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Genetic and experimental evidence supports a pathogenic role of 
immune activation in neurodegenerative disorders1. In Alzheimer’s 
disease (AD), genetic2,3 and epigenetic4 studies, transcriptome anal-
ysis of brains of patients with AD5 and expression  quantitative trait 
experiments in monocytes6 all support a contributing role of innate 
immune mechanisms. However, the connection between AD-related 
immune activation and classical hallmarks of AD is less clear. Assembly 
of amyloid-β  (Aβ ) peptides into pathological seeds and their sub-
sequent aggregation represents one of the key pathologies of AD.  
A  critical role of Aβ  in AD manifestation is supported by mutations 
that lead to increased Aβ  production and deposition in familial forms 
of AD7. In sporadic AD, Aβ  may have an initiating role and is linked 
to a complex network of pathological processes, which may converge 
over time, before neurodegeneration prevails and clinical symptoms 
appear8. However, the precise mechanisms underlying Aβ  aggregation 
and spreading of pathology are not fully understood9.

Notably, deposition and spreading of Aβ  pathology probably precedes 
the appearance of clinical symptoms by decades10 and therefore the 
mechanisms involved in these processes are believed to hold thera-
peutic potential for AD. Once aggregated, Aβ  is sensed by microglial 
pattern-recognition receptors leading to pathological innate immune 
activation and subsequent production of inflammatory  mediators11. 
Activation of the NACHT-, LRR- and pyrin (PYD)-domain-containing 
protein 3 (NLRP3) inflammasome, a central sensor for danger signals, 
has recently been documented in the brains of patients with AD and 
APPSwe/PSEN1dE9 (also known as APP/PS1) transgenic mice12. Genetic 
deficiency in NLRP3 or caspase-1 both protect aged APP/PS1 mice 
from microglial IL-1β  production, Aβ -related pathology and develop-
ment of cognitive decline12. Previous findings, which showed a very 
early and focal immune activation of IL-1β + microglia in similar 
mouse models of AD, prompted the question whether activation of 

the NLRP3 inflammasome contributes to the progression and  spreading 
of Aβ  pathology. After activation, NLRP3 recruits the adaptor protein 
apoptosis-associated speck-like protein containing a CARD (ASC) via 
interactions with the PYD domain of ASC, which triggers ASC  helical 
fibrillar assembly13. ASC fibrils then recruit the effector caspase-1 via 
CARD interactions leading to autoproteolytic activation and sub sequent 
assembly of ASC fibrils into a large paranuclear ASC speck14. In fact, 
prion-like polymerization is a conserved signalling  mechanism in innate 
immunity and  inflammation15. Indeed, in addition to  causing pro- 
inflammatory IL-1β  cytokine activation and release, NLRP3 inflam-
masome activity also results in the release of assembled ASC specks, 
which, once released into the intercellular space, can be taken up by 
neighbouring myeloid cells to sustain the ongoing immune response16,17.

ASC specks enhance Aβ  aggregation
ASC specks can be visualized in brain sections of patients with AD 
and APP/PS1 transgenic mice, and are located within microglia and in 
the extracellular space and can also bind to Aβ  deposits (Fig. 1a, b and 
Extended Data Fig. 1). ASC expression increases with age in APP/PS1, 
but not wild-type, mice (Extended Data Fig. 1f). In vitro, ASC-speck 
formation and release can be induced in pre-stimulated mouse micro-
glia (Fig. 1c, d and Extended Data Fig. 2a, b) or human THP-1 cells 
(Extended Data Fig. 2c–j) by exposure to NLRP3 inflammasome activa-
tors. Exposure of microglia to Aβ 1–42 caused the formation and release 
of ASC specks. Dynamic imaging revealed that soon after their release, 
ASC specks bound to a TAMRA-labelled Aβ  peptide containing the first 
42 amino acids (Aβ 1–42) (Fig. 1e). This observation was further vali-
dated by incubation of supernatants derived from inflammasome-stim-
ulated primary microglia derived from wild-type and Asc-knockout 
(Asc−/− also known as Pycard−/−) mice (Fig. 1f–h) or macrophages 
with Aβ 1–42, and subsequent FACS analysis (Extended Data Fig. 3a, d, e)  

The spreading of pathology within and between brain areas is a hallmark of neurodegenerative disorders. In patients 
with Alzheimer’s disease, deposition of amyloid-β is accompanied by activation of the innate immune system and 
involves inflammasome-dependent formation of ASC specks in microglia. ASC specks released by microglia bind rapidly 
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mice. These findings support the concept that inflammasome activation is connected to seeding and spreading of 
amyloid-β pathology in patients with Alzheimer’s disease.
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or  immuno precipitation experiments (Extended Data Fig. 3b, c). 
Supernatants from Asc−/− microglia or macrophages failed to influence 
Aβ  aggregation, which was only detectable in supernatants derived from  
ASC-producing cells (Fig. 1g, h and Extended Data Fig. 3e, f).

Using purified ASC specks generated by immunoprecipitation and 
enzymatic cleavage (Extended Data Fig. 4), analyses of thioflavin-T 
(ThT) fluorescence assays and western blots further revealed that 

co- incubation with Aβ 1–42 (Fig. 1i–k and Extended Data Fig. 5d) or  
Aβ 1–40 (Extended Data Fig. 5a–c, e) accelerated Aβ  aggregation in a 
time- and concentration-dependent manner. The decreased lag phase 
of aggregation in the presence of ASC indicates an increase in the 
formation of seeding nuclei through the interaction of two different 
peptides and/or proteins, and thus a cross-seeding activity of ASC 
specks in Aβ  aggregation (Fig. 1i and Extended Data Fig. 5d, e). These 
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Figure 1 | Microglia-released ASC specks bind to and cross-seed 
β-amyloid peptides. a, ASC specks detected in- and outside (ex) of 
microglia in hippocampal sections of brains of patients with AD and 
age-matched controls without dementia. n =  10 human cases. One-
way ANOVA, Tukey test, * * * P <  0.0001. b, Microglia containing ASC 
specks and free ASC specks in the hippocampus of APP/PS1 mice and 
quantification at various ages. n =  10 mice. One-way ANOVA, Tukey test,  
* * * P =  0.0002. c, Flow cytometry of Alexa Fluor 488-labelled ASC specks 
released by lipopolysaccharide (LPS)-primed mouse microglia upon 
exposure to nigericin (10 μ M) or ATP (5 mM). d, Left, quantification of 
ASC–Alexa Fluor 488+ specks per μ l of cell-free supernatants of resting 
or activated microglia. n =  3 technical replicates. Right, confocal imaging 
of LPS-primed, ATP-activated microglia including a magnification of an 
extracellular ASC speck. e, Extracellular TAMRA–Aβ 1-42 binding to THP-
1-cells released GFP-linked ASC specks. f, Experimental schematic of  

Aβ -binding experiments using ASC release by immunostimulated primary 
microglia. g, Flow cytometry analysis of supernatants derived from wild-
type (WT) or Asc−/− mice and control and immunostimulated (activated) 
primary microglia in the presence and absence of Aβ 1–42. h, Quantification 
of the number of ASC–Aβ 1–42 events in wild-type and Asc−/− supernatants. 
n =  4 biologically independent experiments. One-way ANOVA, Tukey test, 
* * * P <  0.0001. i, Thioflavin-T (ThT) fluorescence assay of ASC speck  
and Aβ 1–42 co-incubation. n =  2 biologically independent samples.  
AU, arbitrary units. j, Confirmation of ASC speck-enhanced Aβ 1–42 
oligomer formation by immunoblot detection. k, Quantification at single 
time points. n =  4 biologically independent experiments. Two-tailed 
Student’s t-test, 2 h: * * P =  0.0089, 4 h: * * P =  0.0093, 6 h: * * * P =  0.001, 24 h: 
* * * P <  0.0001. Experiments were independently performed twice (d, i, j). 
Data are mean ±  s.e.m. (a, b, h, i, k) or mean ±  s.d. (d). Scale bars, 10 μ m 
(a, b), 6 μ m (d), 24 μ m (e, left) and 4.4 μ m (e, middle).
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results were further corroborated by turbidity assay measurements and 
transmission electron microscopy (Extended Data Fig. 5a, i). Notably, 
control experiments showed that ASC specks did not induce the aggre-
gation of the reverse sequence of Aβ 1–42 nor a control peptide (bovine 
serum albumin) (Extended Data Fig. 5h, i).

Aβ  cross-seeding depends on the PYD domain of ASC
ASC specks derived from recombinant protein (recASC) similarly 
promoted Aβ 1–40 and Aβ 1–42 aggregation from early time points on, 
as detected by immunoblotting (Extended Data Fig. 6a–d, i, j) and 
confirming the above observations. To further support the specific 
interaction of ASC specks and Aβ , recASC carrying mutations located 
either in the PYD or CARD domain of ASC were tested. Mutations in 
the PYD domain of ASC (at positions 21, 22 and 26) that inhibit ASC 
helical fibril assembly18 completely prevented the ASC-speck promot-
ing effect on Aβ  aggregation (Extended Data Fig. 6e). By contrast, point 
mutations in the CARD domain of ASC (at positions 134 and 187) that 
prevent ASC fibril self-assembly, which aids in ASC-speck formation, 
did not substantially change ASC-speck-mediated promotion of Aβ  

aggregation (Extended Data Fig. 6g). The aggregation propelling action 
of ASC is similar to several mutations seen in familial forms of AD in 
genes coding for amyloid precursor protein (APP) or presenilin, which 
increase the aggregation propensity of the Aβ  peptide19–21. In particu-
lar, given the effect of ASC on Aβ 1–40 aggregation, microglial innate 
immune responses may accomplish a similar effect through ASC-speck 
release. One may therefore speculate whether factors that increase the 
risk of sporadic AD and are also known to involve inflammasome  
activation in the brain, act through this mechanism22.

To further determine the physical interaction of ASC specks and Aβ ,  
co-sedimentation assays were performed. ASC specks co-sediment 
in the pellet fraction within 6 h of incubation only in the presence 
of Aβ 1–40 or Aβ 1–42, but remained in the supernatant fraction at all 
time points in the absence of the Aβ 1–40 or Aβ 1-42 peptides (Fig. 2a, b).  
Additional ThT experiments on the supernatant and pellet  fractions 
of the co-sedimentation assay samples demonstrated increased  
β -sheet-rich oligomers and fibrils in the presence of ASC (Extended 
Data Fig. 7). Consistent with the ASC–Aβ  interaction observed in the 
co-sedimentation experiments, ASC and Aβ  co-immunoprecipi tated 
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Figure 2 | ASC specks co-sediment with Aβ and form the core of  
mouse and human Aβ plaques. a, Schematic of ASC speck–Aβ  co-
sedimentation experiments at 0 and 6 h. b, Supernatants (S) and pellets (P) 
of in vitro incubations of: (1) Aβ 1–42 or Aβ 1–40 alone; (2) Aβ 1−42 or  
Aβ 1–40 together with ASC specks; or (3) ASC specks alone. Densitometry 
of ASC-speck levels at 0 and 6 h after co-incubation with either Aβ 1–40  
or Aβ 1–42 given as percentage. n =  4 biologically independent samples. 
c, Co-immunoprecipitation experiments demonstrating binding of Aβ  
to ASC specks using Aβ -antibody 82E1 for detection in wild-type (WT) 
and APP/PS1 (Tg) brain homogenates. d, Quantification at 3, 8 and 12 
months of age. n =  4 mice. One-way ANOVA, Tukey test, * * * P <  0.0001. 
e, Dot blot analysis of the fluffy fibre and core compartment of mouse Aβ  
deposits by sucrose-gradient centrifugation from APP/PS1 (Tg) and wild-
type (WT) mice at 8 months (see Methods). f, Co-immunohistochemistry 

of an early Aβ  deposit in an APP/PS1 mouse at 4 months (4 m) using  
ASC (AL177) and Aβ  (6E10) antibodies. g, Immunoprecipitation 
experiments detecting ASC-bound Aβ  in human brain homogenates  
from patients with AD and age-matched controls without dementia.  
h, Quantification of data from g. n =  27 human cases. Two-tailed Student’s 
t-test, * * * P <  0.0001. i, Dot blot analysis of the fluffy fibre and core 
compartment of Aβ  deposits by sucrose-gradient centrifugation from  
age-matched controls without dementia, patients suffering from mild 
cognitive impairment (MCI) due to AD and patients with AD.  
j, Co-immunohistochemistry of a deposit in the hippocampus of a patient 
with AD using ASC (AL177) and Aβ  (6E10) antibodies. Arrows indicate 
AL177 (red) and 6E10 (green) immunopositivity. Experiments were 
performed independently three times (c, e, g–i) or five times (f, j). Data 
are mean ±  s.e.m. (b, d, h). Scale bars, 10 μ m (f, j).

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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from brain samples of APP/PS1 mice (Fig. 2c, d). Aβ  binding to ASC 
increased with age and was absent in wild-type animals. Compartmental 
analysis of Aβ  deposits isolated from the brain of APP/PS1  
mice by gradient centrifugation revealed the presence of ASC along 
with Aβ  in the core fraction, but also in the fibre fraction (Fig. 2e and 
Extended Data Fig. 8a–c). In line with this observation, immunohisto-
chemistry revealed that even the early Aβ  deposits in 4-month-old mice 
show an ASC-immunopositive core, which is surrounded by antibody 
6E10-immunopositive Aβ  (Fig. 2f and Extended Data Fig. 8d, e).  
This suggests that ASC-speck-mediated innate immune responses may 
result in cross-seeding of Aβ  at an early stage of Aβ  aggregation and 
deposition in vivo. Similarly, ASC-bound Aβ  was nearly absent from 
human brain samples of age-matched controls without dementia, but 
strongly increased in brains from patients with AD (Fig. 2g, h and 
Extended Data Fig. 8f, g). Analysis of core and fibre compartments 
of Aβ  deposits showed that, in contrast to controls, a patient suffering 
from mild cognitive impairment owing to AD (a clinical pre-phase 
of overt AD dementia) had ASC–Aβ  co-localization in the core frac-
tions, whereas the fibre fractions showed only minor immunoreactivity 
for both targets (Fig. 2i). Similarly, a blot from a patient with AD was 
characterized by the co-presentation of ASC and Aβ  within the core, 
whereas the fibre fractions remained mostly immunopositive for Aβ , 
suggesting that ASC speck–Aβ  cross-seeding occurs before or during 
mild cognitive impairment (Fig. 2i), causing ASC immunostaining 
of the core surrounded by Aβ  (Fig. 2j and Extended Data Fig. 8h). 
Notably, ASC-bound Aβ  was undetectable in post-mortem tissue of 
patients suffering from other neurodegenerative diseases, including 
fronto-temporal dementia, cortico-basal degeneration and vascular 
dementia (Extended Data Fig. 8i, j).

ASC specks promote Aβ  deposition in vivo
To characterize the overall effect of ASC on Aβ  pathology and asso-
ciated behavioural deficits, Asc−/− mice were crossed with APP/PS1 
transgenic mice and analysed at 3, 8 or 12 months of age. Whereas no 
differences were detectable at 3 months of age, APP/PS1;Asc−/− trans-
genic mice had a significant reduction in cerebral Aβ  load at 8 and 12 
months (Fig. 3a, b and Extended Data Figs 9a, c, d, 10a, b). Notably, 
modulation of NLRP3-mediated immune mechanisms, previously 
described in aged 16-month-old APP/PS1 transgenic mice,  including 
caspase-1 activation (CASP1; Extended Data Fig. 10c–f), generation of 
the Aβ -degrading enzyme neprilysin (NEP; Extended Data Fig. 10c–f) 
and insulin-degrading enzyme (IDE; Extended Data Fig. 10c–f) or 
phagocytosis (Extended Data Fig. 11a) did not account for the observed 
changes in cerebral Aβ . Similarly, APP/PS1;Asc−/− mice showed sub-
stantially improved spatial memory performance compared to APP/PS1  
mice (Fig. 3c–f and Extended Data Fig. 9b). This protective effect of 
ASC deficiency remained detectable at 12 months of age (Extended 
Data Fig. 9e–h).

To investigate whether ASC acts as an Aβ  cross-seeding agent  
in vivo, we injected cell supernatant-derived or purified ASC specks 
into the hippocampus of 3-month-old APP/PS1 mice and analysed 
their brains at 6 months of age for Aβ  deposition (Extended Data  
Fig. 11b–f). Intrahippocampal injection of ASC specks increased the 
number and total area of Aβ  immunopositive deposits compared to the 
contralateral hippocampus receiving a solvent control (Extended Data 
Fig. 12a, b, e) without affecting phagocytosis (Extended Data Fig. 12i).  
This result was validated by immunoblot analysis of pooled 
brain homogenates generated from brain sections with a defined  
distance to the injection site, which showed a substantial increase in 
Aβ  induced by injection of ASC specks without changes in expression  
of APP or APP-cleavage products (Extended Data Fig. 12c, d). 
Spreading of Aβ  pathology has previously been described in response 
to injection of mice that express human APP with brain homogen-
ates derived from APP or APP/PS1 transgenic animals9,23. To test 
whether endogenous ASC contributes to this phenomenon, APP/
PS1 or APP/PS1;Asc−/− mice received intrahippocampal injections 

of a brain homogenate derived from an APP/PS1 mouse, whereas 
the contralateral hippocampal hemisphere was injected with a brain 
homogenate derived from a wild-type mouse. Mice were injected at 
3 months and analysed at 8 months of age (Extended Data Fig. 11d). 
In APP/PS1 mice, the injection of brain homogenates from the brain 
of an APP/PS1 mouse increased the number and total area of Aβ + 
deposits compared to the contralateral injection of brain homogenates 
from the wild-type mouse, confirming previous results23 (Fig. 3g, h).  
Importantly, this effect was completely absent in APP/PS1;Asc−/− 
mice. Moreover, a comparison of the hemispheres of APP/PS1 and  
APP/PS1;Asc−/− mice that had received brain homogenates derived 
from an APP/PS1 mouse revealed a strong difference in the number 
of Aβ  deposits, their surface area and their rostro-caudal  spreading  
(Fig. 3g, h and Extended Data Fig. 12f). This immunohistochemical 
result was confirmed by enzyme-linked immunosorbent assay (ELISA) 
for SDS-soluble Aβ 1–40 and Aβ 1-42 or immunoblot analysis of brain 
homo genates and quantification of the Aβ  monomer and oligomer 
fractions (Fig. 3i–k) without any changes in APP expression or cleav-
age  products (Fig. 3j). We evaluated phagocytosis (Extended Data  
Fig. 13a, b), CASP1 activation, and generation of Aβ -degrading 
enzymes NEP and IDE (Extended Data Fig. 10d). Results were com-
parable for all parameters in the two genotypes, with the exception 
of IDE, which was increased in injected and non-injected Asc−/−  
animals (Extended Data Fig. 10d). Although this phenomenon was not 
associated with a significant increase in IDE activity (Extended Data  
Fig. 13c) in the same brain tissue, we cannot exclude that an increase 
in IDE contribu ted to the overall effect. Nevertheless, all other in vivo 
experiments did not show significant differences in IDE levels or activity,  
but ASC-speck-mediated modulation of Aβ  pathology suggests that 
the in vivo findings are, in large part, based on ASC-induced seeding. 
Together, these experiments suggest that endogenous ASC represents 
a potential mechanism for induced Aβ  spreading in this model.

ASC-speck antibody reduces Aβ  deposition
Next, the contribution of endogenous ASC present in the injected brain 
homogenate was tested for its potential influence on Aβ  spreading. In 
these experiments, 3-month-old APP/PS1 mice received an intrahippo-
campal injection of mouse brain lysates derived from either APP/PS1  
or APP/PS1;Asc−/− mice (Extended Data Fig. 11b, d) that were adjusted 
for equal amounts of Aβ  (Extended Data Fig. 11e). In line with the 
above findings, brain lysates derived from APP/PS1;Asc−/− brains 
showed a reduced capacity to increase the overall cerebral Aβ  load and 
to induce rostro-caudal spreading of Aβ  pathology when analysed at  
8 months of age (Fig. 4a–d and Extended Data Fig. 12g). Taken together, 
these results suggest that ASC from the brain homogenate derived from 
APP/PS1 mice contributed to the spreading of Aβ  pathology. To confirm  
a pathogenic role for ASC specks in vitro and in vivo, experiments 
 targeting ASC specks by antibody co-incubation were performed. 
Using ThT fluorescence spectroscopy, a specific anti-ASC-speck anti-
body was shown to prevent ASC speck-induced aggregation of Aβ  in a 
concentration-dependent manner (Fig. 4e) without affecting Aβ  aggrega-
tion per se (Fig. 4e). To further investigate whether ASC specks were the 
mediating component responsible for the observed effect on Aβ  spreading 
in vivo and to exclude the potentially confounding factor of a difference 
in the gut microbiome of ASC-deficient mice24, APP/PS1 mice received 
either an ASC-speck-specific IgG or an isotype-specific IgG co-injected 
along with the brain homogenate of APP/PS1 mice (Fig. 4f–i). Targeting 
ASC specks by a single co-injection reduced  rostro-caudal Aβ  deposition 
(Extended Data Fig. 12h). This effect was accompanied by a reduction in 
Aβ  monomer and oligomers (Fig. 4h, i). APP expression, APP cleavage 
products (Fig. 4h, i) and IDE, NEP and CASP1 did not show any changes 
(Extended Data Fig. 10f) in these experiments.

Together, these data suggest that ASC specks contribute to Aβ  
aggregation and spreading. Previous experiments have reported 
that synthetic Aβ  does not efficiently induce Aβ -plaque formation, 
 suggesting that a co-factor driving Aβ  assembly and deposition is 

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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Figure 3 | Asc knockout reduced Aβ pathology and spatial memory 
deficits in APP/PS1 mice. APP/PS1;Asc−/− mice and respective controls 
were analysed for Aβ  load and spatial memory dysfunction.  
a, Representative micrographs of hippocampi stained for Aβ  using 
antibody 6E10. b, Total Aβ  immunostained area and number of  
Aβ -immunopositive deposits. n =  8 mice. Two-tailed Student’s t-test,  
* * * P <  0.0001. c, Spatial memory was assessed in the Morris water maze. 
Time needed to reach the hidden platform (latency) in wild-type, Asc−/−, 
APP/PS1 and APP/PS1;Asc−/− mice. d, Integrated time travelled. AUC, 
area under the curve. n =  12 wild-type, n =  19 Asc−/−, n =  14 APP/PS1  
and n =  21 APP/PS1;Asc−/− mice. One-way ANOVA, Tukey test,  
APP/PS1 versus APP/PS1;Asc−/− mice * * * P =  0.0009, other:  
* * * P <  0.0001. e, Spatial probe trial day 9, where the platform was 
removed and time spent in quadrants was recorded. Q1: platform location 
on day 1–8. The values for time spent in all other quadrants were averaged. 
n =  12 wild-type, n =  19 Asc−/−, n =  14 APP/PS1 and n =  21 APP/
PS1;Asc−/− mice. One-way ANOVA, Tukey test, APP/PS1 mice  
Q1 versus other quadrants: * * * P =  0.0002, APP/PS1;Asc−/− mice Q1 
versus other quadrants: * P =  0.0236. f, Representative trials of single mice. 

g, APP/PS1 and APP/PS1;Asc−/− mice received bilateral hippocampal 
injections with lysates from either APP/PS1 or wild-type mice at 3 months 
of age. Brains were analysed at 8 months. Representative micrographs of 
injected hippocampi. h, Injection of APP/PS1 mouse brain lysate increased 
Aβ  pathology compared to wild-type brain lysate in APP/PS1 mice, but not 
in APP/PS1;Asc−/− mice as detected by total Aβ  immunostained area (total 
area) or number of Aβ  deposits. n =  8 biologically independent samples. 
One-way ANOVA, Tukey test, * P =  0.0252, * * * P <  0.0001. i, ELISA 
analysis of dissected hippocampi from an independent group of mice 
confirmed the histological evaluation. n =  10 biologically independent 
samples. One-way ANOVA, Tukey test, * * * P <  0.0001. j, Levels of APP 
and C-terminal cleavage fragments (α -CTF, β -CTF) remained unchanged. 
Non-injected APP/PS1 or APP/PS1;Asc−/− brains (not injected) as well as 
wild-type brains served as a control. Recombinant Aβ 1–42 peptide served as 
a positive control (+). k, Densitometric quantification of data from j. n =  8 
biologically independent samples. One-way ANOVA, Tukey test,  
* * * P <  0.0001. Experiments were independently performed two (a, g) or 
four (j) times. Data are mean ±  s.e.m. (b–e, h, i, k). Scale bars, 500 μ m (a, g).
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Figure 4 | Reduced spreading of Aβ pathology after ASC-deficient 
APP/PS1 brain lysate or anti-ASC antibody co-injection. APP/PS1 mice 
received bilateral intrahippocampal injections of brain lysates derived 
from either APP/PS1 or APP/PS1;Asc−/− animals at three months. Aβ  
deposition was quantified at eight months by Aβ  immunostaining using 
antibody 6E10. a, Representative micrographs of injected hippocampi. 
b, Total Aβ  immunostained area and number of Aβ  plaques. n =  5 
biologically independent samples. One-way ANOVA Tukey test, total 
area: * P =  0.0105, * * * P =  0.0003; number of Aβ  deposits: APP/PS1 versus 
APP/PS1;Asc−/− mice: * * P =  0.0011, APP/PS1 versus non-injected mice: 
* * P =  0.0081. c, d, Brain lysates were immunoblotted for APP, α  and β  
C-terminal fragments (α -CTF and β -CTF), total Aβ  and quantified for 
cerebral Aβ  monomer and oligomer (> 20 kDa) levels. n =  5 mice. One-
way ANOVA, Tukey test, monomer: * P =  0.0497, * * P =  0.0097; oligomer: 
APP/PS1 versus APP/PS1;Asc−/− mice: * * * P =  0.0001, APP/PS1 versus 

non-injected mice: P =  0.0008. e, ThT assays of Aβ 1–40 co-incubation with 
ASC specks and increasing concentrations of anti-ASC-speck antibody 
or isotype-specific IgG (iso-IgG) controls (IgG1/IgG2). f, Representative 
micrographs of hippocampi from APP/PS1 mice injected bilaterally with 
APP/PS1 brain lysate with anti-ASC-speck antibody or iso-IgG. g, Total 
Aβ  immunostained area and number of Aβ  plaques. n =  5 biologically 
independent samples. One-way ANOVA, Tukey test, * * P =  0.0058,  
* * * P <  0.0001. h, i, Brain lysates were immunoblotted as described in c 
and quantified for cerebral Aβ  monomer and oligomer (> 20 kDa) levels. 
n =  5 biologically independent samples. One-way ANOVA, Tukey test, 
monomer: APP/PS1 mice and iso-IgG versus APP/PS1 mice and  
anti-ASC: * * * P =  0.0002, APP/PS1 and iso-IgG versus non-injected mice:  
* * * P <  0.0001; oligomer: * P =  0.0418, * * P =  0.0053. Experiments were 
performed independently two (a, f), three (e) or four (c, h) times. Data are 
mean ±  s.e.m. (b, d, g, i). Scale bars, 500 μ m (a, f).
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 necessary23. ASC specks released after innate immune activation 
of microglia may represent such a cofactor, suggesting that inflam-
masome activation in the brain is connected to the progression of  
Aβ -plaque formation in AD. Contrary to this putative mechanism, 
 prion-related disease progression was unaffected by genetic deficiency 
of ASC or NLRP3 in a mouse model of scrapie25, suggesting that mecha-
nisms driving spreading differ between neurodegenerative disorders. 
The pathophysiological link between inflammasome responses and  
Aβ -plaque spreading suggests that pharmacological targeting of inflam-
masomes could represent a novel treatment modality for AD.

Online Content Methods, along with any additional Extended Data display items and 
Source Data, are available in the online version of the paper; references unique to 
these sections appear only in the online paper.
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Reagents. Ultrapure LPS (Escherichia coli 0111:B4) was from Invivogen; nigericin 
was from Invitrogen and ATP was from Sigma-Aldrich. Antibodies against ASC 
were from BioLegend (monoclonal antibody, 653902, clone TMS-1, 1:500) and 
AdipoGen (ASC, AL177, AG-25B-0006-C100). Purified mouse IgG1 (Invitrogen, 
02-6100) and normal rabbit IgG (Santa Cruz Biotechnology, sc-2027) were used 
as isotype-control antibodies for the BioLegend ASC antibody and the AdipoGen 
ASC antibody, respectively.
Mice. APP/PS1 transgenic mice (The Jackson Laboratory, strain 005864) and 
Asc−/− mice (Millennium Pharmaceuticals) were both on the C57BL/6 genetic 
background. Mice were housed under standard conditions at 22 °C and a 12 h–12 h 
light–dark cycle with free access to food and water. Animal care and handling was 
performed according to the Declaration of Helsinki and approved by the local 
ethical committees (LANUV NRW 84-02.04.2017.A226). Only female mice were 
included in this analysis. Tissues of the following animal groups were analysed: 
wild type, Asc−/−, APP/PS1, APP/PS1;Asc−/−. Tissue from 8-month-old APP/PS1 
and APP/PS1;Asc−/− mice served as non-injected controls for experiments II, III 
and IV in Extended Data Fig. 11b. All animal experiments were performed by 
researchers blinded to the genotype of the animals. Power analysis was used to 
predetermine the sample size for in vivo studies. For in vivo studies, animals were 
randomly assigned to experiments.
Human tissue samples. Post-mortem brain material from patients with his-
tologically confirmed AD, vascular dementia, fronto-temporal dementia and 
corticobasal degeneration as well as age-matched controls who had died from 
non-neurological disease, were derived from the Neurological Tissue Bank of the 
Biobank of the Hospital Clínic-IDIBAPS. All patients had signed an informed 
consent and agreed to the use of their brain material for medical research. Ages 
as well as post-mortem times were similar between controls and AD cases.  
Post-mortem times varied from 3.5 to 5 h. After explantation, brain specimens 
were immediately snap-frozen and stored at − 80 °C until further use. Patients and 
controls were 75 ±  6 years old.
Immunohistochemistry (ASC, CD11b and Aβ) in mouse and human  samples. 
Free-floating 40-μ m thick serial sections were cut on a vibratome (Leica). Sections 
obtained were stored in 0.1% NaN3 and PBS. For immunohistochemistry, sec-
tions were treated with 50% methanol for 15 min then washed three times for 
5 min in PBS and blocked in 3% BSA, 0.1% Triton X-100 and PBS (blocking 
buffer) for 30 min followed by overnight incubation with the primary antibody 
in  blocking buffer. Sections were washed three times in 0.1% Triton X-100 and 
PBS and incubated with Alexa Fluor 488 or Alexa Fluor 594 antibody conjugates 
(1:500, Invitrogen) for 90 min, washed three times with 0.1% Triton X-100, PBS 
for 5 min. Sections were mounted using Immu-Mount (9990402, Thermo Fisher 
Scientific). The following primary antibodies were used with respective concen-
trations: rat anti-mouse CD11b (1:200, MCA711, Serotec), rabbit anti-mouse ASC 
(1:200, AL177, AG-25B-0006-C100, AdipoGen) and anti-human Aβ  (1:400, 6E10, 
SIG-39320, Covance).
Quantification of intra- and extracellular ASC specks. For human subjects,  
10 controls and 10 cases of patients with AD were analysed. From each patient, six 
hippocampal brain sections with a defined distance to each other were evaluated. 
Intra- and extracellular ASC specks were counted in 10 randomly chosen fields 
per section at a magnification of 40× . Similarly, hippocampal sections of wild-type 
and APP/PS1 mice were analysed at 2, 4 and 8 months of age. The proportion of 
intra- or extracellular ASC specks was given as intracellular or extracellular ASC 
speck per microglia or percentage of all ASC specks detected.
Cell culture. Primary microglial cell cultures were prepared as previously 
described in detail26. In brief, mixed glial cultures were prepared from newborn 
wild-type mice and cultured in DMEM (31966, Thermo Fisher Scientific) sup-
plemented with 10% FCS (10270, Thermo Fisher Scientific) and 100 U ml−1  
penicillin–streptomycin (15070, Thermo Fisher Scientific). Microglial cells 
were used after 14 days of primary  cultivation. They were collected by shake 
off, re-plated and allowed to attach to the substrate for 30–60 min. To assess the 
release of ASC specks, unstimulated or LPS-primed microglia were left untreated 
or activated with nigericin (10 μ M) or ATP (5 mM). Cells were fixed, washed 
and stained with anti-ASC (1:100 BioLegend, clone HASC-71), or purified IgG1  
(02-6100, Thermo Fisher Scientific), followed by staining with goat anti-mouse 
Alexa Fluor 488 (A-11017, Thermo Fisher Scientific). The monocytic cell line 
THP-1 stably transduced with constructs for the expression of mCerulean–ASC 
has been described16. Cells were cultured in RPMI 1640 supplemented with 10% 
FBS and penicillin–streptomycin. For stimulation assays, cells were treated with 
100 nM of phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich) overnight, 
primed with 1 μ g ml−1 of LPS for 3 h and further activated with 10 μ M of nigericin 
for 90 min. Mycoplasma contamination has been excluded by regular testing.
FACS analysis of ASC-speck release. The quantification of ASC specks in cell-free 
supernatants of microglia was carried out on a MACSQuant analyser (Miltenyi 

Biotec), after gating on debris-sized events using microsized beads of 0.7–0.9 μ m  
(Spherotech) or 6.0 μ m (BD Biosciences) as reference for their distribution on a 
FSC versus SSC scatter. Cell-free supernatants were stained with anti-ASC (clone 
TMS-1, 1:500, BioLegend) or an equivalent amount of purified IgG1 isotype  
(02-6100, Thermo Fisher Scientific) directly conjugated to Alexa Fluor 488. Debri-
sized A488+ events were counted as ASC specks. Data were analysed with FlowJo  
X v.10.0.7).
Confocal laser scanning microscopy. Microglia or THP-1 cells were imaged on a 
Leica TCS SP5 SMD confocal system (Leica Microsystems). Images were acquired 
using a 63×  objective, with a numerical aperture of 1.2, and analysed using Volocity 
6.01 software (PerkinElmer).
Association of ASC specks with Aβ. To image the association of ASC specks with 
Aβ 1–42 in vitro, PMA-treated (100 nM), LPS-primed (1 μ g ml−1) ASC– mCerulean-
expressing THP-1 cells were activated with nigericin (10 μ M) for 90 min in the 
presence of soluble TAMRA–Aβ  (Peptide Specialty Laboratories (PSL)). Cells 
were imaged at 37 °C with 5% CO2 using an environmental control chamber 
(Life Imaging Services and Solent Scientific). Images were acquired using a 63×  
 objective, with a numerical aperture of 1.2, and analysed using LAS AF v.2.2.1 
(Leica Microsystems) or Volocity 6.01 software.
Generation and isolation of ASC specks. Generation and isolation of ASC specks 
were performed essentially as described previously16,27,28. Inflammasome reporter 
macrophages were cultured in 15-cm dishes until they reached 80% confluence. 
Cells were collected with a cell scraper in 5 ml PBS and pelleted by centrifuging 
(400g for 5 min). To remove residual medium, they were resuspended in 1 ml PBS 
and transferred to 1.5-ml Eppendorf tubes and centrifuged again at 1,500 r.p.m. 
for 5 min at 4 °C. Supernatants were removed and the pellets put in − 80 °C for 
at least 15 min to destabilize the cytoplasmic membranes. Afterwards, cells were 
resuspended in 2×  volume of CHAPS buffer and lysed using a 2-ml syringe with a 
20G needle. To remove cellular debris the samples were centrifuged (14,000 r.p.m. 
for 8 min at 4 °C) and supernatants transferred to sterile 1-ml polycarbonate ultra-
centrifuge tubes (Beckmann) and spun down at 100,000g in a Beckman Optima 
TLX benchtop ultracentrifuge for 30 min to obtain S100 supernatants. These 
supernatants were transferred to 0.5-ml PVDF 0.22-μ m filter tubes and filtered 
by centrifugation (14,000 r.p.m. for 5 min at 4 °C). The flow through was incubated 
at 37 °C for 60–90 min to induce the assembly of ASC specks. ASC specks were 
treated with tobacco etch virus (TEV) for 1 h at 4 °C, and washed twice in PBS 
before use in experiments (Extended Data Fig. 4).
Preparation of recombinant ASC from E. coli. The cDNA encoding full-length 
human ASC followed by a TEV protease cleavage site and mCherry was cloned into 
the pET-23a expression vector providing a C-terminal hexa-histidine tag (pET23a-
ASC-Tev-mCherry-His). The plasmid was transformed into E. coli BL21 (DE3) 
cells. Transformed E. coli cells were grown at 37 °C and expression was induced 
at an OD600 of 0.8 by 1 mM isopropyl β -D-1-thiogalactopyranoside for 4 h. The 
cells were collected by centrifugation and sonicated in a buffer containing 20 mM 
Tris (pH 8.0), 500 mM NaCl and 5 mM imidazole (buffer A). The cell lysate was 
centrifuged for 30 min at 20,000 r.p.m. at 4 °C. The cell pellet was resuspended in 
buffer A supplemented with 2 M guanidine-HCl and centrifuged and the super-
natant was dialysed (visking dialysis tubing, cellulose, type 36132, MWCO 14,000 
Daltons; Carl Roth) against buffer A at 4 °C. The sample was again centrifuged 
and the supernatant was administered to a pre-equilibrated HisTrap column using 
an Äkta Prime FPLC system (GE Healthcare). The column was washed with 10 
column volumes of 20 mM Tris (pH 8.0), 500 mM NaCl and 20 mM imidazole, 
and the protein was eluted in the same buffer containing 200 mM imidazole. The 
purified protein was dialysed against a buffer containing 20 mM Tris (pH 8.0) and 
300 mM NaCl. To induce fibrillation of the ASC–mCherry chimaeric protein, the 
solution was centrifuged at 100,000g for 1 h at 4 °C and subsequently incubated for 
1 h at 37 °C. Samples were kept on ice and immediately subjected to further analyses 
avoiding freeze–thaw cycles. Besides the wild-type ASC protein, two mutants were 
generated. These mutants were designed to break the homomeric oligomerization 
interface in either the PYD or the CARD alone. Mutant sites were identified on 
the basis of structural analyses of domain fibrillation13. K to A mutations of the 
PYD–PYD assembly interface (K21A, K22A and K26A) and D to R and Y to E of 
the putative CARD assembly interface (D134R and Y187E). All protein-expression 
constructs were confirmed by sequence analysis. Protein expression, purification 
and preparation and the protocol applied for fibrillation was the same as for the 
wild-type protein.
FACS analysis of Aβ and ASC specks from supernatants of immunostimulated 
mouse microglia and macrophages. Primary mouse microglia and immortalized 
ASC–mCerulean macrophages with and without genetic deficiency of ASC were 
primed with 200 ng ml−1 of LPS for 3 h in 100 μ l complete medium. Subsequently, 
the NLRP3 inflammasome was activated by adding 5 mM of ATP for 60 min. The 
supernatants were removed and incubated with TAMRA-labelled Aβ  for 6 h at 
37 °C and subsequently stained with Alexa Fluor 647 anti-ASC (Thermo Fisher 
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Scientific) overnight at 4 °C. Thereafter, FACS analysis was performed with a 
MACSQuant analyser (Miltenyi Biotec).
Immunoblot of Aβ oligomer formation. Synthetic Aβ 1–42 and Aβ 1–40 was procured 
from PSL. Lyophilized peptide was solubilized in 10 mM NaOH to a final concentra-
tion of 1 mg ml−1 (221 μ M), sonicated for 5 min in a water bath and stored at − 80 °C.  
Aβ 1–42 was diluted to 100 μ M in 50 mM Sorenson’s phosphate buffer pH 7.0. 
Aβ 1–42 was incubated with and without ASC specks (0.53 μ M) at 37 °C for 24 h. 
Samples were collected at 0, 1, 2, 4, 6 and 24 h. Samples were separated on 4–12% 
NuPAGE gels by electrophoresis and transferred onto nitrocellulose membrane. 
The membrane was blocked with 5% milk in PBS, 0.05% Tween 20 (blocking 
solution) and incubated overnight at 4 °C with the 6E10 antibody (SIG-39320, 
Covance) in  blocking solution. The membrane was incubated with the antibody 
conjugates and the immunoreactivity was detected using the Odyssey Clx imaging 
system (LI-COR).
Immunoblotting of mouse brain lysates. Samples were separated by 4–12% 
NuPAGE (Invitrogen) using MES or MOPS buffer and transferred to nitrocellulose 
membranes. For caspase-1 blots, positive controls were generated by  precipitating 
supernatants from wild-type immortalized mouse macrophages, which were 
treated with 200 ng ml−1 LPS for 3 h, followed by 10 μ M nigericin for 1 h. APP 
and Aβ  were detected using antibody 6E10 (Covance) and the C-terminal APP 
antibody29 140 (CT15). IDE was blotted using antibody PC730 (Calbiochem), 
caspase-1 using antibodies casp-1 clone 4B4.2.1 (gift from Genentech) and a 
caspase-1 antibody raised in rabbit (gift from G. Nuñez), neprilysin using anti-
body 56C6 (Santa Cruz), and β -actin using A2228 (Sigma-Aldrich) and 926-42212 
(LI-COR Biosciences). Immunoreactivity was detected by enhanced chemilumi-
nescence reaction (Millipore) or near-infrared detection (Odyssey, LI-COR). 
Chemiluminescence intensities were analysed using Chemidoc XRS documenta-
tion system (Biorad). Positive controls for NEP (recombinant mouse NEP protein; 
1126-ZN) and IDE (recombinant IDE protein; 2496-ZN) were from R&D Systems.
ThT fluorescence assay. Synthetic Aβ 1–40 and Aβ 1–42 peptides were procured from 
PSL. Lyophilized peptides were solubilized in 10 mM NaOH to a final concentra-
tion of 1 mg ml−1, sonicated for 5 min in a water bath (Brandelin Sonopuls) and 
stored at − 80 °C until further use. For monitoring Aβ  fibrillization, a ThT binding 
assay was performed as described previously30. In brief, a stock solution of Aβ  
was diluted to a final Aβ  concentration of 50 μ M in ThT fluorescence assay buffer 
(50 mM sodium phosphate buffer (pH 7.4), 50 mM NaCl, 20 μ M ThT and 0.01% 
sodium azide). Real-time ThT fluorescence measurements were carried out using 
a Varian Cary Eclipse fluorescence spectrophotometer (Agilent). Samples were 
incubated at 37 °C with stirring. The ThT fluorescence was measured every 5 min 
for 25 h at excitation and emission wavelengths of 446 nm and 482 nm, respectively, 
with a slit width of 5 nm. To assess cross-seeding of Aβ  fibrillization, freshly diluted 
Aβ 1–40 and Aβ 1–42 peptides (50 μ M) were incubated with ASC specks  purified 
from ASC-expressing cells (0.22 and 1.75 μ M) at 37 °C with stirring. Real-time 
ThT  fluorescence measurements were carried out as described above. The cross- 
seeding effect of ASC specks was also assessed on TAMRA-labelled Aβ 1–42 and 
Aβ 42–1 peptides.
Turbidity assay. For turbidity measurements, sample aliquots collected at the end 
of the aggregation assays were used. Absorbance was measured using an Agilent 
8453 UV spectrophotometer set at a wavelength of 403 nm.
Interaction of Aβ with recASC protein. recASC protein alone (without Aβ ) and 
monomeric Aβ 1–40 and Aβ 1–42 solutions (50 μ M) supplemented with or without 
recASC (2 μ M) were incubated at 37 °C with shaking to 96 h. Sample aliquots  
collected at various time intervals (0, 12, 24, 48, 72 and 96 h) were analysed using 
electron microscopy and SDS–PAGE electrophoresis. After SDS–PAGE, western 
blot analysis was performed using anti-ASC-speck and anti-Aβ  antibodies using 
the Odyssey Clx imaging system (LI-COR). Quantification was performed using 
LI-COR Image Studio Software (LI-COR).
Transmission electron microscopy. For transmission electron microscopy, 1 mg of 
lyophilized Aβ 1–42 peptide (PSL) was dissolved in 250 μ l NaOH and 750 μ l Tris–HCl 
(pH 7.6) buffer to a final concentration of 1 mg ml−1. The sample was incubated 
for 2 h at 37 °C and afterwards centrifuged at 20,000g for 5 min. Aβ  was then mixed 
with ASC protein and incubated in time course experiments up to 72 h. Samples 
of either ASC–mCherry or Aβ  alone, or ASC–mCherry together with Aβ  were 
bound to carbon-coated grids and stained with 1% uranyl acetate. Pictures were 
taken at 72,000×  magnification on a CM120 microscope with a 4,096 ×  4,096 pixel 
TemCam F416 CMOS camera (TVIPS, Gauting).
Immunoprecipitation experiments. Human or mouse brain samples were 
homogenized in NP-40 buffer with inhibitors (AEBSF, protease inhibitor cocktail 
(Sigma-Aldrich), NaF and NaVO3). Protein-G magnetic beads (60 μ l) were washed 
three times in 1 ml PBS and 0.1% Tween 20 and incubated with anti-ASC or 6E10 
antibodies for 10 min at room temperature while rotating. Beads were washed 
three times in 1 ml 0.1% PBS-T. Samples were added and incubated for 1 h at room 
temperature while rotating. Samples were washed three times in PBS and 0.1% 

Tween 20, resuspended in 4×  NuPAGE sample buffer, heated for 10 min at 70 °C 
and centrifuged at 14,000g for 5 min. The supernatants were separated by 4–12% 
NuPAGE and analysed by western blot.
Aβ–ASC specks co-sedimentation analysis. Aβ –ASC specks co-sedimentation 
analysis was performed using purified ASC specks and synthetic Aβ  peptides. 
Monomeric Aβ 1–40 and Aβ 1–42 (50 μ M) were incubated with or without ASC specks 
(1.75 μ M) at 37 °C with shaking. ASC specks or Aβ  in the respective buffers were 
used as controls. Sample aliquots collected at different time intervals (15 min 
and 6 h) were fractionated into supernatants and pellets by ultracentrifugation 
(100,000g, 1 h, 4 °C). The resulting pellets were resuspended in a volume of buffer 
corresponding to the volume of supernatant. The supernatant and pellet frac-
tions were electrophoresed on 4–12% NuPAGE (Invitrogen) gradient gels under 
denaturing and reducing conditions. Western blot analysis was performed using 
anti-ASC-speck and anti-Aβ  antibodies using the Odyssey Clx imaging system 
(LI-COR). Quantification was performed using LI-COR Image Studio Software 
(LI-COR). The formation of β -sheet-rich oligomers and/or fibrils was quantified 
by ThT fluorescence spectrometry. Fluorescence spectra of the Aβ 1–40 and Aβ 1–42 
supernatants and pellet fractions with and without ASC specks were monitored 
at λ emission between 460 and 605 nm with excitation at 446 nm. Excitation and 
emission slit was set at 10 nm. The λmax emission values (485 nm) of supernatants 
and pellet fractions at 0.25 h and 6 h intervals were used for statistical analysis.
Behavioural phenotyping. Morris water maze test. Spatial memory testing was 
conducted in a pool consisting of a circular tank (Ø1 m) filled with opacified 
water at 24 °C. The water basin was dimly lit (20–30 lx) and surrounded by a white 
curtain. The maze was virtually divided into four quadrants, with one containing 
a hidden platform (15 ×  15 cm), present 1.5 cm below the water surface. Mice 
were trained to find the platform, orientating by means of three extra maze cues 
placed asymmetrically as spatial references. They were placed into the water in a 
quasi-random fashion to prevent strategy learning. Mice were allowed to search 
for the platform for 40 s; if the mice did not reach the platform in the allotted time, 
they were placed onto it manually. Mice were allowed to stay on the platform for 
15 s before the initiation of the next trial. After completion of four trials, mice were 
dried and placed back into their home cages. Mice trained for four trials per day for 
eight consecutive days. The integrated time or distance travelled was analysed per 
animal with baseline levels set for area under the curve (AUC) calculations (latency 
10 s, distance 100 cm). For spatial probe trials, which were conducted 24 h after 
the last training session (day 9), the platform was removed and mice were allowed 
to swim for 30 s. The drop position was at the border between the 3rd and 4th 
quadrant, with the mouse facing the wall at the start. Data are given as percentage 
of time spent in quadrant Q1, representing the quadrant where the platform had 
been located, and compared to the averaged time the mice spent in the remaining 
quadrants. In the afternoon of the same day, a visually cued test was performed 
with the platform being flagged and new positions for the start and goal during 
each trial. All mouse movements were recorded by a computerized tracking system 
that calculated distances moved and latencies required for reaching the platform 
(Noldus, Ethovision 3.1).
Mouse and human Aβ plaque analysis. Amyloid plaque cores were isolated 
according to a previously published method31. In brief, mouse brain hemispheres 
or human brain samples were homogenized, boiled in 2% SDS, 50 mM Tris-HCl 
pH 7.5, 50 mM DTT, and centrifuged at 100,000g for 1 h at 10 °C. The pellet was 
solubilized in 1% SDS, 50 mM Tris-HCl pH 7.5, 50 mM DTT and centrifuged 
at 100,000g for 1 h at 10 °C. The pellet was suspended in 1% SDS, 50 mM Tris-
HCl pH 7.5, 50 mM DTT and loaded on top of a discontinuous sucrose gradient  
(1.0, 1.2, 1.4 and 2.0 M sucrose in 50 mM Tris pH 7.5 containing 1% SDS), cen-
trifuged at 220,000g for 20 h at 10 °C and fractionated into six fractions. Amyloid 
plaque cores were found to be enriched at the 1.4–2 M interface. Samples were 
analysed by immunodot blot using antibodies 6E10 or Alz-177 (Invivogen) against 
ASC.
ELISA quantification of cerebral Aβ concentrations. Quantitative determina-
tion of Aβ  was performed using an electrochemiluminescence ELISA for Aβ 1–38,  
Aβ 1–40 and Aβ 1–42 (Meso Scale Discovery). Signals were measured on a SECTOR 
Imager 2400 reader (Meso Scale Discovery). Plates were blocked with 5% blocker 
A (Meso Scale), 0.1% mouse γ -globulin (Rockland). SDS and formic-acid (FA) 
 fractions from the mouse brain were diluted in 1% blocker A, 0.1% mouse  
γ - globulin 1:25 and 1:100, respectively. Subsequently, 30 μ l samples were incu-
bated for 4 h at room temperature, washed with Tris wash buffer (Meso Scale) 
and incubated with 0.25 μ g ml−1 MSD-tagged antibody 4G8 (Meso Scale) diluted 
in 1% blocker A, 0.1% mouse γ -globulin for 1 h at room temperature. Wells were 
washed with Tris wash buffer. Detection wash conducted in 150 μ l of 2×  read 
buffer (Meso Scale) was added.
Stereotaxic surgery. Three-month-old host mice were anaesthetized with an 
intraperitoneal injection of ketamine (0.10 mg per g body weight) and xylazine 
(0.01 mg per g body weight). Mice were placed into a stereotactic mouse frame 
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(Stoelting) equipped with a heating blanket to maintain body temperature at 37 °C 
throughout the procedure. Two small holes were drilled into the skull using a 
Dremel device adapted to the stereotactic frame. Thereafter host mice received 
a bilateral stereotaxic injection of: (1) 2 μ l ASC specks or control (Extended Data  
Fig. 11b, f, host: APP/PS1 mice); (2) brain extract prepared from APP/PS1 or wild-
type mice (Extended Data Fig. 11b, f, host: Asc−/−, APP/PS1, APP/PS1;Asc−/− mice);  
(3) brain extract prepared from APP/PS1 or APP/PS1;Asc−/− mice (Extended Data 
Fig. 11b, f, host: APP/PS1 wild-type mice); or (4) were injected with brain extract 
prepared from APP/PS1 mice containing either anti-ASC–IgG or isotype–IgG 
(Extended Data Fig. 11b, f, host: APP/PS1 mice) using Hamilton syringes into the 
hippocampus at AP − 2.5 mm, L ± 2 mm, DV − 1.8 mm. Injection speed was pump 
controlled at 0.5 μ l min−1. The needle was kept in place for an additional 10 min 
before it was slowly withdrawn to avoid reflux up the needle tract. Skull holes were 
carefully filled with sterilized bone wax. Then, the operation field was again cleaned 
and the incision was sutured. All mice were monitored until complete recovery 
from anaesthesia. Subsequently, animals were housed under standard conditions 
in IVC cages until euthanization.
Perfusion of mice. The mice were anaesthetized intraperitoneally with a ketamine 
and xylazine (100 mg kg−1 and 10 mg kg−1, respectively) solution and transcardially 
perfused with cold PBS (30 ml). The brains were removed from the mice and stored 
for 24 h in 4% paraformaldehyde (PFA) solution at 4 °C followed by three washes 
with PBS and stored in PBS–NaN3 until further use.
Tissue extracts. Mouse brain homogenates were prepared from APP/PS1, APP/
PS1;Asc−/− and wild-type forebrains (without cerebellum) of aged animals  
(16 months old) following the method described in refs 23, 32 (see also Extended 
Data Fig. 11e). Brain tissue samples were snap-frozen in liquid nitrogen and stored 
at − 80 °C until use. The tissue was homogenized (10% w/v) in sterile PBS. Aliquots 
of brain homogenates from APP/PS1 and APP/PS1;Asc−/− mice were adjusted for 
equal amounts of Aβ  by addition of wild-type mouse brain homogenate accord-
ing to the results of ELISA measurements of Aβ 1–42. Aliquots were analysed 
for Aβ  content by immunoblot using antibody 82E1 (ref. no. 10323, Immuno-
Biological Laboratories) and anti-actin antibody to normalize for protein loading. 
Homogenates were centrifuged at 3,000g for 5 min at 4 °C, aliquoted and stored 
at − 80 °C before use.
Analysis of Aβ plaque deposits. Free-floating 40-μ m thick serial sections were cut 
on a vibratome (Leica). Sections were stored in 0.1% NaN3 and PBS. For immuno-
staining, eight sections per animal with defined distance to each other (Extended 
Data Fig. 11f) were fixed to slides and washed three times for 5 min in PBS, 10 min 
in PBS 0.1% Triton X-100 and 3% H2O2 in PBS for 15 min. They were washed for 
5 min in PBS and blocked in 3% BSA, 0.1% Triton X-100 and PBS (blocking buffer) 
for 1 h followed by overnight incubation with 6E10 or IC16 (1:400) antibody33 in 
blocking buffer. Slides were washed three times in PBS and incubated with second-
ary antibody in blocking buffer for 2 h. Samples were washed three times for 5 min 
with PBS, and incubated with the A +  B solution in PBS (1:50) (ABC Vectastain 
Elite Kit Lsg, Vector Laboratories) for 30 min and washed three times for 5 min 
in PBS. Samples were incubated for 30 s in diaminobenzidine solution (0.17 mM 
diaminobenzidine and 0.01% H2O2 in PBS) and the reaction was stopped with water 
after 5 min. Sections were mounted using Immu-Mount (Thermo Fisher Scientific). 
Bright-field microscopy was conducted on an Olympus BX61 bright field  
microscope and images were processed with ImageJ.
Brain protein extraction. Snap-frozen brain hemispheres were extracted 
as  previously described12. In brief, hemispheres were homogenized in PBS, 
1 mM EDTA, 1 mM EGTA, 3 μ l ml−1 protease inhibitor mix (Sigma-Aldrich). 
Homogenates were extracted in RIPA buffer (25 mM Tris-HCl pH 7.5, 150 mM 

NaCl, 1% NP40, 0.5% NaDOC and 0.1% SDS), centrifuged at 100,000g for 30 min 
and the pellet containing insoluble Aβ  was solubilized in 2% SDS and 25 mM Tris-
HCl pH 7.5. In addition, the SDS-insoluble pellet was extracted with 70% formic 
acid in water. Formic acid was removed using a speed vac (Eppendorf) and the 
resulting pellet was solubilized in 200 mM Tris-HCl pH 7.5.
IDE activity. IDE activity in mouse brain homogenates was measured using the 
SensoLyte 520 IDE Activity Assay Kit (AnaSpec) according to the manufacturer’s 
instructions, using the fluorescence resonance energy transfer (FRET) substrate 
(5-FAM/QXL520). When active IDE cleaves the FRET substrate, it results in an 
increase in 5-FAM (5-carboxyfluorescein) fluorescence, which was measured at 
an excitation wavelength of 490 nm and an emission wavelength of 520 nm, on 
an Infinite 200 PRO plate reader (Tecan). The total IDE activity was calculated 
using the equation, = ×− DIDE activity A A

C
1 0  , where A1 is the concentration of 

5-FAM at 30 min and A0 at 0 min; C is the total protein concentration and  
D is the dilution. The relative fluorescence units (RFU) of 5-FAM were normal-
ized per mg of total protein, which was determined using BCA reagent (Thermo 
Fisher Scientific).
Assessment of Aβ phagocytosis by FACS. To determine the phagocytic activity, 
3-month-old APP/PS1 or APP/PS1;Asc−/− mice were injected with APP/PS1 and 
wild-type lysate or ASC specks and control cell lysate. After one month, the animals 
were injected with 10 mg kg−1 methoxy-X04 (863918-78-9, TOCRIS Bioscience) 
in 50% DMSO and 50% NaCl (0.9%) pH 12 and 3 h later they were analysed 
as previously described12. The microglia population was isolated from mice as  
previously described12 and incubated with CD11b–APC (101212, BioLegend) and 
CD45–FITC (11-0451-82, eBioscience) and methoxy-X04+, phagocytic microglia 
were determined by flow cytometry (FACS Canto II, BD Biosciences). Data were 
analysed using FlowJo X v.10.0.7 (FlowJo).
Statistics. Data were analysed either by one-way ANOVA, followed by post hoc 
analysis where appropriate, or by two-tailed, unpaired Student’s t-test if not indi-
cated otherwise, using Graph Pad Prism 6 for Mac OS or R. Statistical details are 
given in the respective figure legends.
Data availability. The datasets generated and/or analysed during the current study 
have been made available as Supplementary Information (Supplementary Figs 1–3) 
and as Source Data. Further data are available upon reasonable request from the 
corresponding author.

26. Yamanaka, M. et al. PPARγ /RXRα -induced and CD36-mediated microglial 
amyloid-β  phagocytosis results in cognitive improvement in amyloid precursor 
protein/presenilin 1 mice. J. Neurosci. 32, 17321–17331 (2012).

27. Fernandes-Alnemri, T. & Alnemri, E. S. Assembly, purification, and assay of the 
activity of the ASC pyroptosome. Methods Enzymol. 442, 251–270 (2008).

28. Fernandes-Alnemri, T. et al. The pyroptosome: a supramolecular assembly of 
ASC dimers mediating inflammatory cell death via caspase-1 activation.  
Cell Death Differ. 14, 1590–1604 (2007).

29. Wahle, T. et al. GGA1 is expressed in the human brain and affects the 
generation of amyloid β -peptide. J. Neurosci. 26, 12838–12846 (2006).

30. Kumar, S. et al. Extracellular phosphorylation of the amyloid β -peptide 
promotes formation of toxic aggregates during the pathogenesis of 
Alzheimer’s disease. EMBO J. 30, 2255–2265 (2011).

31. Rostagno, A. & Ghiso, J. Isolation and biochemical characterization of amyloid 
plaques and paired helical filaments. Curr. Protoc. Cell. Biol. 44, 3.33.1–3.33.33 
(2009).

32. Fritschi, S. K. et al. Aβ  seeds resist inactivation by formaldehyde. Acta 
Neuropathol. 128, 477–484 (2014).

33. Jäger, S. et al. α -secretase mediated conversion of the amyloid precursor 
protein derived membrane stub C99 to C83 limits Aβ  generation.  
J. Neurochem. 111, 1369–1382 (2009).

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



Article reSeArcH

Extended Data Figure 1 | See next page for caption.
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Extended Data Figure 1 | Characteristics of microglial ASC-speck 
formation in mice and humans. a, b, Immunohistochemistry of the 
microglial marker CD11b and ASC in sections derived from brains of 
patients with AD (a) or controls without dementia (Con) (b) (top), and 
omitting either the primary (middle) or secondary (bottom) antibody. 
c, Percentage of ASC specks detected by immunohistochemistry in- and 
outside of microglial cells in sections derived from brains of patients 
with AD (AD-in and AD-ex) and age-matched controls without 
dementia (Con-in and Con-ex). n =  10 human cases. One-way ANOVA, 
Tukey test, * * * P <  0.0001. d, Percentage of ASC specks detected by 
immunohistochemistry in- and outside (-in and -ex, respectively,  
on y axis) of microglial cells in sections derived from the hippocampus of  
APP/PS1 mice at the indicated ages given in months (m). n =  10 mice. 
Two-tailed Student’s t-test, * * * P <  0.0001. e, Number of ASC specks 

bound to Aβ  deposits per visual field observed. n =  5 mice. Two-tailed 
Student’s t-test, * P =  0.0216. f, ASC expression in brain lysates derived 
from wild type (WT) and APP/PS1 transgenic mice at 4, 8, 12 and 24 
months of age. g, Hippocampal sections of 8-month-old wild-type (WT), 
Asc−/−, APP/PS1 and APP/PS1;Asc−/− mice were stained for the microglial 
marker CD11b and ASC in the presence of primary and secondary 
antibodies (left) or in the absence of the respective primary antibody 
(right). h, Hippocampal sections of 8-month-old wild-type, Asc−/−,  
APP/PS1 and APP/PS1;Asc−/− mice were stained for the microglial marker 
CD11b and ASC in the presence of the primary and secondary antibodies 
(left, same panels as shown in g) or in the absence of the respective 
secondary antibody (right). Experiments were performed independently 
two (f) or three (a, b, g, h) times or were performed once (c–e). Scale bars, 
15 μ m (a, b, g, h). Data are mean ±  s.e.m. (c–e).
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Extended Data Figure 2 | Experimental ASC-speck formation in 
primary mouse microglia and human THP-1 cells. a, Flow cytometry 
analysis of conditioned medium from primary mouse microglia using 
2- and 6-μ m fluorescent beads for gating ASC specks. b, Confocal imaging 
of primary mouse microglia exposed to control solvent (Con), LPS 
alone or LPS followed by nigericin (LPS +  Nig) or ATP (LPS +  ATP). 
Cells were stained with anti-ASC antibody followed by an Alexa Fluor 
488 conjugate. Arrowheads show extracellular ASC specks. Scale bars, 
24 μ m; insets are 4×  (bottom left two panels) and 8×  (bottom right 
two panels) magnifications of the areas shown in the squares. c, Gating 
strategy for the detection of ASC specks in cell-free supernatants of 
untreated (− ) or LPS-primed, nigericin-activated (10 μ M) (LPS +  Nig) 

ASC–mCerulean-expressing THP-1 cells. d, Confocal imaging of LPS-
primed, nigericin-treated THP-1 cells showing green fluorescent ASC 
specks in the extracellular space. Scale bars, 38 μ m (left) and 8 μ m (inset). 
e, Quantification of extracellular specks in cell-free supernatants. n =  3 
technical replicates, data mean ±  s.d., representative of two independent 
experiments. f–j, Images of THP-1 cells in the absence of TAMRA–Aβ 
1–42 (f), showing TAMRA–Aβ  surface binding and early incorporation (g), 
subsequent upregulation of ASC (green) (h), early ASC-speck formation in 
a cell, which has incorporated TAMRA–Aβ 1–42 (i) and ASC specks formed 
within a cell (j). Scale bars, 5 μ m (f–j). Experiments were independently 
performed three (a–c, f–j) or two (d, e) times.
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Extended Data Figure 3 | See next page for caption.
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Extended Data Figure 3 | Qualitative and quantitative description of 
Aβ–ASC binding. a, Experimental design and timeline: 3 h LPS and 1 h 
nigericin induces a highly inflammatory form of programmed cell death 
(pyroptosis) causing release of ASC specks. Supernatants containing 
ASC specks were subsequently incubated with Aβ 1–42 for 6 h and then 
analysed by flow cytometry. b, Top, immunoprecipitation and immunoblot 
detection of ASC in unstimulated, immune activated wild-type (WT) 
and Asc−/− macrophages. ASC monomer detection is restricted to 
supernatants of immune activated, ASC-competent wild-type cells and 
absent in unstimulated wild-type cells or Asc−/− macrophages. Bottom, 
immunoprecipitation of ASC followed by immunoblot detection of Aβ  as 
in the top panel. ASC-bound Aβ  is exclusively detected in supernatants 
derived from immune activated wild-type macrophages but not from 
unstimulated wild-type or Asc−/− cells. c, Top, immunoprecipitation 
of ASC and immunoblot detection of ASC in unstimulated, immune 
activated wild-type and Asc−/− microglia. ASC monomer detection is 
restricted to supernatants of immune-activated ASC-competent wild-type 
cells and absent in unstimulated wild-type or Asc−/− microglia. Bottom, 
immunoprecipitation of ASC followed by immunoblot detection of Aβ  as 
in the top panel. ASC-bound Aβ  is exclusively detected in supernatants 

derived from immune-activated wild-type microglia but not from 
unstimulated wild-type or Asc−/− cells. d, Gating strategy and control 
group: gated on debris to exclude remaining cells and larger particles. 
Recombinant ASC labelled with CFP and Aβ 1–42 labelled with TAMRA 
signal in independent quadrants (Q1 and Q3). When incubated together, 
the molecules accumulate and signal in Q2. n =  3 biologically independent 
samples. One-way ANOVA, Tukey test, * * * P <  0.0001. e, Experimental 
groups: ASC–mCerulean-expressing, immortalized macrophages show 
simular results. Asc−/− macrophages show no ASC-speck formation and 
no Aβ 1–42 accumulation. Con, control; activ., activated. n =  3 biologically 
independent samples. One-way ANOVA, Tukey test, activated +  Aβ 1–42 
versus control: * * * P =  0.0002; activated +  Aβ 1–42 versus control +   
Aβ 1–42: * * * P =  0.0009; activated +  Aβ 1–42 versus activated: * * * P =  0.0002. 
f, Flow cytometry quantification of ASC–TAMRA-labelled Aβ 1–40 after 
immune stimulation of microglia. Experimental design and timeline: 3 h 
LPS and 1 h ATP induce a highly inflammatory form of programmed cell 
death (pyroptosis) through which ASC specks are released. Supernatants 
containing ASC specks were subsequently incubated with Aβ 1–40 for 6 h 
and analysed by FACS. Experiments were performed independently three 
times (b, c). Data are mean ±  s.e.m. (d, e).
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Extended Data Figure 4 | An immunoprecipitation and enzymatic 
cleavage-based method for the generation of highly pure ASC specks. 
a, Schematic of ASC-speck formation upon inflammasome assembly 
and purification of ASC specks via immunoprecipitation and enzymatic 
cleavage. Immortalized, ASC-deficient macrophages were transduced with 
a construct containing ASC–mCerulean with a Flag-tag, and a precision 
site for the TEV protease between ASC and mCerulean. Inflammasome 
activation in these cells results in ASC aggregation and formation of an 
ASC speck. The ASC speck containing the mCerulean and Flag-tag can  
be immunopurified, followed by proteolytic cleavage of the mCerulean–
Flag-tag by the TEV protease to generate pure ASC specks.  
b, Immunoblotting analysis of ASC specks isolated from ASC–

mCerulean–Flag macrophages before (−) or after immunoprecipitation 
using anti-GFP antibodies followed by enzymatic cleavage using 
TEV protease. IP, immunoprecipitation; IB, immunoblot. c, Confocal 
imaging after immunostaining of ASC and GFP in untreated versus 
immunoprecipitated and TEV-treated ASC specks. Scale bars,  
3.8 μ m (top), 6.3 μ m (middle) and 9 μ m (bottom). d, Flow cytometry 
analysis of anti-ASC–Alexa Fluor 488 and anti-GFP–Alexa Fluor 
647 double-stained ASC specks isolated from ASC–mCerulean–Flag 
macrophages (top). Anti-mouse IgGs conjugated to Alexa Fluor 488 
or 647 were used as controls (bottom). Experiments were performed 
independently four times (b–d).
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Extended Data Figure 5 | ASC specks increase the tendency of Aβ 
peptides to aggregate in a time- and concentration-dependent manner. 
a, ThT fluorescence assay of ASC specks and Aβ 1–40 co-incubation 
showing cross-seeding potency of ASC specks in a time-dependent 
manner. b, Western blot detection of time-dependent, ASC-speck-induced 
aggregation of Aβ 1–40. Co-incubation of Aβ 1–40 with ASC specks increases 
the tendency to aggregate and increased the formation of high-molecular-
weight Aβ  oligomers and protofibrils. c, Quantification at the indicated 
time points. n =  4 biologically independent samples. Two-tailed Student’s 
t-test, 6 h: * * * P =  0.0002; 4 h and 24 h: * * * P <  0.0001. d, Western blot 
analysis of Aβ 1–42 co-incubated with increasing concentrations of ASC 
specks (0–1.75 μ M) at 0 and 24 h. e, Western blot analysis of Aβ 1–40 co-
incubated with increasing concentrations of ASC specks (0–1.75 μ M)  
at 0 and 24 h. For both Aβ  peptide variants, co-incubation with ASC specks 

increased the tendency to aggregate and increased the formation of high-
molecular-weight oligomers. Note that for Aβ 1–42 the increase in oligomer 
formation is paralleled by a reduction in the levels of Aβ  monomers 
and dimers. f, Electron microscopy of Aβ 1–42, ASC and ASC–Aβ 1–42 
aggregation after 96 h of incubation. Scale bars, 200 nm. g, Confirmation 
of ASC-speck-increased Aβ 1–40 and Aβ 1–42 aggregation by turbidity assay. 
n =  3 biologically independent samples. h, ThT fluorescence assay of ASC 
specks and Aβ 42–1 co-incubation showing no cross-seeding potential of 
ASC specks for the reversed peptide. i, ThT fluorescence assay of Aβ 1–40 
co-incubation with ASC specks and two different concentrations with 
bovine serum albumin (BSA). Although ASC specks cross-seed Aβ 1–40 in a 
time-dependent manner, neither 0.22 μ M nor 0.66 μ M BSA affected Aβ 1–40 
aggregation. Experiments were performed independently four (a, b, d, e) 
or three (f, h, i) times. Data are mean ±  s.e.m. (c, g).
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Extended Data Figure 6 | See next page for caption.
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Extended Data Figure 6 | The ASC PYD domain is critical for Aβ 
cross-seeding. a, Immunoblots were probed for Aβ  using antibody 82E1, 
revealing time-dependent aggregation of Aβ 1–40. Co-incubation of Aβ 1–40 
with recASC specks promotes aggregation and increases the formation of 
high-molecular-weight Aβ  oligomers. Notably, formation of intermediate 
Aβ  oligomers (from 28 to 62 kDa bands) is observed and increased with 
incubation time. b, Immunoblot for ASC, revealing time-dependent auto-
aggregation. c, Immunoblots were probed for Aβ  using antibody 82E1, 
revealing time-dependent aggregation of Aβ 1–42. Co-incubation of Aβ 1–42 
with recASC specks promotes aggregation and increases the formation of 
high-molecular-weight Aβ  oligomers. Notably, formation of intermediate 
Aβ  oligomers (from 28 to 62 kDa bands) is observed and increased with 
incubation time. d, Immunoblots were probed for ASC, revealing time-
dependent auto-aggregation. e, Recombinant mutant ASC was generated 
by introducing point mutations at residues K21A, K22A and K26A  
in the ASC PYD domain. Purified recombinant mutant ASC specks  
were used for the Aβ  aggregation assay. Immunoblots were probed for  
Aβ  using antibody 82E1, revealing time-dependent aggregation of Aβ .  
Co-incubation of recombinant mutant ASC specks (recASC; K21A, K22A  
and K26A) failed to increase high-molecular-weight Aβ  oligomer levels.  
No intermediate Aβ  oligomers (from 28 to 62 kDa bands) are seen in  
Aβ  supplemented with recombinant mutant ASC specks. f, Immunoblots 
were stained for ASC revealing no auto-aggregation of recombinant 

mutant ASC specks. g, Purified recombinant mutant ASC generated by 
introducing point mutations at residues D134R and Y187E in the ASC 
CARD domain were used for the Aβ  aggregation assay. Immunoblot  
was probed for Aβ  using antibody 82E1, revealing time-dependent 
aggregation of Aβ 1–40. Increased levels of high-molecular-weight  
Aβ  oligomers are evident after 2 h of incubation in Aβ  samples upon 
addition of recombinant mutant ASC (recASC; D134R and Y187E) specks. 
The levels of Aβ  oligomers increased with incubation time. Formation of 
intermediate Aβ  oligomers (from 28 to 62 kDa bands) is also apparent and 
increased with incubation time. h, Immunoblot stained for ASC revealing 
auto-aggregation of recombinant ASC–CARD mutant ASC (D134R and 
Y187E) specks. i, Quantification of Aβ 1–40 at the indicated time points. 
n =  3 biologically independent samples. Two-tailed Student’s t-test, 2 h:  
* * P =  0.0012; 4 h: * * P =  0.0052; 6 h: * * P =  0.0032; 12 h: * * P =  0.0033; 48 h: 
* * * P =  0.0003; 24 h and 72h: * * * P <  0.0001. j, Quantification of Aβ 1–42 at 
the indicated time points. n =  3 biologically independent samples. Two-
tailed Student’s t-test, 2 h: * P =  0.0212; 4 h: * * P =  0.0012; 6 h: * P =  0.0240; 
12 h: * * P =  0.0018; 24 h: * * P =  0.0069; 48 h: * * P =  0.0031; 72 h:  
* * * P =  0.0002. k, Ribbon diagrams displaying the positions of the 
respective mutations in the PYD and CARD domains of ASC.  
Experiments were performed independently three times (a–h). Data are 
mean ±  s.e.m. (i, j).
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Extended Data Figure 7 | ThT fluorescence analysis of samples from 
co-sedimentation assay of Aβ peptides and ASC specks. a, b, ThT 
fluorescence spectra of the supernatant (a) and pellet (b) fractions of  
Aβ 1–40 (Aβ 1–40 alone or in combination with ASC (Aβ 1–40 +  ASC)) at 0 and 
6 h post incubation monitored at λ emission between 460 and 605 nm with 
excitation at 446 nm. Excitation and emission slit was set at 10 nm. a.u., 
arbitrary units. c, Quantification of the λmax values (485 nm) and statistical 
analysis. sup, supernatant; pel, pellet. n =  3 biologically independent 
samples. Two-tailed Student’s t-test, * * P =  0.0011, P =  * * * 0.0003.  

d, e, ThT fluorescence spectra of supernatant (d) and pellet (e) fractions of 
Aβ 1–42 (Aβ 1–42 alone or in combination with ASC (Aβ 1–42 +  ASC)) at 0 and 
6 h post incubation obtained as in a, b. f, Quantification of the λmax values 
(485 nm) and statistical analysis. n =  3 biologically independent samples. 
Two-tailed Student’s t-test, * * P =  0.0023, * * * P <  0.0001. g, h, Aβ 1–40 (g) or 
Aβ 1–42 (h) in the presence or absence of ASC specks with anti-Aβ  antibody 
(82E1) (1, Aβ  alone; 2, Aβ  and ASC; 3, ASC). Experiments were performed 
independently three times (g, h). Data are mean ± s.e.m. (a–f).
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Extended Data Figure 8 | See next page for caption.
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Extended Data Figure 8 | ASC immunopositivity is found in the centre 
of Aβ deposits of APP/PS1 mice and patients with AD. a, Identical 
samples from mouse fibre or core preparations as analysed in Fig. 2 
were probed only with the secondary antibody used for ASC detection. 
b, Identical samples from human fibre or core preparations as analysed 
in Fig. 2 were probed only with the secondary antibody used for ASC 
detection. c, Recombinant ASC and synthetic Aβ 1–42 were sequentially 
diluted and immunoprobed using ASC (AL177) or Aβ  (6E10) antibodies. 
For further decription of the methods see ref. 31. d, Immunostaining of 
Aβ  (6E10) and ASC (AL177) in sections derived from APP/PS1 mice with 
and without primary and/or secondary antibodies. e, Control section from 
Asc−/− animals stained for Aβ  or ASC. f, g, Immunoprecipitation of ASC 
followed by immunoblot detection of ASC (f) or immunoblot detection 
of Aβ  (g) in brain samples from controls without dementia (Con) and 

patients with AD. A further control shows the same detection of  
in vitro co-incubation of Aβ 1–42, ASC and Aβ 1–42 +  ASC.  
h, Immunostaining of Aβ  (green) and ASC (red) in sections derived  
from brains from patients with AD and age-matched controls 
without dementia (Con) and omission of both primary antibodies 
as a negative control. i, Immunoprecipitation experiment showing 
immunoprecipitation of ASC followed by western blot detection of ASC 
in brain samples from patients suffering from vascular dementia (VD), 
fronto-temporal dementia (FTD), corticobasal degeneration (CBD) and 
AD. j, Immunoprecipitation of ASC followed by western blot detection 
of Aβ  in the same brain samples as i. ASC-bound Aβ  was only detected in 
patients with AD. Experiments were performed independently three  
(a–c, f, g, i, j) or five (d, e, h) times. Scale bars, 15 μ m (d, h) and 20 μ m (e).
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Extended Data Figure 9 | See next page for caption.
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Extended Data Figure 9 | Aβ levels and spatial navigation memory in 
APP/PS1;Asc−/− mice at 8 and 12 months of age. a, ELISA quantification 
from SDS and FA fractions for Aβ 1–38, Aβ 1–40 and Aβ 1–42 from 8-month-
old APP/PS1 and APP/PS1;Asc−/− mice. n =  5 biologically independent 
animals. Two-tailed Student’s t-test, SDS: Aβ 1–38 * * P =  0.0016, Aβ 1–40  
* * P =  0.0025, Aβ 1–42 * * * P =  0.0008; FA: Aβ 1–38 * * P =  0.0021, Aβ 1–40  
* * P =  0.0040, Aβ 1–42 * P =  0.0106. b, Spatial memory was assessed in the 
Morris water maze. Distance travelled to platform by wild-type, Asc−/−, 
APP/PS1 and APP/PS1;Asc−/− mice. Quantification was performed by 
integrating the distance travelled (AUC). n =  12 wild-type, n =  19 Asc−/−, 
n =  14 APP/PS1 and n =  21 APP/PS1;Asc−/− mice. One-way ANOVA, 
Tukey test, APP/PS1 versus APP/PS1;Asc−/− mice * * * P =  0.0005; other:  
* * * P <  0.0001. c, ELISA quantification from SDS and FA fractions for  
Aβ 1–38, Aβ 1–40 and Aβ 1–42 from 12-month-old APP/PS1 and APP/
PS1;Asc−/− mice. n =  5 mice. Two-tailed Student’s t-test, SDS: Aβ 1–38  
* * * P <  0.0001, Aβ 1–40 * * P =  0.0015, Aβ 1–42 * * * P =  0.0002; FA: Aβ 1–38  
* * * P =  0.0009, Aβ 1–40 * * P =  0.0084, Aβ 1–42 * * P =  0.0010. d, Hippocampal 
sections from wild-type, Asc−/−, APP/PS1 and APP/PS1;Asc−/− mice at  
12 months of age and quantification of total area and the number of  
Aβ  deposits. Scale bar, 500 μ m. n =  6 mice. Two-tailed Student’s t-test,  

* * * P <  0.0001. e, f, Spatial memory was assessed by Morris water maze 
testing. e, Time needed to reach the platform (latency) in wild-type (WT), 
Asc−/−, APP/PS1 and APP/PS1;Asc−/− mice and integrated time travelled. 
n =  11 wild-type, n =  11 Asc−/−, n =  17 APP/PS1 and n =  15 APP/
PS1;Asc−/− mice. One-way ANOVA, Tukey test, wild-type versus APP/PS1 
mice * * * P <  0.0001; Asc−/− versus APP/PS1 mice * * * P =  0.0003; APP/
PS1 versus APP/PS1;Asc−/− mice * * P =  0.0022. f, Distance travelled to 
platform (distance to platform) in wild-type, Asc−/−, APP/PS1 and  
APP/PS1;Asc−/− mice and integrated distance travelled. n =  11  
wild-type, n =  11 Asc−/−, n =  17 APP/PS1 and n =  15 APP/PS1;Asc−/− 
mice. One-way ANOVA, Tukey test, APP/PS1 versus APP/PS1;Asc−/− mice  
* * * P =  0.0004; other: * * * P <  0.0001. g, h, At day 9, 24 h after the last 
training session, a spatial probe trial was conducted, where the platform 
was removed and the time mice spent in each quadrant was recorded.  
g, Q1, platform location on day 1–8. The values for the time spent in all 
other quadrants were averaged (o.a.). n =  12 wild-type, n =  19 Asc−/−, 
n =  14 APP/PS1 and n =  21 APP/PS1;Asc−/− mice. One-way ANOVA, 
Tukey test, Asc−/− mice Q1 versus all other quadrants * P =  0.0329.  
h, Representative runs of a single mouse from g are depicted. Experiments 
were performed independently twice (d). Data are mean ±  s.e.m. (a–g).
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Extended Data Figure 10 | Age-dependent modulation of cortical  
Aβ levels by ASC in APP/PS1 mice and analysis of CASP-1 cleavage, 
NEP and IDE. a, Immunohistochemistry of cortical sections from  
wild-type (WT), Asc−/−, APP/PS1 and APP/PS1;Asc−/− mice at 3, 8 and 12 
months of age using antibody 6E10. Scale bar, 500 μ m. b, Quantification 
of Aβ  deposition for total Aβ  covered area (total area) and number of 
Aβ  deposits in the respective cortical sections of APP/PS1 and APP/
PS1;Asc−/− mice at 8 (n =  3 mice, two-tailed Student’s t-test, number of  
Aβ  deposits * * * P =  0.0009; total area * * * P <  0.0001) and 12 months  
of age (n =  6 mice, two-tailed Student’s t-test, number of Aβ  deposits  
* * * P =  0.0003; total area * * * P =  0.0002). Data are mean ±  s.e.m.  

c–f, Analysis of experiment 1–4 for CASP-1, NEP and IDE levels in 
animals undergoing the respective experimental protocol (see also 
Extended Data Fig. 11b–d). Detection of β -actin levels served as a 
loading control. Positive controls represent wild-type mouse brain lysate 
spiked with CASP-1, NEP and IDE. R =  right hemisphere lysate; L =  left 
hemisphere lysate. The genetic background of the injected animals are 
indicated: EXPI: APP/PS1 mice; EXPII: APP/PS1 and APP/PS1;Asc−/− 
mice; EXPIII: APP/PS1 mice; EXP IV: APP/PS1 mice and respective 
controls as well as the injected material or brain lysate. Experiments were 
performed independently two (a) or three (c–f) times.
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Extended Data Figure 11 | Microglial Aβ phagocytosis in 8-month-
old APP/PS1 and APP/PS1;Asc−/− mice and experimental schematics 
of Aβ in vivo seeding experiments a, Representative scatter plots of 
mice analysed for microglial amyloid content after intraperitoneal 
injection of methoxy-X04 (Mx04), isolation of microglia at 8 months 
of age and quantification of amyloid content revealing no differences 
between groups. n =  11 APP/PS1, n =  10 APP/PS1;Asc−/− mice. Data are 
mean ±  s.e.m. Two-tailed Student’s t-test. b, Design of in vivo experiments 
1–4 (EXP-I–IV) showing the genetic background of host mice and injected 

materials. c, Time schedule of experiment 1 (EXP-I). d, Time schedule of 
experiments 2–4 (EXP-II–IV). e, Brain lysates were generated as described 
in refs 23, 32. Schematic of the preparation of the injection material 
from mouse forebrain. Aliquots of brain homogenates from APP/PS1 
and APP/PS1;Asc−/− mice were analysed for Aβ  content by immunoblot 
using antibody 82E1 and anti-actin antibody to normalize for protein 
loading. f, Site of bi-hippocampal injection and sections analysed with 
an equal distance of 120 μ m to each other. Experiments were performed 
independently twice (a, e).
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Extended Data Figure 12 | See next page for caption.
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Extended Data Figure 12 | ASC specks cause rostro-caudal spreading 
of Aβ pathology in APP/PS1 mice without affecting microglial 
phagocytosis. a, b, Representative micrographs of injected hippocampi 
(a) and Aβ  immunostained area (total area) and number of Aβ 
-immunopositive deposits (b). Scale bar, 500 μ m. n =  8 biologically 
independent samples (APP/PS1 mice injected with control solution (con.
sol.) or ASC specks, n =  4 biologically independent samples (non-injected 
(non-inj.) APP/PS1 mice). One-way ANOVA, Tukey test, total area of 
ASC speck versus control solution * * * P <  0.0001, ASC specks versus not 
injected * * * P =  0.0006; number of Aβ  deposits ASC speck versus control 
solution * * * P =  0.0003, ASC specks versus not injected * * * P <  0.0001.  
c, Immunoblots for APP, α  and β  C-terminal fragments (α -CTF, β -CTF) 
and Aβ  from injected hemispheres. Brain lysates from non-injected 
(non-inj.) six-month old APP/PS1 animals or wild-type mice were 
used as controls. d, Quantification of Aβ  monomers. n =  5 biologically 
independent samples. One-way ANOVA, Tukey test, ASC speck versus 
control solution * * * P <  0.0001, ASC specks versus not injected  
* * * P =  0.0005. e–h, Determination of the rostro-caudal ASC-speck-
induced spreading of Aβ  pathology. Number of Aβ + deposits displayed 
for each section for EXP-I (e), EXP-II (f), EXP-III (g) and EXP-IV (h). 

EXP-I: n =  7 biologically independent samples; EXP-II n =  3 biologically 
independent samples; EXP-III: n =  3 biologically independent samples; 
EXP-IV: n =  5 biologically independent samples. One-tailed Student’s  
t-test, (levels from − 4 to + 4) EXP-I: − 2 * * P =  0.0028, 1 * P =  0.0194,  
2 * * P =  0.061, 4 * * * P =  0.0007; EXP-II: − 3 * P =  0.0175, − 2 * P =  0.0216,  
1 * * P =  0.0090, 2 * P =  0.0312; EXP-III: − 4 * P =  0.0181, − 2 * P =  0.0194,  
2 * P =  0.0195, 3 * * P =  0.0072; EXP-IV: − 4 * * * P =  0.0008, − 3 * * P =  0.0037,  
− 2 * P =  0.0414, − 1 * P =  0.0144, 1 * * * P <  0.0001, 2 * * P =  0.0088,  
3 * * P =  0.0012. i, Representative scatter plots of samples from mice 
analysed for microglial amyloid content after intraperitoneal injection 
of methoxy-X04 (Mx04) and isolation of microglia at one month after 
injection. Wild-type (WT) mice isolation of microglial cell population 
with immunostaining for Cd11b and CD45 (top) and after intraperitoneal 
administration of methoxy-X04 (bottom). APP/PS1 mice receiving 
intrahippocampal injections with control solvent (top) and ASC 
specks (bottom) immunostained for CD11b, CD45 and methoxy-X04. 
Quantification of phagocytosis reveals no differences between groups. 
n =  3 mice. Two-tailed student’s t-test. Experiments were performed 
independently two times (a), five times (c) and once (i). Data are 
mean ±  s.e.m. (b, d–i).
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Extended Data Figure 13 | Lack of IDE and phagocytosis modulation 
in vivo seeding experiments. Representative scatter plots of animals 
analysed for microglial amyloid content after intraperitoneal injection of 
methoxy-X04 (Mx04) and isolation of microglia one month after injection. 
a, Analysis of microglial cell population (top) from wild-type mice (WT) 
before and after intraperitoneal administration of Mx04 (bottom).  
APP/PS1 or APP/PS1;Asc−/− mice (host animals: red) injected with  
either APP/PS1 or wild-type mouse brain homogenate (injection material: 
green). b, Quantification of amyloid content revealed no differences 
between groups. n =  3 biologically independent samples. One-way 

ANOVA, Tukey test). c, Enzymatic IDE activity was analysed from mouse 
brain homogenates derived from experiments I–IV using the FRET 
substrate (5-FAM/QXL520) and given as relative fluorescence units (RFU) 
per mg brain tissue. EXP-I: n =  7 biologically independent samples (APP/
PS1 mice injected with control solution (con.sol.) or ASC specks), n =  4 
biologically independent samples non-injected (non-inj.) APP/PS1 mice; 
EXP-II: n =  4 biologically independent samples; EXP-III: n =  5 biologically 
independent samples; EXP-IV: n =  6 biologically independent samples. 
One-way ANOVA, Tukey test. Experiments were performed once (a). Data 
are mean ±  s.e.m. (b, c).

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



1

nature research  |  life sciences reporting sum
m

ary
June 2017

Corresponding author(s): Michael Heneka

Initial submission Revised version Final submission

Life Sciences Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form is intended for publication with all accepted life 
science papers and provides structure for consistency and transparency in reporting. Every life science submission will use this form; some list 
items might not apply to an individual manuscript, but all fields must be completed for clarity. 

For further information on the points included in this form, see Reporting Life Sciences Research. For further information on Nature Research 
policies, including our data availability policy, see Authors & Referees and the Editorial Policy Checklist. 

    Experimental design
1.   Sample size

Describe how sample size was determined. All cell culture experiments requiring statistical analysis were performed at least 3 
times as indicated in the figure legends. Power analysis were used to predetermine 
the sample size in case of in vivo studies. For animal experiments requiring 
statistical analysis we used at least 5 animals per group. See specific figure legends 
(page 20-22) and suppl. figure legends. The first paper describing the beta-amyloid 
seeding method in similar mouse models (intrahippocampal beta amyloid 
injections) reported the use of 3 to 5 mice per group  (Meyer-Luehmann et al. 
Science, 2006). For animal experiments requiring statistical analysis we used at 
least 5 animals per group. See figure legends for specific n numbers (page 20-22) 
and suppl. figure legends.

2.   Data exclusions

Describe any data exclusions. All animals were healthy and generated specifically for the experiments described. 
Animals or samples were excluded from  analysis only in the instance of technical 
failure.

3.   Replication

Describe whether the experimental findings were 
reliably reproduced.

All experiments were reliably reproduced, detailed statistical analysis is provided. 

4.   Randomization

Describe how samples/organisms/participants were 
allocated into experimental groups.

No specific method of randomization was used for generation of samples or in 
animal experiments. The animals were littermate, and inbred lines were used, 
where the individual mice were identical, therefore no randomization were 
needed. The animals were randomly assigned to the experimental conduct (e.g. 
Morris Water Maze test)

5.   Blinding

Describe whether the investigators were blinded to 
group allocation during data collection and/or analysis.

Analysis of data was performed in by blinded researchers.

Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.
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6.   Statistical parameters 
For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the 
Methods section if additional space is needed). 

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)

A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same 
sample was measured repeatedly

A statement indicating how many times each experiment was replicated

The statistical test(s) used and whether they are one- or two-sided (note: only common tests should be described solely by name; more 
complex techniques should be described in the Methods section)

A description of any assumptions or corrections, such as an adjustment for multiple comparisons

The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted

A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)

Clearly defined error bars

See the web collection on statistics for biologists for further resources and guidance.

   Software
Policy information about availability of computer code

7. Software

Describe the software used to analyze the data in this 
study. 

Graph Pad Prism 6 for Mac OS or R.  
FlowJo X 10.0.7 (Ashland, OR, U.S.A.) 
Volocity 6.01 software (PerkinElmer, Waltham, Massachusetts, U.S.A.) 
Li-COR Image Studio Software (Li-COR, Bad Homburg, Germany) 
Chemidoc XRS documentation system (Biorad, Munich, Germany) 
Ethovision 3.1(Noldus, Wageningen – The Netherlands) 
ImageJ (National Institute of Health) 

For manuscripts utilizing custom algorithms or software that are central to the paper but not yet described in the published literature, software must be made 
available to editors and reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). Nature Methods guidance for 
providing algorithms and software for publication provides further information on this topic.

   Materials and reagents
Policy information about availability of materials

8.   Materials availability

Indicate whether there are restrictions on availability of 
unique materials or if these materials are only available 
for distribution by a for-profit company.

There are no restrictions on availability of material used for his study.
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9.   Antibodies

Describe the antibodies used and how they were validated 
for use in the system under study (i.e. assay and species).

- ASC antibodies: BioLegend, San Diego, CA, U.S.A., mAb, 653902, clone TMS-1, and 
AdipoGen ASC, AL177, AG-25B-0006-C100, Liestal, Switzerland. 
- CD11b: rat anti-mouse CD11b, MCA711, Serotec, Oxford, UK. 
- 6E10: Aβ anti-human, 6E10, SIG-39320, Covance, Münster, Germany.. 
- C-terminal APP antibody 140 (CT15) Wahle T. et al. J. Neurosci 26, 12838-12846, 
2006 
- Insuling degrading enzyme: PC730, Calbiochem, Darmstadt, Germany. 
- caspase-1 antibodies: casp-1 clone 4B4.2.1 (gift from Genentech, San Francisco, 
CA) and a caspase-1 antibody raised in rabbit (gift from Gabriel Nuñez). 
- Neprilysin: 56C6, Santa Cruz, Heidelberg, Germany. 
- β-actin using A2228, Sigma, Munich, Germany.
 - Alexa fluor 488: goat anti-Rat-Alexa Fluor 488, A11006, ThermoFisher, Darmstadt, 
Germany.   
- 82E1 anti-Human Amyloid beta, 10323, Immuno-Biological Laboratories. 
- Alexa fluor 488: goat anti-Mouse-Alexa Fluor 488, A-11017, ThermoFisher, 
Darmstadt, Germany. 
- Alexa fluor 594: goat anti-Rabbit-Alexa Fluor 594, A11072-, ThermoFisher, 
Darmstadt, Germany. 

10. Eukaryotic cell lines
a.  State the source of each eukaryotic cell line used. THP1 cells were aquired from ATCCC, 

19.5 iMOs (inflammasome reporter mouse immortalized macrophages): Cell line 
was generated in the Latz laboratory. NLRP3 deficient bone marrow cells were 
immortalized using the J2 virus and immortalized macrophages were obtained and 
retroviral reconstituted with flag tag NLRP3 as well as mCerulean tagged ASC 
identity. Western Blot confirmed expression of NLRP3 and ASC. 

b.  Describe the method of cell line authentication used. 19.5 iMOs (inflammasome reporter mouse immortalized macrophages): Cell 
Identity was ascertained by mRNA transcriptional profiling.

c.  Report whether the cell lines were tested for 
mycoplasma contamination.

Yes, any mycoplasma contamination has been excluded.

d.  If any of the cell lines used are listed in the database 
of commonly misidentified cell lines maintained by 
ICLAC, provide a scientific rationale for their use.

Cell lines used are not in ICLAC.

    Animals and human research participants
Policy information about studies involving animals; when reporting animal research, follow the ARRIVE guidelines

11. Description of research animals
Provide details on animals and/or animal-derived 
materials used in the study.

APP/PS1 transgenic (The Jackson Laboratory, Bar Harbor, ME, U.S.A., strain 
#005864), ASC-/- (Millennium Pharmaceuticals, Cambridge, MA, U.S.A.), APP/PS1/
ASC-/- animals on the C57Bl/6 genetic background. 
C57Bl/6 animals as control. 
Only female animals were included at the age of 3, 6, 8 and 12-month.  

Policy information about studies involving human research participants

12. Description of human research participants
Describe the covariate-relevant population 
characteristics of the human research participants.

Only patient-derived brain samples were used. The human tissue was provided by 
the co-author Dr. Ellen Gelpi from the Neurological Tissue Bank of the biobank of 
the Hospital Clínic-IDIBAPS, Barcelone, SPAIN. Post mortem brain material from 
histologically confirmed AD, VD, FTD and CBD cases as well as age-matched 
controls that had died from non-neurological disease, were derived from the 
Neurological Tissue Bank of the Biobank of the Hospital Clínic-IDIBAPS.  
Postmortem times across all cases varied from 3.5-5 hrs. After explantation brain 
specimen were immediately snap frozen and stored at -80°C until further use.  
Patients and controls were males and females, 75 ±6 yrs old 


	Microglia-derived ASC specks cross-seed amyloid-β in Alzheimer’s disease
	Authors
	Abstract
	ASC specks enhance Aβ aggregation
	Aβ cross-seeding depends on the PYD domain of ASC
	ASC specks promote Aβ deposition in vivo
	ASC-speck antibody reduces Aβ deposition
	References
	Acknowledgements
	Author Contributions
	Figure 1 Microglia-released ASC specks bind to and cross-seed β-amyloid peptides.
	Figure 2 ASC specks co-sediment with Aβ and form the core of mouse and human Aβ plaques.
	Figure 3 Asc knockout reduced Aβ pathology and spatial memory deficits in APP/PS1 mice.
	Figure 4 Reduced spreading of Aβ pathology after ASC-deficient APP/PS1 brain lysate or anti-ASC antibody co-injection.
	Extended Data Figure 1 Characteristics of microglial ASC-speck formation in mice and humans.
	Extended Data Figure 2 Experimental ASC-speck formation in primary mouse microglia and human THP-1 cells.
	Extended Data Figure 3 Qualitative and quantitative description of Aβ–ASC binding.
	Extended Data Figure 4 An immunoprecipitation and enzymatic cleavage-based method for the generation of highly pure ASC specks.
	Extended Data Figure 5 ASC specks increase the tendency of Aβ peptides to aggregate in a time- and concentration-dependent manner.
	Extended Data Figure 6 The ASC PYD domain is critical for Aβ cross-seeding.
	Extended Data Figure 7 ThT fluorescence analysis of samples from co-sedimentation assay of Aβ peptides and ASC specks.
	Extended Data Figure 8 ASC immunopositivity is found in the centre of Aβ deposits of APP/PS1 mice and patients with AD.
	Extended Data Figure 9 Aβ levels and spatial navigation memory in APP/PS1Asc−/− mice at 8 and 12 months of age.
	Extended Data Figure 10 Age-dependent modulation of cortical Aβ levels by ASC in APP/PS1 mice and analysis of CASP-1 cleavage, NEP and IDE.
	Extended Data Figure 11 Microglial Aβ phagocytosis in 8-month-old APP/PS1 and APP/PS1Asc−/− mice and experimental schematics of Aβ in vivo seeding experiments a, Representative scatter plots of mice analysed for microglial amyloid content after intrape
	Extended Data Figure 12 ASC specks cause rostro-caudal spreading of Aβ pathology in APP/PS1 mice without affecting microglial phagocytosis.
	Extended Data Figure 13 Lack of IDE and phagocytosis modulation in vivo seeding experiments.




