maxwell, E. Castillo, et al. 2022. “Aβ and Tau Prions 
Feature in the Neuropathogenesis of Down Syndrome.” Proceedings of 
the National Academy of Sciences 119: e2212954119.

De Strooper, B., and E. Karran. 2016. “The Cellular Phase of Alzheimer's 
Disease.” Cell 164: 603–615.

Department of Health and Social Care, UK. 2021. “Prions and 
Proteopathic Seeds: Safe Working and the Prevention of Infection. 
1–23.”

d'Errico, P., S. Ziegler-Waldkirch, V. Aires, et  al. 2022. “Microglia 
Contribute to the Propagation of Aβ Into Unaffected Brain Tissue.” 
Nature Neuroscience 25: 20–25.

Drummond, E., and T. Wisniewski. 2017. “Alzheimer's Disease: 
Experimental Models and Reality.” Acta Neuropathologica 133: 
155–175.

 14714159, 2025, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jnc.70267 by A

lejandro R
uiz-R

iquelm
e - U

ni Santiago C
om

postela , W
iley O

nline L
ibrary on [04/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/jnc.70267
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/jnc.70267


9 of 11Journal of Neurochemistry, 2025

Eisele, Y. S., T. Bolmont, M. Heikenwalder, et  al. 2009. “Induction of 
Cerebral β-Amyloidosis: Intracerebral Versus Systemic Aβ Inoculation.” 
Proceedings of the National Academy of Sciences 106: 12926–12931.

Eisele, Y. S., and C. Duyckaerts. 2016. “Propagation of Aß Pathology: 
Hypotheses, Discoveries, and Yet Unresolved Questions From 
Experimental and Human Brain Studies.” Acta Neuropathologica 131: 
5–25.

Eisele, Y. S., S. K. Fritschi, T. Hamaguchi, et al. 2014. “Multiple Factors 
Contribute to the Peripheral Induction of Cerebral β-Amyloidosis.” 
Journal of Neuroscience 34: 10264–10273.

Eisele, Y. S., U. Obermüller, G. Heilbronner, and F. Baumann. 2011. 
“Peripherally Applied Aβ-Containing Inoculates Induce Cerebral β-
Amyloidosis.” Science 330: 980–982.

Fenyi, A., A. Coens, T. Bellande, R. Melki, and L. Bousset. 2018. 
“Assessment of the Efficacy of Different Procedures That Remove and 
Disassemble Alpha-Synuclein, Tau and A-Beta Fibrils From Laboratory 
Material and Surfaces.” Scientific Reports 8: 10788.

Fertan, E., J. Y. L. Lam, G. Albertini, et  al. 2024. “Single-Molecule 
Characterisation of Soluble Beta-Amyloid Aggregate Binding by 
Aducanumab, Lecanemab, Gantenerumab, and Donanemab. bioRxiv.” 
https://​doi.​org/​10.​1101/​2024.​10.​11.​617910.

Fichet, G., K. Antloga, E. Comoy, J. P. Deslys, and G. McDonnell. 
2007. “Prion Inactivation Using a New Gaseous Hydrogen Peroxide 
Sterilisation Process.” Journal of Hospital Infection 67: 278–286.

Friker, L. L., H. Scheiblich, I. V. Hochheiser, et  al. 2020. “β-Amyloid 
Clustering Around ASC Fibrils Boosts Its Toxicity in Microglia.” Cell 
Reports 30: 3743–3754.e6.

Fritschi, S. K., A. Cintron, L. Ye, et al. 2014. “Aβ Seeds Resist Inactivation 
by Formaldehyde.” Acta Neuropathologica 128: 477–484.

Fritschi, S. K., F. Langer, S. A. Kaeser, et al. 2014. “Highly Potent Soluble 
Amyloid-β Seeds in Human Alzheimer Brain but Not Cerebrospinal 
Fluid.” Brain 137: 2909–2915.

Gomez-Gutierrez, R., and R. Morales. 2020. “The Prion-Like 
Phenomenon in Alzheimer's Disease: Evidence of Pathology 
Transmission in Humans.” PLoS Pathogens 16: e1009004.

Gouras, G. K., J. Tsai, J. Naslund, et  al. 2000. “Intraneuronal Aβ42 
Accumulation in Human Brain.” American Journal of Pathology 156: 
15–20.

Gouras, G. K., K. Willén, and M. Faideau. 2014. “The Inside-Out 
Amyloid Hypothesis and Synapse Pathology in Alzheimer's Disease.” 
Neurodegenerative Diseases 13: 142–146.

Grothe, M. J., J. Sepulcre, G. Gonzalez-Escamilla, et al. 2018. “Molecular 
Properties Underlying Regional Vulnerability to Alzheimer's Disease 
Pathology.” Brain 9: 2755–2771.

Hampel, H., J. Hardy, K. Blennow, et al. 2021. “The Amyloid-β Pathway 
in Alzheimer's Disease.” Molecular Psychiatry 26: 5481–5503.

Heath, C. A., R. A. Barker, T. F. Esmonde, et  al. 2006. “Dura Mater-
Associated Creutzfeldt-Jakob Disease: Experience From Surveillance in 
the UK.” Journal of Neurology, Neurosurgery, and Psychiatry 77: 880–882.

Heilbronner, G. 2013. “Seeded Strain-Like Transmission of β–Amyloid 
Morphotypes in APP Transgenic Mice. 2013–37329.”

Hérard, A.-S., F. Petit, C. Gary, et  al. 2020. “Induction of Amyloid-β 
Deposits From Serially Transmitted, Histologically Silent, Aβ Seeds 
Issued From Human Brains.” Acta Neuropathologica Communications 
8: 205.

Herrup, K. 2015. “The Case for Rejecting the Amyloid Cascade 
Hypothesis.” Nature Neuroscience 18: 794–799.

Hervé, D., M. Porché, L. Cabrejo, et al. 2018. “Fatal Aβ Cerebral Amyloid 
Angiopathy 4 Decades After a Dural Graft at the Age of 2 Years.” Acta 
Neuropathologica 135: 801–803.

Holcomb, L., M. N. Gordon, E. McGowan, et  al. 1998. “Accelerated 
Alzheimer-Type Phenotype in Transgenic Mice Carrying Both Mutant 
Amyloid Precursor Protein and Presenilin 1 Transgenes.” Nature 
Medicine 4: 97–100.

Hu, X., S. L. Crick, G. Bu, C. Frieden, R. V. Pappu, and J. M. Lee. 
2009. “Amyloid Seeds Formed by Cellular Uptake, Concentration, and 
Aggregation of the Amyloid-Beta Peptide.” Proceedings of the National 
Academy of Sciences 106: 20324–20329.

Huang, Y., K. E. Happonen, P. G. Burrola, et al. 2021. “Microglia Use 
TAM Receptors to Detect and Engulf Amyloid β Plaques.” Nature 
Immunology 22: 586–594.

Ishii, A., J. A. Pathoulas, O. MoustafaFathy Omar, et  al. 2024. 
“Contribution of Amyloid Deposition From Oligodendrocytes in a Mouse 
Model of Alzheimer's Disease.” Molecular Neurodegeneration 19: 83.

Israel, M. A., S. H. Yuan, C. Bardy, et al. 2012. “Probing Sporadic and 
Familial Alzheimer's Disease Using Induced Pluripotent Stem Cells.” 
Nature 482: 216–220.

Jarrett, J. T., and P. T. Lansbury. 1993. “Seeding “One-Dimensional 
Crystallization” of Amyloid: A Pathogenic Mechanism in Alzheimer's 
Disease and Scrapie?” Cell 73: 1055–1058.

Jaunmuktane, Z., S. Mead, M. Ellis, et  al. 2015. “Evidence for 
Human Transmission of Amyloid-β Pathology and Cerebral Amyloid 
Angiopathy.” Nature 525: 247–250.

Jaunmuktane, Z., A. Quaegebeur, R. Taipa, et  al. 2018. “Evidence 
of Amyloid-β Cerebral Amyloid Angiopathy Transmission Through 
Neurosurgery.” Acta Neuropathologica 135: 675–679.

Jia, J., T. Li, J. Yang, et  al. 2022. “Detection of Plasma Aβ Seeding 
Activity by a Newly Developed Analyzer for Diagnosis of Alzheimer's 
Disease.” Alzheimer's Research & Therapy 14: 21.

Jia, J., Y. Ning, M. Chen, et  al. 2024. “Biomarker Changes During 
20 Years Preceding Alzheimer's Disease.” New England Journal of 
Medicine 390: 712–722.

Jucker, M., and L. C. Walker. 2013. “Self-Propagation of Pathogenic 
Protein Aggregates in Neurodegenerative Diseases.” Nature 501: 45–51.

Jucker, M., and L. C. Walker. 2018. “Propagation and Spread of 
Pathogenic Protein Assemblies in Neurodegenerative Diseases.” Nature 
Neuroscience 21: 1341–1349.

Jucker, M., and L. C. Walker. 2023. “Alzheimer's Disease: From 
Immunotherapy to Immunoprevention.” Cell 186: 4260–4270.

Jucker, M., and L. C. Walker. 2024. “Evidence for Iatrogenic 
Transmission of Alzheimer's Disease.” Nature Medicine 30: 344–345.

Kaji, S., S. A. Berghoff, L. Spieth, et  al. 2024. “Apolipoprotein E 
Aggregation in Microglia Initiates Alzheimer's Disease Pathology by 
Seeding β-Amyloidosis.” Immunity 57: 2651–2668.e12.

Katzmarski, N., S. Ziegler-Waldkirch, N. Scheffler, et  al. 2020. “Aβ 
Oligomers Trigger and Accelerate Aβ Seeding.” Brain Pathology 30: 
36–45.

Kepp, K. P., N. K. Robakis, P. F. Høilund-Carlsen, S. L. Sensi, and B. 
Vissel. 2023. “The Amyloid Cascade Hypothesis: An Updated Critical 
Review.” Brain 146: 3969–3990.

Kollmer, M., W. Close, L. Funk, et  al. 2019. “Cryo-EM Structure and 
Polymorphism of Aβ Amyloid Fibrils Purified From Alzheimer's Brain 
Tissue.” Nature Communications 10: 4760.

Kondo, T., M. Asai, K. Tsukita, et  al. 2013. “Modeling Alzheimer's 
Disease With iPSCs Reveals Stress Phenotypes Associated With 
Intracellular Aβ and Differential Drug Responsiveness.” Cell Stem Cell 
12: 487–496.

Krohn, M., A. Bracke, Y. Avchalumov, et  al. 2015. “Accumulation of 
Murine Amyloid-β Mimics Early Alzheimer's Disease.” Brain 138: 
2370–2382.

 14714159, 2025, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jnc.70267 by A

lejandro R
uiz-R

iquelm
e - U

ni Santiago C
om

postela , W
iley O

nline L
ibrary on [04/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1101/2024.10.11.617910


10 of 11 Journal of Neurochemistry, 2025

Kulichikhin, K. Y., S. A. Fedotov, M. S. Rubel, et al. 2021. “Development 
of Molecular Tools for Diagnosis of Alzheimer's Disease That Are Based 
on Detection of Amyloidogenic Proteins.” Prion 15: 56–69.

Kuperstein, I., K. Broersen, I. Benilova, et  al. 2010. “Neurotoxicity of 
Alzheimer's Disease Aβ Peptides Is Induced by Small Changes in the 
Aβ42 to Aβ40 Ratio.” EMBO Journal 29: 3408–3420.

Kyi, M. S., J. Holton, and G. L. Ridgway. 1995. “Assessment of the 
Efficacy of a Low Temperature Hydrogen Peroxide Gas Plasma 
Sterilization System.” Journal of Hospital Infection 31: 275–284.

Langer, F., Y. S. Eisele, S. K. Fritschi, M. Staufenbiel, L. C. Walker, and 
M. Jucker. 2011. “Soluble Aβ Seeds Are Potent Inducers of Cerebral β-
Amyloid Deposition.” Journal of Neuroscience 31: 14488–14495.

Lau, H. H. C., M. Ingelsson, and J. C. Watts. 2021. “The Existence of 
Aβ Strains and Their Potential for Driving Phenotypic Heterogeneity in 
Alzheimer's Disease.” Acta Neuropathologica 142: 17–39.

Lauwers, E., G. Lalli, S. Brandner, et  al. 2020. “Potential Human 
Transmission of Amyloid β Pathology: Surveillance and Risks.” Lancet 
Neurology 19: 872–878.

Lee, J.-H., D. S. Yang, C. N. Goulbourne, et  al. 2022. “Faulty 
Autolysosome Acidification in Alzheimer's Disease Mouse Models 
Induces Autophagic Build-Up of Aβ in Neurons, Yielding Senile 
Plaques.” Nature Neuroscience 25: 688–701.

Li, X., S. Ospitalieri, T. Robberechts, et al. 2022. “Seeding, Maturation 
and Propagation of Amyloid β-Peptide Aggregates in Alzheimer's 
Disease.” Brain 145: 3558–3570.

Majumdar, A., H. Chung, G. Dolios, et  al. 2008. “Degradation of 
Fibrillar Forms of Alzheimer's Amyloid β-Peptide by Macrophages.” 
Neurobiology of Aging 29: 707–715.

Marzesco, A.-M., M. Flötenmeyer, A. Bühler, et al. 2016. “Highly Potent 
Intracellular Membrane-Associated Aβ Seeds.” Scientific Reports 6: 28125.

Meilandt, W. J., J. A. Maloney, J. Imperio, et al. 2019. “Characterization 
of the Selective In Vitro and In Vivo Binding Properties of Crenezumab 
to Oligomeric Aβ.” Alzheimer's Research & Therapy 11: 97.

Meyer-Luehmann, M., J. Coomaraswamy, T. Bolmont, et  al. 2006. 
“Exogenous Induction of Cerebral ß-Amyloidogenesis Is Governed by 
Agent and Host.” Science 313: 1781–1784.

Morales, R., C. Duran-Aniotz, J. Bravo-Alegria, et al. 2020. “Infusion 
of Blood From Mice Displaying Cerebral Amyloidosis Accelerates 
Amyloid Pathology in Animal Models of Alzheimer's Disease.” Acta 
Neuropathologica Communications 8: 213.

Morales, R., C. Duran-Aniotz, J. Castilla, L. D. Estrada, and C. Soto. 
2012. “De Novo Induction of Amyloid-β Deposition In Vivo.” Molecular 
Psychiatry 17: 1347–1353.

Muratore, C. R., H. C. Rice, P. Srikanth, et  al. 2014. “The Familial 
Alzheimer's Disease APPV717I Mutation Alters APP Processing and 
Tau Expression in iPSC-Derived Neurons.” Human Molecular Genetics 
23: 3523–3536.

Muschol, M., and W. Hoyer. 2023. “Amyloid Oligomers as On-Pathway 
Precursors or Off-Pathway Competitors of Fibrils.” Frontiers in 
Molecular Biosciences 10: 1120416.

Nakano, H., T. Hamaguchi, T. Ikeda, T. Watanabe-Nakayama, K. Ono, 
and M. Yamada. 2022. “Inactivation of Seeding Activity of Amyloid β-
Protein Aggregates In Vitro.” Journal of Neurochemistry 160: 499–516.

Nilsson, P., K. Loganathan, M. Sekiguchi, et al. 2013. “Aβ Secretion and 
Plaque Formation Depend on Autophagy.” Cell Reports 5: 61–69.

Nixon, R. A. 2024. “Autophagy-Lysosomal-Associated Neuronal Death 
in Neurodegenerative Disease.” Acta Neuropathologica 148: 42.

Novotny, R., F. Langer, J. Mahler, et al. 2016. “Conversion of Synthetic Aβ 
to In Vivo Active Seeds and Amyloid Plaque Formation in a Hippocampal 
Slice Culture Model.” Journal of Neuroscience 36: 5084–5093.

Okpara-Hofmann, J., M. Knoll, M. Dürr, B. Schmitt, and M. Borneff-
Lipp. 2005. “Comparison of Low-Temperature Hydrogen Peroxide Gas 
Plasma Sterilization for Endoscopes Using Various Sterrad Models.” 
Journal of Hospital Infection 59: 280–285.

Olsson, T. T., O. Klementieva, and G. K. Gouras. 2018. “Prion-Like 
Seeding and Nucleation of Intracellular Amyloid-β.” Neurobiology of 
Disease 113: 1–10.

Oren, O., R. Taube, and N. Papo. 2021. “Amyloid β Structural 
Polymorphism, Associated Toxicity and Therapeutic Strategies.” 
Cellular and Molecular Life Sciences 78: 7185–7198.

Ostrowitzki, S., T. Bittner, K. M. Sink, et al. 2022. “Evaluating the Safety 
and Efficacy of Crenezumab vs Placebo in Adults With Early Alzheimer 
Disease: Two Phase 3 Randomized Placebo-Controlled Trials.” JAMA 
Neurology 79: 1113–1121.

Panagiotakopoulou, V. 2025. “Human—Mouse Chimeric Cultures to 
Study Microglial Function.” Cell Reports. (In press).

Panza, F., M. Lozupone, D. Seripa, and B. P. Imbimbo. 2019. “Amyloid-β 
Immunotherapy for Alzheimer Disease: Is It Now a Long Shot?” Annals 
of Neurology 85: 303–315.

Pozzo di Borgo, A., S. Rochette, A. Gaussen, et al. 2023. “Transmission 
of Variant Creutzfeldt-Jakob Disease Through Blood Transfusion 
and Plasma-Derived Products: A Narrative Review of Observed and 
Modeled Risks.” Transfusion Medicine Reviews 37: 150747.

Purro, S. A., M. A. Farrow, J. Linehan, et  al. 2018. “Transmission of 
Amyloid-β Protein Pathology From Cadaveric Pituitary Growth 
Hormone.” Nature 564: 415–419.

Radde, R., T. Bolmont, S. A. Kaeser, et al. 2006. “Aβ42-Driven Cerebral 
Amyloidosis in Transgenic Mice Reveals Early and Robust Pathology.” 
EMBO Reports 7: 940–946.

Raja, W. K., A. E. Mungenast, Y. T. Lin, et al. 2016. “Self-Organizing 3D 
Human Neural Tissue Derived From Induced Pluripotent Stem Cells 
Recapitulate Alzheimer's Disease Phenotypes.” PLoS One 11: e0161969.

Rajani, R. M., R. Ellingford, M. Hellmuth, et  al. 2024. “Selective 
Suppression of Oligodendrocyte-Derived Amyloid Beta Rescues Neuronal 
Dysfunction in Alzheimer's Disease.” PLoS Biology 22: e3002727.

Raposo, N., M. Planton, A. Siegfried, et  al. 2020. “Amyloid-β 
Transmission Through Cardiac Surgery Using Cadaveric Dura 
Mater Patch.” Journal of Neurology, Neurosurgery, and Psychiatry 91: 
440–441.

Rasmussen, J., J. Mahler, N. Beschorner, et  al. 2017. “Amyloid 
Polymorphisms Constitute Distinct Clouds of Conformational Variants 
in Different Etiological Subtypes of Alzheimer's Disease.” Proceedings 
of the National Academy of Sciences 114: 13018–13023.

Rogez-Kreuz, C., R. Yousfi, C. Soufflet, et  al. 2009. “Inactivation 
of Animal and Human Prions by Hydrogen Peroxide Gas Plasma 
Sterilization.” Infection Control and Hospital Epidemiology 30: 769–777.

Ruiz-Riquelme, A., H. H. C. Lau, E. Stuart, et  al. 2018. “Prion-
Like Propagation of β-Amyloid Aggregates in the Absence of APP 
Overexpression.” Acta Neuropathologica Communications 6: 26.

Saborio, G. P., B. Permanne, and C. Soto. 2001. “Sensitive Detection 
of Pathological Prion Protein by Cyclic Amplification of Protein 
Misfolding.” Nature 411: 810–813.

Saito, T., Y. Matsuba, N. Mihira, et al. 2014. “Single App Knock-In Mouse 
Models of Alzheimer's Disease.” Nature Neuroscience 17: 661–663.

Sakudo, A., R. Yamashiro, and T. Onodera. 2022. “Recent Advances 
in Prion Inactivation by Plasma Sterilizer.” International Journal of 
Molecular Sciences 23: 10241.

Salvadores, N., M. Shahnawaz, E. Scarpini, F. Tagliavini, and C. Soto. 
2014. “Detection of Misfolded Aβ Oligomers for Sensitive Biochemical 
Diagnosis of Alzheimer's Disease.” Cell Reports 7: 261–268.

 14714159, 2025, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jnc.70267 by A

lejandro R
uiz-R

iquelm
e - U

ni Santiago C
om

postela , W
iley O

nline L
ibrary on [04/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



11 of 11Journal of Neurochemistry, 2025

Sasaguri, H., P. Nilsson, S. Hashimoto, et al. 2017. “APP Mouse Models for 
Alzheimer's Disease Preclinical Studies.” EMBO Journal 36: 2473–2487.

Sasmita, A. O., C. Depp, T. Nazarenko, et  al. 2024. “Oligodendrocytes 
Produce Amyloid-β and Contribute to Plaque Formation Alongside 
Neurons in Alzheimer's Disease Model Mice.” Nature Neuroscience 27: 
1668–1674.

Schützmann, M. P., F. Hasecke, S. Bachmann, et  al. 2021. “Endo-
Lysosomal Aβ Concentration and pH Trigger Formation of Aβ Oligomers 
That Potently Induce Tau Missorting.” Nature Communications 12: 4634.

Seed, C. R., P. E. Hewitt, R. Y. Dodd, F. Houston, and L. Cervenakova. 
2018. “Creutzfeldt-Jakob Disease and Blood Transfusion Safety.” Vox 
Sanguinis 113: 220–231.

Selkoe, D. J., and J. Hardy. 2016. “The Amyloid Hypothesis of Alzheimer's 
Disease at 25 Years.” EMBO Molecular Medicine 8: 595–608.

Sideris, D. I., J. S. H. Danial, D. Emin, et  al. 2021. “Soluble Amyloid 
Beta-Containing Aggregates Are Present Throughout the Brain at Early 
Stages of Alzheimer's Disease.” Brain Communications 3: fcab147.

Söderberg, L., M. Johannesson, P. Nygren, et  al. 2023. “Lecanemab, 
Aducanumab, and Gantenerumab—Binding Profiles to Different 
Forms of Amyloid-Beta Might Explain Efficacy and Side Effects in 
Clinical Trials for Alzheimer's Disease.” Neurotherapeutics 20: 195–206.

Song, S., Q. Liu, R. Chen, et  al. 2025. “Experimental Evidence That 
Readily Diffusible Forms of Aβ From Alzheimer's Disease Brain Have 
Seeding Activity.” Acta Neuropathologica Communications 13: 112.

Spangenberg, E., P. L. Severson, L. A. Hohsfield, et al. 2019. “Sustained 
Microglial Depletion With CSF1R Inhibitor Impairs Parenchymal 
Plaque Development in an Alzheimer's Disease Model.” Nature 
Communications 10: 3758.

Stöhr, J., C. Condello, J. C. Watts, et  al. 2014. “Distinct Synthetic Aβ 
Prion Strains Producing Different Amyloid Deposits in Bigenic Mice.” 
Proceedings of the National Academy of Sciences 111: 10329–10334.

Stöhr, J., J. C. Watts, Z. L. Mensinger, et al. 2012. “Purified and Synthetic 
Alzheimer's Amyloid Beta (Aβ) Prions.” Proceedings of the National 
Academy of Sciences 109: 11025–11030.

Sturchler-Pierrat, C., D. Abramowski, M. Duke, et  al. 1997. “Two 
Amyloid Precursor Protein Transgenic Mouse Models With Alzheimer 
Disease-Like Pathology.” Proceedings of the National Academy of 
Sciences 94: 13287–13292.

Sturchler-Pierrat, C., and M. Stauffenbiel. 2000. “Pathogenic Mechanisms 
of Alzheimer's Disease Analyzed in the APP23 Transgenic Mouse 
Model.” Annals of the New York Academy of Sciences 920: 134–139.

Takahashi, K., K. Okita, M. Nakagawa, and S. Yamanaka. 2007. 
“Induction of Pluripotent Stem Cells From Fibroblast Cultures.” Nature 
Protocols 2: 3081–3089.

Thadani, V., P. L. Penar, J. Partington, et al. 1988. “Creutzfeldt-Jakob 
Disease Probably Acquired From a Cadaveric Dura Mater Graft.” 
Journal of Neurosurgery 69: 766–769.

Thal, D. R., U. Rüb, M. Orantes, and H. Braak. 2002. “Phases of A Beta-
Deposition in the Human Brain and Its Relevance for the Development 
of AD.” Neurology 58: 1791–1800.

Uhlmann, R. E., C. Rother, J. Rasmussen, et al. 2020. “Acute Targeting 
of Pre-Amyloid Seeds in Transgenic Mice Reduces Alzheimer-Like 
Pathology Later in Life.” Nature Neuroscience 23: 1580–1588.

Ulm, B. S., D. R. Borchelt, and B. D. Moore. 2021. “Remodeling Alzheimer-
Amyloidosis Models by Seeding.” Molecular Neurodegeneration 16: 8.

Urrestizala-Arenaza, N., S. Cerchio, F. Cavaliere, and C. Magliaro. 2024. 
“Limitations of Human Brain Organoids to Study Neurodegenerative 
Diseases: A Manual to Survive.” Frontiers in Cellular Neuroscience 18: 
1419526.

van Dyck, C. H., C. J. Swanson, P. Aisen, et  al. 2023. “Lecanemab in 
Early Alzheimer's Disease.” New England Journal of Medicine 388: 9–21.

Vanova, T., J. Sedmik, J. Raska, et al. 2023. “Cerebral Organoids Derived 
From Patients With Alzheimer's Disease With PSEN1/2 Mutations Have 
Defective Tissue Patterning and Altered Development.” Cell Reports 42: 
113310.

Venegas, C., S. Kumar, B. S. Franklin, et al. 2017. “Microglia-Derived 
ASC Specks Cross-Seed Amyloid-β in Alzheimer's Disease.” Nature 552: 
355–361.

Walker, L. C., M. J. Callahan, F. Bian, R. A. Durham, A. E. Roher, and 
W. J. Lipinski. 2002. “Exogenous Induction of Cerebral β-Amyloidosis 
in βAPP-Transgenic Mice.” Peptides 23: 1241–1247.

World Health Organization. 2000. WHO Infection Control Guidelines 
for Transmissible Spongiform Encephalopathies Report of a WHO 
Consultation. World Health Organization.

Xia, Z., E. E. Prescott, A. Urbanek, et al. 2024. “Co-Aggregation With 
Apolipoprotein E Modulates the Function of Amyloid-β in Alzheimer's 
Disease.” Nature Communications 15: 4695.

Xu, G., Y. Ran, S. E. Fromholt, et al. 2015. “Murine Aβ Over-Production 
Produces Diffuse and Compact Alzheimer-Type Amyloid Deposits.” 
Acta Neuropathologica Communications 3: 72.

Yagi, T., D. Ito, Y. Okada, et al. 2011. “Modeling Familial Alzheimer's 
Disease With Induced Pluripotent Stem Cells.” Human Molecular 
Genetics 20: 4530–4539.

Yang, D.-S., P. Stavrides, P. S. Mohan, et al. 2011. “Reversal of Autophagy 
Dysfunction in the TgCRND8 Mouse Model of Alzheimer's Disease 
Ameliorates Amyloid Pathologies and Memory Deficits.” Brain 134: 
258–277.

Yang, T., T. T. O'Malley, D. Kanmert, et al. 2015. “A Highly Sensitive 
Novel Immunoassay Specifically Detects Low Levels of Soluble Aβ 
Oligomers in Human Cerebrospinal Fluid.” Alzheimer's Research & 
Therapy 7: 14.

Yao, J., Z. Li, Z. Zhou, et al. 2024. “Distinct Regional Vulnerability to Aβ 
and Iron Accumulation in Post Mortem AD Brains.” Alzheimers Dement 
20: 6984–6997.

Ye, L., S. K. Fritschi, J. Schelle, et al. 2015. “Persistence of Aβ Seeds in 
APP Null Mouse Brain.” Nature Neuroscience 18: 1559–1561.

Ye, L., T. Hamaguchi, S. K. Fritschi, et al. 2015. “Progression of Seed-
Induced Aβ Deposition Within the Limbic Connectome.” Brain 
Pathology 25: 743–752.

Ye, L., J. Rasmussen, S. A. Kaeser, et  al. 2017. “Aβ Seeding Potency 
Peaks in the Early Stages of Cerebral β-Amyloidosis.” EMBO Reports 
18: 1536–1544.

Yue, F., S. Feng, C. Lu, et al. 2021. “Synthetic Amyloid-β Oligomers Drive 
Early Pathological Progression of Alzheimer's Disease in Nonhuman 
Primates.” iScience 24: 103207.

Zaghi, J., B. Goldenson, M. Inayathullah, et  al. 2009. “Alzheimer 
Disease Macrophages Shuttle Amyloid-Beta From Neurons to Vessels, 
Contributing to Amyloid Angiopathy.” Acta Neuropathologica 117: 
111–124.

Zhao, J., K. Rostgaard, E. Lauwers, et  al. 2023. “Intracerebral 
Hemorrhage Among Blood Donors and Their Transfusion Recipients.” 
JAMA 330: 941–950.

Ziegler-Waldkirch, S., P. d'Errico, J. F. Sauer, et al. 2018. “Seed-Induced 
Aβ Deposition Is Modulated by Microglia Under Environmental 
Enrichment in a Mouse Model of Alzheimer's Disease.” EMBO Journal 
37: 167–182.

Ziegler-Waldkirch, S., M. Friesen, D. Loreth, et al. 2022. “Seed-Induced Aβ 
Deposition Alters Neuronal Function and Impairs Olfaction in a Mouse 
Model of Alzheimer's Disease.” Molecular Psychiatry 27: 4274–4284.

 14714159, 2025, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jnc.70267 by A

lejandro R
uiz-R

iquelm
e - U

ni Santiago C
om

postela , W
iley O

nline L
ibrary on [04/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Amyloid-β Seeds in Alzheimer's Disease: Research Challenges and Implications
	ABSTRACT
	1   |   Introduction
	2   |   Aβ Seeds and the Initial Stage of AD
	3   |   Nature of Aβ Seeds
	4   |   Cellular Origin of Aβ Seeds
	5   |   Models to Study Aβ Seeds
	5.1   |   Animal Models
	5.2   |   Cell Culture Models

	6   |   Transmission of Aβ Seeds
	7   |   Aβ Seeds and Biosafety
	7.1   |   Precautions to Avoid Aβ Transmission During Medical Procedures
	7.2   |   Precautions to Avoid Aβ Transmission in Research Laboratories

	8   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	Peer Review
	References


