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SUMMARY

Tumor microenvironments (TMEs) require co-operation of innate and adaptive immune cells, which influence
tumor progression and immunotherapy. Caspase-activated gasdermins facilitate tumor death and promote
anti-tumor immunity. How pyroptosis in immune cells affects the TME remains unclear. TME expression of
gasdermin D (GSDMD) is highly expressed in antigen-presenting cells (APCs) and correlates with immune
checkpoint signatures. Through conditional deletion of GSDMD, we demonstrate that GSDMD in TME
APCs restricts anti-tumor immunity during PD-L1 inhibition. Loss of GSDMD in APCs enhances interferon-
stimulated genes (ISGs), thereby promoting CD8* T cell activation in a cGAS-dependent manner. Moreover,
pharmacological inhibition of GSDMD-mediated pyroptosis and PD-L1 improve anti-tumor immunity, high-
lighting the potential of combining GSDMD/PD-L1 inhibition for immunotherapy as a therapeutic strategy.

INTRODUCTION

The complex, dynamic composition of the tumor immune micro-
environment (TME) requires the joint co-operation of innate and
adaptive immune cells, which influence the initiation of the tu-
mor, its progression, and the responsiveness to immunother-
apies (Feng et al., 2019; Zhang and Zhang, 2020). Among these,
the maintenance of activated cytotoxic CD8" T cells (CTLs) in the
TME is critical for the suppression and clearance of tumor cells
(Farhood et al., 2019; Miller et al., 2019). However, continuous
exposure to tumor antigen and dysregulation of inflammatory
signals results in the terminal differentiation of CD8" T cells
and the induction of a dysfunctional state called “exhaustion”
(Wherry and Kurachi, 2015). Exhausted CD8" T cells character-
istically express inhibitory receptors such as programmed cell
death 1 (PD-1) or T cell immunoglobulin and mucin-containing
molecule 3 (TIM-3) and display a distinct T cell state associated
with tumor progression and impaired clearance of tumor cells
(Thommen et al., 2018). Thus, elucidation of the key restriction
pathways and underlying mechanism that limit CD8" T cell
anti-tumor immunity is essential for improving anti-tumor
responsiveness.

Gheck for
Updates

Innate immune myeloid cells such as tumor-associated mac-
rophages (TAMs), dendritic cells (DCs) and myeloid-derived sup-
pressor cells (MDSCs) are important components of the TME.
Myeloid cells participate in tumor antigen presentation, form
the inflammatory TME and provide immune checkpoint inhibitory
ligands, which regulate CD8* T cell effector function and exhaus-
tion (Fu and Jiang, 2018; Maimela et al., 2019). Additionally,
TAMs and MDSCs promote tumor progression through produc-
tion of tumor cell survival signals, angiogenesis, and by promot-
ing invasion and metastasis (Grivennikov et al., 2010).

Inflammasomes are innate cytosolic multimeric complexes
that assemble following detection of danger-associated molec-
ular patterns (DAMPs) by intracellular sensor proteins such
as NLRP3 and AIM2. Inflammasome assembly triggers the
downstream activation of inflammatory caspases which cleave
pro-IL-1B and pro-IL-18 precursors into their mature forms
(Bergsbaken et al., 2009; Rathinam et al., 2012). Caspase activa-
tion also triggers the induction of an inflammatory form of cell
death termed pyroptosis via the proteolytic activation of
GSDMD. Cleavage of GSDMD liberates its N-terminal fragment,
which oligomerizes and forms membrane pores, leading to loss
of plasma membrane integrity (Feng et al., 2019; Liu et al., 2016).
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Inflammasomes are activated by a diverse range of DAMPs such
as extracellular ATP, double-stranded DNA, and reactive oxygen
species (ROS) and play crucial in the initiation of inflammatory re-
sponses in myeloid cells (Schroder and Tschopp, 2010).
Increasing evidence suggest that inflammasome and pyroptotic
responses play important and contrasting roles in regulating the
TME and tumorigenesis (Dixon et al., 2021; Han et al., 2021; Van
Deventer et al., 2010). Indeed, IL-1p promotes the recruitment of
MDSCs to tumors and facilitates tumor growth, metastasis, and
angiogenesis (Tu et al., 2008). However, inflammasomes have
also been reported to limit carcinogenesis by triggering pyropto-
sis in pre-malignant cells (Zitvogel et al., 2012). Specially, with
the aid of perforin (PFN), granzyme A/B (GzmA/B) from cytotoxic
lymphocytes are delivered into the cytoplasm of tumor cells to
activate GSDMBY/E directly or by inducing caspase-3 activation,
leading to tumor cell pyroptosis (Zhang et al., 2020; Zhou et al.,
2020). Pyroptotic tumor cells subsequently direct the TME to-
ward anti-tumor immune responses through release of DAMPs
and cytokines (Inoue and Tani, 2014).

Although the roles of gasdermin protein-mediated tumoral py-
roptosis in anti-tumor immunity have been revealed, how pyrop-
tosis in immune cells regulates anti-tumor activity and CD8*
T cell function in the TME remains unclear. Here, we found that
GSDMD plays an important role in suppressing CD8* T cell
anti-tumor immunity, and GSDMD-induced pyroptosis in TME
APCs inhibits ISG expression and impairs antigen presentation
in response to anti-PD-L1 treatment.

RESULTS

GSDMD is highly expressed in myeloid cells and
positively correlates with the immune checkpoint
signature

Recent studies have reported on the roles of gasdermin-medi-
ated pyroptosis in tumor cells (Zhang et al., 2020; Zhou et al.,
2020). To further explore the role of gasdermin proteins in im-
mune cells in the TME, we first analyzed the expression of gas-
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dermin proteins (including GSDMA, GSDMB, GSDMC, GSDMD,
DFNAS5 [also known as GSDME], and DFNB59) in various im-
mune cells from publicly available gene databases. Analysis of
ImmGen (https://www.immgen.org/) and BioGPS (http://
biogps.org/) databases revealed high levels of GSDMD expres-
sion in myeloid cells in both mouse and human compared with
other gasdermins (Figures S1A-S1D). We next investigated the
correlation of gene expression profiles between gasdermin fam-
ily members and immune checkpoints (ICs) in pan-cancer RNA
sequencing (RNA-seq) data of The Cancer Genome Atlas
(TCGA). The expression of GSDMD was positively correlated
with IC genes, including PDCD1, LAG3, HAVCR2, TIGIT,
CTLA4, CD244 (PDL1), IL10RB, IDO1, LGALS9, ADORA2A,
PVRL2, CD160, BTLA, CD96, CD97, CD112R, and CD200R in
pan-cancer data (Figure 1A). We termed the above immune
checkpoint genes as a signature and further showed that the
expression of GSDMD was most positively correlated with the
immune checkpoint signature compared with other gasdermin
family members both in pan-cancer and in 33 other cancer data-
sets (Figures 1B and S1E). We then mined public cancer gene
expression and prognosis databases using the Gene Expression
Profiling Interactive Analysis 2 (GEPIA2) web server (http://
gepia2.cancer-pku.cn/) that analyzes the data from the TCGA
database (Tang et al., 2019). Among 33 different cancer types,
a negative correlation associated with GSDMD expression,
and its corresponding prognosis value was shown in adrenocor-
tical carcinoma (ACC), low-grade glioma (LGG), and uveal mela-
noma (UVM) at a cutoff of 75% or 50% high expression threshold
(Figures 1C-1F, S1F, and S1G). Thus, these data demonstrate
that GSDMD might regulate myeloid cell to affect anti-tumor
immunity.

GSDMD deficiency enhances anti-tumor immunity

under treatment with PD-L1 antibody

Given that B16F10 melanoma cells express very low levels of
GSDMD protein (Figure S1H), we used a B16F10 melanoma
engraftment model in wild-type (WT) and Gsdmd ™~ mice to

Figure 1. GSDMD expression correlates positively with an immune checkpoint signature, and its deficiency enhances responsiveness to PD-
L1 inhibition

(A) Correlation analysis of gene expression profiles between gasdermin family members and immune checkpoints (ICs) in tumors from pan-cancer clinical data of
the TCGA database. Pearson r values are shown in heatmap.

(B) Immune checkpoint genes in (A) were termed as IC signature, and correlation of gene expression profiles among gasdermin family members and IC signatures
from 33 types of tumors in the TCGA database were analyzed. Pearson r values are shown in heatmap.

(C) Survival map of six human gasdermins from 33 types of tumors using GEPIA2. Gasdermin expression in all tumors from TCGA data was scored, and top 25%
and low 75% were considered as high and low expression (at a cutoff of 75%), respectively. The blue square indicates that low expression of indicated gene was
correlated with poor survival of patients (p < 0.005), and the red square indicates that high expression of indicated gene was correlated with poor survival of
patients (p < 0.005).

(D-F) Kaplan-Meier plot of overall survival of patients with adrenocortical carcinoma (ACC), low-grade glioma (LGG), and uveal melanoma (UVM) on the basis of
Gsdmd expression levels from TCGA data at cutoff 75%.

(G and H) WT and Gsdmd /" mice were implanted subcutaneously (s.c.) with B16F10 cells, OXA (G), aPD-L1 (H), or vehicle was administrated, and growth of
B16F10 melanomas and survival of mice were assessed.

(I-V) WT and Gsdmd '~ mice (n = 6 mice per group) were implanted subcutaneously (s.c.) with B16F10 cells and were treated with aPD-L1 on days 4 and 8. After
14 days, tumors were collected for analysis of tumor-infiltrating immune cells by flow cytometry: (I) numbers of CD8" T cells; (J-M) percentages and numbers of
IFN-y* and TNF-a.* cells in CD8" T cells; (N and O) percentages of PD-1* TIM-3~ and PD-1* TIM-3* populations in CD8" T cells; (P) mean fluorescence intensity
(MFI) of TIGIT in CD8" T cells; (Q-S) numbers of CD4* T cells, CD19* cells, and NK1.1* cells in tumor microenvironment; and (T-V) numbers of DCs, MHC II*
macrophages, and MDSCs cells.

Data are pooled from three independent experiments for (G)—(V). Error bars show mean + SEM. *p < 0.05, *p < 0.01, **p < 0.001, and ***p < 0.0001; ns, not
significant. Two-tailed paired Student’s t test for (A) and (B). Log rank test for (D)—(F) and mice survival in (G) and (H). Two-way ANOVA for tumor size in (G) and (H).
Two-tailed unpaired Student’s t test for (I)—(V). See also Figures S1 and S2.
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investigate how GSDMD regulates the host myeloid cell immu-
nomodulation of tumor cells. However, GSDMD deficiency did
not affect tumor progression (Figures 1G and 1H). We next
treated tumor-bearing mice with the anticancer drug oxaliplatin
(OXA) and anti-PD-L1 (Figures S2A and S2B). OXA treatment
improved anti-tumor effects in both wild-type and Gsdmd ™'~
mice, but there is no significant difference in tumor volume or
survival observed between WT and Gsdmd '~ mice (Figure 1G).
Interestingly, Gsdmd—'~ mice treated with anti-PD-L1 signifi-
cantly suppressed tumor progression and elevated mice
survival compared with WT (Figures 1H and S2C), suggesting
GSDMD negatively regulates the anti-tumor effect of anti-PD-
L1 treatment. Moreover, immunofluorescence and fluores-
cence-activated cell sorting (FACS) analysis demonstrated
that PD-L1 expression was significantly elevated in
Gsdmd ™~ mice and mainly co-expressed with melanocytes
(Figure S2D-S2G), which may explain why GSDMD deficiency
only promotes anti-tumor immunity in response to anti-PD-L1
treatment.

To further explore the effect of GSDMD on anti-tumor immu-
nity, we quantified the immune cell population in the TME
(Figure S2H). In line with our previous data, GSDMD deficiency
resulted in a significant increase in CD8* T cell number in tumors
from Gsdmd™~ mice undergoing anti-PD-L1 treatment
(Figures 11 and S2I). In addition, GSDMD deficiency resulted in
the upregulation of IFN-y, TNF-a, and PD-1* TIM-3~ cells and
downregulation of TIM-3 and TIGIT expression in CD8* T cells
(Figures 1J-1P and S2J-S2M). Total numbers of CD4* T cells,
B cells, and natural killer (NK) cells were also elevated in
Gsdmd™~ mice (Figures 1Q-1S, S2N, and S20). Moreover,
GSDMD deficiency led to the reduction of Treg cells in tumors
(Figure S2P). Additionally, we observed a significant increase
in the abundance of MHC II* DCs and MHC II" macrophages,
which presented antigen and facilitated the recruitment of
CD8" effector and functional T cells to suppress tumor progres-
sion (Movahedi et al., 2010; Norian et al., 2009) (Figures 1T, 1U,
S2Q, and S2R). A decrease in the number of myeloid-derived
suppressor cells was observed in Gsdmd™~ mice (Figures 1V
and S28). Furthermore, higher protein levels of IFN-y (Figure S2T)
and TNF-a (Figure S2U), but lower protein levels of IL-18 (Fig-
ure S2V) and IL-18 (Figure S2W), were detected in tumors from
Gsdmd™~ mice with anti-PD-L1 synergistic treatment
compared with WT mice. Collectively, these data indicate that
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GSDMD negatively regulates anti-tumor immunity and impairs
responsiveness to anti-PD-L1 treatment.

GSDMD deficiency in antigen-presenting cells, such as

macrophages and DCs, promotes anti-tumor response

Expression analysis of InmGen (https://www.immgen.org/) and
European Molecular Biology Laboratory (EMBL) databases
(https://www.ebi.ac.uk/) revealed that macrophages and DCs
were the primary source of GSDMD (Figures 2A, S1A, and
S3A). Using confocal microscopy to assess the B16F10 TME,
we further showed that GSDMD staining co-localized with F4/
80" macrophage and CD11c* DCs (Figures 2B and 2C) but not
with T cells (Figure S3B), indicating that GSDMD suppresses
the effects of anti-PD-L1 treatment via antigen-presenting cells
of myeloid cells. To test this, we crossed Gsdmd™™ mice with
Cx3xr1-Cre mice to delete GSDMD in APCs, including macro-
phages and DCs. In line with constitutive deletion of GSDMD,
conditional deletion of GSDMD APCs did not alter tumor progres-
sion (Figures 2D, 2E, and S3C). However, when treated with anti-
PD-L1, GSDMD deficiency in APCs significantly reduced tumor
progression (Figures 2D and 2E). In line with these results, we
determined tumor-infiltrating immune cells in day 14 (Figure S3D)
and observed a significant expansion of CD8" T cells, especially
IFN-y* and TNF-a* CD8" T cells, in tumors from Gsdmd™"
Cx3cr1-Cre  mice compared with Cx3cr1-Cre controls
(Figures 2F-2J and S3E-S3G). Furthermore, increased T-bet,
Ki-67, and TCF-1 expression was observed in tumor derived
CD8* T cells from Gsdmd™" Cx3cr1-Cre mice (Figures 2K-2M
and S3H-S3J), indicating an enhanced cytotoxic T cell response
and stem-like feature (Dixon et al., 2021). Consistently, GSDMD
deficiency in APCs increased PD-1* TIM-3 ™ non-exhausted pop-
ulation and decreased PD-1* TIM-3* exhausted populations
among tumor CD8™ T cells. Decreased expression of the inhibitor
receptor TIGIT was also found in Gsdmd™" Cx3cr1-Cre mice
(Figures 2N-2P, S3K, and S3L). Moreover, elevated numbers of
DCs and MHC II" macrophages, and lower numbers of MDSCs,
were observed in Gsdmd ¥ Cx3cr1-Cre mice compared with
control mice (Figures 2Q-2S and S3M-S30). Enhanced protein
levels of IFN-y and TNF-o were also observed in tumors from
Gsdmd™" Cx3cr1-Cre mice (Figures S3P and S3Q). Thus, all
these data suggest that GSDMD in antigen-presenting cells
negatively regulates the expansion of antigen-presenting cells
and cytotoxic CD8* T cells in response to anti-PD-L1 treatment.

Figure 2. GSDMD deficiency in antigen-presenting cells promotes anti-tumor responses
(A) Expression of gasdermin family genes in immune cells from publicly available gene databases ImmGen (https://www.immgen.org/).

(B) Immunofluorescence staining for GSDMD (red) and F4/80 (green) in tumor tissue from WT mice. Scale bars, 20 um. The white arrowheads indicate GSDMD*
and F4/80* co-expression cells.

(C) Immunofluorescence staining for GSDMD (red) and CD11c (green) in tumor tissue from WT mice. Scale bars, 20 um. The white arrowheads indicate GSDMD*
and CD11c* co-expression cells.

(D and E) Cx3cr1-Cre and Gsdmd™" Cx3cr1-Cre mice were implanted subcutaneously (s.c.) with B16F10 cells and were treated with aPD-L1 or vehicle at
indicated time points, and the growth of B16F10 melanomas (D) and survival of mice (E) were assessed.

(F-S) Cx3cr1-Cre and Gsdmd™" Cx3cr1-Cre mice (n = 6 mice per group) were implanted subcutaneously with B16F10 cells, treated with aPD-L1 on days 4 and 8.
Tumors were collected on day 14 and analyzed using flow cytometry for the total numbers (F), percentages and numbers of IFN-y* (G and H) and TNF-a.* cells (I
and J) in CD8* T cells, expression of T-bet (K), Ki-67 (L), Tcf-1 (M), percentages of PD-1* TIM-3~ (N) and PD-1* TIM-3* (O) populations, and expression of TIGIT
(P) in CD8* T cells. (Q-S) Numbers of DCs, MHC II* macrophages, and MDSCs cells from tumors on day 14.

Data are representative of three independent experiments for (A) and (B). Data are pooled from three independent experiments for (D)—(S). Error bars show mean +
SEM. *p < 0.05, **p < 0.01, **p < 0.001, and ***p < 0.0001; ns, not significant. Two-way ANOVA for tumor size and log rank test for survival in (D) and (E). Two-
tailed unpaired Student’s t test for (F)—(S). See also Figure S3.
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GSDMD deficiency boosts CD8* T cell anti-tumor
immunity by upregulating ISG program of APCs

In order to explore the underlying mechanism by which
GSDMD suppresses anti-tumor immunotherapy in APCs, we
performed single-cell RNA-seq (scRNA-seq) on immune cells
extracted from the TME. An unbiased clustering approach
was used to partition cell types into 16 clusters, which were
visualized using uniform manifold approximation and projec-
tion (UMAP) and labeled by known markers for the cell sub-
types (Figures 3A and S4A). Single-cell RNA-seq survey
showed that the tumor immune cells between control and
Gsdmd™" Cx3cr1-Cre mice were clearly demarcated (Fig-
ure 3A). Consistent with our previous FACS data, CD8*
T cells (clusters 3-5) from tumors in GSDMD-deficient mice
expressed higher levels of gene signatures found in a spec-
trum of functional states, including effector, cytokine, memory
precursor and cell cycle (Best et al., 2013; Dixon et al., 2021)
(Figure 3B). In addition, GSDMD-deficient mice displayed
lower rate and gene signatures of inhibitory MDSCs (cluster
9) and migratory DCs (migDCs) (cluster 11) compared with
control mice (Figures 3A, 3B, and S4A). Notably, these cells
play an inhibitory role to anti-tumor CD8 T cells in the TME
(Dixon et al., 2021; Gabrilovich, 2017; Maier et al., 2020). As
CD8" T cells are the key component in anti-tumor processes,
we next explored which cell types in the TME can regulate
CD8* T cell function. Cell-cell communication inference was
performed on scRNA-seq data using the CellChat algorithm
(Jin et al., 2021), which scored the communication between
different cell types and CD8* T cells. Our analysis revealed
that the Mac-4 (cluster 10) and migDC (cluster 11) exhibited
the most significant level of crosstalk with CD8* T cells (Fig-
ure 3C). Interestingly the Mac-4 and migDC clusters were
also characterized by an ISG signature (Figure S4A). More-
over, Mac-4 and migDC cells in tumors from GSDMD-defi-
cient mice expressed higher levels of ISGs compared with
control (Figures 3D and 3E). Notably, scRNA-seq data re-
vealed that crosstalk between Mac-4 or migDCs with CD8*
T cells occurred via antigen presentation related ligand-recep-
tor pairs (Figure S5A). Consistent with this, previous studies
have demonstrated that IFN-stimulated response can pro-
mote antigen presentation (Gobin et al., 1999). Indeed, our
scRNA-seq data also showed that macrophages and DCs in
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tumors from GSDMD-deficient mice expressed an antigen-
presenting signature (Figures 3F and S5B) and related genes
at a much higher level (Figures 3G and S5C). We further sorted
myeloid cells (excluding MDSCs) from tumors and stimulated
them with cell-free tumor DNA (transfer DNA) from B16F10
cells and performed gPCR (Figures 3H-3I, S5D, and S5E)
and flow cytometry analysis (Figures 3J, 3K, S5F, and S5G).
Higher levels of ISGs and phosphorylated TBK1 and IRF3
were observed in antigen-presenting cells from the tumor of
GSDMD-deficient mice compared with controls. Thus, these
data indicate that GSDMD regulates ISG expression in APCs
to suppress antigen presentation and CD8* T cell anti-tumor
immunity.

GSDMD activation in TME partially depends on AIM2
inflammasome

In a previous report, AIM2 inflammasome inhibition was an effec-
tive strategy to improve the efficacy of melanoma immuno-
therapy by promoting STING-induced type | IFN secretion
(Fukuda et al., 2021). We further compared pyroptotic cell death
in APCs from Aim2™" Cx3cr1-Cre, Gsdmd™" Cx3cr1-Cre and
Cx3cr1-Cre mice in the B16F10 melanoma model to explore
the role of AIM2 inflammasome in GSDMD activation in the
TME. We observed a reduction of caspase-1/11* propidium io-
dide (PI)* tumor APCs from Aim2"" Cx3cr1-Cre mice when
compared with Cx3cr1-Cre mice but a higher number of pyrop-
totic APCs in Aim2"" Cx3cr1-Cre mice relative to Gsdmd™™
Cx3cr1-Cre mice (Figures S6A and S6B). These data indicate
that the AIM2 inflammasome is activated and partially required
for GSDMD-medicated pyroptosis of tumor APCs in the TME.
Because of the limited number of APCs in tumors, we further as-
sessed the role of the AIM2 inflammasome in pyroptotic cell
death and GSDMD activation in bone marrow-derived macro-
phages (BMDMs) following transfer DNA stimulation. Notably,
we found that GSDMD cleavage and pyroptosis were not
completely blocked in Aim2"" Cx3cr1-Cre cells (Figures S6C
and S6D), further suggesting that tumor DNA (T-DNA)-induced
GSDMD activation is only partially dependent on AIM2 inflam-
masome activation. Altogether, our data suggest that the AIM2
inflammasome is only partially required for GSDMD activation
and there may be other upstream signaling that regulate the
activation of GSDMD in the TME.

Figure 3. GSDMD deficiency boosts CD8* T cell anti-tumor immunity by enhancing ISG expression in APCs

(A) Unsupervised clustering of scRNA-seq data of immune cells in tumor microenvironment (n = 20,410 single-cell transcriptomes, from two independent ex-
periments; cells were pooled from 3 mice for each experiment). Unsupervised clusters are overlaid on the UMAP map and are labeled according to the expression
signature of cell type-specific marker genes (left). Cells from Cx3cr1-Cre (blue dots) or GSDMD " Cx3cr1-Cre (red dots) mice are also plotted as indicated (right).
(B) Single-sample gene set enrichment analysis (ssGSEA) for indicated signature of indicated cell types.

(C) Cell-cell communication inference on the basis of the scRNA-seq data using the CellChat algorithm. Numbers indicated the scores of communications
between different cell types by assessing the averaged expression of ligands, receptors, and their cofactors in each cell type.

(D) ssGSEA analysis for ISG signature of indicated cell types.

(E) Bubble plot showing the gene expression related to ISG signature of indicated cell types from Cx3cr1-Cre and Gsdmd™™ Cx3cr1-Cre mice.

(F) ssGSEA analysis for antigen presentation signature of indicated cell types.

(G) Bubble plot showing the gene expression related to antigen presentation signature of indicated cell type from Cx3cr1-Cre and Gsdmdfl/fl Cx3cr1-Cre mice.
(H-K) Cx3cr1-Cre and Gsdmd™" Cx3cr1-Cre mice were implanted subcutaneously with B16F10 cells and intraperitoneally injected with aPD-L1 on days 4 and 8.
Fourteen days later, Lin~ CD11b* Gr1~ myeloid cells were sorting from tumors and stimulated for 12 h in vitro by cell-free tumor DNA (T-DNA) from B16F10 cells.
Cells were then collected for gPCR analysis of Sting7 (H), IFI30 (I), and flow cytometry analysis of p-TBK1 (J) and p-IRF3 (K).

Data are pooled from three independent experiments for (H)—(K). Error bars show mean + SEM. *p < 0.05, **p < 0.01, **p < 0.001, and ***p < 0.0001. Two-
tailed unpaired Student’s t test for (B), (D), (F), and (H)-(K). See also Figures S4-S7.
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Figure 4. GSDMD deficiency enhances cGAS-dependent anti-tumor immunity in response to anti-PD-L1 treatment
(Aand B)WT (n = 9), Gsdmd ™"~ (n = 8), cGas ™~ (n = 9), and Gsdmd '~ cGas™’~ (n = 8) mice were implanted subcutaneously with B16F10 cells and intraper-
itoneally injected with aPD-L1 on days 4 and 8. The growth of B16F10 melanomas in mice (A) and the survival of mice (B) were assessed.

(legend continued on next page)

8 Cell Reports 41, 111553, October 25, 2022



Cell Reports

Transfer-DNA-induced GSDMD-mediated inhibition of
cGAS-STING signaling is dependent on both pyroptosis
and K* efflux

We also cultured primary macrophages and treated the cells
with transfer DNA, and found that the cleavage of GSDMD,
release of LDH, p-TBK1, and expression of ISG were significantly
upregulated in response to transfer DNA (Figure S7). Moreover,
GSDMD deficiency significantly increased the expression
of ISG and p-TBK1 following transfer DNA stimulation
(Figures S7C-S7F and S7I-S7L). These data are consistent
with a negative role for GSDMD in the cGAS-STING signaling
pathway. To investigate the negative effect of pyroptosis by
GSDMD on cGAS-STING signaling, we treated the cells with
dimethyl fumarate (DMF), which suppresses the cleavage and
activation of GSDMD (Humphries et al., 2020). As expected,
transfer-DNA-induced GSDMD cleavage and LDH release was
significantly inhibited by DMF treatment (Figures S7A and S7B).
In addition, DMF treatment enhanced T-DNA-induced ISG
expression and p-TBK1 in WT cells to a level comparable with
Gsdmd ™"~ cells with or without DMF treatment (Figures S7C-
S7F), thus suggesting that GSDMD negatively regulates
T-DNA-induced cGAS-STING signaling via pyroptosis. To further
explore the role of K* efflux in the negative regulation of cGAS
signaling by GSDMD (Banerjee et al., 2018), we assessed the
role of K* efflux using KCl to block K* efflux in transfer DNA stim-
ulated cells. We found that GSDMD cleavage and LDH release by
transfer DNA were not affected following KCI treatment
(Figures S7G and S7H). In addition, we found that ISG expression
and p-TBK1 was upregulated both in WT and Gsdmd ™" cells un-
der treatment with KCI. However, the supplement of KCI only
decreased but did not block the enhanced ISG expresison and
cGAS-STING signaling in Gsdmd™~ cells compared with WTs
(Figures S71-S7L). Thus, these data indicate that GSDMD defi-
ciency promotes T-DNA-induced cGAS-STING signaling
through a mechanism which is partially dependent on K* efflux in-
hibition. Collectively, our data suggest that GSDMD-induced
pyroptosis attenuates the activation of cGAS-STING signaling
following transfer DNA stimulation in a K* efflux-dependent and
-independent manner in vitro.

GSDMD deficiency enhances cGAS-dependent anti-

tumor immunity in response to anti-PD-L1 treatment

Previous studies have identified GSDMD as a negative regulator
of cGAS-mediated inflammation in colitis and F. novicida bacte-
rial infection (Banerjee et al., 2018; Ma et al., 2020). Antigen-pre-
senting cells in the TME have been reported to endocytose
extracellular tumor DNA resulting in the activation of the cGAS-
STING signaling pathway and induction of the ISG response
(de Mingo Pulido et al.,, 2021). Thus, we next generated
Gsdmd~'~cGas™’~ (double knockout [DKO]) mice to determine
if the tumorigenic function of GSDMD occurs through suppres-
sion of cGAS-dependent anti-tumor immunity. Tumor burden
in DKO mice was comparable with cGas™~ mice in response
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to anti-PD-L1 treatment. Reductions in tumor size and increased
survival rates observed in GSDMD-deficient mice were lost in
DKO mice (Figures 4A and 4B). Consistent with this, cell number
and the levels of IFN-y and TNF-o. among tumor CD8" T cells
were significantly reduced in DKO mice compared with
Gsdmd ™'~ mice (Figures 4C-4G and S8A-S8C). The expression
of exhaustion-associated markers, such as TIM-3 and TIGIT,
was also elevated (Figures 4H-4J and S8D, and S8E). In addi-
tion, the abundance of DCs and MHC II* macrophages were
reduced in DKO mice (Figures 4K, 4L, S8F, and S8G), accompa-
nied by a pronounced expansion of MDSCs (Figures 4M and
S8H). Overall, these data demonstrate that GSDMD promotes
tumor progression through inhibiton of the cGAS pathway.

GSDMD in tumor cells also restrains anti-tumor
immunity

Gasdermin proteins are also expressed in tumor cells. We pro-
cessed whole-transcriptome data from the Cancer Cell Line Ency-
clopedia (CCLE) data portal (https://sites.broadinstitute.org/ccle/)
to analyze the expression of gasdermin family members in tumor
cells. Our data analysis revealed that GSDMD is highly expressed
in 33 different tumor cells compared with other gasdermin family
members (Figures S9A-S9F), indicating that GSDMD may also
exert effect in tumor cells. Thus, we overexpressed and knocked
down GSDMD in B16F10 melanoma cells and MCA205 fibrosar-
coma cells, respectively, to investigate the function of GSDMD in
tumor cells (Figures S10A and S10C). The change of GSDMD
expression did not alter the proliferative capacity of tumor cells
(Figures S10B and S10D). When engrafted into WT mice,
B16F10 melanoma cells overexpressing GSDMD impaired the
response to anti-PD-L1 treatment compared with mice engrafted
with native B16F10 melanoma cells (Figures S10E and S10F). In
addition, flow analysis showed a decrease in the number of
cytotoxic CD8"* T cells (Figures S10G-S10J and S11A-S11C),
MHC II* DCs (Figures S10L and S11E), and MHC II* macrophages
(Figures S10M and S11F) and an increase in exhausted
CD8* T cells (Figures S10K and S11D) as well as MDSCs
(Figures S10N and S11G) in B16F10 tumor cells expressing
GSDMD. Moreover, the expression of ISGs were lower in tumors
from mice engrafted with GSDMD-overexpressed cells compared
with control (Figure S11H). In contrast, mice engrafted with
GSDMD-knockdown MCA205 tumor cells expressing GSDMD-
specific short hairpin RNA (shRNA), tumor development was
greatly reduced and immune cell profiles and the ISG expression
signature in the tumor were elevated (Figures S100-S10X and
S111-S11P). Thus, these data indicate that GSDMD also sup-
presses intrinsic anti-tumor activity.

Pharmacological inhibition of GSDMD-mediated
pyroptosis significantly improves anti-tumor immunity

in combination with PD-L1 antibody treatment

Previous studies have reported that dimethyl fumarate sup-
presses the cleavage and activation of GSDMD (Humphries

(C-M) Fourteen days after B16F10 cells implantation, tumors were collected for flow cytometry analysis of CD8" T cells (C-J), DCs (K), MHC Il + macrophages (L),

and MDSCs (M).

Data are pooled from three independent experiments for (A)—-(M). Error bars show mean + SEM. *p < 0.05, *p < 0.01, **p < 0.001, ***p < 0.0001; ns, not
significant. Two-way ANOVA test for tumor size and log rank test for survivalin (A) and (B). Two-tailed unpaired Student’s t test for (C)-(M). See also Figures S8-S11.
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et al., 2020). To further confirm the effect of GSDMD-mediated
pyroptosis in tumor progression, we inhibited GSDMD activation
in melanoma-bearing mice by administering DMF (Figure S12A).
Administration of DMF reduced tumor burden and increased sur-
vival in response to anti-PD-L1 treatment (Figures 5A and 5B).
Consistently, the abundance of total CD8" T cells and cyto-
kine-producing CD8* T cells were increased (Figures 5C-5G
and S12B-S12D), but exhausted characteristics were downre-
gulated (Figures 5H, 51, S12E, and S12F) after DMF therapy.
Moreover, DMF and anti-PD-L1 synergistic treatment elevated
the abundance of antigen-presenting cells including DCs and
MHC II" macrophages and decreased the number of MDSCs
in the tumor (Figures 5J-5L and S12G-S12l). In addition, the
mTORC1 pathway has recently been reported to mediate
GSDMD-induced pyroptosis (Evavold et al., 2021). Thus, we
also administrated the mTORC1/2 inhibitor AZD2014 to sup-
press pyroptosis in WT and GSDMD-deficient mice. WT mice
treated with AZD2014 had reduced tumor sizes and survival
comparable with GSDMD-deficient mice (Figures 5M, 5N, and
S12J). Collectively, these data further indicate that inhibition of
GSDMD-mediated pyroptosis improves anti-tumor immunity
during anti-PD-L1 treatment.

DISCUSSION

PD-L1 checkpoint blockade is a frontline treatment for numerous
cancers with a large number of clinical trials ongoing. Despite
this remarkable therapy, a large number of patients fail to
respond to anti-PD-LI therapy. With combination therapies are
now becoming more common to overcome host-restriction fac-
tors. Indeed, elucidation of the key restriction pathways that limit
anti-tumor immunity in response to checkpoint blockade is
essential for improving responsiveness and expanding PD-L1 in-
hibition to tumor types. In this study, our data show that GSDMD
functions as a restriction factor to PD-L1 checkpoint blockade
and can suppress the ability of macrophages and DCs to present
tumor-associated antigens and the following anti-tumor effects
of CD8" T cells by targeting the cGAS pathway and inhibiting
ISG expression mainly in APCs in the TME (Figure S13C).
Previous studies have shown GSDMB/E-mediated tumor cell
pyroptosis can promote anti-tumor immunity during cytotoxic
lymphocyte-induced killing (Zhang et al., 2020; Zhou et al.,
2020), thus highlighting the important anti-tumor functions of
gasdermin proteins. In contrast, we show that GSDMD is highly
expressed in macrophages and dendritic cells and promotes tu-
mor progression through inhibiting anti-tumor immunity. In addi-
tion, GSDMD restriction of anti-tumor immunity only occurred
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during checkpoint blockade with GSDMD-deficient mice dis-
playing comparable tumor growth with untreated WT mice. Pre-
vious studies have demonstrated that GSDMD restricts cGAS
activation and ISG via potassium efflux following AIM2 activation
(Banerjee et al., 2018). Notably, ISG expression can induce the
expression of PD-L1 on tumors, which in turn attenuates the
cytotoxic T cell response (Yang et al., 2014). Indeed, enhanced
ISG expression is coupled to enhanced expression of PD-L1
on tumors in GSDMD-deficient mice (Figures S2C-S2F), which
might attenuate the cytotoxic T cell response and counteract
any enhancement of anti-tumor immunity by ISG upregulation.
Thus, GSDMD loss only significantly affects anti-tumor immunity
in response to anti-PD-L1 therapy. In support of this, loss of
cGAS or STING fails to effect tumor progression (Wang et al.,
2017). Altogether, these findings highlight the functional diver-
sity, complexity, and interdependence of gasdermin family pro-
teins in regulating anti-tumor immunity.

Moreover, optimistic outcomes of patients with ACC, LGG, and
UVM were observed to be inversely correlated with GSDMD
expression. Unfortunately, there was no information on immune
checkpoint therapies with respect to ACC, LGG, and UVM from
TCGA. However, the expression of CD274 and PDCD1 was
relatively lower in ACC, LGG, and UVM on the basis of the TCGA
database (Figures S13A and S13B). Additionally, there are reports
showing that PD-1/PD-L1 blockade is not an effective treatment
for patients with gliomas (Wang et al., 2019), uveal melanoma
(Algazi et al., 2016) and adrenocortical carcinoma (Le Tourneau
et al., 2018). Thus, patients with ACC, LGG, and UVM may not
be significantly affected by PD-1 signaling and thus are insensitive
to PD-1/PD-L1 blockade. In contrast, the low expression of
GSDMD is markedly responsible for the survival of patients.

Using scRNA-seq and Gsdmd '~ cGas™~ mice, we uncov-
ered that GSDMD negatively regulates anti-tumor immunity dur-
ing checkpoint blockade by suppressing cGAS-dependent ISG
expression in APCs. These data are consistent previous reports
demonstrating the negative regulatory role of GSDMD playing in
cGAS-mediated inflammation during colitis and F. novicida
infection (Banerjee et al., 2018; Ma et al., 2020). Interestingly,
phagocytosis of tumor derived DNA triggers cGAS activity in
APCs and initiates strong anti-tumor effects when subjected to
stresses including checkpoint blockade (Feng et al., 2019;
Wang et al., 2017). Moreover, cGAS-mediated ISG expression
promotes the maturation of APCs and enhances cross-presen-
tation of tumor-associated antigens to CD8" T cells (Xia et al.,
2016). Consistently, we found that the antigen-presenting
expression signature was greatly enhanced in Gsdmd '~ TME
APCs.

Figure 5. Pharmacological inhibition of GSDMD enhances checkpoint blockade responsiveness
(Aand B) WT mice were implanted subcutaneously with B16F10 cells and intraperitoneally injected with aPD-L1 (n = 7) or aPD-L1 and DMF (n = 11). The growth of

B16F10 melanomas (A) and the survival of mice (B) were assessed.

(C-L) Fourteen days after B16F10 cells implantation, tumors were collected for flow cytometry analysis of CD8* T cells (C-l), DCs (J), MHC II* macrophages (K),

and MDSCs (L).

(M and N) WT and Gsdmd '~ mice were implanted subcutaneously with B16F10 cells and intraperitoneally injected with aPD-L1 (n = 6 mice per group) or aPD-L1
and AZD2014 (n = 6 WT and 7 Gsdmd ™'~ mice). The growth of B16F10 melanomas (M) and the survival of mice (N) were assessed.

Data are pooled from three independent experiments for (A)=(N). Error bars show mean + SEM. *p < 0.05, *p < 0.01, ***p < 0.001, and ***p < 0.0001; ns, not
significant. Two-way ANOVA for tumor size and log rank test for survival in (A), (B, (M), and (N). Two-tailed unpaired Student’s t test for (C)-(L). See also

Figures S12 and S13.
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Reactive oxygen species are enriched in the TME, including
in myeloid cells, which contributes to tumor progression (Ka-
shyap et al., 2019). Interestingly, ROS modulation has been
implicated in inflammasome activation and pore formation
downstream of GSDMD cleavage (Evavold et al., 2021). Thus,
ROS accumulation in the TME may directly influence the
pore-forming activity of GSDMD and tumor progression. More-
over, we investigate the possible role of AIM2 inflammasome in
GSDMD-medicated pyroptosis in tumor APCs but found AIM2
inflammasome is partially required for GSDMD activation, thus
further suggesting there may be other upstream signaling
mechanisms that to regulate the activation of GSDMD in the
TME. Treatment of DMF which suppresses the activation of
GSDMD significantly improved T-DNA-induced ISG expression
in vitro and anti-tumor immunity in vivo, suggesting that
GSDMD negatively regulated cGAS-STING signaling primarily
through its pyroptotic effect. In addition, GSDMD pore forma-
tion has been previously attributed to negatively regulating
cGAS activity and ISG responses by reducing intracellular K*
efflux (Banerjee et al., 2018). Here we found that GSDMD defi-
ciency promoted T-DNA-induced cGAS-STING signaling only
partially through the inhibition of K* efflux in vitro. However,
whether this is the case in vivo is unknown and other mecha-
nisms need to be further explored.

In addition, previous studies have shown that AIM2 inhibition
is an effective strategy for improving the efficacy of melanoma
immunotherapy by promoting STING-induced type | IFN secre-
tion, as well as limiting IL-18 and IL-18 production (Fukuda
et al.,, 2021). Our study further supports this previous study
and provides a conceptual advance by interrogating the role
of GSDMD directly and providing direct evidence that
GSDMD specifically in APCs regulates the anti-tumor response
by targeting cGAS-STING signaling. Moreover, our study
outlines in detail the regulatory framework in which GSDMD
deficiency mediates enhanced ISG signaling and CD8* T cell
anti-tumor immunity by affecting antigen presentation, which
has not been previously studied. Additionally, we found that
GSDMD activation in tumor APCs is partially dependent on
the AIM2 inflammasome, indicating other existing upstream
signaling events are involved in the activation of GSDMD and
highlights a more prominent role for inhibiting GSDMD as a
therapeutic strategy for promoting anti-tumor immunity. Mean-
while, we found that DMF, an approved drug for the manage-
ment of relapsing-remitting multiple sclerosis, suppresses the
cleavage and activation of GSDMD (Humphries et al., 2020;
Narapureddy and Dubey, 2019), and significantly improves
anti-tumor immunity in combination with PD-L1 antibody treat-
ment. Therefore, our findings provide an optimistic opportunity
for the anti-tumor clinical transformation therapy through tar-
geting GSDMD.

Unlike other gasdermin proteins, GSDMD is also highly ex-
pressed in many tumor cells, which suggests that tumor cells
may also adopt a strategy of elevated GSDMD expression to
suppress anti-tumor immunity and promote tumor growth.
Over-expression of GSDMD in tumor cells, significantly
reduced the anti-tumor effects of PD-L1 blockade. Given that
apoptotic signals are abundant in tumor cells and apoptotic
caspase-3/7 can rapidly cleave and inactivate GSDMD at posi-
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tion D88 (Feng et al., 2019; Kasibhatla and Tseng, 2003), we
speculate that GSDMD in tumor cells can only mediate the
transient formation of pores, which are not sufficient to mediate
loss of plasma membrane integrity and cell death, yet suffi-
ciently suppress cGAS-mediated inflammation. However the
nature of tumor intrinsic GSDMD awaits further investigation
in future studies.

In summary, we have identified GSDMD as a restriction factor
that suppresses CD8" T cell anti-tumor response during cancer
immunotherapy. Given that there are currently no good clinical
drugs targeting the cGAS-STING pathway, our findings in this
study highlight the potential value of developing therapeutic stra-
tegies to block GSDMD-mediated pyroptosis to enhance cGAS-
induced ISG in combination with anti-PD-L1 therapy to promote
anti-tumor immunity.

Limitations of the study

Although we demonstrated that GSDMD restricts anti-tumor
immunity during PD-L1 checkpoint blockade, this study still
has limitations. We found that GSDMD attenuates the activa-
tion of cGAS-STING signaling following transfer DNA stimula-
tion, primarily dependent on pyroptosis but partially through
K* efflux in vitro. However, whether this is the case in vivo is un-
known, and other possible mechanisms that underpin these
regulatory effects requires further exploration. Moreover, we
found that GSDMD activation in tumor APCs is partially depen-
dent on AIM2 inflammasome, indicating that other unknown
upstream signaling events may play a role in activating
GSDMD in the TME. These upstream events remain to be
explored.
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Deposited data
Single-cell RNA sequencing data NCBI Gene Expression Omnibus GSE198550
Experimental models: Cell lines
B16F10 cells Dr. Chengi Xu, Institute of Biochemistry and N/A

Cell Biology, Chinese Academy of Sciences
MCA205 cells Dr. Xiaoming Wang, Nanjing Medical N/A

University, China
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Dr. Zhengfan Jiang, Peking University,
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N/A

Product number: EGE-CYH-009

Oligonucleotides
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This manuscript
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This paper
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GraphPad Prism 8.0 or 9.0 GraphPad Software https://www.graphpad.com
Imaged 1.49V ImagedJ https://imagej.nih.gov
Other

Fixable Viability Dye-eFluor 506 eBioscience Cat# 65-0866-14

RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Shuo
Yang (shuoyang@njmu.edu.cn)

Materials availability
This study did not generate new unique reagents.

Data and code availability
e Single-cell RNA sequencing data generated in this study have been deposited in Gene Expression Omnibus (GEO) under the
accession number: GSE198550. To review the GEO accession GSE198550: Go to https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE198550; Enter token ghozuwsklbuhfgd into the box.
® This paper does not report original code.
® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Mice

All mice were of the species Mus musculus (C57BL/6). All experiments were performed using 8-12week male mice. The Gsdmd™”
mice were provided by Dr. Feng Shao (National Institute of Biological Sciences, Beijing, China). cGas”~ mice were provided by Dr.
Zhengfan Jiang (Peking University, Beijing, China). Gsdmd™~ mice were crossed with cGas™ to produce Gsdmd™~ cGas™" double-
knockout mice. The Gsdmd™™ mice were generated using conditional gene targeting methods as described previously (Li et al.,
2019) by Cyagen Biosciences (Guangzhou, China) Inc. The Aim2"" mice were generated using conditional gene targeting
methods by Biocytogen Inc (Beijing, China). Gsdmd and Aim2 floxed mice were crossed with Cx3cr7-Cre mice, provided by
Dr. Jiawei Zhou (Institute of Neuroscience, Chinese Academy of Sciences), to obtained myeloid cell-conditional knockout mice
(Gsdmd™™ Cx3cr1-Cre and Aim2™" Cx3cr1-Cre). All mice were kept in a barrier facility, and all animal experiments were conducted
in accordance with the procedure approved by the Ethical Review Committee for Laboratory Animal Welfare of the Nanjing
Medical University.

Cell lines

The C57BL/6-derived melanoma B16F10 cells, provided by Dr. Chengi Xu (Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences), were maintained at 37 °C with 5% CO2 in RPMI 1640 medium (WISENT) supplemented with 10%
heat-inactivated fetal calf serum and 1% penicillin and streptomycin. The C57BL/6-derived MCA205 cells, provided by Dr. Xiaom-
ing Wang (School of Basic Medical Science, Nanjing Medical University), were maintained at 37 °C with 5% CO2 in DMEM sup-
plemented with 10% heat-inactivated fetal calf serum and 1% penicillin and streptomycin. For GSDMD overexpression and
knockdown, HEK293T cells were transfected with packaging plasmids (psPAX2 and pMD2.G) and pLV-EF1a-IRES vector (over-
expression) and pLKO.1-Puro-TRC vector (knockdown) by PolyJet reagent (SigmaGen) according to the manufacturer’s instruc-
tions. Virus-containing supernatants were collected 48 h after transfection. B16F10 cells and MCA205 cells were cultured with the
virus supernatant for 48 h.

Tumor induction

Age- and sex-matched mice of 8-12week were anaesthetized with 1% (w/v) pentobarbital sodium in 10ul per g mice weight by intra-
peritoneal injection. Then, 1 x 10° B16F10 cells or 3 x 10° MCA205 cells were subcutaneously injected in 100 pl PBS on the flank.
Tumor size and survival were recorded every two days from day 7. Tumor size was determined by caliper measurements and calcu-
lated by length x width x width /2. Mice bearing tumor with a size that was larger than 1500 mm?® were euthanized. In some exper-
iments, mice were treated with anti-PDL1 at a dose of 200 pg on days 4 and 8 after tumor implantations, oxaliplantin (OXA) at a dose
of 5mg/kg on days 7, 11, 15 and 19 days, DMF and AZD2014 at a dose of 10mg/kg every day after tumor implantations.
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METHOD DETAILS

Flow cytometry and myeloid cells sorting

In indicated days, tumor tissues were weighed, cut into pieces and suspended with 10 ml tumor digestion buffer (2% FBS, 0.5 mg/ml
collagenase IV and 100U/ml DNase | in RPMI medium). After digested for 45 minutes at 37°C under agitation (200 rpm) conditions, cell
suspension was filtered using a 70-um filter to obtain a single-cell suspension. Immune cells were isolated by density-gradient centri-
fugation using 40% and 80% Percoll. Then, tumor-infiltrating immune cells were stained using fluorescently labelled antibodies for
FACS analysis.

For intracellular staining of IFN-y and TNF-a, tumor single-cell suspensions were incubated in RPMI medium containing PMA
(1:2000), ionomycin (1:1000), and BFA (1:1000) for 4 hours at 37. After washing the samples with HBSS, surface proteins were
stained, followed by fixation and permeabilization using the Cytofix/Cytoperm kit (eBioscience, cat# 88-8824-00), then staining of
intracellular IFN-y and TNF-a.. Caspase-1/11 activity was quantified according to manufacturer’s protocol. Briefly, cells were incu-
bated with FAM-FLICA reagent for 30 min at 37°C and cells were washed two tomeswith media to diffuse unbound FLICA. Propidium
lodide (PI) was stained 5 min before flow cytometer detection. For antigen-presenting cells sorting, single-cell suspensions were
stained with FVD eFluor 506, anti-CD45, anti-tcrf, anti-TER119, anti-B220 and anti-Gr-1. DCs and macrophages (CD45" Lin-
(terp” B220" TER119°) Gr-1") were sorted on a BD FACSAria.

Single-cell RNA sequencing

The immune cells in tumors were sorted form GSDMD™™ Cx3cr1-Cre mice and Cx3cr1-Cre mice with anti-PD-L1treatment 14 days
after tumor implantations. Single-cell suspensions (1x10° cells/ml) with PBS were loaded into microfluidic devices using the Single-
ron Matrix® Single Cell Processing System (Singleron). Subsequently, the scRNA-seq libraries were constructed according to the
protocol of the GEXSCOPE® Single Cell RNA Library Kits (Singleron). Individual libraries were diluted to 4 nM and pooled for
sequencing. At last, libraries were sequenced on lllumina NovaSeq 6000 with 150 bp paired end reads.

Analysis of scRNA-seq data

scRNA-seq data processing

In total, we generated 1.4 billion paired-end lllumina sequencing reads from the prepared scRNA-seq libraries (see above). The raw
reads were processed to generate gene expression profiles using an internal pipeline (https://github.com/singleron-RD/CeleScope).
Briefly, cell barcodes and UMI sequences were extracted after filtering out low-quality reads or reads without poly(T) tails presented
in their first ends. Then, adapters and poly(A) tails (i.e., a stretch of 18 A’s) were trimmed from the second ends of the filtered reads
(cutadapt v1.17), followed by read alignment to the mouse reference genome (mm10) with gene annotation (ensembl v102) using
STAR (version 2.7.7a)(Dobin et al., 2013). After UMI deduplication, the numbers of reads mapped to individual genes for every
cell barcode were counted (featureCounts v2.0.1) (Nancy and Erlebacher, 2014), and the UMI count tables were employed for down-
stream analysis. Finally, background barcodes and authentic barcodes corresponding to cells were segregated by checking the dis-
tribution of total UMI counts for individual cell barcodes. As a result, the processing pipeline recovered 4,874, 4,891, 7,173 and 5,592
cells in each of the four libraries, respectively.

Basic analysis of single-cell RNA-seq data

With the gene-by-cell UMI count matrixes, we first filtered out low quality cells if not satisfied all the following criteria: (i) number of
detected genes between 600 and 8000, (ii) number of total UMIs less than 80000, and (jii) percentage of UMIs derived from mitochon-
drial genes below 10%. We then normalized the UMI counts by library size factors, where the library size factor is equal to the sum of
UMIs in each single cell divided by 10000; then log2-transformed the normalized UMI counts. To further remove cell barcodes ac-
commodating possible doublets, we adopted the DoubletFinder algorithm (McGinnis et al., 2019) implemented in the DoubletFinder
package (v 2.0.3) with the expected doublet formation 7.5%, and the putative doublets in the data were removed from the down-
stream analysis. We then merged the expression data from the four libraries (i.e., the samples derived from the Gsdmad™™ Cx3cr1-
Cre mice and Cx3cr1-Cre mice, each with two replicates), and repeated the analysis of expression data scaling, HVG detection,
PCA computation, cell clustering identification and dimensional reduction using the Seurat (v4.0.0) package. With the Ptprc marker
(encoding protein CD45), we further removed clusters comprised of non-immune cells and rare cells (that is the distinct clusters each
containing less than 1% cells).

Marker gene identification and cluster annotation

In order to characterize and annotate the cell clusters, we applied the function FindMarkers in the Seurat package to identify genes
specifically expressed in each cluster. Only genes expressed in more than 25% of the cells in a cluster and with log2-transformed
fold-changes on average greater than 0.25 were considered as marker genes. Wilcoxon rank sum tests were used to assess the sta-
tistical significance. The top ranked markers of each cluster were shown in the heatmap. Based on the identified markers and our
prior knowledge of immune cell types, we manually annotated the cell clusters with particular cell types.
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Calculation of gene signature scores

To interpret the differential expression between cells derived from Gsdmd™" Cx3cr1-Cre mice and Cx3cr1-Cre mice with potential
cellular functions, we calculated gene signature scores using the single-sample gene set enrichment analysis (ssSGSEA) algorithm
(Barbie et al., 2009) based on previously defined gene sets. The detailed information of the gene sets used in this study can be found
in Table S1.

Cell-cell communication inference

To systematically characterize cellular crosstalk between CD8+ T cells and the other cell types, we preformed cell-cell communica-
tion inference based on the scRNA-seq data. To achieve this, we adopted the CellChat algorithm (Jin et al., 2021), which scores the
communication between different cell types by assessing the averaged expression of ligands, receptors, and their cofactors in each
cell type, calculating the ligand-receptor interaction probability with a permutation test, and aggregating the communication strength
of various ligand-receptor pairs. We implemented the above process with the CellChat package (version 1.1.3) following its tutorial
with default parameters expect adjusting the following two parameters: type ="truncatedMean", and trim=0.1 in the function com-
puteCommunProb, in order to investigate the ligand-receptor interactions in a more comprehensive manner. The annotation of
ligand-receptor pairs and their cofactors was supplied by CellChatDB (mouse version), which is a manually curated database of liter-
ature-supported ligand-receptor interactions in mouse.

APC cells stimulation in vitro

APC cells sorting was described above. Cell-free tumor DNA (T-DNA) from B16F10 cells was extracted according to the according to
the manufacturer’s instruction (Thermo, A29319). The purified cells were cultured in DMEM (Gibco) supplemented with 1% penicillin
and streptomycin, and 10% fetal bovine serum (Sigma-Aldrich) and transfected with Lipofectamine 2000 (2 pl/ml)-complexed T-DNA
from B16F10 tumor cells (1 ug per 10° cells) for 12 hours. The stimulated-cells were analyzed for ISGs by QPCR and p-IRF3 and
-TBK1 protein levels by FACS.

BMDMs culture and stimulation

For isolation of BMDMs, tibias and femurs were removed from indicated mice by sterile techniques and the bone marrow was flushed
with fresh medium. BMDMs were plated in DMEM supplemented with 10% FBS in the presence of 10% L929 conditioned medium for
6 days at 37 °C in a humidified atmosphere of 5% CO2. Primary BMDMs were seeded (1.2 x 10° cells per well) in 12-well plates (NEST
Biotechnology) and were grown for 24 h. Cells were then stimulated with T-DNA (1pg/ml) for 8 hours.

Cell death assays
Cell death was determined by the lactate dehydrogenase release assay using the Pierce LDH Cytotoxicity Assay Kit (Beyotime) ac-
cording to the manufacturer’s instruction.

Immunoblot analysis

BMDMs, B16F10 cells and MCA205 cells cultured in vitro were collected in 1x SDS-PAGE Protein Loading Buffer (Yeasen) and boiled
for 10 min. Proteins were separated by SDS-polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes. The
membranes were immunoblotted with primary antibodies and proteins detected with appropriate secondary anti-rabbit antibody
conjugated to fluorescence. Immunoreactivity was visualized by the Odyssey Imaging System (LI-COR Biosciences).

Quantitative RT-PCR

Tumor tissue RNA was extracted using TRIzol reagent (Life) and subjected to cDNA synthesis. Myeloid cells stimulated in vitro RNA
extraction and cDNA synthesis were performed by using Single Cell Sequence Specific Amplification Kit (Vazyme). Total RNA of
BMDMs was extracted using TRIzol reagent and subjected to complementary DNA synthesis. Reverse transcription products of
different samples were amplified by StepOnePlus (Applied Biosystems) using Hieff gJPCR SYBR Green Master Mix (Yeasen) accord-
ing to the manufacturer’s instructions. All primers were purchased from GenScript.

ELISA

To determine the levels of TNF-a, IFN-v, IL-18 and IL-18 protein in the tumor microenvironment, the tumor collected on day 14 after
implant was homogenized by mechanic disruption with magnetic beads in PBS buffer with complete protease inhibitors. After centri-
fugation, the supernatant was collected and measured for levels of TNF-a, IFN-vy, IL-13 and IL18, according to the manufacturer’s
instructions.

Immunofluorescence of tumor tissues

Freshly isolated tumor tissues were fixed in Periodate-lysine-paraformaldehyde (PLP) fixative 4°C for overnight, dehydrated, and
mounted in paraffin using standard protocols. Material for frozen sections was processed and embedded in OCT (Tissue-Tek; Sakura
Finetek) according to standard protocols. Frozen sections were used for con-staining of PD-L1 with Tyrp1 and CD11b, and co-stain-
ing of GSDMD with CD11c. Paraffin sections were used for co-staining of GSDMD with CD3e and F4/80. For co-staining of CD11c
with GSDMD, frozen sections were blocked and permeabilized in 5% goat serum and 0.1% Triton X-100 in PBS for 1 h and incubated
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with primary antibodies diluted in 0.2% Triton X-100 in PBS at 4°C for overnight. Other stainings were according to the standard
immunofluorescence protocols Antibodies including: rabbit anti-GSDMD (1:500), rat anti-F4/80 (1:200), rat anti-CD3e (1:200), rat
anti-CD11b (1:200), rabbit anti-PD-L1 (1:200), Alexa Fluor647 Armenian Hamster anti CD11c (1:200) and FITC mouse anti-Tyrp1
(1:200). Secondary antibodies were anti-rabbit goat antibodies conjugated with Alexa 555 (1:600) and anti-rat goat antibodies con-
jugated with Alexa 488 (1:600). The Images were taken using Zeiss LSM 800 confocal microscope and processed using ImagedJ and
AdobePhotoshopCS6 software.

Analysis of data from public database

To explore the role of gasdermin members in immune cells related to tumor environment, we analyzed the expression of gasdermin
family genes (including GSDMA, GSDMB, GSDMC, GSDMD, DFNAS5 (also known as GSDME) and DFNB59) in immune cells from
publicly available gene and protein databases such as ImmGen (https://www.immgen.org/) EMBL database (https://www.ebi.ac.
uk/) and BioGPS (http://biogps.org/). We processed whole-transcriptome data from the Cancer Cell Line Encyclopedia (CCLE)
data portal (https://sites.broadinstitute.org/ccle/) to analyze the expression of gasdermin family members in tumor cells. To explore
the correlation between gasdermin family members and immune checkpoints in clinical tumors, we examined the gene expression
profiles of pan-cancer clinical data from TCGA databases using the Gene Expression Profiling Interactive Analysis 2 (GEPIA2) plat-
form (http://gepia2.cancer-pku.cn/). The immune checkpoint genes include PDCD1, LAG3, HAVCR2, TIGIT, CTLA4, CD244 (PDL1),
ILT0RB, IDO1, LGALS9, ADORA2A, PVRL2,CD160,BTLA, CD96,CD97,CD112R and CD200R. We termed the above immune check
point genes as a signature and analyzed the correlation between gasdermin family genes and immune checkpoint signature in both
pan-cancer and 33 individual types of cancers. To explore the relationship between the survival rate of patient and gasdermin expres-
sion, TCGA database was download from http://firebrowse.org/, and Kaplan-Meier plot of overall survival of patients based on gas-
dermin expression was shown. A log-rank test was used for statistical analysis.

QUANTIFICATION AND STATISTICAL ANALYSIS

Information about statistical details and methods is indicated in the figure legends. Statistical analysis was performed using
GraphPad Prism 8.0 or 9.0.
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Supplementary Figure 1. Gasdermin D is highly expressed in myeloid cells and positively correlates with the immune
checkpoint signature. Related to Figure 1.

(A) ImmGen data showing the expression of gasdermin family in different immune cells from mouse.

(B) BioGPS data showing the expression of gasdermin family in different immune cells from mouse.

(C) ImmGen data showing the expression of gasdermin family in different immune cells from human.

(D) BioGPS data showing the expression of gasdermin family in different immune cells from human.

(E) Correlation analysis of gene expression profiles between gasdermin family members and ICs signature from pan-cancer in
TCGA database.

(F) Survival map of six human gasdermins from 33 types of tumors using GEPIA2. Gasdermins expression in all tumors from
TCGA data were scored, top 50% and low 50% were considered as high and low expression (at cutoff 50%), respectively. The
blue square means that the low expression of indicated gene was correlated with poor survival of patients (P value < 0.005), and
the red square means that the high expression of indicated gene was correlated with poor survival of patients (P value < 0.005).
(G) Kaplan-Meier plot of overall survival of patients with adrenocortical carcinoma (ACC), low-grade glioma (LGG), and uveal
melanoma (UVM) based on GSDMD expression levels from TCGA data at cutoff 50%.

(H) Immunoblot analysis of GSDMD expression in different types of tumor cells (B16F10 cells, MC38 cells, GL261 cells and
MCAZ205 cells).

Error bars show mean + sem. Log-rank test for (G).
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Supplementary Figure 2. GSDMD deficiency enhances antitumor immunity under the treatment of PD-L1 antibody.
Related to Figure 1.

(A) Schematic representation of the experiments in Figure 1G. 1x10° B16F10 cells were implanted subcutaneously into WT and
Gsdmd’- mice, OXA (5mg/kg) or vehicle were intraperitoneally injected on day 7, 11, 15, 19. Tumor volumes and mice survival
were assessed every other day from day 7. Mice were euthanized when tumor volumes exceeded 1500mm?.

(B) Schematic representation of the experiments in Figure 1H. 1x10° B16F10 cells were implanted subcutaneously into WT and
Gsdmd-- mice, aPD-L1 (200pg) or vehicle were intraperitoneally injected on day 4, 8. Tumor volumes and mice survival were
assessed every other day from day 7. Mice were euthanized when tumor volumes exceeded 1500mm?.

(C) Photographs of representative tumors in groups of WT and Gsdmd’- mice with aPD-L1 treatment on day 14 after implantation.
(D) Immunofluorescence staining for PD-L1 (red) and Tyrpl (green, left) or CD11b (green, right) in tumor tissue from indicated
mice. Scale bars, 20 pm.

(E-G) Tumors were collected from indicated mice on 14 days to analyze PD-L1 co-expression with Tyrpl or CD11b by FACS.
(H) Schematic representation of the experiments in Figure 11-V. 1x10° B16F10 cells were implanted subcutaneously into WT and
Gsdmd-- mice, aPD-L1 (200ug) or vehicle were intraperitoneally injected on day 4, 8. Tumors were collected on day 14 after
implantation.

(I) Representative flow cytometry plots of CD8" T cells in Figure 11

(J-K) Representative flow cytometry plots of CD8" IFN-y* (I) and TNF-a* (J) T cells in Figure 1J-M.

(L) Representative flow cytometry plots of PD-1 and TIM-3 expression of CD8" T cells in Figure 1N-O.

(M) Representative flow cytometry plots of TIGIT expression in CD8" T cells in Figure 1P.

(N) Representative flow cytometry plots of CD4" T cells in Figure 1Q.

(O) Representative flow cytometry plots of CD19* cells and NK1.17 cells in Figure 1r and Figure 18, respectively.

(P) Representative flow cytometry plots gated from CD45*CD4- (left) and quantitative analysis of Treg number (right) from
tumors on day 14.

(Q-S) Representative flow cytometry plots of DCs (O), MHC II* macrophages (P) and MDSCs (Q) in Figure 1T-V.

(T-W) WT and Gsdmd’mice were implanted subcutaneously with B16F10 cells and were treated with PD-L1 on day 4 and day 8.
Tumors were collected on day 14 after implantation to assess IFN-y (T), TNF-a (U), IL-1B (V) and IL-18 (W) protein levels by
ELISA.

Data are pooled from two independent experiments for (G, T-W), data are representative of three independent experiments for (D-
F, I-S) and data are pooled from three independent experiments for (P). Error bars show mean + sem. *P < 0.05, **P < 0.01, ***pP
<0.001. Two-tailed unpaired student’s ¢-test for (G, P and T-W).
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Supplementary Figure 3. GSDMD deficiency in APCs enhances antitumor immunity. Related to Figure 2.

(A) EMBL data showing the expression of GSDMD in different human immune cells.

(B) Immunofluorescence staining for GSDMD (red) and CD3 (green) in tumor tissue from WT mice. Scale bars, 20 mm. The
white arrows indicate GSDMD- and CD3e" cells.

(C) Schematic representation of the experiments in Figure 2D-E. 1x10° B16F10 cells were implanted subcutaneously into
Cx3crl-cre and Gsdmd™V™ Cx3crl-cre mice, aPD-L1 (200ug) or vehicle were intraperitoneally injected on day 4, 8. Tumor
volumes and mice survival were assessed every other day from day 7. Mice were euthanized when tumor volumes exceeded
1500mm?.

(D) Schematic representation of the experiments in Figure 2F-S. 1x10° B16F10 cells were implanted subcutaneously into
Cx3crl-cre and GsdmdV? Cx3crl-cre mice, aPD-L1 (200ug) or vehicle were intraperitoneally injected on day 4, 8. Tumors were
collected on day 14 after implantation.

(E) Representative flow cytometry plots of CD8" T cells in Figure 2F.

(F-G) Representative flow cytometry plots of CD8* IFN-y* (F) and TNF-a* (G) T cells in Figure 1G-J.

(H-J) Representative flow cytometry plots of expression of T-bet (H), Ki-67 (1), Tef-1 (J) in CD8* T cells in Figure 2K-M.

(K) Representative flow cytometry plots of PD-1 and TIM-3 expression of CD8* T cells in Figure 2N-O.

(L) Representative flow cytometry plots of TIGIT expression in CD8" T cells in Figure Figure 2P.

(M-0) Representative flow cytometry plots of DCs (M), MHC II" macrophages (N) and MDSCs (O) in Figure 2Q-S.

(P-Q) Cx3crl-cre and Gsdmd"V™ Cx3cri-cre mice were implanted subcutaneously with B16F10 cells and were treated with aPD-
L1 on day 4 and day 8. Tumors were collected on day 14 after implantation to assess IFN-y (P) and TNF-a (Q) protein levels by
ELISA.

Data are pooled from two independent experiments for (P-Q), and data are representative of three independent experiments for (B,
E-O). Error bars show mean + sem. *P < 0.05. Two-tailed unpaired student’s #-test for (P-Q).
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Supplementary Figure 5. GSDMD deficiency enhances antigen-presentation and ISG expression signatures. Related to
Figure 3.

(A) Cell-cell communication inference based on the scRNA-seq data through CellChat algorithm. Probability indicated the scores
of communications between different cell types by assessing the averaged expression of ligands, receptors and their cofactors in
each cell type.

(B) ssGSEA analysis for antigen presentation signature of indicated cell types.

(C) Bubble plot showing the gene expression related to antigen presentation signature of indicated cell type from Cx3cr/-cre and
Gsdmd"1 Cx3crl-cre mice.

(D-E) Cx3crl-cre and Gsdmd"V™ Cx3crl-cre mice were implanted subcutaneously with B16F10 cells and intraperitoneal injected
with aPD-L1 on day 4 and 8. 14 days later, Lin-CD11b* Gr1- myeloid cells were sorting from tumors and stimulated for 12 hours
in vitro by T-DNA from B16F10 cells. Cells were then collected for QPCR analysis of Ifnb (D), Oasli (E).

(F-G) Representative flow cytometry plots of p-TBK1(F) and p-IRF3 (G) in Figure 3J-K.

Data are pooled from three independent experiments for (D-E), and data are representative of three independent experiments for
(F-G). Error bars show mean + sem. *P <0.05, **P <0.01, ***P <0.001, ****P < 0.0001. Two-tailed unpaired student’s ¢-test
for (B, D-E).
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Supplementary Figure 6. AIM2 inflammasome is partially responsible for T-DNA-induced GSDMD activation. Related to
Figure 3.

(A) 1x10° B16F10 cells were implanted subcutaneously into Cx3cri-cre, Gsdmd" Cx3cri-cre and Aim2V% Cx3cri-cre mice,
aPD-L1 (200pg) were intraperitoneally injected on day 4 and day 8. Tumors were collected on day 14 after implantation for flow
cytometry analysis of Caspase-1/11"PI" APCs gated from CD45"Lin"CD11b*Gr1-. Representative flow cytometry plots of
Caspase-1/117 PI* APCs in tumor.

(B) Flow cytometry quantitative analysis of Caspase-1/11" PI* APCs in tumor.

(C) Immunoblot analysis of cell extracts from Cx3crl-cre, Gsdmd"V Cx3cri-cre and Aim2"1 Cx3crl-cre primary macrophages
after stimulated with T-DNA for 8 hours.

(D) LDH release analysis of Cx3cri-cre, Gsdmd" Cx3crl-cre and Aim2"1 Cx3crl-cre primary macrophages after stimulated
with T-DNA for 8 hours.

Data are representative of two independent experiments for (A) and data are pooled from two independent experiments for (B),
data are representative of three independent experiments for (C) and data are pooled from three independent experiments for (D).
Error bars show mean + sem. *P < 0.05, **P <0.01, ***P < 0.001, ****P <(0.0001. Two-tailed unpaired student’s #-test for (B
and D).
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Supplementary Figure 7. GSDMD attenuates the activation of cGAS-STING signaling following T-DNA stimulation
primarily dependent on pyroptosis but partially through K* efflux. Related to Figure 3.

(A) Immunoblot analysis of cell extracts from WT and Gsdmd-~ primary macrophages after stimulated with T-DNA in the presence
of DMF (25uM) for 8 hours.

(B) LDH release analysis of WT and Gsdmd-~ primary macrophages after stimulated with T-DNA in the presence of DMF (25uM)
for 8 hours.

(C) qPCR analysis of Sting! of WT and Gsdmd-- primary macrophages after stimulated with T-DNA in the presence of DMF
(25puM) for 8 hours.

(D) qPCR analysis of Oasll of WT and Gsdmd-~- primary macrophages after stimulated with T-DNA in the presence of DMF
(25uM) for 8 hours.

(E) Representative flow cytometry plots of p-TBK1 of WT and Gsdmd~~ primary macrophages after stimulated with T-DNA in the
presence of DMF (25uM) for 8 hours.

(F) Analysis of p-TBK1 of WT and Gsdmd-~- primary macrophages after stimulated with T-DNA in the presence of DMF (25uM)
for 8 hours.

(G) Immunoblot analysis of cell extracts from WT and Gsdmd~- primary macrophages after stimulated with T-DNA in the
presence of KCI (50mM) for 8 hours.

(H) LDH release analysis of WT and Gsdmd-~ primary macrophages after stimulated with T-DNA in the presence of KCI (50mM)
for 8 hours.

(I) gPCR analysis of Sting! of WT and Gsdmd-- primary macrophages after stimulated with T-DNA in the presence of KCI (50mM)
for 8 hours.

(J) qPCR analysis of Oas/1 of WT and Gsdmd"- primary macrophages after stimulated with T-DNA in the presence of KCI (50mM)
for 8 hours.

(K) Representative flow cytometry plots of p-TBK1 of WT and Gsdmd- primary macrophages after stimulated with T-DNA in the
presence of KCI (50mM) for 8 hours.

(L) Analysis of p-TBK1 of WT and Gsdmd-- primary macrophages after stimulated with T-DNA in the presence of KCI (50mM)
for 8 hours.

Data are representative of three independent experiments for (A, E, G and K) and data are pooled from three independent
experiments for (B-D, F, H-J and L). Error bars show mean + sem. *P < 0.05, **P < 0.01, ***P <(.001, ****P <0.0001, ns, not
significant. Two-tailed unpaired student’s #-test for (B-D, F, H-J and L).
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Supplementary Figure 8. GSDMD deficiency enhances cGAS-dependent antitumor immunity. Related to Figure 4.
(A) Representative flow cytometry plots of CD8" T cells in Figure 4C.

(B-C) Representative flow cytometry plots of CD8* IFN-y* (B) and TNF-a* (C) T cells in Figure 4D-G.

(D) Representative flow cytometry plots of PD-1 and TIM-3 expression in CD8" T cells in Figure 4H-I.

(E) Representative flow cytometry plots of TIGIT expression in CD8" T cells in Figure 4J.

(F-H) Representative flow cytometry plots of DCs (F), MHC II* macrophages (G) and MDSCs (H) in Figure 4K-M.
Data are representative of three independent experiments for (A-H).
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Supplementary Figure 9. GSDMD is highly expressed in 33 different types of tumor cells. Related to Figure 4.
(A) CCLE data showed the expression of GSDMD in different types of tumor cells.

(B) CCLE data showing the expression of GSDMA in different types of tumor cells.

(C) CCLE data showing the expression of GSDMB in different types of tumor cells.

(D) CCLE data showing the expression of GSDMC in different types of tumor cells.

(E) CCLE data showing the expression of GSDME in different types of tumor cells.

(F) CCLE data showing the expression of GFNB59 in different types of tumor cells.

(A-F), Expression of indicated genes are shown by Log2(TPM+1).
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Supplementary Figure 10. GSDMD in tumor cells restrains antitumor immunity. Related to Figure 4.

(A, C) Immunoblot analysis of GSDMD expression in EV (empty vector) or OE-Gsdmd (overexpress- Gsdmd) B16F10 cells (A),
and sh-Ctrl or sh-Gsdmd MCA205 cells (C).

(B, D) Numbers of EV or OE-Gsdmd B16F10 cells (B) and sh-Ctrl or sh-Gsdmd MCA205 cells (D) in cell culture were monitored
at indicated times (n = 3 per group).

(E-F) WT mice were implanted subcutaneously with the same number of EV or OE-Gsdmd B16F10 cells and intraperitoneally
injected with aPD-L1 on day 4 and 8. The growth of B16F10 cells (E) and the survival of mice (F) were assessed.

(G-N) 14 days later after implantation, tumors were collected for flow cytometry analysis of indicated cells (n = 6 mice per group).
(O-P) WT mice were implanted subcutaneously with same number of sh-Ctrl or sh-Gsdmd MCA205 cells and intraperitoneally
injected with aPD-L1 on day 4 and 8. The growth of MCA205 cells (O) and the survival of mice (P) were assessed.

(Q-X) 14 days later after implantation, tumors were collected for flow cytometry analysis of indicated cells (n = 6 mice per group).
Data are pooled from two independent experiments for (E-F, O-P) and three independent experiments for (G-N, Q-X). Error bars
show mean + sem. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001. Two-way ANOVA test for tumor size, log-rank test for
survival in (E-F, O-P). Two-tailed unpaired student’s #-test for (G-N, Q-X).
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Supplementary Figure 11. GSDMD deficiency in tumor cells improved antitumor immunity through ISGs. Related to
Figure 4.

(A) Representative flow cytometry plots of CD8" T cells in Figure S10G.

(B-C) Representative flow cytometry plots of CD8* IFN-y* (B) and TNF-a* (C) T cells in Figure S10H-L

(D) Representative flow cytometry plots of PD-1 and TIM-3 expression in CD8" T cells in Figure S10J-K.

(E-G) Representative flow cytometry plots of DCs (E), MHC II" macrophages (F) and MDSCs (G) in Figure S10L-N.

(H) WT mice were implanted subcutaneously with same number of EV or OE-GSDMD B16F10 cells and intraperitoneally
injected with aPD-L1 on day 4 and 8. Tumors were collected on day 14 for qPCR analysis of IFN-p, Stingl, IFI30 and Oasl!I.
(I) Representative flow cytometry plots of CD8" T cells in Figure S10Q.

(J-K) Representative flow cytometry plots of CD8* IFN-y* (J) and TNF-a* (K) T cells in Figure S10R-S.

(L) Representative flow cytometry plots of PD-1 and TIM-3 expression in CD8* T cells in Figure S10T-U.

(M-0) Representative flow cytometry plots of DCs (M), MHC II" macrophages (N) and MDSCs (O) in Figure S10V-X.

(P) WT mice were implanted subcutaneously with same number of sh-Ctrl or sh-GSDMD MCA205 cells and intraperitoneally
injected with aPD-L1 on day 4 and 8. Tumors were collected on day 14 for qPCR analysis of Ifnb, Stingl, Ifi30 and OaslI.
Data are pooled from three independent experiments for (H, P), and data are representative of three independent experiments for
(A-G, I-0). Error bars show mean + sem. *P <0.05, **P <0.01. Two-tailed unpaired student’s z-test for (H, P).
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Supplementary Figure 12. Pharmacological inhibition of GSDMD promotes antitumor immunity in combination with PD-
L1 antibody treatment. Related to Figure 5.

(A) Schematic representation of the experiments in Figure 5C-L. 1x10° B16F10 cells were implanted subcutaneously into WT
mice, and aPD-L1 (200pg) were intraperitoneally injected on day 4, 8 with or without DMF (10mg/kg) intraperitoneally injected
every day after implantation. Tumors were collected on day 14.

(B) Representative flow cytometry plots of CD8" T cells in Figure 5C.

(C-D) Representative flow cytometry plots of CD8" IFN-y* (C) and TNF-a" (D) T cells in Figure 5D-G.

(E) Representative flow cytometry plots of PD-1 and TIM-3 expression in CD8* T cells in Figure 5H.

(F) Representative flow cytometry plots of TIGIT expression in CD8" T cells in Figure 51.

(G-I) Representative flow cytometry plots of DCs (G), MHC II" macrophages (H) and MDSCs (I) in Figure 5J-L.

(J) Schematic representation of the experiments in Figure 5M-N. 1x10° B16F10 cells were implanted subcutaneously into WT
and Gsdmd’- mice, and aPD-L1 (200ng) were intraperitoneally injected on day 4, 8 with or without AZD2014 (10mg/kg)
intraperitoneally injected daily after implantation. Tumor volumes and mice survival were assessed every other day from day 7.
Mice were euthanized when tumor volumes exceeded 1500mm?.

Data are representative of three independent experiments for (B-I).
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Supplementary Figure 13. Model for GSDMD function in antitumor immunity. Related to Figure 5.

(A) Gene expression of PDCD] in different kinds of tumors was analyzed using the data from TCGA database.

(B) Gene expression of CD274 in different kinds of tumors was analyzed using the data from TCGA database.

(C) GSDMD deficiency facilitates CD8* T cell antitumor immunity by promoting ISG program in APCs in response to anti-PD-L1
treatment.

Error bars show mean + sem.
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