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2nd Dec 20211st Editorial Decision

2nd Dec 2021 

Dear Dr. Franklin, 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received feedback from the three
reviewers who agreed to evaluate your manuscript. As you will see from the reports below, the referees acknowledge the
interest of the study but also raise important critique that should be addressed in a major revision. Particular attention should be
given to a better explanation of the camelid-derived single-domain antibodies against ASC (VHHASC) targeting ASC-CARD
domain and dissembling ASC specks and to clarifying whether the VHHASC can be used as pan-inflammasome blockers as
suggested by the referee #1. 

Further consideration of a revision that addresses reviewers' concerns in full will entail a second round of review. EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or rejection of the manuscript will
depend on the completeness of your responses included in the next, final version of the manuscript. For this reason, and to save
you from any frustrations in the end, I would strongly advise against returning an incomplete revision. 

We would welcome the submission of a revised version within three months for further consideration. Please let us know if you
require longer to complete the revision. 

Please use this link to login to the manuscript system and submit your revision: https://embomolmed.msubmit.net/cgi-
bin/main.plex 

I look forward to receiving your revised manuscript. 

Yours sincerely, 

Zeljko Durdevic 

Zeljko Durdevic 
Editor 
EMBO Molecular Medicine 

***** 



***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The MS submitted by Bertheloot et al. demonstrate the satisfactory use of a nanobody anti-ASC able to impair inflammasome 
signaling by dissembling ASC oligomers or specks. This nanobody is effective in impairing NLRP3 inflammasome activation 
when is intracellularly delivered and is also able to dissemble already formed ASC specks (either extracellularly or intracellularly 
when the nanobody enters the cell during pyroptosis). Then the nanobody was tested in two in vivo models of gout and antigen-
induced arthritis. The therapeutical use of nanobodies is increasing over other small drug-like molecules due to their ability to 
easily combine with other nanobodies, it relatively short live in the organism, its low impact activating the immune system as 
they lack Fc domains and above all their target specificity. This study is quite exciting as is the first demonstration of the 
feasibility to specifically target ASC therapeutically for deleterious effects of the aberrant inflammasome activation, however 
several issues should be clarified to improve the broad impact of the study: 

1. The use of nanobodies against ASC would be a pan-inflammasome blocker as it could potentially target several
inflammasome sensors that use ASC to signal. This is stated in the title and abstract where there is no explicit mention to a
specific inflammasome. However the authors mainly focus the results on the NLRP3 inflammasome. They show a single
experiment demonstrating that the nanobody has not effect on NLRC4 activation (Fig S2E), but in these conditions it neither
blocked NLRP3 signaling (Fig 3A) as it could not enter into targeted cells, being these assays performed measuring released IL-
1b. The authors then show that the nanobody anti-ASC decrease the number of cells with ASC-specks after NLRP3 activation
with nigericin or PFO (Fig. 4A,B). The authors should also assess the effect of the anti-ASC VHH on ASC-specking induced with
other NLRP3-activators as MSU crystals (mimicking and additionally supporting the gouty animal model used) or imiquimod, as
well as after other inflammasome activation: AIM2, Pyrin, NLRP1 and NLRC4, measuring released IL-1b and intracellular ASC-
specking. These experiments will give the answer if this anti-ASC nanobody could be considered as a pan-inflammasome
inhibitor.

2. The authors reported in 2014 that pyroptosis also induce release of ASC specks from the cells. In Fig 4b, the decrease of
intracellular ASC-specks could be also due to an increase of the release of ASC specks from the cells. Could the authors
demonstrate that the presence of the nanobody also decreases the release of ASC-specks? This could be done not only for
NLRP3 activation, but also for other inflammasomes as is suggested in the previous point.

3. The authors already published in 2016 that the VHH anti-human ASC resulted in the formation of large ASC filaments due to
PYD-PYD interactions, since this nanobody bind to the CARD domain and blocked CARD-CARD interactions important for the
formation of the ASC speck by the ASC filaments. In the Fig 2A, one would expect that the nanobody would result in ASC-
mTurquoise filaments from ASC-GFP seed specks. Could the authors explain why this is not the case and implement this into
the discussion. This is a critical point that should be explained.

4. The novel VHH anti-mouse ASC developed in this study binds to the PYD domain of ASC and therefore targets a different
domain when compared to the anti-human ASC nanobody. Could the authors show that this nanobody has no binding affinity to
the PYD of NLRP3 or the PYD of other inflammasome sensors? As in Fig 3E,F the effect of this nanobody has been assessed
using NLRP3 activation with PFO and would be interesting to know that this is not due to the nanobody binding to NLRP3 PYD
and blocking the initial seed of ASC. What is the effect of this nanobody in a CARD-driving inflammasome, as the NAIP/NLRC4
inflammasome? Would be also able to block its signaling?

5. Regarding internalization of the nanobody to the cells, the authors show indirect data suggesting that in fact the internalization



of the nanobody is required to block intracellular ASC-specks. However, this has not been directly shown, and the authors
should show intracellular detection of the nanobody with the different cellular activation used (nigericin, PFO, nigericin+VX765,
PFO+VX765), i.e. by specific staining, FACS or other biochemical analysis of cellular fractions. Would not be possible to deliver
the nanobody intracellularly, similarly that when flagellin is delivered into the cells for NAIP/NLRC4 activation, and check that
once intracellularly, the nanobody could block ASC speck formation from the starting and IL-1b release will be prevented. 

6. Regarding the animal model of gout, since in vitro it has been shown that the nanobody could target extracellular ASC specks
and dissemble them and this is a late pyroptotic-related event, would not be better to treat gout once the flare has been
established? The right control in this model would require to i.p. administrate either a mutant VHH-ASC or an irrelevant VHH to
compare and not PBS. It might be that the presence of the nanobody (independently of its target) could have some effect in the
establishment of the gouty model. Similarly, this model has been shown quite specific of NLRP3 by using NLRP3-KO mice, but
would be interesting to compare the effect of the nanobody against ASC with the ASC-KO mice.

7. Similarly, in the antigen-induced arthritis model, the right control would be a non-sense VHH. In this model authors should
explain why blocking IL-1 with IL-1RA has a similar output than blocking extracellular ASC, since the authors show in the in vitro
data that with the presence of the nanobody anti-ASC IL-1b is still released from the cells and even one of the conclusions of
the study is that this therapy could target ASC, but not IL-1. While IL-1 is important for host defense, clinical data using anakinra
and other IL-1 targeting therapies demonstrate that IL-1 blocking is not inducing immunosuppression of the patients and have a
clear therapeutic benefit. This should be discussed and conclusion of the study modified accordingly, as the authors show that
their nanobodies present a similar effect than IL-1RA.

Minors: 

1. Figure 1B: the purified ASC specks seems to come from macrophage lysates and therefore present some pro-caspase-1 as
well as some p20 caspase-1. My suggestion is that this experiment would be more clean by using recombinant ASC-specks
produced in cells lacking caspase-1, as in HEK293 cells or similar. What was the reason not to use a ASC speck without pro-
caspase-1?

2. Figure 3A-D: The legend of the y axe of the graphs state hIL-1b or mIL-1b, to differentiate human and mouse IL-1b, while this
acronym is not explained in the figure legend, I recommend to state in the top of the graph human MDMs or mouse BMDMs and
in the axe state just IL-1b. Of note, mIL-1b could be confused with "mature" IL-1b after caspase-1 processing of the pro-IL-1b.

3. Some experimental panels show data from N=2 replicates, from these is difficult to conclude robust effects since statistic
cannot be performed. I would suggest to increase at least to N=3 all the experimental replicates to gain statistical power.

4. Full uncropped Western blots from all panel figures of the paper should be shown in supplementary figures.

5. Figure 1A: The ratio of ASC-specks/cell (not only the concentration) used should be stated in the figure legend.

6. It is not clear for both animal models how leukocytes have been assessed from the synovial fluid of healthy (not swelling)
joints. In healthy conditions there is almost any synovial fluid to collect, could the authors clarify the methods employed for this in
the MS.

7. Authors state in the abstract and introduction (lines 44-46) that accumulation of ASC specks occurs in tissues of patients.
Some references of primary data showing this should be added.

8. The authors should describe well the term "inflammasome" in the introduction (i.e. in line 9), are they referring to the ASC-
speck, or just the oligomerization of the sensor inflammasome protein, or the sensor+ASC+caspase-1 into a large multiprotein
complex?

9. When discussing the effect of the nanobody in the gouty model, the authors should mention that early clinical trials with a
NLRP3 inhibitor (Dapansutrile) show efficacy in the reduction of joint pain in gout flares (PMID: 33005902).

10. The first paragraph of the discussion stating the different investments of companies in the field of NLRP3 inhibitors is out of
the scope and just a general sentence stating the pharma interest in the development of inflammasome blocking drugs would be
sufficient.

11. Figure S1A and C are not in order related to their first appearance in the text, please fix. The results of the different panels
of Fig S1 should be better explained in the text, not just state the final conclusion of the experiment as they represent different
assays to the one shown in the main figures and the different conditions of the graphs used in the panels of Fig S1 are not easy
to interpret.

12. Please adjust alignment of the x-axe labels of Figure S2, in some panels the symbols are moved respect to the bars.



Referee #2 (Comments on Novelty/Model System for Author): 

The study is based on relevant and well-established pre-clinical (murine) models of gouty inflammation and antigen-induced
inflammatory arthritis. These in vivo mouse studies are complemented by mechanistic in vitro experiments with primary human
macrophages and human myeloid cell lines to establish that the camelid anti-ASC antibodies (VHH-Asc) can suppress ASC-
driven inflammasome signaling in living cells and by disassembling extracellular ASC complexes released from pyroptotic cells. 

Referee #2 (Remarks for Author): 

General Comments: This is a well-designed and appropriately interpreted study that describes the ability of camelid-derived anti-
ASC antibodies (VHH-Asc) to suppress ASC-driven inflammasome signaling in living cells and by disassembling extracellular
ASC complexes released from pyroptotic cells. The potential clinical/therapeutic relevance is supported by the use of well-
established pre-clinical (murine) models of gouty inflammation and antigen-induced inflammatory arthritis. These in vivo mouse
studies are complemented by mechanistic in vitro experiments that establish the suppressive effects of the VHH-ASC on: 1)
inflammasome signaling in primary human macrophages; 2) ASC-speck accumulation in human myeloid leukocyte cell lines and
murine bone marrow-derived macrophages expressing fluorescence-tagged ASC constructs; and 3) biochemical/ biophysical
analyses of recombinant ASC assembling into prionoid-like complexes. Overall, the data support the ability of the VHH-ASC
reagents to limit ASC inflammasome-dependent inflammatory pathology by predominantly attenuating the positive "feed-
forward" amplification triggered by pyroptotic release of ASC complexes into extracellular compartments, phagocytotic uptake of
those complexes by naive bystander (or recruited) myeloid leukocytes, and consequent "seeding" of inflammasome activation in
the latter leukocytes. Importantly, this attenuation of the feed-forward amplification cascade occurs downstream of, or after, an
initial burst of mature IL-1b release from the initial compartment of inflammasome-active cells. This minimizes the potential risk
of increased microbial infection due to loss of host-protective early phase IL-1b production, as occurs with therapeutics that
directly target IL-1b or initial upstream inflammasome activation, while targeting the later phases of amplified IL-1b production
that contribute to chronic host-debilitating inflammation. Only a few technical or mechanistic issues require clarification or
extension. 

Specific Comments: 

1. (Minor) In the legend for Figs 5B/5C, the authors note that the clinical assessments were performed at 3- and 6-hours post-
challenge. While these two time points are shown in panel B (mechanical pain threshold), data from only a single point in shown
in panel C (edema). I assume the latter edema measurements were taken at 6 hrs, but this needs to be specified in the figure
legend. The same issue applies to the data and figure legend for Figs S5A and B.

2.Fig S2C: the authors should comment on why VX-765 effectively rescues viability of BMDM challenged with BsaK/PA (Panel
F- to stimulate NLRC4 inflammasomes) but not nigericin (Panel C- to stimulate NLRP3 inflammasomes).

3. Fig 4A/B: These data suggest that early phase NLRP3 inflammasome activation (by nigericin) induces GSDMD pores
which facilitate influx and cytosolic accumulation of VHH-ASC in amounts sufficient to disassemble ASC complexes and thereby
inhibit/reverse sustained inflammasome signaling and (presumed) production/assembly of plasma membrane GSDMD pores.
This raises two intriguing and significant questions that should be addressed by a few experiments: a) can GSDMD pores indeed
facilitate direct influx of extracellular VHH-ASC? b) are these cells that have accumulated cytosolic VHH-ASC (after early-phase
plasma membrane GSDMD assembly) viable and protected against on-going pyroptotic progression?

Referee #3 (Comments on Novelty/Model System for Author): 

I selected medium for medical impact as this is proof-of-concept study using preclinical models, however the concept has a
translational potential once it is decided which conditions to target. 

Referee #3 (Remarks for Author): 

The study by Bertheloot et al. describes that single-domain antibodies targeting human or mouse ASC are able to disassemble
preformed ASC specks when specks are not protected by intact plasma membrane. They first demonstrate that previously
characterized nanobody VHHASC targeting human ASC-CARD domain but not its nonbinding variant inhibits seeded ASC
polymerization, caspase-1 processing and IL-1b in vitro. As VHHASC binds poorly to mouse ASC the authors further developed
VHHmASC that binds to PYD domain of mouse ASC. Further they demonstrate that nanobodies cannot enter intact cells thus
mostly act on extracellular ASC specks or in cells which were severely porated (with perfringolysin O). In cells undergoing
pyroptosis, VHHmASC disassembles specks, yet no decrease of IL-1b is observed. The highlight of the paper is that VHHmASC
decreased inflammation and improved clinical parameters in vivo mouse models of gout and arthritis. 
This is a well-designed study and I find it exciting for several reasons. It demonstrates that at least secreted ASC specks can be
disassembled, suggesting that targeting other complexes where protein conformation is retained. Amelioration of disease in in



vivo models provides a proof-of -concept for usage of nanobodies in treating inflammation and suggests that extracellular ASC
specks might have a prominent role in inducing inflammation in chronic diseases. Drugs that stop inflammasomes at the stage
of ASC and dissembling those particles might be prove useful in many chronic diseases. 
I have some minor comments: 
1. I find it surprising that VHHASC that targets CARD-CARD domain interactions is so efficient in disrupting ASC specks in vitro,
particularly since it has been shown that this nanobody blocks crosslinking of ASCPYD filaments when expressed in the cytosol
of cells. So I would expect that ASC specks would become less compact but not totally disassembled. On the other hand anti-
ASC polyclonals are not effective at all in the same setup-why? I would expect that affinity is comparable-is it the size or simply
that polyclonals do not target segments that engage in interacting surfaces. The authors demonstrated that VHHmASC binds
PYD domain. Do they have any indication which segment is targeted? They cite several previous studies that showed the
presence of extracellular ASC specks and the presence of anti-ASC antibodies in chronic patients that were not protective but
rather enhanced inflammation by Fc-mediated ASC particle uptake. It is likely that antibody responses to ASC aggregates are
raised against surface epitopes, and thus the key to presented nanobodies' success is mostly due to targeting the right epitopes
with high affinity.
2. Have the authors considered more traditional approaches for increasing efficiency of plasma membrane or BBB transfer such
as fusion of nanobodies with cell penetrating peptides?
3. How have the authors decided on the amount of VHH used in in vivo models?
4. Typos: page 3, line 27-reference is in superscript; page 5, line 113: verbs should be in plural or singular; page 20: lines 564
and 565- are ER2738 and ER2837 really two different bacterial strains or a typo?, figure 5 caption, line 4 synovial



Point-by-point response to the Reviewer’s comments: 

Dear Dr. Durdevic, Dear Reviewers, 

Firstly, we would like to thank the editor and the editorial board to consider our manuscript 
entitled “Single-domain antibodies against ASC disassemble post-pyroptotic inflammasomes and reveal 
their role in inflammatory diseases”. We would also like to thank the reviewers for their time and efforts 
judging our manuscript.  
In the following pages, we provide a point-by-point response to the Reviewer’s comments. We are 
confident that the extensive new data sets and specific answers address the points raised by the 
reviewers and have overall improved the manuscript substantially.  

Reviewer 1: 
The MS submitted by Bertheloot et al. demonstrate the satisfactory use of a nanobody anti-ASC able to 
impair inflammasome signaling by dissembling ASC oligomers or specks. This nanobody is effective in 
impairing NLRP3 inflammasome activation when is intracellularly delivered and is also able to 
dissemble already formed ASC specks (either extracellularly or intracellularly when the nanobody enters 
the cell during pyroptosis). Then the nanobody was tested in two in vivo models of gout and antigen-
induced arthritis. The therapeutical use of nanobodies is increasing over other small drug-like molecules 
due to their ability to easily combine with other nanobodies, it relatively short live in the organism, its low 
impact activating the immune system as they lack Fc domains and above all their target specificity. This 
study is quite exciting as is the first demonstration of the feasibility to specifically target ASC 
therapeutically for deleterious effects of the aberrant inflammasome activation, however several issues 
should be clarified to improve the broad impact of the study: 

Response: We thank this Reviewer for the kind words about our work and for highlighting its potential 
implications. We did our best to fully address all the points raised by this reviewer. We are also grateful 
for his/her comprehensive assessment of our manuscript and are confident that the new datasets will 
improve our manuscript's quality. 

Question 1: The use of nanobodies against ASC would be a pan-inflammasome blocker as it could 
potentially target several inflammasome sensors that use ASC to signal. This is stated in the title and 
abstract where there is no explicit mention to a specific inflammasome. However, the authors mainly 
focus the results on the NLRP3 inflammasome. They show a single experiment demonstrating that the 
nanobody has no effect on NLRC4 activation (Fig S2E), but in these conditions it neither blocked 
NLRP3 signaling (Fig 3A) as it could not enter into targeted cells, being these assays performed 
measuring released IL-1b. The authors then show that the nanobody anti-ASC decrease the number of 
cells with ASC-specks after NLRP3 activation with nigericin or PFO (Fig. 4A,B). The authors should also 
assess the effect of the anti-ASC VHH on ASC-specking induced with other NLRP3-activators as MSU 
crystals (mimicking and additionally supporting the gouty animal model used) or imiquimod, as well as 
after other inflammasome activation: AIM2, Pyrin, NLRP1 and NLRC4, measuring released IL-1b and 
intracellular ASC-specking. These experiments will give the answer if this anti-ASC nanobody could be 
considered as a pan-inflammasome inhibitor. 

18th Mar 20221st Authors' Response to Reviewers
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Response: The reviewer raises a very important point, as it is true, and relevant, that by targeting ASC, 
anti-ASC VHHs (VHHASC) could have potential application against the activation of other ASC-
dependent inflammasomes. 

Our study already included data showing that VHHASC does not prevent IL-1β release from cells 
activated with the NLRP3 activator Nigericin (Fig. 3A, C), nor with the NLRC4 activator LFn-BsaK/PA 
(now Figure EV2E and Figure EV5C-D of the revised manuscript). We demonstrated that VHHASC 
requires early access to the cytosol to target ASC and prevent IL-1β release. This was only achieved 
when we used the bacterial toxin PFO, which has been shown to form large pores in the plasma 
membrane (~40 nm) and to trigger the NLRP3-dependent release of IL-1β (Yamamura et al., 2019). Our 
aim in this study was to target extracellular and/or post-pyroptotic ASC specks, as targeting of 
intracellular ASC by endogenous expression of VHHASC has been sufficiently described (Schmidt et al., 
2016). 
As requested by this Reviewer, we have now included further data showing the effect of VHHASC on the 
release of IL-1β, and in the viability of cells stimulated with ATP or MSU crystals (NLRP3, new Figures 
EV2C and EV2D of the revised manuscript), TcdB (Pyrin, new Figure EV2F), Val-boroPro (NLRP1, 
Figure EV2G) and poly(dA:dT) (AIM2, Figure EV2H). In these experiments, VHHASC did not inhibit 
release of IL-1β induced by the different stimuli, indicating that it does not interfere with the early IL-1-
driven host immune responses before it can enter pyroptotic cells.  

However, we have also included new data demonstrating that VHHASC can disrupt post-
pyroptotic ASC specks after GSDMD pore formation activated by various triggers: THP-1 cells 
expressing ASC-GFP were stimulated with poly(dA:dT) (AIM2) and  LFn-MxiH/PA (NLRC4) (new 
Figures EV5A-B and EV5C-D of the revised manuscript). We reproducibly observed that ASC specks 
disappeared over time when GSDMD pores were formed. We also analyzed the activity of VHHASC 
against MSU-induced ASC specks by live imaging (Figure EV5E) and surprisingly found that specks 
formation was suppressed even in the absence of caspase-1 activity. THP-1 cells do not express 
NLRP1 (rather CARD8) and do not respond to TcdB via Pyrin but via NLRP3 (CRID3 sensitive). We 
believe that the newly generated data with the activation of AIM2 and NLRC4 will suffice as evidence 
that VHHASC is able to target all ASC-dependent inflammasomes following pyroptosis. 
 
Question 2: The authors reported in 2014 that pyroptosis also induce release of ASC specks from the 
cells. In Fig 4b, the decrease of intracellular ASC-specks could be also due to an increase of the 
release of ASC specks from the cells. Could the authors demonstrate that the presence of the 
nanobody also decreases the release of ASC-specks? This could be done not only for NLRP3 
activation, but also for other inflammasomes as is suggested in the previous point. 
 
Response: In the experiments presented in Figure 4C of our original manuscript, we demonstrated the 
oligomeric state of ASC specks released from inflammasome activated cells into the culture 
supernatants (sups). We showed that the treatment of extracellular ASC specks with VHHASC led to their 
destabilization. However, the conditions used were somewhat different to those used in the microscopy 
experiment (Figure 4A-B). We have now replaced the previous Figure 4C with a set of new data, in 
which we applied flow cytometry to measure the number of specks released into the culture 
supernatants by inflammasome-activated cells (Figure 5C and Appendix Figure S1A-B in the revised 
manuscript). We also analyzed the oligomeric structure of ASC released into the culture supernatants 
using DSS cross-linking and western-blotting (new Figure 5D in the revised manuscript). As 
recommended by this reviewer, we also investigated ASC specks released by THP-1 ASC-GFP cells 
stimulated with poly(dA:dT) (AIM2, Figure EV5A-B) or LFn-MxiH/PA (NLRC4, Figure EV5C-D). In all 
experiments, we found that stimulation of inflammasomes induced the release of ASC specks into the 
supernatants. Consistent with our previous observation on the NLRP3 inflammasome, our new data 
also shows that VHHASC decreased the accumulation of ASC specks measured directly in the culture 
supernatants as assessed by flow cytometry and Western blot. Together, these new datasets support 
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our previous conclusion and provide conclusive evidence that VHHASC targets post-pyroptotic ASC 
specks formed upon activation of multiple inflammasome sensors. 
 
Question 3: The authors already published in 2016 that the VHH anti-human ASC resulted in the 
formation of large ASC filaments due to PYD-PYD interactions, since this nanobody bind to the CARD 
domain and blocked CARD-CARD interactions important for the formation of the ASC speck by the ASC 
filaments. In the Fig 2A, one would expect that the nanobody would result in ASC-mTurquoise filaments 
from ASC-GFP seed specks. Could the authors explain why this is not the case and implement this into 
the discussion. This is a critical point that should be explained. 
 
Response: Firstly, we would like to point out that in the study mentioned by the reviewer (Schmidt et 
al.,2016), VHHASC was over-expressed in the cytosol of cells (THP-1 or A549) prior to inflammasome 
activation. In these conditions, the early presence of VHHASC in the cytosol blocked CARD-CARD 
interactions, while still allowing the formation of PYD-PYD-only interactions resulting in PYD filaments. 
In Figure 2A, and throughout the experimental settings in our manuscript, VHHASC targeted ASC specks 
that were already naturally assembled in inflammasome-activated pyroptotic cells. We expect that PYD-
filaments released after the disassembly of ASC specks induced by VHHASC, would diffuse away in 
these cell-free settings and would be impossible to detect with the conditions used to image the very 
bright ASC specks. While it is likely possible to establish the conditions to see PYD filaments, we do not 
think this would substantially add to the content of the manuscript and would thus be outside the scope 
of our study. 
 
Question 4: The novel VHH anti-mouse ASC developed in this study binds to the PYD domain of ASC 
and therefore targets a different domain when compared to the anti-human ASC nanobody. Could the 
authors show that this nanobody has no binding affinity to the PYD of NLRP3 or the PYD of other 
inflammasome sensors? As in Fig 3E,F the effect of this nanobody has been assessed using NLRP3 
activation with PFO and would be interesting to know that this is not due to the nanobody binding to 
NLRP3 PYD and blocking the initial seed of ASC. What is the effect of this nanobody in a CARD-driving 
inflammasome, as the NAIP/NLRC4 inflammasome? Would be also able to block its signaling? 
 
Response: Nanobodies are generated for their high specificity against their targets. Although the amino 
acid sequences of ASCPYD and NLRP3PYD have only 25.3% similarity, we have now added additional 
evidence for the specificity of VHHmASC to mouse ASCPYD in the stringent LUMIER assay (new Figure 
EV3C in the revised manuscript): We compared the binding of VHHmASC to mouse ASCPYD, human 
ASCPYD and mouse NLRP3PYD.  As expected, VHHmASC exclusively displayed binding affinity to mouse 
ASCPYD. Furthermore, we have tested the inhibitory activity of VHHmASC against ASC specks in mouse 
BMDMs expressing ASC-mCitrine. We stimulated these cells with LFn-MxiH/PA to activate NLRC4 and 
induced the formation of ASC specks initiated by NLRC4CARD:ASCCARD interactions (new Figure 5E and 
Appendix Movie S6 in the revised manuscript). As observed with VHHASC (Figure EV5C), specks 
formed upon NLRC4 activation were disassembled over time in the presence of VHHmASC, reaching a 
ratio of speck-containing cells similar to non-stimulated cells. Together, these data confirm the 
specificity of VHHmASC for ASCPYD and demonstrate that VHHmASC is able to target ASC specks formed 
upon activation of another sensor than NLRP3.  
 
Question 5: Regarding internalization of the nanobody to the cells, the authors show indirect data 
suggesting that in fact the internalization of the nanobody is required to block intracellular ASC-specks. 
However, this has not been directly shown, and the authors should show intracellular detection of the 
nanobody with the different cellular activation used (nigericin, PFO, nigericin+VX765, PFO+VX765), i.e. 
by specific staining, FACS or other biochemical analysis of cellular fractions. Would not be possible to 
deliver the nanobody intracellularly, similarly that when flagellin is delivered into the cells for 
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NAIP/NLRC4 activation, and check that once intracellularly, the nanobody could block ASC speck 
formation from the starting and IL-1b release will be prevented. 
 
Response: Access of the VHHs to the cytosol after pore formation is supported by the activity we 
observed against ASC specks in pyroptotic cells. Furthermore, we would like to emphasize that we have 
previously demonstrated that ASC specks become accessible to extracellular fluorescently-labeled anti-
ASC antibody in cells undergoing pyroptosis (Franklin et al., 2014), (https://static-

content.springer.com/esm/art%3A10.1038%2Fni.2913/MediaObjects/41590_2014_BFni2913_MOESM6_ESM.mov). 
As VHHs are significantly smaller than antibodies, it is highly likely that they access intracellular ASC 
through membrane pores, as supported by our findings in PFO-stimulated cells. We now specifically 
addressed this point by imaging the entry and co-localization of fluorescently-labeled VHHASC (VHHASC-
AF647) to endogenous ASC specks formed by inflammasome activation in ASC-GFP expressing THP-1 
cells (new Figure 4C in the revised manuscript). Furthermore, we show that caspase-1 inhibition 
prevents the co-localization of the VHHASC-AF647 to GFP-specks. 

This reviewer also raises an interesting point, which is the requirement for membrane pores for 
intracellular access of the anti-ASC VHHs. To directly show that, we have now added additional data 
demonstrating the entry of VHHASC into the cells upon inflammasome-activation in cells where GSDMD 
is conditionally knocked out by doxycycline (Dox) treatment (new Figure EV4 and Appendix Movie S1 
in the revised manuscript). We demonstrate that fluorescently-labeled VHHASC (VHHASC-AF647) directly 
applied into the culture supernatants entered inflammasome-activated GSDMD-expressing cells (-Dox) 
30 minutes after stimulation with Nigericin. In GSDMD-KO cells (+Dox), VHHASC-AF647 remained 
outside the cells. To confirm loss of membrane viability we additionally applied propidium iodide (PI) into 
the culture supernatants. In contrast, upon stimulation with PFO, VHHASC-AF647 enters the  cells more 
rapidly (from 5 min) and independently of GSDMD expression. In this case, entry of VHHASC-AF647 
even preceded PI staining. 

Regarding the alternative mechanisms to deliver VHHs into the cytosol: we have focused in our 
manuscript on the activity of exogenous administered VHHASC to specifically target post-pyroptotic 
inflammasomes (extracellular or following GSDMD activation and pyroptosis). This is a scenario more 
likely to recapitulate clinical settings. The effect of VHHASC on ASC-dependent inflammasomes inside 
cells has been previously established (Schmidt et al 2016). Hence, testing other artificial methods of 
delivery of nanobodies across the plasma membranes would be out of the scope of this manuscript. 
 
Question 6: Regarding the animal model of gout, since in vitro it has been shown that the nanobody 
could target extracellular ASC specks and dissemble them and this is a late pyroptotic-related event, 
would not be better to treat gout once the flare has been established? The right control in this model 
would require to i.p. administrate either a mutant VHH-ASC or an irrelevant VHH to compare and not 
PBS. It might be that the presence of the nanobody (independently of its target) could have some effect 
in the establishment of the gouty model. Similarly, this model has been shown quite specific of NLRP3 
by using NLRP3-KO mice, but would be interesting to compare the effect of the nanobody against ASC 
with the ASC-KO mice. 
 
Response: This is indeed a very important, and clinically relevant point. The reviewer is correct that 
using a delayed treatment with VHHmASC would indeed reflect better clinical settings. We have therefore 
repeated the gout model, this time allowing the MSU-induced inflammation and gout disease phenotype 
to start before treating with VHHmASC (3 h post-MSU i.a. injection, New Figure 6 of the revised 
manuscript). As suggested by the reviewer, we have also included an unrelated VHH control (VHH NP-
1) to further strengthen our data. Strikingly, treatment with VHHmASC ameliorated clinical parameters of 
disease (higher pain threshold and decreased joint swelling) and induced a decrease in leukocyte 
infiltration and tissue cytokines. The control VHH had no such effects, further demonstrating the 
specificity of the activity of VHHmASC.  Regarding the use of ASC KO mice, we would like to respectfully 
state that the gout model we have used is well described and specific to NLRP3. The dependency of 

https://static-content.springer.com/esm/art%3A10.1038%2Fni.2913/MediaObjects/41590_2014_BFni2913_MOESM6_ESM.mov
https://static-content.springer.com/esm/art%3A10.1038%2Fni.2913/MediaObjects/41590_2014_BFni2913_MOESM6_ESM.mov
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NLRP3 to ASC is evidently well established (Amaral et al., 2012; Martinon et al., 2006). The use of ASC 
KO mice in our experiment would only serve to demonstrate that MSU-induced gout is inflammasome-
dependent. We respectfully argue that this experiment is out of scope of our study, and it would not 
justify the sacrifice of animals (following the 3R principle). 
 
Question 7: Similarly, in the antigen-induced arthritis model, the right control would be a non-sense 
VHH. In this model authors should explain why blocking IL-1 with IL-1RA has a similar output than 
blocking extracellular ASC, since the authors show in the in vitro data that with the presence of the 
nanobody anti-ASC IL-1b is still released from the cells and even one of the conclusions of the study is 
that this therapy could target ASC, but not IL-1. While IL-1 is important for host defense, clinical data 
using anakinra and other IL-1 targeting therapies demonstrate that IL-1 blocking is not inducing 
immunosuppression of the patients and have a clear therapeutic benefit. This should be discussed and 
conclusion of the study modified accordingly, as the authors show that their nanobodies present a 
similar effect than IL-1RA. 

 
Response: Although we agree with the reviewer that the AIA model could benefit from an unrelated 
VHH control, we hope the new in vivo data in the MSU model, where we have used the control 
suggested by the reviewer, will suffice to show the specificity of VHHmASC in vivo. We do not feel this 
control would ethically justify for the sacrifice of many animals to repeat the entire study for the AIA 
model as well. 
Anakinra is one of the treatments used in the clinic to treat arthritis and has been well studied in this 
mouse model. We used Anakinra to compare the efficacy of VHHmASC with that of a benchmark 
treatment, and not to suggest that the mechanisms involved with the inhibitory activities of VHHmASC and 
anakinra are the same. Anakinra targets IL-1R and therefore blocks inflammatory signals and neutrophil 
recruitment induced by IL-1β. In our previous study (Franklin et al, 2014), we showed that the presence 
of extracellular specks induces the release of IL-1β from phagocytic cells as an amplification loop that 
extends the pro-inflammatory potential of inflammasomes. In the present study, we show that the 
intracellular activation of inflammasomes is not inhibited by VHHmASC. However, we also show that 
VHHmASC targets post-pyroptotic specks. Hence, treatment with VHHmASC should prevent the 
amplification loop induced by post-pyroptotic inflammasomes and thus induce a decreased IL-1β as well 
as a decreased infiltration of pro-inflammatory cells, as demonstrated in Figure 7D-E. We have now 
added text to even better reflect this in the discussion.  
 
Minors Comments: 
Minor Comment 1: Figure 1B: the purified ASC specks seems to come from macrophage lysates and 
therefore present some pro-caspase-1 as well as some p20 caspase-1. My suggestion is that this 
experiment would be more clean by using recombinant ASC-specks produced in cells lacking caspase-
1, as in HEK293 cells or similar. What was the reason not to use a ASC speck without pro-caspase-1? 
 
Response: ASC specks from myeloid cells are well-established assays that were used by us (Franklin 
et al., 2014) and others (Baroja-Mazo et al., 2014; de Almeida et al., 2015; Fernandes-Alnemri et al., 
2007). We employed this method as expression and isolation of recombinant full-length ASC from HEK 
cells is difficult, as ASC can spontaneously aggregate and thus differ from inflammasome-nucleated 
ASC specks. Furthermore, we believe that macrophage-derived ASC specks more closely resemble 
physiological conditions where pyroptotic cells release their ASC specks into the extracellular 
environment. In fact, the above mentioned studies showed that extracellular ASC specks contain 
caspase-1 and other inflammasome components. In our data, the control used – ASC specks in the 
absence of pro-caspase-1- and pro-IL-1β-containing lysates (lane 9) – clearly shows that the 
preparations of ASC specks used only contained a minute amount of caspase-1 when compared to the 
levels found in lysates alone (lane 1). The ASC speck preparation also did not contain any IL-1β, 
reproducing previously published data (Baroja-Mazo et al., 2014; Fernandes-Alnemri et al., 2007; 
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Franklin et al., 2014). Finally, previous studies have demonstrated that caspase-1 is not active for very 
long after it is autoproteolytically cleaved (Boucher et al, 2018). 
 
Minor Comment 2: Figure 3A-D: The legend of the y axe of the graphs state hIL-1b or mIL-1b, to 
differentiate human and mouse IL-1b, while this acronym is not explained in the figure legend, I 
recommend to state in the top of the graph human MDMs or mouse BMDMs and in the axe state just IL-
1b. Of note, mIL-1b could be confused with "mature" IL-1b after caspase-1 processing of the pro-IL-1b. 
 
Response: We thank the reviewer for his/her input. We have now better described the meaning of hIL-
1β or mIL-1β in the figure legends.  
 
Minor Comment 3: Some experimental panels show data from N=2 replicates, from these is difficult to 
conclude robust effects since statistic cannot be performed. I would suggest to increase at least to N=3 
all the experimental replicates to gain statistical power. 
 
Response: We appreciate this reviewer concern for the robustness of the data on our manuscript. We 
would like to point out that, each dataset on our figures is combined from different biological replicates 
(performed with different donors, or batch of cell lines) each containing at least two technical replicates. 
Furthermore, we mostly restricted to two biological replicates for experiments that support well-
established conclusions previously achieved by other publications. For example, our original Figure 1A 
showed that ASC specks induce the release of IL-1β from stimulated mouse macrophages, an 
observation repeatedly described (Baroja-Mazo et al., 2014; de Almeida et al., 2015; Franklin et al., 
2014; Venegas et al., 2017). We apologize to this reviewer if this was not better explained in our figure 
legends/text. While we stand by our data and are confident that it sustains the conclusion made in this 
manuscript, we have now repeated experiments, whenever feasible. 
 
Minor Comment 4: Full uncropped Western blots from all panel figures of the paper should be shown 
in supplementary figures. 
 
Response: We are fully aware of this requirement, and we firmly stand behind good scientific practice 
and reproducibility in science. We have all original and uncropped western-blots and have included 
them in Appendix Original uncropped Western-Blots.  
 
Minor Comment 5: ratio of ASC-specks/cell (not only the concentration) used should be stated in the 
figure legend. 
 
Response: Assessing ASC specks protein concentration is a well-accepted and more reliable way to 
estimate the immunogenicity of ASC specks. This is because preparations of ASC specks are usually 
heterogeneous as these complexes aggregate with many cytosolic proteins (Sahillioglu and Ozoren, 
2015). The protein concentration, rather than ratio of specks/cell, was established so one could directly 
assess the immune activity of ASC specks and compare it to similar amounts of “mock speck 
preparations” from ASC-deficient cells (Franklin et al., 2014). 
 
Minor Comment 6: It is not clear for both animal models how leukocytes have been assessed from the 
synovial fluid of healthy (not swelling) joints. In healthy conditions there is almost any synovial fluid to 
collect, could the authors clarify the methods employed for this in the MS. 
 
Response: We apologize for missing to clearly describe the method used to quantify leukocytes from 
the joint synovial space. This has now been added to the Material and Methods section. Briefly, we 
perform tissue lavage by injecting joints with 2.5 μL of PBS, 4 times/joint) and collecting the lavages into 
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50 μL of PBS in one well of a 96 well plate. Cells are pellet and resuspended in 50 μL staining buffer 
with antibodies specific to the described cell markers, and finally used for Flow Cytometry.  
 
Minor Comment 7: Authors state in the abstract and introduction (lines 44-46) that accumulation of 
ASC specks occurs in tissues of patients. Some references of primary data showing this should be 
added. 
 
Response: We would like to respectfully refer the Reviewer to lines 46-52, where we give many 
examples and references of the accumulation of ASC specks in patient tissues. In brief, extracellular 
ASC specks are found in the circulation of patients with CAPS (Baroja-Mazo et al., 2014), HIV (Ahmad 
et al., 2018), cancer (Basiorka et al., 2018), in lavages of tissues of patients with COPD (Franklin et al., 
2014), and in spinal cord fluid (de Rivero Vaccari et al., 2008), or brain lysates during neuroinflammation 
(Venegas et al., 2017). 
 
Minor Comment 8: The authors should describe well the term "inflammasome" in the introduction (i.e. 
in line 9), are they referring to the ASC-speck, or just the oligomerization of the sensor inflammasome 
protein, or the sensor+ASC+caspase-1 into a large multiprotein complex? 
 
Response: We thank the reviewer for his/her input. Unfortunately, the literature is not consistent on this 
subject. We always refer to inflammasomes as the assembly of a sensor with ASC and recruited 
caspase-1, and have now stated this more clearly in the manuscript. 
 
Minor Comment 9: When discussing the effect of the nanobody in the gouty model, the authors should 
mention that early clinical trials with a NLRP3 inhibitor (Dapansutrile) show efficacy in the reduction of 
joint pain in gout flares (PMID: 33005902). 
 
Response: We thank the reviewer for this suggestion. The reference has been added to the text. 
 
Minor Comment 10: The first paragraph of the discussion stating the different investments of 
companies in the field of NLRP3 inhibitors is out of the scope and just a general sentence stating the 
pharma interest in the development of inflammasome blocking drugs would be sufficient. 
 
Response: We thank the reviewer for her/his input. This paragraph has been modified accordingly, and 
it is highlighted in the text. 
 
Minor Comment 11: Figure S1A and C are not in order related to their first appearance in the text, 
please fix. The results of the different panels of Fig S1 should be better explained in the text, not just 
state the final conclusion of the experiment as they represent different assays to the one shown in the 
main figures and the different conditions of the graphs used in the panels of Fig S1 are not easy to 
interpret. 
 
Response: We thank the reviewer for pointing this out. We have re-ordered the figure panels and 
provided additional explanation of the assays and their interpretation to the text. 
 
Minor Comment 12: Please adjust alignment of the x-axe labels of Figure S2, in some panels the 
symbols are moved respect to the bars. 
 
Response: We thank the reviewer for pointing this issue out and we apologize for missing this mistake 
prior to submission. We have now re-aligned the labels and symbols. 
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Reviewer 2: 
The study is based on relevant and well-established pre-clinical (murine) models of gouty inflammation 
and antigen-induced inflammatory arthritis. These in vivo mouse studies are complemented by 
mechanistic in vitro experiments with primary human macrophages and human myeloid cell lines to 
establish that the camelid anti-ASC antibodies (VHH-Asc) can suppress ASC-driven inflammasome 
signaling in living cells and by disassembling extracellular ASC complexes released from pyroptotic 
cells. 
 
General Comments: This is a well-designed and appropriately interpreted study that describes the 
ability of camelid-derived anti-ASC antibodies (VHH-Asc) to suppress ASC-driven inflammasome 
signaling in living cells and by disassembling extracellular ASC complexes released from pyroptotic 
cells. The potential clinical/therapeutic relevance is supported by the use of well-established pre-clinical 
(murine) models of gouty inflammation and antigen-induced inflammatory arthritis. These in vivo mouse 
studies are complemented by mechanistic in vitro experiments that establish the suppressive effects of 
the VHH-ASC on: 1) inflammasome signaling in primary human macrophages; 2) ASC-speck 
accumulation in human myeloid leukocyte cell lines and murine bone marrow-derived macrophages 
expressing fluorescence-tagged ASC constructs; and 3) biochemical/ biophysical analyses of 
recombinant ASC assembling into prionoid-like complexes. Overall, the data support the ability of the 
VHH-ASC reagents to limit ASC inflammasome-dependent inflammatory pathology by predominantly 
attenuating the positive "feed-forward" amplification triggered by pyroptotic release of ASC complexes 
into extracellular compartments, phagocytotic uptake of those complexes by naive bystander (or 
recruited) myeloid leukocytes, and consequent "seeding" of inflammasome activation in the latter 
leukocytes. Importantly, this attenuation of the feed-forward amplification cascade occurs downstream 
of, or after, an initial burst of mature IL-1b release from the initial compartment of inflammasome-active 
cells. This minimizes the potential risk of increased microbial infection due to loss of host-protective 
early phase IL-1b production, as occurs with therapeutics that directly target IL-1b or initial upstream 
inflammasome activation, while targeting the later phases of amplified IL-1b production that contribute to 
chronic host-debilitating inflammation. Only a few technical or mechanistic issues require clarification or 
extension. 
 
Response: We thank the reviewer for her/his time and for the positive assessment of our work. We 
respond to this reviewer’s points below. 
 
 
Specific Comment 1: (Minor) In the legend for Figs 5B/5C, the authors note that the clinical 
assessments were performed at 3- and 6-hours post-challenge. While these two time points are shown 
in panel B (mechanical pain threshold), data from only a single point in shown in panel C (edema). I 
assume the latter edema measurements were taken at 6 hrs, but this needs to be specified in the figure 
legend. The same issue applies to the data and figure legend for Figs S5A and B. 
 
Response: We apologize for missing to precisely specify the time point for measurement of the edema. 
The reviewer is correct in her/his assuming that the measurement was done at 6h. This detail has now 
been added to the legend. 
 
 
Specific Comment 2: Fig S2C: the authors should comment on why VX-765 effectively rescues 
viability of BMDM challenged with BsaK/PA (Panel F- to stimulate NLRC4 inflammasomes) but not 
nigericin (Panel C- to stimulate NLRP3 inflammasomes). 
 
Response: We thank Reviewer 2 for her/his comment. Nigericin and PFO are very toxic chemicals as 
they disturb the ion gradient across the plasma membrane. They are notoriously potent inflammasome 
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activators, but can also affect cell viability in an inflammasome-independent manner, especially after 
prolonged exposure (incubation times). Hence, given enough time nigericin will induce cell death even 
in the absence of NLRP3. We would like to mention that for our experiments, we have rather used CTB 
as readout of cell viability as it more closely monitors the cell health and metabolic activity. Hence, CTB 
will not only reflect on the cell pyroptosis but also on the general health of the cells treated with the 
different activators of inflammasomes. Furthermore, in our hands, we have often seen that CRID3 is a 
better inhibitor then VX-765 with lower off-target cell toxicity (please also see the shift between CRID3 
and VX-765 in Figure EV2A, in human macrophages treated with nigericin). With increasing 
concentration of VX-765, cell toxicity effects can be observed. In this case, it is possible that the added 
toxicity of Nigericin and VX-765 have prevented the full rescue of cell viability that should be expected 
by blocking caspase-1 activity. We find treatment with LFn-BsaK/PA is not as toxic to cells in the 
absence of inflammasome activity. There, VX-765 was therefore able to rescue cell death induced by 
activation of caspase-1 downstream of NLRC4. 
 
 
Specific Comment 3: Fig 4A/B: These data suggest that early phase NLRP3 inflammasome activation 
(by nigericin) induces GSDMD pores which facilitate influx and cytosolic accumulation of VHH-ASC in 
amounts sufficient to disassemble ASC complexes and thereby inhibit/reverse sustained inflammasome 
signaling and (presumed) production/assembly of plasma membrane GSDMD pores. This raises two 
intriguing and significant questions that should be addressed by a few experiments: a) can GSDMD 
pores indeed facilitate direct influx of extracellular VHH-ASC? b) are these cells that have accumulated 
cytosolic VHH-ASC (after early-phase plasma membrane GSDMD assembly) viable and protected 
against on-going pyroptotic progression? 
 
Response: In the new Figure EV4, we used GSDMD-KO cells to demonstrate that GSDMD is required 
for entry of VHHASC into pyroptotic cells following stimulation with nigericin (Figure EV4A, in the revised 
manuscript). In the case of PFO stimulation, GSDMD expression has no impact on the internalization of 
VHHASC.  This new data, together with the large number of supporting evidence for the requirement of 
pyroptosis or membrane pores to allow entry of VHHASC into the cytosol, further solidifies our hypothesis 
that GSDMD pores enable VHHASC to target post-pyroptotic specks but does not prevent full IL-1β 
release. 
For the viability of the cells treated with VHHASC, our data (Figure 3A-D, Figure EV2 and EV3D-F) show 
that upon stimulation of different inflammasome sensors, the presence of VHHASC or VHHmASC neither 
prevents the maximal release of IL-1β nor rescues the cell viability. This demonstrates that VHHASC 
cannot protect against ongoing pyroptosis as it does not gain access to the cytosol early enough. This 
would indeed be counterintuitive, as pyroptosis in the first place is a requirement for entry of VHHASC 
into cells. 
 
 
 
Reviewer 3: 
I selected medium for medical impact as this is proof-of-concept study using preclinical models, 
however the concept has a translational potential once it is decided which conditions to target. 
 
The study by Bertheloot et al. describes that single-domain antibodies targeting human or mouse ASC 
are able to disassemble preformed ASC specks when specks are not protected by intact plasma 
membrane. They first demonstrate that previously characterized nanobody VHHASC targeting human 
ASC-CARD domain but not its nonbinding variant inhibits seeded ASC polymerization, caspase-1 
processing and IL-1b in vitro. As VHHASC binds poorly to mouse ASC the authors further developed 
VHHmASC that binds to PYD domain of mouse ASC. Further they demonstrate that nanobodies cannot 
enter intact cells thus mostly act on extracellular ASC specks or in cells which were severely porated 
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(with perfringolysin O). In cells undergoing pyroptosis, VHHmASC disassembles specks, yet no 
decrease of IL-1b is observed. The highlight of the paper is that VHHmASC decreased inflammation 
and improved clinical parameters in vivo mouse models of gout and arthritis. 
This is a well-designed study and I find it exciting for several reasons. It demonstrates that at least 
secreted ASC specks can be disassembled, suggesting that targeting other complexes where protein 
conformation is retained. Amelioration of disease in in vivo models provides a proof-of -concept for 
usage of nanobodies in treating inflammation and suggests that extracellular ASC specks might have a 
prominent role in inducing inflammation in chronic diseases. Drugs that stop inflammasomes at the 
stage of ASC and dissembling those particles might be prove useful in many chronic diseases. 
 
Response: We thank the reviewer for her/his time and for her/his positive assessment of our work. We 
respond to this reviewer’s points below. 
 
I have some minor comments: 
 
Comment 1: I find it surprising that VHHASC that targets CARD-CARD domain interactions is so 
efficient in disrupting ASC specks in vitro, particularly since it has been shown that this nanobody blocks 
crosslinking of ASCPYD filaments when expressed in the cytosol of cells. So I would expect that ASC 
specks would become less compact but not totally disassembled. On the other hand anti-ASC 
polyclonals are not effective at all in the same setup-why? I would expect that affinity is comparable-is it 
the size or simply that polyclonals do not target segments that engage in interacting surfaces. The 
authors demonstrated that VHHmASC binds PYD domain. Do they have any indication which segment 
is targeted? They cite several previous studies that showed the presence of extracellular ASC specks 
and the presence of anti-ASC antibodies in chronic patients that were not protective but rather 
enhanced inflammation by Fc-mediated ASC particle uptake. It is likely that antibody responses to ASC 
aggregates are raised against surface epitopes, and thus the key to presented nanobodies&apos; 
success is mostly due to targeting the right epitopes with high affinity. 
 
Response: In our previous study (Schmidt et al 2016), the over-expression of VHHASC prior to 
inflammasome activation enabled the formation of filaments assembled uniquely through PYD-PYD 
interactions. In this context, only PYDs are available for interaction, enabling the stable formation of a 
filament over time. In Figure 2, VHHASC was added to already formed specks which are assembled by 
both PYD-PYD and CARD-CARD interactions. In these settings, VHHASC targets CARD-CARD 
interactions disassembling the speck. Outside cells, as was the case for these in vitro experiments, ASC 
would most likely diffuse away limiting the formation of large PYD-based filaments. Hence, PYD-based 
filaments would most likely not be visible at the applied resolution, and their fluorescence would bleach 
quickly under the required microscopy settings. In our imaging of live cells (Figure 5A), VHHASC can only 
access ASC specks inside pyroptotic cells or following the formation of large pores (PFO) in the plasma 
membrane. In these circumstances, the opened cytosolic space will again limit the accumulation of ASC 
to a concentration necessary for formation of large filaments. In either case, the scope of our manuscript 
is to demonstrate that VHHASC disassemble active ASC specks and inhibit their pro-inflammatory and 
prionoid activities. We believe that all together, our in vitro and in vivo data supports the idea of VHHASC 
and VHHmASC as potent inhibitors of post-pyroptotic inflammasomes. 

The reason why conventional antibodies do not disassemble specks is because they most 
probably cannot reach their target epitope within the speck. Nanobodies have been developed for a 
combination of two important properties: their high affinity and their small size. These properties enable 
nanobodies to penetrate within nooks and crannies of folded proteins or protein complexes. We believe 
this gives VHHASC and VHHmASC a strong advantage for the targeting and destabilization of ASC specks. 
We do not have more precise data of which segment of the ASCPYD is targeted by VHHmASC. Such 
information would require a structure or hydrogen deuterium exchange (HDX) studies which would be 
beyond the scope of this manuscript. 
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Nanobodies do not have an Fc domain. In our previous study (Franklin et al 2014), we showed 
that targeting extracellular ASC specks with conventional antibodies (which possess an Fc domain) 
increased the pro-inflammatory potential of the specks because they induced the Fc-mediated 
opsonization of the specks by phagocytic cells. Hence, the fact that VHHASC or VHHmASC do not possess 
an Fc-domain might be yet one more factor making them successful at targeting post-pyroptotic 
inflammasomes in vitro and in vivo. 
 
Comment 2: Have the authors considered more traditional approaches for increasing efficiency of 
plasma membrane or BBB transfer such as fusion of nanobodies with cell penetrating peptides? 
 
Response: We have tested the use of peptide-mediated delivery of nanobodies and found it to work 
very poorly. Furthermore, we believe that the fact that VHHASC does not pass the plasma membrane is 
beneficial as this provides specificity for post-pyroptotic inflammasomes either present in the 
extracellular space or inside pyroptotic cells. Thus, to develop membrane-permeable VHHASC would 
unfortunately be out of the scope of this study. 
For the delivery of VHHASC to the CNS, we are indeed considering different methods that would enable 
VHHASC to pass the BBB (as described in the Discussion section). However, much work will be required 
to test these systems and to make sure VHHASC preserves its activity. We respectfully believe this would 
best be published in a separate article. 
 
 
Comment 2: How have the authors decided on the amount of VHH used in in vivo models? 
 
Response: We have selected the dose of 5mg/kg based on our long-standing experience with 
nanobodies and a preliminary study where we had used a lower dose (2mg/kg) which had shown only a 
partial effect with systemic exposure. This dose however had shown strong activity of VHHASC as local 
delivery (Appendix Figure S4A-C). 
 
 
Comment 3: Typos: page 3, line 27-reference is in superscript; page 5, line 113: verbs should be in 
plural or singular; page 20: lines 564 and 565- are ER2738 and ER2837 really two different bacterial 
strains or a typo?, figure 5 caption, line 4 synovial 
 
Response: We apologize for these mistakes and thank Reviewer 3 for taking the time to bring them to 
our attention. These have now been corrected.  
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