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Inﬂammasomes are multiprotein complexes of the innate immune response that recognize a diverse range
of intracellular sensors of infection or cell damage and recruit the adaptor protein apoptosis-associated
speck-like protein containing a caspase recruitment domain (ASC) into an inﬂammasome signaling complex. The recruitment, polymerization and cross-linking of ASC is upstream of caspase-1 activation and
interleukin-1β release. Here we provide evidence that IC 100, a humanized IgG4κ monoclonal antibody
against ASC, is internalized into the cell and localizes with endosomes, while another part is recycled and
redistributed out of the cell. IC 100 binds intracellular ASC and blocks interleukin-1β release in a human
whole blood cell inﬂammasome assay. In vitro studies demonstrate that IC 100 interferes with ASC polymerization and assembly of ASC specks. In vivo bioluminescence imaging showed that IC 100 has broad tissue distribution, crosses the blood brain barrier, and readily penetrates the brain and spinal cord
parenchyma. Confocal microscopy of ﬂuorescent-labeled IC 100 revealed that IC 100 is rapidly taken up by
macrophages via a mechanism utilizing the Fc region of IC 100. Coimmunoprecipitation experiments and
confocal immunohistochemistry showed that IC 100 binds to ASC and to the atypical antibody receptor Tripartite motif-containing protein-21 (TRIM21). In A549 WT and TRIM21 KO cells treated with either IC 100 or IgG4κ
isotype control, the levels of intracellular IC 100 were higher than in the IgG4κ -treated controls at 2 hours, 1 day
and 3 days after administration, indicating that IC 100 escapes degradation by the proteasome. Lastly, electron
microscopy studies demonstrate that IC 100 binds to ASC ﬁlaments and alters the architecture of ASC ﬁlaments. Thus,
IC 100 readily penetrates a variety of cell types, and it binds to intracellular ASC, but it is not degraded by the
TRIM21 antibody-dependent intracellular neutralization pathway.

Introduction
Monoclonal antibodies (mAb) are produced by B-cells and are characterized by a high speciﬁcity for their target antigen, making them
attractive therapeutic modalities. Currently, more than 100 therapeutic
antibodies have been approved by the Food and Drug Administration.1

Advances in mAb engineering, including phage-display technologies,
have enabled development of fully humanized antibodies with desirable
pharmacokinetic and biodistribution properties.2,3 Engineered mAbs
have been mass-produced as highly speciﬁc biologic drugs used across
many clinical settings, including oncology, inﬂammation, infectious diseases, transplantation and cardiovascular medicine.1 mAbs are generally
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blood. Moreover, internalized IC 100 forms a complex with ASC and
TRIM21, and associates with endosomes, but it is not degraded by the
ADIN pathway. Additionally, IC 100 binds to ASC specks and alters ASCspeck architecture, thus, indicating that IC 100 plays a unique role in
intracellular antibody immunity and regulation of inﬂammasomes.

At A Glance Commentary
Vaccarei JP de R, et al.
Background
Inﬂammasome dysregulation underlies the pathophysiology of
many inﬂammatory conditions and diseases. There is a tremendous unmet need for development of drugs and biologics that
inhibit inﬂammasome activation.

Materials and Methods
Ex vivo whole human blood stimulation assay for inﬂammasome activation

Translational Signiﬁcance

Whole human blood cell assay for inﬂammasome activation was performed as described.18 Brieﬂy, venous blood collected into sodium-heparin tubes from healthy human volunteers was purchased from BioIVT
(Westbury, NY). Whole blood (100 μL) was stimulated (1:1 volume)
with 2.5 ng/mL of lipopolysaccharide (LPS, Escherichia coli serotype
O111:B4) (Sigma-Aldrich, St. Louis, MO) and 2.5 mM adenosine triphosphate (ATP, ThermoFisher Scientiﬁc, Waltham, MA). LPS and ATP
were diluted in RPMI 1640 (ThermoFisher Scientiﬁc, Waltham, MA)
and samples were incubated at 37°C in 5% CO2 for 3.5 hours with LPS.
ATP (2.5 mM) was added for 30 minutes at the end of the LPS incubation
period. Unstimulated blood with a 1:1 volume in Roswell Park Memorial
Institute (RPMI) 1640 was used as a control. Inﬂammasome inhibition
was performed with 1 hour pre-incubation with serial dilutions of IC
100, IgG4κ isotype control (cat no. HG4K, Sino Biological, Inc. Wayne,
PA), or a Fab fragment of IC 100 (Antibody Solutions, Santa Clara, CA)
at 1, 0.1, 0.01, 0.001 μg/mL prior to inﬂammasome stimulation with
LPS and ATP. Following incubation, supernatants of whole blood cultures were collected after centrifugation at 2000 × g for 20 minutes and
stored until analysis of IL-1β levels.

IC 100 is a humanized IgG4 monoclonal antibody that targets the
inﬂammasome adaptor protein apoptosis speck-like protein containing a caspase recruitment domain (ASC). IC 100 has wide tissue distribution, accesses the cell, and forms a complex with ASC
and TRIM21, but is not degraded. IC 100 disrupts ASC oligomerization and inhibits IL-1β release. Thus, IC 100 plays a unique role
in intracellular antibody immunity and regulation of
inﬂammasomes.

directed towards molecules in the extracellular compartment. However,
there is growing evidence that antibodies under certain circumstances
do penetrate cells.4 Cytosolic antibody complexes bind to the atypical
antibody receptor tripartite motif containing (TRIM) protein-21
(TRIM21 also known as Ro52), which mediates degradation of these
immune complexes in the proteasome through a process known as antibody dependent intracellular neutralization (ADIN).4,5 However, the signiﬁcance of TRIM21 degradation pathway in disease immunotherapy
remains unknown.
Recent studies have identiﬁed inﬂammasomes as a critical player in
the innate immune response associated with pathology of a variety of
inﬂammatory diseases and conditions.6 The inﬂammasome regulates
caspase-1 activation, interleukin-(IL)-1β production and the programmed cell death mechanism of pyroptosis.6 Inﬂammasome activation takes place by recruitment and oligomerization of the adaptor
protein apoptosis-associated speck-like protein containing a caspase
recruitment domain (ASC). ASC is central to the formation of different
inﬂammasome complexes comprised of caspase-1 and the nucleotidebinding oligomerization domain-like receptors (NLRs) including NLRP1,
NLRP2, NLRP3, NLRC4, and the absent in melanoma 2-like receptor.7
Upon sensing speciﬁc triggers, NLRs undergo conformational
changes that catalyze ASC oligomerization to form a signaling platform
known as the ASC speck. Assembly of ASC into linear ﬁlaments and its
condensation into specks promotes an all-or-none response that controls
inﬂammasome activity.8 ASC specks are released from cells into the
extracellular environment by pyroptosis and then internalized by neighboring cells, or they accumulate in inﬂamed tissues.9 In addition, ASC
specks escape the endosomal pathway to further nucleate more ASC
specks and continue to mature cytokines in a positive feedback loop.8
Recruitment, polymerization and cross-linking of ASC is upstream of caspase-1 cleavage. Thus, identiﬁcation of mAbs and small peptides that
safely and speciﬁcally target ASC signaling may allow for broad downregulation of inﬂammation, independent of the ligands and sensors
involved.
We have developed IC 100, a fully humanized mAb (IgG4κ ) against
ASC. Previous studies using anti-ASC antibodies have shown that this
therapeutic approach reduces pathology in several rodent models of
excessive inﬂammasome activation, such as spinal cord injury,10 traumatic brain injury,11,12 acute lung injury13-15 multiple sclerosis16 and
inﬂammaging.17 However, the mechanism of action and tissue biodistribution of IC 100 has yet to be established.
Here, we provide evidence that IC 100 has wide tissue distribution,
penetrates a variety of tissues, and it is internalized into cells by a mechanism involving the Fc portion of the antibody. Internalized IC 100
blocks IL-1β release from inﬂammasome activated human cells in whole

Pro-inﬂammatory cytokines analysis
IL-1β levels from blood culture supernatants were determined by the
Meso Scale Discovery platform (human proinﬂammatory V-Plex plus
Kit, MSD) (Meso Scale Diagnostics, Rockville, MD) according to manufacturer’s instructions as described.19
Antibody labeling
IC 100 was labeled with IgG-680 XL-IFC (VivoTag 680 XL, PerkinElmer #-NEV11120) (PerkinElmer, Waltham, MA) ﬂuorescent labeling
dye and the stoichiometry of labeling was determined according to manufacturer’s instructions. Control mouse IgG4 (Charles River Laboratories, Wilmington, MA) was also labeled and analyzed similarly. Labeling
of IC 100 was ﬁrst optimized in THP-1 cells prior to in vivo studies.
Animals and bioluminescence imaging
Female B6 (18.1−23.1 g—8 weeks) albino mice (C57BL/6, B6NTyrc-Brd/BrdCrCrl, Charles River Laboratories) were used for bioluminescence imaging. Upon arrival (at least 7 days before the start of the
study) and for the duration of the study, mice were fed ad libitum water
(reverse osmosis, 1 ppm Cl) and a Special Diet of RD D10012Mi. Mice
were housed on irradiated Enrich-o’cobs. Animals were in static microisolators on a 12 hours light cycle at 21−22°C (40%−60% humidity).
Charles River Discovery Services North Carolina (CR Discovery Services)
complied with the recommendations of the Guide for Care and Use of
Laboratory Animals with respect to restraint, husbandry, surgical procedures, feed and ﬂuid regulation, and veterinary care. The animal care
and use program at CR Discovery Services is accredited by the Association for Assessment and Accreditation of Laboratory Animal Care International, which assures compliance with accepted standards for the care
and use of laboratory animals. For the Alexa Fluor-IC 100 experiments,
procedures with mice were approved by the Institutional Animal Care
and Use Committee of the University of Miami.
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washed once in ice-cold PBS. Cells were ﬁxed in buffered formalin for
20 minutes at room temperature, then washed with ice cold PBS and
permeabilized with PBS containing 0.1% Triton X-100 for 10 minutes at
room temperature. Cells were washed 3 times with PBS and then
blocked overnight in PBS containing 5% normal goat serum. Cells were
labeled overnight at 4°C with antibodies against early endosomal antigen 1 (EEA1), (InVitrogen, Waltham, MA, cat. No. MA5-31575, 1:500)
and Rab4 (InVitrogen, cat no. PA3912, 1:300). In addition, cells were
stained for ASC and TRIM21. Cells were then washed 3 times with icecold PBS and labeled with Alexa Fluor 594-labeled secondary antibodies
(1:250) for 2 hours and washed 3 times in cold PBS and mounted in
Vectashield DAPI mounting medium (Vector Labs, Burlington, CA) for
confocal microscopy using the Andor Dragonﬂy Confocal Imaging System, Model 200 (Oxford Instruments, Abington, Oxfordshire, England).

IC 100 stock solutions were diluted in phosphate-buffered saline
(PBS) to obtain dosing solutions of 0.5 mg/mL which delivered 100 μg/
animal when administered in a ﬁxed volume of 0.2 mL. On day 1, mice
were sorted into 3 groups (n = 5 per group) and dosed according to the
treatment plan: Untreated (group 1), IgG-Treated (group 2) and IC 100
treated (group 3). Animals in groups 2 and 3 received 100 μg in 0.2 mL
of IgG4-680XL (Control) and IC 100, respectively, intravenously (i.v.)
via tail-vein injection.
In vivo bioluminescence imaging was performed at 2, 8, 24, 48, 72,
and 96 hours after injection to monitor the biodistribution of IgG4680XL and IC 100. Whole body dorsal and ventral images were captured
in live animals using IVIS SpectrumCT (Perkin Elmer, Waltham, MA)
equipped with a CCD camera (cooled at −90°C), mounted on a lighttight specimen chamber. At each imaging timepoint, animals were
placed in an anesthesia induction chamber (2.5-3.5% isoﬂurane in oxygen). Upon sedation, animals were placed in a prone and supine position
in the imaging chamber equipped with a stage heated at a physiological
temperature for image acquisition. Regions of interest were drawn
around each mouse image, and average radiant efﬁciency was quantiﬁed and reported as (p/s/cm2/sr)/(μW/cm2). Data were analyzed
and exported using Living Image software 4.5.1. (Perkin Elmer, Waltham MA, USA). Individual ventral and dorsal radiant efﬁciencies in
all three groups were plotted on a log scale in (p/s/cm2/sr)/(μW/
cm2)v.h. In addition, the following tissues were removed immediately, weighed, imaged ex vivo and processed: brain, eyes, heart, left
and right kidneys, large intestine, liver, left and right lungs, ovaries,
pancreas, small intestine, spinal column, stomach, thyroid, and urinary bladder.

Co-Immunoprecipitation
To assess the protein composition and association of proteins bound
to IC 100, THP-1 cells were treated with 5 μg/mL of IC 100 or IgG4κ isotype control for 1 hour. Another group of cells (controls) were left
untreated. Cells were harvested, washed twice in cold PBS and lysed in
lysis buffer. Approximately 150 μL of THP-1 cell lysates were immunoprecipitated using a CapturemTM IP & Co-IP kit according to the
manufacturer’s instructions (Takara Bio, San Jose, CA). The immunoprecipitants were recovered and resuspended in loading buffer and heated
at 95°C for 3 minutes before analysis by immunoblotting using antibodies against ASC and TRIM21. Serotonin Receptor 5-HT [2B]R (BD Biosciences, San Jose, CA), an irrelevant bait protein, was used as a
negative control.

IC 100 internalization into immortalized bone marrow derived macrophages
and immunocytochemistry

TRIM21 puriﬁcation and IC 100 pulldown

IC 100 was labeled with ﬂuorescein isothiocyanate (FITC) (Abcam,
Cambridge MA) and 1 μg/mL were added to unstimulated immortalized
bone marrow derived macrophages (iBMDM) from C57BL/6 mice (a gift
from Dr. Kate Fitzgerald, University of Massachusetts Medical School,
Worcester, MA) for 10 30, 60, or 120 minutes. Control iBMDM were
treated with FITC-labeled human IgG4κ isotype control (Sino Biological,
Wayne, PA, 1μg/mL). In a separate experiment, Fab fragments were generated by enzymatic digestion of IC 100 performed by Antibody Solutions (Santa Clara, CA). Fab fragments were labeled with Alexa ﬂuor488 and binding afﬁnity of Fab fragments and IC 100 was conﬁrmed by
ELISA (Supplemental Fig 1). Cells were ﬁxed and examined in the Andor
Dragonﬂy Confocal Imaging System, Model 200 (Oxford Instruments,
Abington, Oxfordshire, England) as described in.20
In a separate set of experiments, iBMDM were treated with either 1
μg/mL of IC 100 or isotype control IgG4κ (Sino Biologicals, Wayne, PA)
for 10, 30, 60, or 120 minutes. Controls were left untreated. Supernatants were removed and cells were washed twice in cold PBS and then
lysed in lysis buffer with protease inhibitor cocktail (Sigma-Aldrich, St.
Louis, MO) and immunoblotted for human IgG4 heavy chain, TRIM21
(Proteintech, Rosemont, IL), ASC10 and β-actin was used as a protein
loading control and internal standard.
To determine if IC 100 and IgG4 are secreted after internalization,
iBMDM were treated with 1 μg/mL of IC 100 or isotype control for 1
hour at 37°C. Controls did not receive labeled antibodies. Cells were
washed 3 times with Dulbecco's Modiﬁed Eagle's Medium (DMEM)
without fetal bovine serum (FBS) to remove any residual antibodies
from the media. Five hundred microliters of DMEM lacking FBS were
added to the wells for 1 hour at 37°C. Supernatants were collected and
mixed with Laemmli loading buffer for immunoblot analysis of the levels
of human IgG4 heavy chain.
To establish whether IC 100 or IgG4 localize to endosomes after
internalization, iBMDM were treated with FITC-conjugated IC 100 or
FITC-conjugated IgG4κ isotype control for 15 and 60 minutes. Cells
were washed 3 times with fresh DMEM containing 10% FBS and then

The HLTV-hTRIM21 plasmid (Addgene plasmid # 104973, Teddington, UK) was a gift from Dr. Leo James (MRC Laboratory of Molecular
Biology, London, UK). TRIM21 protein was puriﬁed as described.5
Brieﬂy, the protein was expressed in OverExpress C41(DE3) (SigmaAldrich, Burlington, MA) in terriﬁc broth. Cells were grown at 18°C
overnight after induction with 1 mM isopropyl β-D-1-thiogalactopyranoside. The pellet was homogenized in 80 mL of puriﬁcation buffer
(150 mM NaCl, 50 mM Hepes pH 8) and Complete (Roche, Basal, Switzerland) protease inhibiting tablets. After sonication, the lysate was
cleared at 32,000 rpm, 4°C, 1 hour in ultracentrifuge Ti50.2 rotor
(Beckman Coulter, Brea, CA). The supernatant was bound to 1 mL
NiNTA agarose (Thermo Fisher Scientiﬁc, Waltham, MA) with 20 mM
imdazole. The protein was eluted with 250 mM imidazole in the suspension buffer. The protein was further puriﬁed through size exclusion
chromatography with a Superdex 200 Increase 10/300 column on an
€
AktaGo
system (Cytiva, Marlborough, MA) with the resuspension buffer
as mobile phase. The fractions were used without further concentration.
For pulldown, TRIM21 was mixed with IC 100 in a 1:2 molar ratio and
incubated for 1 hour. The mixture was bound to NiNTA agarose
(Thermo Fisher Scientiﬁc, Waltham, MA) for 1 hour, the resin was
washed, and TRIM21 was released with 250 mM imidazole. Proteins
were analyzed with sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and stained with Coomassie stain.
TRIM-21-mediated antibody-dependent intracellular neutralization of IC 100
To determine if IC 100 engages the TRIM-21-mediated ADIN pathway after internalization, A549 wild-type (WT) and TRIM21 Knockout
cells (KO, AbCam, Cambridge, United Kingdom) cells (5 × 105 cells per
well) were grown in FK12 medium (Thermo Fisher Scientiﬁc, Waltham,
MA) supplemented with 10% FBS in 12 well culture dishes. Cells were
treated with 5 μg/mL of IC 100 or IgG4κ (Sino Biologicals, Wayne, PA)
for 1 hour to allow internalization of the antibodies. Cell culture
medium was removed, cells were washed twice with fresh medium to
29
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comparison test after data were tested for normality using the ShapiroWilk test. Individual ventral and dorsal radiant efﬁciencies in all 3
groups were plotted on a log scale as (p/s/cm2/sr)/(μW/cm2)v.h. For
the whole blood assay, outliers were removed prior to statistical comparisons using the ROUT method which uses robust regression and outlier
removal (Q = 1%). Statistical comparisons between groups were done
by ordinary 1-way ANOVA followed by the Holm-Sidak’s multiple comparisons test for cell culture experiments. Analyses were done with
Prism 9.0 for Mac (GraphPad).

remove unincorporated antibody and the media was then replenished
with K12-10% FBS. After antibody wash out, cells were grown for 2
hours, 24 hours, or 3 days after antibody treatment, washed twice with
cold PBS and lysed in lysis buffer. Cell lysates were immunoblotted for
TRIM21, IgG4 heavy chain, ASC and β-actin as a protein loading control
and internal standard.
Cell free assay for electron microscopy. Protein puriﬁcation
The plasmid pDBHisdMBP-hASCPYD was a generous gift from Prof
H. Wu (Boston Children’s Hospital, Boston, MA) and puriﬁed as
described.21 Brieﬂy, the plasmid was transformed into BL21 (DE3) and
the protein was expressed in Terriﬁc Broth medium at 18°C overnight.
The cells were resuspended in 200 mM NaCl, 20mM Tris pH8 and lysed
by sonication. After removal of debris, the lysate was bound to HisPur
resin (Thermo Fisher Scientiﬁc, Stockholm, Sweden). The protein was
eluded with 250 mM in lysis buffer. To remove aggregates, the eluted
protein was separated by size exclusion chromatography with a Superdex 200 300/10 GL Increase column (Cytiva, Marlborough, MA). For
the SDS-PAGE analysis, the puriﬁed ASCPYD-MBP-His was labeled with
Alexa Fluor 488 C5 Maleimide (Thermo Fisher Scientiﬁc, Stockholm,
Sweden) according to manufacturer’s manual. The excess dye was
removed by size exclusion chromatography with the same column used
for the puriﬁcation.

Results
IC 100 blocks inﬂammasome activation in human whole blood
We used the ex vivo whole blood stimulation assay to test whether IC
100 blocks inﬂammasome activation as determined by secretion of IL1β.18 Human whole blood samples were incubated for 3.5 hours with
LPS followed by ATP for the ﬁnal 30 minutes of incubation. After 4 hours,
a signiﬁcant increase in IL-1β was detected (Fig 1). To determine whether
IC 100 blocked IL-1β release, serial dilutions of IC 100 were added to
whole blood samples 1 hour prior to stimulation with LPS plus ATP. Control whole blood cultures received IC 100 without inﬂammasome
inducers (not shown) and showed low levels of IL-β release that were
comparable to the untreated control group. IC 100 signiﬁcantly blocked
the release of IL-β at concentrations of 1.0 and 0.1 μg/mL. Thus, IC 100
inhibits IL-1β release in a dose dependent manner (Fig 1).

Electron microscopy
For imaging of the ﬁlaments, ASCPYD ﬁlaments were formed with 7
µM ASCPYD-MBPHis6 and 0.6 µM TEV protease (Cytiva, Marlborough,
MA) at 4°C overnight. For kinetic experiments, 7 µM ASC-PYD-MBPHis6
were incubated with 3 µM IC 100 for 1 hour. After incubation, the concentration of TEV was adjusted to 0.6 µM. Aliquots of the reaction were
taken at 0, 10, 20, 30, and 60 minutes for EM and SDS-PAGE. Sample
was stained with 1% Uranyl Acetate and imaged on a JEOL 2100f
(JEOL, Japan) with a TEMCAM camera (TVIPS, Germany). The SDS
analysis of a potential inhibition of the TEV by IC 100 was performed
with the ﬂuorescently labeled ASCPYD. The SDS-PAGE was imaged with
a VersaDoc (BioRad, Hercules, CA) and quantiﬁed with ImageJ. For cryoEM, the sample was frozen with a Vitrobot (ThermoFisher Scientiﬁc,
Stockholm, Sweden). Three microliters of the assay were applied to
Quantifoil 1.2/1.3 grids (Quantifoil Micro Tools GmbH, Germany), glow
discharged with an easiGlow (Pelco) at 20 mA for 40 seconds and blotted for 6 seconds. Images were then recorded on a TEMCAM (TVIPS,
Germany) camera and processed with ImageJ.

IC 100 penetrates the CNS and peripheral tissues of mice
Next, we examined mAb distribution using in vivo bioluminescence
imaging of radiant-emitted light in tissues of mice at 48 hours after
delivery of ﬂuorescently labeled IC 100 or IgG4. Modiﬁed IC 100
showed penetration in peripheral organs and into the CNS (Fig 2). IC
100 distribution was observed to be higher in labeled tissues when compared to control in brain (A), spinal cord (B), heart (E), lungs (F),

IC 100 immuno-gold labelling of ASC-PYD and control ﬁlaments
ASCPYD ﬁlaments were formed overnight and run over a HisPur resin
(Thermo Fisher Scientiﬁc, Stockholm, Sweden) to capture the TEV protease and free MBP-His6. Polymerized ﬁlaments were bound to EM grids
with continuous carbon. Next, grids were washed and blocked with 150
mM NaCl, 20 HEPES (pH 8) and 0.1%BSA (BioRAD, Hercules, Calif).
Grids were incubated with gold-labeled IC 100 for 1 hour, washed and
stained with 1% Uranyl acetate. Images were recorded on the same
JEOL 2100f/TEMCAM set-up as above. The images were processed in
ImageJ. Two controls were run to evaluate non-speciﬁc IC 100 binding:
(1) an amyloidogenic peptide segment from β-lactoglobulin, was a generous gift from Prof. C. Lendel, KTH, Stockholm, Sweden and prepared
as described22; and (2) ﬁlaments of Bridging Integrator 1 (BIN1) were
prepared as described.23
Statistical analyses
Fig 1. IC 100 inhibits IL-1β release in whole human blood. Protein levels of IL1β released after stimulation of whole blood with 2.5 ng/mL of LPS for 3.5
hours followed by 2.5 mM ATP for 30 minutes and IC 100 at different concentrations (1, 0.1, 0.01, 0.001 μg/mL) for 1 hour. N = 6 to 12 per group.

Bioluminescene Imaging Graphical Analyses were done with Prism
8.2.1 for Windows (GraphPad) and statistical analysis was done with
Prism 9.0 for Mac using a 1-way ANOVA followed by Tukey’s multiple
30
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Fig 2. Radiant efﬁciency of IC 100 in tissues. Plots of average radiant efﬁciency in vivo following delivery of ﬂuorescently tagged IC 100 in mice imaged at 48 hours
post IC 100 and IgG delivery in (A) the brain, (B) spinal cord, (C) eye, (D) thyroid, (E) heart, (F) lungs, (G) kidney, (H) stomach, (I) pancreas, (J) small intestine, (K)
large intestine, (L) liver, (M) bladder, (N) ovary. N = 3 per group. Groups: No treatment control (C), tagged IgG4 (IgG) and tagged IC 100.
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receptor in endosomal compartments.24 These receptors play a role in
recycling, transport through the cell, transcytosis, and redistribution of
antibodies back into serum.24 To determine if IC 100 internalization was
mediated by the Fc region of the antibody, we generated Fab fragments
of IC 100 and labeled them with Alexa Fluor-488. The labeled Fab fragments were ﬁrst evaluated by ELISA to establish if the binding afﬁnity
was altered during the enzymatic digestion processes. As shown in Supplemental Fig. 1, labeled Fab fragments and IC 100 had similar binding
properties to the ASC peptide. However, labeled IC 100 Fab fragments
were not internalized into iBMDM even after 120 minutes incubation
period (Fig 3, B), indicating that internalization of IC 100 is mediated by
the Fc region of IC 100.
Next, we performed immunoblot analysis on iBMDM treated with IC
100 or IgG4κ control antibody at 10, 30 minutes, 1 hour, and 2 hours
after application of antibody to the cell culture media (Fig 3, C). IC 100
and IgG4κ were taken up into iBMDM as early as 10 minutes after antibody application as evidenced by the presence of the IgG4 heavy chain.
Both antibodies were present in the cells up to 2 hours after treatment,
but levels of the IgG4 heavy chain decreased at 2 hours, (Fig 3, C) consistent with the immunocytochemical ﬁndings (Fig 3, A).
Lastly, we determined whether internalized IC 100 and IgG4 were
recycled and secreted into the culture medium. iBMDM were treated
with IC 100 or IgG4κ isotype control for 1 hour. The cells were washed

kidneys (G) and liver (L), whereas IgG presented higher levels in brain
(A), spinal cord (B), eye (C), heart (E), lungs (F), kidneys (G), stomach
(H), small intestine (J), large intestine (K), liver (L), bladder (M) and
ovaries (N). Radiance in the thyroid (D) and pancreas (I) was not statistically signiﬁcant among groups.
IC 100 internalization into iBMDM is mediated by the Fc region of IC 100
To determine if IC 100 was internalized into cells, we labeled IC 100
with FITC and treated iBMDM for various periods of time (10−120
minutes). A FITC-labeled IgG4, kappa isotype control (IgG4κ ) was run in
parallel. FITC-IC 100 and FITC- IgG4κ isotype control were readily internalized into iBMDM within 10 minutes of incubation as evidenced by
the appearance of green ﬂuorescently-labeled material in the cell cytoplasm. Antibody internalization was clearly seen after 30 minutes in
iBMDM treated with labeled IC 100 and the labeled IgG4κ control. However, by 2 hours, labeled IgG4 was only detected in a few iBMDM, but
labeled IC 100 was clearly observed in the majority of iBMDM. Thus, IC
100 and IgG4 are taken up by iBMDM. However, the IgG4κ control is
mostly cleared from the cytoplasm by 2 hours after uptake, while IC
100 remains in the interior of the cell (Fig 3, A).
Antibodies are taken up by cells by binding to receptors like the neonatal fragment crystallizable region (Fc) receptor, and the polymeric Ig

Fig 3. FITC-IC 100 and FITC-IgG4κ are rapidly taken up by
iBMDM whereas FITC-IC 100 Fab fragments are not. Confocal
images of the time course of uptake of IC 100, IgG4 and IC
100-Fab fragments into iBMDM. (A) FITC conjugated IC 100 (5
μg/mL) or (B) IgG4κ isotype control (5 μg/mL) or FITC-labeled
IC 100 Fab fragments (5 μg /mL) were added to iBMDM. After
10, 30, 60 and 120 minutes after addition of labeled antibodies
or Fab fragments, cells were washed twice in fresh K12 media,
followed by one rinse with cold PBS. Cells were ﬁxed and
examined by confocal microscopy. (C) Representative immunoblot analysis showing uptake of IgG4 heavy chain of IC 100
and IgG4 into iBMDM at various times after antibody treatment. Scale bar = 30 μm. (D) IC 100 (IC) and IgG4κ (IgG) are
secreted out of the cell. iBMDM were treated with 1 μg/mL of
IC 100 or IgG4κ for 1 hour. Cells were washed and serum-free
DMEM was added for 1 hour. Control (C) cells were left
untreated. Media was harvested and immunoblotted for human
IgG4 heavy chain.
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both antibodies. Controls were left untreated. Cells were washed twice
in cell culture media devoid of antibodies and then washed once in cold
PBS. Cells were harvested and lysed, and lysates were run on protein A
spin columns to bind antibody. Columns were washed and the bound
immune complexes were eluted and immunoblotted for ASC and
TRIM21 (Fig 4, A). IC 100 immunoprecipitated both ASC and TRIM21
whereas these bands were not present in antibody-untreated controls.
IgG4κ did not immunoprecipitate ASC, but a trace amount of TRIM21
was present in the immunoprecipitate. Moreover, we used an antibody
against the serotonin Receptor 5-HT [2B]R, an irrelevant bait protein, as
a negative control, indicating that neither IC 100 nor IgG4 were bound
to 5-HT [2B]R (Supplemental Fig 2). Together, these studies indicated
that IC 100 associates in a complex with ASC and TRIM21.
Next, we performed confocal microscopy to provide additional evidence that internalized IC 100 associates with intracellular ASC (Fig 4,

extensively with fresh cell culture medium without FBS and cultured for
1 hour in serum-free media. Controls were not treated with antibodies.
The media was harvested and immunoblotted for the protein levels of
human IgG4 heavy chain (Fig 3, D). Our ﬁndings indicate that a portion
of IC 100 and IgG4 are recycled and secreted into the cell culture
medium, consistent with the hypothesis that internalized antibodies
bound to FcRn receptors in endosomal compartments are recycled and
redistributed back out of the cell.
Internalized IC 100 associates with intracellular ASC and TRIM21
Cytosolic antigen-antibody immune complexes recruit TRIM21 and
promote neutralization of antigens via ADIN.4 To establish whether
internalized IC 100 binds to ASC and engages TRIM21, we treated THP1 cells with IC 100 or IgG4κ control antibody for 1 hour to internalize

Fig 4. Internalized IC 100 associates with ASC and TRIM21
(A) Co-Immunoprecipitation of THP-1 cells treated with IC
100 (IC) or IgG4κ (IgG) isotype control. Immunoprecipitates
were blotted for ASC and TRIM21. IC 100 (IC) immunoprecipitated ASC and TRIM21, indicating association of these proteins after internalization IC 100 into the cells. IgG4κ isotype
control antibody - did not immunoprecipitate ASC, but a
trace amount of TRIM21 was found in association with
IgG4κ . Untreated THP-1 lysates (C) did not immunoprecipitate ASC or TRIM21 proteins and was used as control. (B)
Confocal images of iBMDM treated with FITC- conjugated IC
100 (5 μg/mL, green, upper panels) or IgG4κ isotype control
(5 μg/mL, green, lower panels) for 1 hour and doublelabeled with anti-ASC and Alexa-ﬂour 594-conjugated secondary antibodies (red). Merged images (yellow) show that
internalized IC 100 associates with intracellular ASC whereas
internalized IgG4κ does not. (C) Confocal images of iBMDM
treated with FITC-conjugated IC 100 or IgG4κ isotype control
for 60 minutes and double labeled with anti-TRIM21 and
rhodamine conjugated secondary antibodies. Images show
that portion of internalized IC 100 associates with TRIM21,
whereas little, if any, IgG4κ binds to TRIM21. Scale
bar = 15.91 μm. (color version of ﬁgure is available online.)
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C, arrows). Moreover, electron micrographs of IC 100 labeled ASCPYD ﬁlaments showed that these dark deposits were predominantly located at
the ends of the ﬁlaments, where the ASCPYD binding site is more accessible (Fig 7, B and C, arrows).
To conﬁrm that IC 100 binds to the ﬁlaments, we prepared and
adsorbed ASCPYD ﬁlaments and labeled them with IC 100 conjugated to
20 nm gold particles (Fig 8, A and B). Immunogold-conjugated IC 100
labeled ASC ﬁlaments primarily at the ends of the ﬁlament and at various locations along the length of the ﬁlament (Fig 8, A and B, arrows),
whereas the control unlabeled preparation did not show immunogold
labeling (Fig 8, C and Supplemental Fig 5, E).
We then tested if the TEV cleavage reaction was affected by the addition of IC 100, by monitoring the release of ﬂuorescently labeled ASCPYD
(Supplemental Fig 5, A−C); however, the kinetics of the TEV cleavage
reaction was not affected by IC 100 (Supplemental Fig 5, D). Taken
together, these ﬁndings demonstrate that IC 100 binds to ASCPYD ﬁlaments and alters the architecture of ASC ﬁlaments. Finally, we conﬁrmed the speciﬁcity of immunogold-conjugated IC 100 labeling by
staining polymerized amyloid and BIN1 membrane ﬁlaments (Supplemental Fig 6, A and B). Negative stain electron micrographs of amyloid
ﬁbers from a β-Lactoglobulin derived peptide (Supplemental Fig 6, A)
and of BIN1 membrane tubules ﬁlaments (Supplemental Fig 6, B) did
not bind gold-labeled IC 100, but rather gold particles were present on
grids located away from the ﬁlaments (red arrows).

B) and TRIM21 (Fig 4, C). iBMDM were treated with FITC-IC 100 and
FITC- IgG4κ isotype control for 1 hour. Cells were washed extensively
in cold PBS, ﬁxed, permeabilized and labeled with anti-ASC, antiTRIM21 and appropriate Alexa Fluor 594-conjugated secondary antibodies and then examined by confocal microscopy. Internalized IC 100
colocalized with intracellular ASC (Fig 4, B) and TRIM21 (Fig 4, C),
whereas some of the FITC- IgG4κ isotype colocalized with ASC. Finally,
analysis of the Coomassie stained SDS-PAGE of the pull down of
TRIM21 showed that IC 100 binds to TRIM 21 (Lane E2, (Supplemental
Fig 3).
Internalized IC 100 and IgG4 associate with endosomes
To determine whether internalized FITC-IC 100 and FITC-IgG4κ isotype control associate with endosomes, we performed immunocytochemical staining and confocal analysis for endosomal markers (EEA1
and Rab4) (Fig 5). Although FITC−IC 100 and FITC- IgG4κ isotype control showed colocalization with EEA1 after 15 minutes, the colocalization of IgG4 with EEA1 was more pronounced. A similar staining pattern
was observed with Rab4 after 60 minutes (Fig 5). FITC-IgG4κ isotype
control clearly colocalizes with this endosomal marker, but only a small
proportion of the internalized FITC-IC 100 appeared in association with
endosomes. These studies suggest that internalized IC 100 associates
with endosomes and that some of the antibodies escape the endosome
and are located in other regions of the cell.
IC 100 is not degraded by the ADIN pathway

Discussion

Since TRIM21 binding to antibody triggers ADIN and targets cytosolic immune complexes for proteasomal degradation, we treated WT
(Fig 6) and A549 TRIM21 KO (Supplemental Fig 4) human lung epithelial cells with 5 μg/mL of IC 100 or IgG4κ isotype control for 1 hour.
Cells were washed twice in fresh K12 medium containing 10% FBS and
then harvested at 2 hours, 1 day, and 3 days after antibody exposure,
and cell lysates were immunoblotted for the protein levels of ASC (Fig 6,
A−C), the IgG4 heavy chain (Fig 6, D−F) and TRIM21 (Fig 6, G−I). We
did not detect signiﬁcant alterations in the levels of ASC (Fig 6, A and B
and Supplemental Fig 4) or TRIM21 (Fig 6, G and H) in either WT or KO
A549 cells at 2 hours and 1 day after internalization. However, at 3
days after antibody exposure, there was a signiﬁcant elevation in the levels of ASC (Fig 6, C) and TRIM21 (Fig 6, I) in WT A549 cells treated IC
100 and IgG4κ . Moreover, WT (Fig 6) and TRIM21 KO (Supplemental
Figure 4) A549 cells contained the IgG4 heavy chain of IC 100 at 2
hours, 1 day, and 3 days after uptake (Fig 6, D−F, Supplemental Fig 4),
suggesting that IC 100 is not rapidly targeted for proteasomal degradation through TRIM21 (Fig 6, E−F and Supplemental Fig 4). In contrast,
levels of IgG4κ isotype control were undetectable at the same time
points after antibody treatment, indicating that IgG4κ is rapidly
removed from the interior of the cell (Fig 6, D−F).

Our results demonstrate that IC 100 is rapidly internalized by a variety of cell types and blocks inﬂammasome activation as evidenced by
inhibition of IL-1β release in a human whole blood cell assay. Once
internalized into cells, a portion of IC 100 associates with endosomes
and is recycled out of the cell. However, some, internalized IC 100 binds
to ASC and TRIM21, but is not degraded by the ADIN pathway, thus
accounting for a prolonged half-life in cells. Based upon our ﬁndings
and analysis of data of FcRn-mediated antibody recycling and intracellular antibody binding with TRIM21, we proposed a model for the intracellular mechanism of action of IC 100 (Fig 9). In this model, FcRnmediated recycling is initiated by IgG4 pinocytosis.26 Early endosomes
are then acidiﬁed (pH 6.0), inducing binding between FcRn and IC 100
or IgG4.27,28 Membrane-bound IgG-FcRn complexes are then incorporated into tubulovesicular transport carriers, which are carried to the
plasma membrane where the cargo is exposed to the neutral pH of the
cell surface and undergoes exocytosis, thus releasing the soluble contents into the extracellular space.29 Here, we found that both IC 100 and
IgG4 were rapidly recycled out of iBMDM into the culture medium, supporting the idea of FcRn endosomal recycling of IC 100 and IgG4. Moreover, we observed that IC 100 is readily taken up into iBMDM and THP1 cells and associates with the endosomal markers EEA1 and Rab4, and
that IC 100 binds to ASC and TRIM-21. The IgGκ isotype control also
showed some basal signal and colocalization with ASC that appeared to
be background staining.
If cytosolic IC 100 activated the TRIM-Away pathway, we would
expect that protein degradation would be acute and rapid with a halflife of ∼10 −20 minutes.5 However, in both A549 WT and KO cells, the
levels of IgG4 heavy chain of IC 100 remained high as long as 3 days
after internalization, and we did not detect signiﬁcant decreases in the
levels of the IgG4 heavy chain of IC 100 or the ASC protein after internalization, suggesting that IC 100 did not activate the ADIN pathway,
but escaped proteasomal degradation (Fig 9). Furthermore, there were
no differences in the levels of IgG4 heavy chain in A549 WT and KO cells
even at 3 days after internalization, supporting this hypothesis. In contrast, the IgG4κ isotype control antibody was taken up by iBMDM, but
by 2 hours after antibody treatment, the intracellular levels of IgG4
were low, indicating that IgG4κ was rapidly recycled back into the
medium most likely via the FcRn pathway (Fig 9).

IC 100 binds to ASCPYD ﬁlaments and disrupts ASC ﬁlament architecture
Upon inﬂammasome activation, ASC polymerizes spontaneously into
a large ASC speck that serves as a platform for the recruitment and activation of caspase-1.25 ASC polymerization is primarily mediated by the
PYD domain of ASC (ASCPYD). To evaluate whether IC 100 binds to polymerized ASCPYD, an ASCPYD-MBP-His66 fusion construct was expressed
and puriﬁed. After cleavage with TEV protease, ASCPYD was released
and quickly assembled into linear ASCPYD ﬁlaments (Supplemental Fig
5, E). We evaluated whether IC 100 interfered with ASCPYD polymerization into ﬁlaments by adding IC 100 prior to the polymerization reaction
and then imaged ﬁlaments at 20 and 30 minutes after addition of IC 100
in negative stain EM (Fig 7, A). Although IC 100 did not prevent ﬁlament
growth in the polymerization reaction (Fig 7, A, right), it disrupted the
architecture of the ﬁlaments formed (Fig 7, B). These ﬁlaments appeared
to be clumped into bundles with dark interspersed deposits (Fig 7, B and
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Fig 5. Internalized IC 100 and IgG4κ associate with endosomal markers. Confocal images of iBMDM treated with FITC-conjugated IC 100 or IgG4κ isotype control for
15 or 60 minutes and double labeled with endosomal marker anti-EEA1 (15 minutes) or Rab4 (60 minutes) followed by rhodamine conjugated secondary antibodies.
Merged images show that IC 100 and IgG4κ associate with endosomes after internalization. Scale bar = 15.91 μm.

(Fig 9). Further direct experimentation is needed to explain how IC 100
escapes endosome and proteasomal degradation after internalization.
Cytoplasmic antibodies can act as potent danger-associated molecular patterns (DAMPs) that activate TRIM21 after binding. The activation of TRIM21 induces the formation of Lys63 (K63) and Lys48 (K48)linked ubiquitin chains.30-32 TRIM21-induced K63 synthesis stimulates

ASC specks released during pyroptotic cell death are rapidly taken up
by neighboring cells and escape the proteasome to further nucleate ASC
specks and induce inﬂammasome activation in the cytosol of recipient
cells. It is possible that immune complexes of IC 100 and ASC escape the
endosome and also escape proteasome degradation, thereby accounting
for the prolonged half-life of IC 100 internalized into cells
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Fig 6. Internalized IC 100 is not rapidly degraded. A549 WT cells were treated with 5 μg/mL of IC 100 or IgG4κ isotype control for 1 hour so that the antibodies were
taken up into cells. Cells were washed twice with fresh tissue culture medium to remove residual antibody in the cell culture medium and then grown for 2 hours, 1
day, or 3 days. Time course shows that IC 100 is not degraded in A549 WT cells even at 3 days after antibody treatment. Quantiﬁcation of immunoblots lysates of WT
A549 lysates at 2, 1 day and 3 days after internalization. ASC (A-C), human IgG4 heavy chain (D-F) and TRIM21 (G-I) after treatment with IC 100, IgG4κ and controls.
N = 4 per group.

NF-κ B, AP-1 and IRF3/5/7 transcription pathways that result in activation of the innate immune system.31,33 This activation leads to the
expression of chemokines and proinﬂammatory cytokines and the
induction of an antiviral state. We observed that IC 100 induced an
increase in the levels of ASC and TRIM21 in A549 cells after 3 days of
treatment. It is possible that TRIM21 and ASC induction may result in

stimulation of one or more transcription pathways thus accounting for
elevation in these proteins at 3 days after treatment. On the other
hand, TRIM21 induces degradation of DDX41, the sensor of intracellular dsDNA, via K48-linked ubiquitination in myeloid dendritic cells and
monocytes, resulting in the inhibition of the type I interferon response
toward dsDNA viruses. These data indicate that TRIM21 negatively
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Fig 7. Electron micrographs of ASCPYD polymerization reactions. (A) Micrographs of ASCPYD ﬁlamentation assays at 20
and 30 minutes after reaction initiation with and without IC
100. IC 100 interferes with ﬁlament structure as shown by visible dark aggregates (arrows). Scale bar = 1 µm. (B) Sample of
polymerized ASCPYD ﬁlaments treated with IC 100 show dark
aggregates along ﬁlaments and at the ends (arrows). Scale
bar = 1 µm. (C) High magniﬁcation image of polymerized
ASCPYD ﬁlaments treated with IC 100 showing dark aggregates
along the ﬁlaments. Scale bar = 100nm

regulates the innate immune response.32 Since IC 100 treatment
blocked inﬂammasome activation and IL-1β release, it is possible the
ASC/IC 100/TRIM21 complex negatively regulates the inﬂammasome
by preventing the recruitment of ASC into the inﬂammasome complex
(Fig 9). Further studies are needed to establish the precise inﬂammasome signaling pathways that are regulated by IC 100 and TRIM21.
Antibodies can be carried into cells when attached to self-propagating
protein assemblies, such as tau,34,35 the huntingtin protein36 and amyloid-β1-4237 or attached to particles of an infecting virus.30 Once inside the
cell, the antibody coated virus or protein-aggregates bind TRIM21 and

activate a line of immune defense termed TRIM21-mediated ADIN.35
ADIN targets virus-antibody conjugates or antibody-aggregated protein
assemblies for degradation by the proteasome.30 However, non-envelope
viruses, such as adenoviruses, lyse the endosomal membrane during
uptake,38 resulting in relocation of the immune complexes that engage
TRIM21 and then are destroyed by the proteasome so that viral DNA is
prevented from entering the nucleus. Moreover, passive failure of the
endosomal compartments may result in transfer of immune complexes
from inside the lumen to the cytosol.4 Therefore, it is possible that IC 100
may attach to self-propagating protein assemblies of ASC in the cytosol

Fig 8. Electron micrographs of ASCPYD ﬁlaments and immuno-gold labeling. (A) IC 100 immuno-gold labelling of ASCPYD ﬁlaments. Gold labels co-localize with ASCPYD
ﬁlaments (arrows). Scale bar = 300 nm. (B) High magniﬁcation of ASCPYD ﬁlaments showing IC 100 immuno-gold labeling of ﬁlaments (arrows). Scale
bar = 200 nm. (C) ASCPYD ﬁlaments without immuno-gold IC 100 labeling. Scale bar = 100 nm.
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Fig 9. Schematic illustration for the intracellular mechanism of action of IC 100. (1) IC 100 and IgG4 are internalized into cells by ﬂuid-phase pinocytosis into early
endosomes. (2) Once early endosomes are acidiﬁed (pH 6.0), the afﬁnity between IC 100/IgG4 and FcRn increases, resulting in binding. (3) Some of the FcRn-IC 100
and FcRn-IgG4 complexes are sorted into tubulovesicular transport carriers (TCs), which recycle to the plasma membrane and undergo exocytosis. The physiological
pH in the extracellular space reduces the afﬁnity of FcRn for IC 100 and IgG4, returning the immunoglobulins to the extracellular environment. (4) Some IC 100
escapes the endosome by binding with intracellular ASC. (5) ASC-IC 100 binds to TRIM21, forming a tripartite complex. (6) The ASC/IC 100/TRIM21complex is not
directed for proteosomal degradation but rather remains in the intracellular compartment for at least 3 days, thus, preventing intracellular ASC from recruitment and
assembly into the inﬂammasome (7).

linear ASCPYD polymerization may determine the threshold necessary to
trigger inﬂammasome activation8 and the degree of ASC crosslinking
may determine whether an ASC speck is formed, and how densely it is
packed. Thus, IC 100 disruption of ASC ﬁlament architecture likely
interferes with ASC speck function, dampening inﬂammasome activation.
Immunotherapies that target protein aggregates are emerging as
promising targets for treatment of neurodegenerative disease. For
instance, the human mAb aducanumab has been cleared recently by the
Food and Drug Administration based on its efﬁcacy in Aβ clearance, but
clinical trials have shown no cognitive improvement despite Aβ
removal.43 Similarly, antibodies to tau can reduce aggregated protein
load and enhance behavioral outcomes prompting the development of
several therapeutic antibodies for tauopathies.4 In animal models of AD,
it has been reported that ASC specks are released into the extracellular
space, where ASC propagates inﬂammatory responses via prion-like
transmission mediated by engulfment in neighboring macrophages.44,45
In AD pathology, ASC specks cross-seed with amyloid beta (Aβ1−42), in
the extracellular space, which boosts Aβ1−42 toxicity in microglia.46,47
Experiments in animal models of tau34,48,49 and α-synuclein pathology50
show that transfer of anti-tau or anti-α-synuclein antibodies induce
reduced levels of assembled proteins, resulting in improved neurological
function and preservation of brain volume.51 Our data demonstrate that
IC 100 interferes with ASC polymerization and aggregation. Studies are
underway to establish efﬁcacy of antibodies against ASC in various neurodegenerative diseases involving abnormal protein aggregation and
deposition.

and escape the endosome and proteasomal degradation. However, molecular studies involving various size fractions of ASC oligomers and IC 100ASC immune complexes are needed to the test this possibility.
In our previous studies we have shown that IC 100 and polyclonal
antibodies against ASC and NLRP1 signiﬁcantly block inﬂammasome
activation as evidenced by decreased caspase-1 processing, decreased
inﬂammasome protein expression, and blocking of processing of mature
inﬂammatory cytokines, IL-1β and IL-18.6,10,12,14-16,20 Here, we
employed a reproducible inﬂammasome assay using human
blood18,39,40 to evaluate the inﬂammasome blocking effect of IC 100.41
We show that this assay is a reliable platform to study IC 100 potency
and to suppress intracellular inﬂammasome activation in pathological
conditions characterized by profound production of IL-1β by mimicking
the physiological milieu ex vivo.
Upon oligomerization, inﬂammasome sensors engage multiple ASC
molecules. ASC is comprised of a pyrin (PYD: ASCPYD) and a caspaserecruitment domain (CARD: ASCCARD). ASCPYD initiates oligomerization
through homotypic PYD:PYD interactions to form ﬁlamentous polymers,
which are then cross-linked by ASCCARD interactions,8 indicating that
ASCPYD plays a critical role in formation of ASC ﬁlaments and specks.
Here, we overexpressed ASCPYD in vitro that rapidly polymerized and
aggregated even in the absence of inﬂammasome sensors.42 Immunogold-labeled IC 100 decorated ASC ﬁlaments in multiple regions along
the ﬁlament length, and an increased density of gold particles were seen
bound to the ends of ﬁlaments where the epitopes for the antibody are
most accessible. Thus, it is likely that IC 100 caps ASC ﬁlaments and prevents recruitment of further monomers. Furthermore, interference with
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IC 100 has broad tissue distribution, crosses the blood brain barrier,
and readily penetrates the brain and spinal cord. In naïve mice, the liver,
lungs, kidney, heart, and ovaries were the major sites of IC 100 penetration. Biodistribution of mAbs depends on the rate of tissue extravasation
and penetration, on mAb binding to tissue components, and on the
effects of clearance mechanisms following the intracellular uptake of
mAbs.52 Current studies in our laboratory have been initiated to provide
a deeper understanding of the absorption, distribution, metabolism, and
excretion of IC 100 in order to optimize efﬁcacy and safety and to provide essential information as to whether IC 100 may prove to be a powerful drug candidate to block acute and long-term inﬂammation in a
variety of inﬂammatory diseases and conditions in the CNS and in the
periphery.
ASC-dependent inﬂammasomes achieve an orchestrated response to
diverse threats by acting as a signaling hub that contributes to innate and
adaptive immune responses. Our study demonstrates that ASC function
can be inhibited by IC 100. IC 100 works intracellularly by blocking
inﬂammasome activation and release of IL-1β, and it most likely prevents
further recruitment and maturation of ASC and caspase-1 into ASC specks.
Our previous work has demonstrated the therapeutic potential of inhibiting ASC in a variety of animal models.6,10,12,14-16,20 Taken together, our
data demonstrate that IC 100 inhibits inﬂammasome signaling, and may
prove to be a therapeutic option for the treatment of a variety of inﬂammatory diseases and conditions.
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