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RESEARCH Open Access

IC100: a novel anti-ASC monoclonal
antibody improves functional outcomes in
an animal model of multiple sclerosis
Haritha L. Desu1†, Melanie Plastini1†, Placido Illiano1, Helen M. Bramlett1,2,3, W. Dalton Dietrich1,2,
Juan Pablo de Rivero Vaccari1,2, Roberta Brambilla1,4,5* and Robert W. Keane1,2,6*

Abstract

Background: The inflammasome adaptor apoptosis-associated speck-like protein containing a CARD (ASC) is
involved in immune signaling by bridging the interactions between inflammasome sensors and caspase-1. Strong
experimental evidence has shown that ASC−/− mice are protected from disease progression in animal models of
multiple sclerosis (MS), suggesting that targeting inflammasome activation via ASC inhibition may be a promising
therapeutic strategy in MS. Thus, the goal of our study is to test the efficacy of IC100, a novel humanized antibody
targeting ASC, in preventing and/or suppressing disease in the experimental autoimmune encephalomyelitis (EAE)
model of MS.

Methods: We employed the EAE model of MS where disease was induced by immunization of C57BL/6 mice with
myelin oligodendrocyte glycoprotein peptide 35–55 (MOG35–55). Mice were treated with vehicle or increasing doses
of IC100 (10, 30, and 45 mg/kg) and clinical disease course was evaluated up to 35 days post EAE induction.
Immune cell infiltration into the spinal cord and microglia responses were assessed.

Results: We show that IC100 treatment reduced the severity of EAE when compared to vehicle-treated controls. At
a dose of 30 mg/kg, IC100 significantly reduced the number of CD4+ and CD8+ T cells and CD11b+MHCII+ activated
myeloid cells entering the spinal cord from the periphery, and reduced the number of total and activated microglia.

Conclusions: These data indicate that IC100 suppresses the immune-inflammatory response that drives EAE
development and progression, thereby identifying ASC as a promising target for the treatment of MS as well as other
neurological diseases with a neuroinflammatory component.

Keywords: IC100, Inflammasome, Neuroinflammation, Multiple sclerosis, Experimental autoimmune encephalomyelitis,
Caspase-1, IL-1, ASC, Pycard

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: r.brambilla@miami.edu; rkeane@miami.edu
†Haritha L. Desu and Melanie Plastini contributed equally to this work.
1University of Miami Miller School of Medicine, Miami, FL 33136, USA
Full list of author information is available at the end of the article

Desu et al. Journal of Neuroinflammation          (2020) 17:143 
https://doi.org/10.1186/s12974-020-01826-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12974-020-01826-0&domain=pdf
http://orcid.org/0000-0003-4068-9511
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:r.brambilla@miami.edu
mailto:rkeane@miami.edu


Background
Multiple sclerosis (MS) is an autoimmune demyelinating
disease of the central nervous system (CNS) character-
ized by an inflammatory response sustained by innate
and adaptive immune mechanisms dependent on
lymphocyte (both T and B cells) and myeloid cell activa-
tion [1]. The direct immune attack on myelin-producing
oligodendroglia causes demyelination, leading to axonal
and neuronal damage that correlates with long-term dis-
ability [2]. Approximately 85% of MS patients present
with a relapsing-remitting phenotype (RRMS), and the
majority of these evolve into a secondary-progressive
(SPMS) disease course after 15 to 20 years. Approxi-
mately 10–15% of patients experience a primary progres-
sive (PPMS) disease course with slow and continuous
deterioration without definable relapses [3]. The under-
standing of MS pathomechanisms as well as the develop-
ment of MS therapeutics has relied upon the use of the
experimental autoimmune encephalomyelitis (EAE)
model. In fact, many of the disease-modifying drugs cur-
rently in clinical use have been developed after success-
ful testing in EAE [4].
Inflammasomes are the central signaling platforms

of the innate immune-inflammatory response. Upon
activation by a diverse range of intracellular sensors of
infection, cell damage or metabolic disturbances, the
adaptor protein apoptosis speck-like staining protein
containing a caspase recruitment domain (ASC),
common to all inflammasomes, is recruited. Sensor
oligomerization induces the polymerization of ASC
into highly cross-linked macromolecular assemblies
called ASC specks or pyroptosomes [5]. ASC recruits
pro-caspase-1, resulting in proximity-induced proteolytic
cleavage of pro-caspase-1. Mature caspase-1 processes the
pro-inflammatory cytokines interleukin-(IL)-1β and IL-18,
as well as a range of other molecules. ASC specks are re-
leased by inflammasome-activated cells into the extracel-
lular space and in body fluids where they continue to
recruit and activate pro-caspase-1 and to process the mat-
uration of IL-β [6, 7]. Extracellular specks are taken up by
neighboring cells and function to propagate the innate im-
mune response [8]. ASC specks have been detected in tis-
sues and sera of patients and mice with autoimmune and
inflammatory diseases [6, 7], and serum levels of ASC are
increased in MS patients [9]. The model of transcellular
propagation of inflammasome activation via ASC specks
suggests that extracellular ASC might be vulnerable to
antibody-mediated therapies. We and others have ob-
served that passive immunization with anti-ASC anti-
bodies reduces pathology in several mouse models of
excessive inflammasome activation [10–14]. In support of
this idea is the finding that anti-Tau antibodies promote
uptake of Tau aggregates into microglia and that these ef-
fects are epitope and aggregate size-dependent [15]. These

studies therefore identify microglia as potential important
effectors of therapeutic antibodies and demonstrate that
anti-Tau antibodies are taken up by microglia and facili-
tate the clearance of extracellular Tau [15].
Emerging evidence has indicated important inflammasome-

independent roles for ASC in controlling adaptive immune
responses [16–19]. ASC regulates adaptive immunity by
modulating Dock-2-dependent Rac activation and actin
polymerization in dendritic cells and lymphocytes
thereby regulating the motility of T lymphocytes and B
lymphocytes and antigen uptake by professional antigen-
presenting cells [17]. Thus, the vital role of ASC in regu-
lating both adaptive and innate immune responses sug-
gests that strategies to modulate ASC expression appear
to be promising approaches for the treatment of CNS in-
flammatory diseases.
The NLRP3 and NLRC4 inflammasome have been

previously associated with the pathology of MS [20, 21].
The NLRP3 inflammasome appears critical in the devel-
opment of EAE, as demonstrated by the resistance of
Nlrp3−/− mice to EAE [22, 23]. The lack of the NLRP3
inflammasome in antigen-presenting cells dampens ex-
pression of chemokines and chemokine receptors on T
helper cells and antigen-presenting cells, and prevents
their migration to the CNS [23]. Alternatively, gene dele-
tion of NLRP3 inflammasome components in mice sub-
jected to EAE showed that progression of EAE is
dependent on the inflammasome adaptor protein ASC
and caspase-1 but not NLRP3 [19]. ASC−/− mice were
protected from EAE more than caspase-1−/− mice, sug-
gesting that an inflammasome-independent function of
ASC contributes to EAE progression. The deficiency in
ASC did not affect MOG-specific T cell proliferation or
cytokine production in the periphery. However, ASC ap-
peared to play a role in the peripheral survival of mature
CD4+ T cells [19]. ASC−/− mice showed reduced num-
bers of MOG-specific T cells in the lymph nodes and in
the CNS, resulting in protection from EAE. To explain
these discrepancies, it has been suggested that EAE in-
duced by weak activation of innate immunity requires
the NLRP3 inflammasome, whereas strong activation of
innate immunity makes the EAE pathological mechan-
ism bypass the NLRP3 inflammasome and causing EAE
to develop without the NLRP3 inflammasome [23].
Monoclonal antibodies (mAb) have been effectively

used in MS therapy [24]. One of their main advantages
is that, due to their high target specificity, they have
minimal unwanted side effects. Natalizumab, which tar-
gets α4ß1 integrin, and alemtuzumab, directed against
the lymphocyte surface marker CD52, are among the
most effective mAb currently in clinical use [24]. Re-
cently, ocrelizumab, targeting the B cell antigen CD20,
has been the first drug approved by the US Food and
Drug Administration (FDA) for PPMS [25–27]. Given
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the proven involvement of the inflammasome in MS and
EAE pathobiology, we sought to pursue the testing of a
mAb-targeting ASC and ASC specks to improve clinical
outcomes in EAE and MS.
In this study, we evaluated the therapeutic efficacy of a

humanized monoclonal antibody against human ASC,
IC100, in MOG-induced EAE. We show that IC100 sig-
nificantly suppressed disease severity when compared to
vehicle-treated controls. At a dose of 30 mg/kg, IC100
reduced the number of CD4+ and CD8+ T cells and
CD11b+MHCII+ activated myeloid cells in the spinal
cord. In parallel, it reduced the number of total and acti-
vated microglial cells in the spinal cord. These data indi-
cate that IC100 suppresses the adaptive and innate
immune-inflammatory response that drives EAE, thereby
identifying ASC as a promising target for MS therapy.

Methods
Induction of EAE and development and treatment with
IC-100
Active EAE was induced in 2-months old C57BL/6 fe-
male mice with myelin oligodendrocyte glycoprotein
35–55 peptide (MOG35–55, BioSynthesis) as previously
described [28]. Briefly, mice received an intraperitoneal
(i.p.) injection of pertussis toxin dissolved in PBS (350
ng/mouse; day 0), followed by sub-cutaneous adminis-
tration of MOG35–55 (300 ng/mouse; day 1) emulsified in
complete Freund’s adjuvant, and a second i.p. injection
of pertussis toxin (350 ng/mouse; day 2). IC100 (IgG4)
was developed by humanization of a mouse monoclonal
(IgG1) against human ASC (Abzena, Cambridge Eng-
land). IC100 was cloned into a CHO cell manufacturing
cell line (Selexis, Geneva, Switzerland). IC100 was puri-
fied from CHO cell supernatants using ProSepA high
capacity column chromatography (Antibody Solutions,
Santa Clara, CA). Mice were administered vehicle (0.9%
saline) or IC100 at three different doses (10, 30, and 45
mg/kg) via i.p. injection every 4 days, starting at day 8
after induction of EAE. Clinical symptoms of EAE were
assessed daily by a blind investigator on a scale of 0 to 6
as follows: 0, no clinical signs; 1, loss of tail tone; 2, com-
pletely flaccid tail; 3, complete hind limb paralysis; 4,
complete forelimb paralysis; 5, moribund; 6, dead. All
experiments were performed according to protocols and
guidelines approved by the Institutional Animal Care
and Use Committee of the University of Miami.

Cell isolation for flow cytometry
Following transcardial perfusion with PBS, spinal cords
were harvested and placed in cold Hanks’ Balanced Salt
Solution without Mg2+ and Ca2+ (HBSS w/o). Samples
were then manually dissociated into single cell suspen-
sions through a 70-μm strainer and washed in HBSS w/
o. Spleen samples were spun at 1200 rpm for 10min at

4 °C, supernatants were removed, and red blood cells
(RBCs) were lysed in 2 ml RBC lysis buffer (eBioscience)
according to the manufacturer’s instructions. Spleen
cells were then resuspended in PBS. Cells isolated from
the spinal cord were resuspended in flow cytometry buf-
fer (FCB, eBioscience) and incubated with Myelin Re-
moval Beads II (Miltenyi). Myelin was depleted using the
LS magnetic columns as described in the manufacturer’s
protocol (Miltenyi). Similar to the splenocytes, spinal
cord cells were resuspended in PBS and stained as de-
scribed below.

Immunolabeling and flow cytometric analysis
Cells were resuspended in 100 μl FCB, blocked with
0.5 μl TruStainFcX (anti-mouse CD16/32 FcR block,
Biolegend) for 5 min at room temperature, and stained
for 30 min at 4 °C with: FITC-anti-CD45 (1:1000, Biole-
gend), PE-Cy7-anti-CD4 (1:200, eBioscience), PerCP-
Cy5.5-anti-CD8 (1:200, Biolegend), PE-anti-B220 (1:200,
Biolegend), APC-anti-MHCII (1:200, eBioscience), and
APC-eFluor780-anti-CD11b (1:200, eBioscience) (Sup-
plemental Table 1). Cells were then fixed in 1% PFA for
1 h. Finally, cells were resuspended in 500 μl FCB, la-
belled with DAPI to exclude cell debris, and analyzed
with a CytoFLEX S flow cytometer (Beckman-Coulter)
equipped with the CytExpert software (Beckman-
Coulter).

Quantification of IC100 in tissues
IC100 was quantified in the brain, spinal cord, liver, and
spleen at 35 days post-induction (dpi) of EAE using a
proprietary assay developed by InflamaCORE, LLC using
Meso Scale Technology. Protein lysates were obtained as
described in [29]. The assay was read using the Quick-
Plex SQ 120 instrument (Meso Scale Diagnostics,
Maryland).

Statistical analyses
EAE curves were analyzed point-by-point by 2-way re-
peated measures ANOVA, followed by Tukey test for
multiple comparisons. The EAE curves as a whole were
also analyzed by non-parametric Mann-Whitney test
comparing treated groups to the control group, individu-
ally. All other assessments were analyzed by Student’s t
test, if the data were normally distributed, or by non-
parametric Mann-Whitney test if the data were not nor-
mally distributed. Normality was determined by the
Pearson & D’Agostino test. Data were expressed as mean
± SEM, and p values equal or less than 0.05 were consid-
ered statistically significant. Statistical analyses were car-
ried out with the GraphPad Prism software.
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Results
Treatment with IC100 ameliorates the functional outcome
in EAE
In order to assess the therapeutic potential of IC100, we
induced EAE with MOG35–55 peptide [30] in 2-months
old female C57BL/6 mice and administered IC100 or ve-
hicle (saline) alone beginning 8 days post-induction (dpi)

of the disease. The administration was repeated every 4
days until sacrifice (35 dpi). Three doses were tested, 10,
30, and 45 mg/kg. IC100 significantly improved func-
tional recovery when used at the doses of 30 and 45mg/
kg, with a robust reduction of the clinical disease scores
throughout the duration of the experiment (Fig. 1a). The
average peak clinical score was significantly reduced at

Fig. 1 IC100 treatment improves the functional outcome in EAE. a Clinical course of MOG35-55-induced EAE in C57BL/6 mice treated with vehicle
or increasing doses of IC100 (10, 30, and 45mg/kg i.p. every 4 days) with administration starting at day 8. Results are expressed as daily mean
clinical score ± SEM of 9–10 mice/group. Statistical analysis by 2-way repeated measures ANOVA with Tukey’s multiple comparisons test: The
number sign indicates significantly different time point, Vehicle vs IC100 10 mg/kg: p value 14 dpi = 0.0313. The asterisk indicates significantly
different time points, vehicle vs IC100 30 mg/kg: p values 14–18 dpi = 0.0089, 0.0031, 0.0053, 0.0002, 0.0034; p values 27–30 dpi = 0.0191, 0.0116,
0.046, 0.04. The caret symbol indicates significantly different time points, vehicle vs IC100 45mg/kg: p values 14–18 dpi = 0.0089, 0.0179, 0.02,
0.0023, 0.0377; p values 27–29 dpi = 0.0377, 0.0079, 0.0392. The double asterisk symbol indicates curve comparisons: vehicle vs IC100 30mg/kg, p
= 0.0025; vehicle vs IC100 45mg/kg, p = 0.004, Mann-Whitney test. b–i Comparison of EAE parameters between vehicle-treated mice and each of
the two effective doses: b, f Cumulative Disease Index (CDI), calculated as sum of daily scores from day of onset for each animal (measure of EAE
severity), *p ≤ 0.05, Mann-Whitney test; c, g Onset day, considered as day a mouse showed EAE symptoms for two consecutive days; (d, h) Peak
clinical score, considered as highest score reached by a mouse acutely after onset, *p ≤ 0.05, Student’s t test; e, i Peak disease day, considered as
day a mouse reached the highest disease score acutely after onset
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both the 30 and 45mg/kg doses (Fig. 1d, h), and the
overall severity of EAE measured with the cumulative
disease index (CDI) was reduced by half with the 30mg/
kg dose (Fig. 1c). Because the beneficial effect reached a
plateau at 30 mg/kg, we cannot exclude that we may be
able to lower the dose further or reduce the frequency of
administration and obtain comparable or even enhanced
benefits as the 30mg/kg dose used here, while minimiz-
ing the chances of developing neutralizing antibodies
against IC100 that may abrogate its effect.

Treatment with IC100 reduces the infiltration of peripheral
immune cells into the spinal cord following EAE
Initiation, persistence, and severity of the clinical symptoms
in EAE are directly correlated with the infiltration of im-
mune cells into the spinal cord. To evaluate whether IC100
altered this process, we analyzed by flow cytometry the pro-
file of the immune cell populations isolated from the spinal
cord at 35 dpi. Treatment with the effective dose of 30mg/
kg significantly reduced the total number of encephalito-
genic CD4+ T cells as well as CD8+ T cells (Fig. 2a, b), the

Fig. 2 IC100 treatment reduces peripheral immune cell infiltration into the spinal cord following EAE. a Flow cytometric quantification of the
leukocyte populations infiltrating into the spinal cord at 35 dpi after EAE. The flow cytometry gating strategy is provided in Supplementary Figure
1. b Representative flow cytometry plots of CD4 and CD8 T cell populations from mice treated with vehicle and IC100 (30 mg/kg). In order to
assure that no dendritic cells expressing CD4 or CD8 were included, we identified the CD4+ and CD8+ T cell populations after gating on the
CD45+MHCII− population. Results are expressed as average ± SEM of 5 mice/group, *p < 0.05, **p < 0.001, Mann-Whitney t test; ^p < 0.05, one-
way ANOVA, Dunnet’s multiple comparisons test
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immune cell populations most crucial in driving EAE path-
ology. Surprisingly, the 45mg/kg dose did not produce a re-
duction in spinal cord immune cell infiltration, despite
reducing the overall severity of EAE. However, it is possible
that at the high dose animals developed neutralizing anti-
bodies against IC100 that diminished potency of the drug.
On the other hand, it is important to note that immune cell
infiltration was measured at 35 dpi, point beyond the acute
phase of EAE, and it is possible that a second wave of im-
mune activation contributes to the overall pathology. In-
deed, this idea correlates with the mild elevation of the
average clinical scores observed after 30 dpi in the 45mg/
kg treated group.
Except for the T cell population, the numbers of all

other measured immune cell populations did not
change, although a clear downward trend was observed
particularly for CD11b+ myeloid cells (macrophages and
neutrophils combined) (Fig. 2a, b). No differences in cell
numbers were observed with any of the IC100 doses in
the spleen, suggesting that treatment did not interfere
with the ability of mice to mount an adequate immune
response to the EAE challenge (Fig. 3). The gating strat-
egy for the flow cytometry experiments is reported in
Supplementary Figure 1.

Treatment with IC100 reduces the number and activation
state of microglia following EAE
Microglia participate in the immune-inflammatory re-
sponse associated with CNS disease. Their activation is
characterized by increased proliferation and upregulation of
MHCII surface expression. To assess whether IC100 in-
creased microglial cell activation, we quantified the number

of total microglia, identified as the CD45lowCD11b+ popula-
tion (Fig. 4b, green circles), and MHCII+ activated microglia
(Fig. 4b, right panels) in the same spinal cord samples by
flow cytometry. Total microglia were highly reduced by
IC100 at 30mg/kg, and so were the MHCII+ activated
microglia (Fig. 4a). This finding was confirmed by Iba1 im-
munostaining of spinal cord tissue sections where vehicle-
treated mice displayed a clear increase in microglia num-
bers throughout the white and gray matter compared to
the 30mg/kg IC100-treated group (Fig. 4c). In the vehicle-
treated group, microglia also appeared more ramified and
hypertrophic. Together, these data indicate that IC100 is ef-
fective in suppressing microglia activation and microglia-
mediated neuroinflammation.

IC100 penetrates the brain and spinal cord
An important parameter in designing drugs to treat MS,
particularly if they are meant to target neuroinflamma-
tion, is to determine whether they penetrate and accu-
mulate in the CNS at therapeutic concentrations. This is
especially important in the treatment of the progressive
MS forms, where the blood-brain barrier appears rela-
tively intact [31]. Thus, we quantified the levels of IC100
in the brain, spinal cord, liver, and spleen. IC100 pene-
trated the tissues analyzed at all three dosages (Fig. 5).
The levels of IC100 in the spinal cord and brain were
maximal at the 30 and 45mg/kg doses, consistent with
their therapeutic effect on reducing EAE severity (Fig. 1).

Discussion
In this study, we investigated the functional and im-
munological effects of IC100, a monoclonal antibody

Fig. 3 IC100 treatment does not affect splenic immune cell populations following EAE. Flow cytometric quantification of the leukocyte
populations in the spleen at 35 dpi EAE. Results are expressed as average ± SEM of 5 mice/group

Desu et al. Journal of Neuroinflammation          (2020) 17:143 Page 6 of 10



against the inflammasome protein ASC, in the EAE ani-
mal model of MS. Here we show that ASC plays a crit-
ical role in the development of EAE, and that, by
blocking ASC, the adaptive and innate immune response
that sustain EAE are significantly reduced. Indeed, IC100
decreased the number of CD4+, CD8+ T, and
CD11b+MHCII+ cells trafficking into the CNS, while re-
ducing the number and activation state of CNS resident
microglia. This is the first report to show that targeting
ASC with a monoclonal antibody in MOG-induced EAE
significantly alters innate and adaptive immune re-
sponses leading to improved clinical outcomes. Import-
antly, this work constitutes a novel approach to identify
new drugs targeting the inflammasome that could be
useful for the treatment of MS.

Our previous studies have shown that ASC is a reliable
disease biomarker found in serum of patients with MS
[9], traumatic brain injury [32, 33], and depression [25],
as well as in extracellular vesicles isolated from individ-
uals with stroke [11]. It is possible that IC100 works ex-
tracellularly to prevent ASC oligomerization into highly
cross-linked macromolecular assemblies. On the other
hand, ASC or ASC-IC100 complexes may be taken up
by cells and internalized to prevent recruitment of ASC
into the inflammasome complex. Previous studies in our
laboratory have shown that anti-ASC is taken up by
spinal cord neurons after trauma [10] and by the human
monocytic leukemia cell line (THP-1 cells, unpublished
data). It has been shown that monoclonal antibodies
enter cells by receptor-mediated endocytosis through

Fig. 4 IC100 treatment reduces number and activation state of microglia following EAE. a Flow cytometric quantification of CD45lowCD11b+ total
microglia and CD45lowCD11b+MHCII+ activated microglia in the spinal cord at 35 dpi after EAE. b Representative flow cytometry plots
of CD45lowCD11b+ total microglia (green circles) and CD45lowCD11b+MHCII+ activated microglia (right panels) from mice treated with
vehicle and IC100 (30 mg/kg). Results are expressed as average ± SEM of 5 mice/group, *p < 0.05, Student’s t test; no statistically
significant differences were observed by one-way ANOVA with Dunnet’s multiple comparisons test. c Iba1 immunostaining of
microglia and infiltrating myeloid cells in the spinal cord of mice treated with vehicle and IC100 (30 mg/kg). White scale bar =
200 μm; yellow scale bar = 50 μm
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binding of the Fc domain to Fc-gamma-receptors
(FcγRs) expressed on many immune cells, including
monocytes, macrophages, microglia, myeloid progenitor
cells, and dendritic cells [34, 35]. However, it is generally
accepted that low affinity FcγRs differ from other recep-
tors in that their activation requires cross-linking of
polyvalent immune complexes, such as when multiple
antibodies are bound to a protein aggregate [36, 37].
Multiple studies have suggested a role for microglia-
mediated clearance of aggregated proteins as α–synu-
clein [38], Aß aggregates [31, 34], and Tau [15]. The
later study also observed a clear size dependence of the
microglial clearance pathway. Since ASC is secreted and
oligomerizes into ASC specks, it is possible that IC100
may identify ASC assemblies and then are taken up by
immune cells by receptor-mediated endocytosis. There-
fore, establishing the precise specific mechanism of
IC100 activity will help to design and optimize efficacy
in vivo.
IL-1β/IL-18 secreted after inflammasome activation in-

duces neutrophils and macrophages to engulf pathogens,
promote inflammatory cell recruitment, and further amplify
inflammatory responses [39, 40]. Apart from its impact on
innate immunity, inflammasome activation also initiates
adaptive immunity through the modulation of T helper
subsets, skewing T cell differentiation in favor of Th1 and
Th17 phenotypes [41, 42]. IL-1β also activates IL-1R signal-
ing, which has a substantial influence on Th17 cell differen-
tiation and related immune responses [43]. Several studies
with ASC−/− mice have suggested inflammasome-

independent roles of ASC in the adaptive immune re-
sponse. A novel microbial pathogen-induced mechanism
for ASC in activating chemokine expression through
MAPK activation, independent of the conventional
caspase-1 inflammasome, has been reported [44]. Two
studies of antigen-induced murine arthritis show depend-
ence on ASC, but caspase-1, NLRP3, and NLRC4 inde-
pendence [17]. A requirement for ASC, but not NLRP3 or
caspase-1, was also demonstrated for antigen-specific
humoral immunity after vaccination with MF59-adjuvented
influenza [16]. In addition, ASC−/− mice have reduced
numbers of MOG-specific T cells in the lymph nodes and
CNS, resulting in protection from EAE [19]. Lastly, genetic
evidence shows an unexpected role of ASC in regulating
motility of T lymphocytes and B lymphocytes and antigen
uptake by professional antigen-presenting cells independ-
ently of inflammasomes [17]. In this study, ASC was shown
to regulate the mRNA stability and expression of Dock2, a
guanine nucleotide-exchange factor that mediates Rac-
dependent signaling in immune cells [17].
The blood-brain barrier (BBB) presents a great impedi-

ment for brain drug delivery in that it is questioned
whether sufficient intralesional drug concentrations can be
reached after systemic administration. This problem is es-
pecially evident for biologicals such as monoclonal anti-
bodies (mAbs) that are relatively large molecules. To
overcome the presumed drug delivery obstacle in the brain,
many treatment strategies for CNS diseases are directed at
disrupting, passing, or bypassing the effective BBB [45, 46].
Disruption has been tried chemically, by drugs that

Fig. 5 IC100 concentration in tissues. Concentrations of IC100 in pg/μl in the brain, spinal cord, liver, and spleen of mice treated with IC100 at 10,
30, and 45mg/kg or vehicle at 35 dpi EAE. Results are expressed as mean ± SEM of 5–10 mice/group. N.A., not assessed; N.D., not detected
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influence passive diffusion (e.g., bradykinin, mannitol, rega-
denoson, and borneol) or active transport mechanisms
(e.g., elacridar), or by radiotherapy, ultrasound, or micro-
waves. Moreover, via viral vectors, nanoparticles, liposomes,
exosomes, and transporter or receptor ligands have been
tried to bypass the BBB [45, 46].
However, the BBB is disrupted under various patho-

logical conditions of diseases such as stroke, diabetes,
seizures, hypertensive encephalopathy, acquired im-
munodeficiency syndrome, traumatic brain injuries, mul-
tiple sclerosis, Parkinson’s disease (PD), and Alzheimer
disease (AD) [46]. It appears that in some pathological
conditions, remodeling of the protein complex in inter-
endothelial junctions is an important reason for the BBB
breakdown [46]. Therefore, in CNS disease conditions
associated with a leaky BBB, mAbs have been widely ex-
plored because of their specificity and high affinity for
critical disease targets. Additionally, other important
areas that deserve further investigation are the influence
of aging [46] and major depressive disorder [47] on BBB
dysfunctions and to discover whether mAbs may be used
as possible approaches to deliver drugs into the brain to
treat these conditions.

Conclusions
Our data reveal that administration of IC100 (30mg/kg) in
MOG-induced EAE resulted in significant decrease in the
number of CD4+, CD8+, and CD11b+MHCII+ cells in the
spinal cord resulting in protection from EAE. In addition,
this dose of IC100 also decreased the numbers of total and
activated microglia in the spinal cord and resulted in im-
proved clinical scores. These findings are consistent with
our previous studies demonstrating that antibody-mediated
neutralization of ASC results in significant functional im-
provements in the spinal cord [10] and brain trauma [48]
injury models. Nevertheless, further studies are needed to
uncover specific mechanisms of IC100 antibody activity
and whether IC100 influences inflammasome-dependent
and/or inflammasome-independent signaling cascades
modulating adaptive and innate immune cell func-
tions, and/or the trafficking of lymphocytes and mye-
loid cells into the CNS.
Decades of pharmacological research in EAE and MS

have led to the development of mAbs against a variety of
targets which have revolutionized MS treatment with an
improvement in effectiveness. In the present study, we
have discovered that IC100, which targets the inflamma-
some adaptor protein ASC, exhibits therapeutic properties
in EAE and suppresses immune cell responses underlying
tissue destruction. These findings provide a basis for the
further development of anti-ASC drugs for the treatment
not only of MS, but also for other neurodegenerative and
traumatic CNS pathologies.
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