










Figure 9. Pharmacological inhibition of GSDMD attenuates EAE, and inflammasome-related cytokines promote EAE pathogenesis in GSDMD-
deficient mice. (A) Mean clinical scores of WT mice injected (i.p.) with disulfiram or PBS daily after EAE induction, respectively (n = 5 mice per group).
(B and C) Representative images (B) and histological scores (C) of H&E staining and LFB staining of spinal cord sections from mice in A. Inflammatory cell
infiltration and demyelination indicated by arrow. Scale bar, 200 µm. (D) Mean clinical scores of WTs and GSDMD−/− mice which were i.v. injected with rIL-
1� and rIL-18 combination or PBS at day 4, 8, 12, and 16 after EAE induction, respectively (n = 5 mice per group). (E and F) Representative images (E) and
histological scores (F) of H&E staining and LFB staining of spinal cord sections from mice in D. Inflammatory cell infiltration and demyelination indicated by
arrow. Scale bars, 200 µm. Histological scores in C and F: 0, no inflammatory cell infiltration and no demyelination; 1, slight inflammatory cell infiltration or
demyelination observed; 2, moderate inflammatory cell infiltration or demyelination in several spots; 3, substantial inflammatory cell infiltration and large area
of demyelination. Data are pooled from three independent experiments (D–F) or from two independent experiments (A–C). *, P < 0.05; **, P < 0.01. Error bars
show means ± SEM. Unpaired t test for A, C, D, and F.
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clinical signs of EAE in a blinded fashion. EAE score was eval-
uated as follows: 0.5, partial tail paralysis; 1, tail paralysis; 1.5,
reversible corrective reflex impairment; 2, corrective reflex
impairment; 2.5, one hindlimb paralysis; 3, both hindlimbs pa-
ralysis; 3.5, both hindlimbs paralysis and one forelimb paralysis;
4, hindlimb and forelimb paralysis; and 5, death.

Bone marrow chimeras
The recipient mice were subjected to lethal-dose irradiation (10
Gy), and 1 d later, bone marrow cells (10 × 106) derived from the
tibiae and femurs of donor mice were i.v. injected into lethally
irradiated mice. Lethal dose irradiation can eliminate bone
marrow and peripheral immune cells without affecting the
radiation-resistant CNS resident cells in the recipient mice, so
the peripheral immune system of chimeric mice will be re-
constructed by bone marrow cells from donor mice. After 8 wk,
the chimeric mice were then subjected to EAE induction.

Adoptive transfer of CD4+ T cells and Th17 cells
CD4+ T cells were isolated from spleens of WT and GSDMD−/−

mice at 12 d after EAE induction by using CD4 negative selection
MicroBeads (Stem Cell). Isolated T cells were adoptively trans-
ferred by i.v. injection (3 × 106) to RAG-1 mice or i.c.v. injection
(2 × 106) to WT mice. Mice were also i.v. injected with pertussis
toxin on days 0 and 2 after transfer. Polarized Th17 cells were
also used to induce passive EAE. We first collected DLN cells
from WT and GSDMD−/− donor mice at 12 d after MOG35-55 im-
munization, and cultured cells for 5 d with MOG35-55 (25 µg/ml)
and IL-23 (20 ng/ml) under Th17 cell polarizing conditions. The

MOG35-55-specific polarized Th17 cells were then adoptively
transferred by i.v. injection (3 × 107) to sublethal irradiated
(5 Gy) WT recipient mice or GSDMDfl/fl and GSDMDfl/flLysM-
Cre mice.

In vitro T cell proliferation and Th1/Th17 cell polarization
CD4+ T cells were isolated from DLNs of WT mice at 12 d after
EAE induction by CD4 negative selection MicroBeads (Stem
Cell). The isolated T cells (1 × 106) were cocultured with WT or
GSDMD−/− DCs (2 × 105) that were pretreated with LPS (1 µg/ml)
for 4 h and washed twice before co-culture. For proliferation
experiments, T cells were labeled with 5 µM CFSE and co-
cultured with DCs in the presence of MOG35-55 (3 µg/ml). For
polarization experiments, T cells were cocultured with DCs in
the presence of MOG35-55 (3 µg/ml) under Th1 cell polarizing
conditions (anti–IL-4, 10 µg/ml; IL-12, 10 ng/ml) or Th17 cell
polarizing conditions (anti–IL-4, 10 µg/ml; anti–IL-12, 10 µg/ml;
anti–IFN-γ, 10 µg/ml; IL-6, 50 ng/ml; and TGF-β, 5 ng/ml). CFSE
dilution and Th1/Th17-cell percentages were determined by
FACS at 5 d after co-culture.

Histological and immunohistochemistry
All spinal cord tissue sections used here were 5 µm thick. For
paraffin-embedded tissue, spinal cords collected from PBS-
perfused mice were fixed in 4% paraformaldehyde overnight.
Sections were stained with H&E or with LFB for evaluation of
inflammation and demyelination, respectively. For immuno-
histochemical staining, sections were blocked and incubated
with primary antibodies and horseradish peroxidase-conjugated

Figure 10. Model for GSDMD function in EAE pathogenesis. During EAE development, peripheral myeloid cell–intrinsic GSDMD mediates pyroptosis to
instigate inflammation and promote the activation and differentiation of T cells in the secondary lymphoid organs, thus driving T cell–mediated neuro-
inflammation and demyelination in the CNS of EAE.
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secondary antibodies after heat-induced antigen retrieval. Dia-
minobenzidine was used for detection. Images were captured
with a Nikon 50i microscope.

Immunofluorescence staining
Tissue sections were incubated at 4°C overnight with primary
antibodies to IBA1, GFAP, MBP, and CD4. Slides were then in-
cubated with indicated secondary antibodies. The nuclei were
counterstained with DAPI (Sigma-Aldrich). Slides were dried
and mounted using ProLong Antifade mounting medium (Be-
yotime Biotechnology). Slides were visualized using a Nikon 50i
fluorescent microscope.

Flow cytometry
For preparation of immune cells in the CNS, brains, and spinal
cords from MOG35–55-immunized mice were excised and di-
gested at 37°C with collagenase type IV (0.5 mg/ml; Sigma-Al-
drich) and DNase I (10 U/ml; Roche) in RPMI 1640 under
agitation (200 rpm) conditions for 60 min. The digested tissues
were filtered through a 100-µm filter, and the plunger end of the
syringe was used to push the cells over the filter. Homogeneous
cell suspensions were centrifuged over the Percoll density gra-
dient (GE Healthcare) and separated by collecting the interface
fractions between 37% and 70% Percoll. Mononuclear cells were
isolated from the interface. The cells were suspended in PBS
containing 2% (wt/vol) FBS. After intensive washing, cells were
stained with fluorochrome-conjugated surface marker anti-
bodies for FACS analysis. The following antibodies were used:
CD45, CD4, CD8, and CD11b. For intracellular cytokine staining,
cells were stimulated with phorbol 12-myristate 13-acetate
(Multi Sciences), ionomycin (Multi Sciences), and brefeldin A
(Invitrogen) for the 4 h of culture. Cells were fixed and per-
meabilized with the Intracelluar Fixation & Permeabilization
Buffer Set (eBioscience) and then subjected to cytokine staining
flow cytometry analyses. All flow cytometry was performed on
an Attune NxT flow cytometer (Thermo Fisher Scientific), and
data were analyzed by FlowJo 7.6.1 software.

Quantitative RT-PCR
Total RNA was extracted by using TRIzol reagent (Life) and
subjected to cDNA synthesis. Quantitative RT-PCR was per-
formed using SYBR Green Supermix (Vazyme). The expression
of a single gene was calculated by a standard curve method and
standardized to the expression of Hprt.

The following primers were used: Ccl22 S As, 59-TCGGTTCTT
GACGGTTAT-39 and 59-TGCTGCCAGGACTACATC-39; Ccl5 S As,
59-GACACCACTCCCTGCTGCTT-39 and 59-ACACTTGGCGGTTCC
TTCG-39; Ccr4 S As, 59-TCCAAACAGACCCAACAA-39 and 59-ACC
ACCCAGGATGAAACT-39; Ccr6 S As, 59-TCACGACTCGGATTG
CTC-39 and 59-CTGCTGGGTATGGGACTG-39; Cxcr3 S As, 59-GTT
GGCTGATAGGTAGATGAA-39 and 59-CTGCTGTCCAGTGGGTTT-
39; Cxcr6 S As, 59-CACCCAAATGAGCAAGCAAA-39 and 59-ATG
GATGATGGGCATCAAGAGTCAG-39; Ifnγ S As, 59-CATGAGTAT
TGCCAAGTTTGAGG-39 and 59-CGACTCCTTTTCCGCTTCC-39;
Itga6 S As, 59-GTTCTGTTCGCCCTCTGC-39 59-TGCCTGCTCTAC
CTGTCC-39; Il1b S As, 59-ATGCCACCTTTTGACAGTGATG-39 and
59-GTTGATGTGCTGCTGCGAGA-39; cxcl1 S As, 59-AGCTGCGCT

GTCAGTGCCT-39 and 59-TGTGGCTATGACTTCGGTTTGG-39;
Tnfa S As, 59-TACTGAACTTCGGGGTGATCG-39 and 59-TCCTCC
ACTTGGTGGTTTGC-39; Osm S As, 59-GAGCCATCGTCCCATTCC-
39 and 59-CTCACGGTCCACTACAACAC-39; H2-q10 S As, 59-AGT
ATTGGGAGCGGGAGA-39 and 59-CCGTCGTATGCGTATTGC-39;
H2-ob S As, 59-GACAACAGTAATGCTGGAAATGA-39 and 59-TGA
GCCTTGAGATGGATAACAAC-39; Cd3e S As, 59-TGGAGCAAG
AATAGGAAGGC-39 and 59-GGTTGGGAACAGGTGGTG-39; Il2 S
As, 59-CTCTGCGGCATGTTCTGGA-39 and 59-TCATCATCGAAT
TGGCACTCA-39; Hprt S As, 59-GTCCCAGCGTCGTGATTAGC-39
and 59-TGGCCTCCCATCTCCTTCA-39.

Immunoblot
Spinal cords from MOG35–55-immunized mice were excised and
placed in NP-40 lysis buffer (50 mM Tris-HCl, pH 7.4, con-
taining 150 mM NaCl, 1% [vol/vol] Igepal, 10% [wt/vol] glycerol,
50 mM NaF, 1 mM Na3VO4, 1 mM dithiothreitol, 1 mM phenyl-
methylsulphonyl fluoride, and complete protease inhibitor
“cocktail” [Sigma-Aldrich]), followed by tissue homogenization
and then incubation for 30 min at 4°C. The lysates were
centrifuged for 10 min at 14,000 g for removal of cell debris and
nuclei. Supernatants were assayed for protein concentration,
and lysate samples (50 µg) were resolved by SDS-PAGE, trans-
ferred to nitrocellulose membranes, and analyzed by immuno-
blot with the appropriate antibodies. Immunoreactivity was
visualized by the Odyssey Imaging System (LI-COR Biosciences)
or enhanced chemiluminescence.

RNA-seq analysis
For RNA-seq, CD11b+ and CD4+-T cells were isolated from
spleens of WT and GSDMD−/− mice at 14 d after immunization
by using CD11b and CD4 MicroBeads (Stem Cell), respectively.
RNA isolation, library construction, and sequencing were
performed on a BGISEQ-500 (Beijing Genomic Institution).
Clean reads were mapped to the mouse genome (GRCm38.p5)
by HISAT2. For gene expression analysis, the matched reads
were calculated and then normalized to FPKM. Fold changes
were calculated for all possible comparisons, and a 1.2-fold
cutoff was used to select genes with expression changes.
KEGG pathway analysis was performed using the R package,
using significantly differentially expressed genes (P < 0.05) as
target genes. Raw data files and processed files have been
deposited in the Gene Expression Omnibus under accession
no. GSE126289).

rIL-1β, rIL-18, and disulfiram treatment in EAE mice
rIL-1β (25 ng per mouse; Stem Cell) and rIL-18 (25 ng per mouse;
R&D Systems) were i.v. injected intoWT and GSDMD−/−mice on
days 4, 8, 12, and 16 (where day 0 is MOG35–55 immunization).
Disulfiram (10 mg/kg) was i.p. injected into WT mice daily after
immunization. Clinical signs and histological analysis were
performed as described above.

Statistical analyses
The data were analyzed by GraphPadPrism 7.0 software and are
presented as the mean ± SEM. The statistics were analyzed by
using an unpaired t test for two groups and multiple t test or
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two-way ANOVA for multiple groups. P values were provided as
*, P < 0.05; **, P < 0.01; and ***, P < 0.001.

Data availability
Sequencing data were deposited in the Gene Expression Omni-
bus under accession no. GSE126289.

Online supplemental material
Fig. S1 shows the activation of GSDMD and caspase-11 in DLNs
and spinal cord and that GSDMD deficiency inhibits the acti-
vation of macrophages, microglia, and astrocytes in CNS of EAE
mice. Fig. S2 shows GSDMD conditional KO mice strategy. Fig.
S3 shows that GSDMD deficiency does not affect the develop-
ment of T and B cells. Fig. S4 shows that GSDMD deficiency does
not affect the development of myeloid cells and NK cells. Fig. S5
shows that GSDMD deficiency in myeloid cells does not affect
the development of lymphocytic cells and myeloid cells.
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