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Abstract

Oral squamous cell carcinoma (OSCC) is a malignant tumor with high mortality and poor prognosis. Many OSCC patients
have low response rate to current treatments including immunotherapies largely due to the immune-suppressive tumor micro-
environment (TME). Chemotherapy could induce immunogenic cell death (ICD), a type of cell death such as pyroptosis
and necroptosis, which has proved to be capable to alter the immune-suppressive TME and beneficial for better anti-tumor
effect. GSDME, a key protein of pyroptosis, is however often silenced in tumors due to abnormal methylation. To overcome
these limitations, we utilizied methyltransferase inhibitor (decitabine, DAC) to trigger pyroptosis of tumor cells, combined
with chemodrug cisplatin (DDP) and immune checkpoints inhibitors to amplify the immunotherapies outcomes. To the best
of our knowledge, this is the first study of tumor suppressive effect of GSDME in OSCC. Our investigation demonstrated
that stimulation of GSDME expression could improve the sensitivity of chemotherapeutics, activate inflammatory tumor
cell pyroptosis and alter the tumor immune-suppressive microenvironment, providing an important perspective for clinical
OSCC treatment.
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0OSccC Oral squamous cell carcinoma GSDME Gasdermin E

TME Tumor microenvironment

ICD Immunogenic cell death

DAC Decitabine Introduction

DDP Cisplatin

Head and neck cancer is one of the most common types
of cancer worldwide. Most of these cancers are squamous
cell carcinomas (SCC) that arise from epithelial cells on the
mucosal surfaces of the oral cavity, larynx, oropharynx, and
hypopharynx [1]. Oral squamous cell carcinoma (OSCC)
is the predominant subtype of head and neck squamous
cell carcinoma (HNSCC), with approximately two-thirds

of cases occurring worldwide. OSCC is usually diagnosed
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at an advanced stage with high mortality and poor prog-
nosis. Currently, the common treatments include surgical
and chemoradiotherapy. However, many patients after sur-
gery and chemotherapy still experienced cancer recurrence
as well as distant metastasis [2]. Current standard first-line
treatments for OSCC, including systemic chemotherapy
combined with cisplatin (DDP), carboplatin, 5-fluorouracil
(5-FU) and cetuximab could provide a median overall sur-
vival of approximately 10 months [3]. It is urgently needed
to develop more effective treatments for OSCC patients.
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Recent studies demonstrated that tumor microenviron-
ment (TME) has become an important factor affecting tumor
progression and clinical recurrence in OSCC patients [2].
A better understanding of the interaction between OSCC
TME, especially cancer cells and their surrounding TME,
will provide precise treatment for patients. Solid malignan-
cies include not only tumor cells, but also surrounding cells
such as vascular endothelial cells, fibroblasts, a variety of
immune cells and extracellular soluble molecules (cytokines,
chemokines, growth factors). Most of immune cells in TME
are immunosuppressive cells, such as tumor-associated
macrophages (TAMs), myeloid-derived suppressor cells
(MDSCs), regulatory T cells (Treg) and fewer anti-tumor
effector cells, such as cytotoxic CDS8* T cells and natural
killer cells (NK), etc. [4]. Recently, TME has been divided
into “cold and hot”. “Cold” refers to non-inflammatory TME
and “hot” refers to inflammatory TME, which is mainly
attributed to the production of pro-inflammatory cytokines
and T cells infiltration. “Hot” tumors are characterized by
sufficient T cells infiltration and immune activation, while
“cold” tumors show significant features of T cells deficiency
[5]. OSCC also has pathological features of “cold” tumors,
less effector lymphocyte infiltration and immunosuppres-
sion [6].

Turning the immunosuppression TME has proved to
achieve improved anti-tumor efficiency. Current clini-
cal treatment for recurrent and metastatic OSCC usually
included combination standard therapy (cisplatin-based
chemoradiotherapy) and immunotherapy (anti-PD-1, anti-
PD-L1, anti-CTLA-4, anti-LAG-3, etc.) [7, 8]. Such com-
bination therapies are able to activate functional immune
cells, such as T cells, DC cells and NK cells, etc., mean-
while reduce the infiltration of immunosuppressive cells,
turn “cold” tumors into “hot” tumors. However, simply
application of immunocheckpoint blockades only achieve
moderate therapeutic efficacy, more effective strategies to
alter the immunosuppressive OSCC TME are still needed.

Immunogenic cell death (ICD) plays an important role
in host protection against pathogens and maintenance of
homeostasis. Unlike apoptosis, ICD is a immunocompetent
type of cell death, characterized by damage or rupture of
cell membranes and release of inflammatory to stimulate
the surrounding environment [9]. Pyroptosis is a type of
ICD that could be used as a host defense against patho-
genic infections, leading to the release of pro-inflammatory
cytokines through membrane pores formed by gasdermin
family members mediating the formation of inflammasomes
and the activation of inflammatory asparaginase [10]. Gas-
dermin E (GSDME) is a member of the gasdermin family
of pyroptosis execution proteins, originally thought to be
associated with autosomal dominant inheritance of inher-
ited hearing loss [11]. Methylation of the promoter region
of GSDME DNA leads to its silencing in many tumor cells.

Small molecule inhibitors [12] or chemotherapy drugs
[13], promoted caspase3 activated to induced cleaved of
GSDME, GSDME directly transformed non-inflammatory
cell apoptosis into pyroptosis through the formation of pore
permeable plasma membrane. Generally, apoptotic cells
were eliminated by neighboring phagocytes due to loss of
membrane integrity and are considered as non-immunogenic
cells, while pyroptosis can mediate membrane rupture and
exudation of contents causing an inflammatory response.
Meanwhile, it has also been documented that overexpres-
sion of GSDME can recruit more immune cells to reach the
tumor site in OSCC[14]. This suggested that GSDME can
play an important role as a tumor suppressor by changing
tumor microenvironment. In fact, the presence of GSDME
in tumors has been shown to increase the recruitment of
immune cells [14, 15]. Therefore, activation of GSDME
has important clinical implications by transforming "non-
inflammatory" or "cold" tumors into "hot" tumors, thereby
enhancing immunotherapy response.

In the present work, we used GSDME-deficient mice in
an orthotopic OSCC mouse model to determine the immune
enhancing effects of GSDME. In addition, we also focused
on the application of methylation inhibitors to burst GSDME
expression and trigger pyroptosis of OSCC in the chemo-
therapy. Finally, the therapeutic efficacy of GSDME induced
pyroptosis was investigated in vivo. Our study here provided
a more reliable reference for subsequent clinical treatment
of OSCC.

Materials and methods
Cell lines culture and treatment

The OSCC cell lines (HN6 and cal27) were stored in the
central Laboratory of Peking University Stomatology Hos-
pital. Cells were cultured in DMEM-F12 with 10% FBS
(GIBCO, Life Technologies), 100 U/mL penicillin (Invit-
rogen) and 100 U/mL streptomycin (Invitrogen) at 37 °C
with 5% CO,. To investigate the pyroptosis level induced
by standard chemodrugs, HN6 and cal27 cells were treated
with cisplatin (cat# 479306, Sigma Aldrich). For the inter-
vention experiment, cells were preincubated with 5 or 10 pM
Decitabine (cat# S1200, Selleck) for 24 h, 3 or 6 days. For
inhibition of cell pyroptosis, cells were preincubated with
20 pM Z-DEVD-FMK (special Caspase3 inhibitor, cat#
S7312, Selleck) for 1 h before treatment with above men-
tioned drugs.

Mice

GSDME-deficient (GSDME_/ ~, KO) C57BL/6 mice were
grifted from Professor Shao Feng’group, Beijing Institute
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of Life Sciences. Female C57BL/6 mice (4—6 week) were
from Beijing Vital River Laboratory Animal Technology
Co., LtD (Beijing, China) and housed in the animal facility
of Peking University School of Stomatology under patho-
gen-free conditions. The experiments were carried out under
controlled conditions with a 12 h light/dark cycle. All animal
experiments were performed in accordance with protocols
approved by the Medical Ethics Committee and Biosafety
Management Committee of Peking University (approval
number LA2019197).

0SCC mouse model

To build the orthotopic OSCC tumor model, 4-6 weeks
female mice were treated drinking water with 4-NQO
(4-nitroquinoline N-oxide, cat# N8141, 100 pg/mL, Sigma
Aldrich) for 16 weeks and then given normal drinking water
for 8 weeks.

In vivo anti-tumor therapy

All OSCC model mice were randomly divided into 6 groups
(n=6). These mice were injected intravenously with PBS,
DDP, anti-PD-L1 (cat# 10F.9G2, Bio X Cell), DAC + DDP,
DDP + anti-PD-L1, DAC + DDP + anti-PD-L1. The dose was
DAC, 10 mg/kg; DDP, 5 mg/kg; anti-PD-L1, 1 mg/kg. DAC
was administered for 3 consecutive days followed by DDP/
anti-PD-L1 for 2 days afterwards, total for 4 weeks. The
tumor volume was defined as: V = ((length) X (width)?)/2.
After treatment, the mice were sacrificed. Peripheral blood,
tumor tissues and cervical lymph nodes were collected for
further experiments.

Western blotting (WB)

Cells were collected and suspended in RIPA lysis buffer
(cat# R0010, Solarbio) and stored at — 80 °C. The total pro-
tein concentration was measured by BCA protein assay kit
(cat# 23227, Thermo Scientific). Samples were denatured
in loading buffer (cat# 8015011, DAKEWE). Samples were
separated with SDS-PAGE, transferred to polyvinylidene
difluoride (PVDF) membrane and blocked. The PVDF mem-
branes were incubated overnight with indicated antibodies
(GSDME (cat# ab215191, Abcam), caspase3 (cat# 14220,
CST) and p-actin (cat# AC038, Abclonal)) at 4 °C and then
incubated with a secondary antibody at room temperature
for 1 h. Immunostaining was developed by using the ECL
detection system (cat# 8061011, DAKEWE). The density
of protein bands was quantified and analyzed by Image Lab
software.
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Apoptosis assay

OSCC cell lines were treated with different drugs, incubate
with Annexin-V (cat# 640,914, BioLegend) for 15 min in the
dark at 4 °C, propidium iodide (PI) was added, followed by
flow cytometry analysis.

TUNEL (TdT-mediated dUTP Nick-End Labeling)
assay

All procedures were performed according to the TUNEL
Apoptosis Detection Kit (Alexa Fluor 488) (cat#
40307ES20, TEASEN). Images of TUNEL positive signals
were obtained by laser scanning confocal microscopy (Nikon
Al1R).

LDH release assay

LDH release assays were performed according to LDH
Cytotoxicity Assay Kit (cat# 40209ES76, YEASEN). Cells
were cultured in 96-well plate in advance and treated accord-
ing to the different experimental plan. Reaching the prede-
termined time, centrifuge the cell culture plate at 400 g for
5 min, take out 120 pL from each well to a new 96-well plate
and detected the sample. The absorbance was measured at
490 nm. Each sample is tested for three times and take the
mean value.

ELISA (enzyme-linked immunosorbent assay) assay

ELISA assays were performed according to IL-1f Assay
Kit (cat# MM-0181H2). Cells were treated with drugs and
collected cell supernatants, centrifuged to remove debris and
suspended cells, and then tested. Results were detected at the
absorbance of 450 nm.

Immunohistochemistry and immunofluorescence

Tumor tissues were obtained from experimental mice, which
were fixed with 4% paraformaldehyde and embedded in
paraffin. Paraffin-embedded samples were sectioned (4 pm)
and fixed on glass slides. All procedures were performed
according to the Hematoxylin—Eosin (HE) Staining Kit (cat#
G1120, Solarbio).

HNG6 and cal27 were inoculated into 12-well plates using
cell slides and treated with drugs. After treatment, cells
were fixed with paraformaldehyde at room temperature for
30 min, washed with PBS three times and permeabilized
with 0.1% Trition, followed by blocking solution at 4° for
1 h. After the end of blocking, the primary antibody was
incubated overnight at 4 °C, and the secondary antibody
was incubated the next day, followed by photography and
observation (Nikon).
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Multiplexed immunohistochemistry (mIHC)

All procedures were performed according to the Multiple
Fluorescent Immunohistochemistry Kit (Panovue). For
mIHC, a multiplex tyrosine signal amplification method.
Sections were deparaffinized with xylene, graded ethanol
series for 10 min and washed with TBST for 5 min, three
times. To retrieve and expose antigens, a full power micro-
wave was applied to the citrate-buffered solution for 2 min
and low power for 15 min, followed by washing. Next, sec-
tions were blocked with goat serum, incubated with primary
antibody (CDllc, cat# 45581T; cleaved-caspase3, cat#
9664T; CD8a, cat# 98941T, CST) overnight at 4 °C. Next
day, secondary polymer horseradish peroxidase-conjugated
anti-primary antibody species antibody was incubated for
1 h at room temperature and then washed. Finally, the fluo-
rescent dye signal amplification reagent was used for 30 min
incubation, covalent bond stabilization, and washing. The
antigen extraction and blocking steps were repeated, fol-
lowed by staining of each additional marker. Single-stained
slides were included in each antibody as controls.

Isolation and culture of mouse dendritic cells

WT/KO mice were sacrificed by cervical dislocation, soaked
in 75% alcohol for 5 min, the femurs and tibias of mice
were removed under aseptic conditions. Both ends of long
bones were cut off, the bone marrow cavity was repeatedly
washed with PBS drawn with a syringe until the bones
turned white, the washed cells were collected. The bone tis-
sue was removed with a 70 pm cell strainer, the filtrate cell
was centrifuged and lysed with 2 mL red blood cell lysate
(cat# 420301, Biolegend) for 5 min, washed with PBS twice
after centrifugation, the cells were resuspended with RPMI-
1640 complete medium, counted and seeded in a 24-well
plate. GM-CSF (20 ng/mL, cat# 315-03, PeproTech) and
IL-4 (10 ng/mL, cat# 214-14, PeproTech) were placed in an
incubator for 6 days and half change medium every two days.
Results tested by flow cytometry.

T cell isolation and sorting

Tumor infiltrating lymphocytes (TIL) were harvested from
mouse tongue tissue using a mouse tumor dissociation kit
(cat# LTS1092P, TBD sciences) according to the manufac-
turer's protocol. Lymphocytes from cervical lymph nodes
of mice were obtained by tissue grinding and resuspended
into single cells with RPMI-1640 complete medium. The
separation of mouse peripheral blood lymphocytes was
performed according to the instructions for use of mouse
lymphocyte separation solution (cat# 7211011, DAKEWE).
CD8* T cells from MBMCs were isolated by Arialll (BD)
with mouse CD8 antibody (cat# 100707, Biolegend). CD8"

T cells were activated with anti-CD3/CD28 antibody (cat#
100339, cat# 102115, Biolegend), cultured with 100 IU/mL
IL-2 (cat# C047, Novoprotein).

Flow cytometry and intracellular cytokine staining

Immune cells were stained with fluorescence-labeled anti-
bodies (CD45, cat# 103133; CD3, cat# 100235, cat# 100203;
CD4, cat# 100509; CD8, cat# 100707; cat# 100733; CD19,
cat# 152407; CD25, cat# 102033; FOXP3, cat# 320007;
IL-17A, cat# 506915; F4/80, cat# 123109; CD11b, cat#
101205; Gr-1, cat# 108411; CD1lc, cat# 117309; CD80,
cat#f 104705; CD86, cat# 105007; IL-2, cat# 503825;
IFN-y, cat# 505807; TNF-a, cat# 506307; Granzyme B,
cat# 372213; CD44, cat# 103031; CD62L, cat# 104417;
NKI1.1, cat# 108707) all purchased from Biolegend com-
pany. Cells were collected by centrifugation and washed by
staining buffer twice. Fluorescent antibodies were used to
stain at 4 °C in the dark for 20 min. To analyze intracellular
cytokines, cells were stimulated with Cell Activation Cock-
tail (with Brefeldin A, cat# 423303, Biolegend) for 4-6 h.
Surface antibodies were stained for 20 min and 4% formalin
was added. After washing with permeabilization washing
buffer (cat# 421002, Biolegend), cells were stained with
endogenous factor antibody for 20 min. Data were obtained
on LSRFortessa (BD Biosciences) or cytoflex flow cytom-
etry (Beckman Coulter). Data analyzed by FlowJo software
(version 10.6.2) and Cytobank (https://premium.cytobank.
cn).

Real-time quantitative polymerase chain reaction
(q-PCR)

Total cellular RNA was extracted using TRIzol (cat#
15596026, Invitrogen). RNA quality and concentration were
detected using NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific). For amplification, 1 pg of total RNA was
reverse transcribed into cDNA using the Primescript RT
kit (cat# 037a, TakaRa). Real-time PCR (qRT-PCR) was
performed using a 7500 PCR system (Thermofisher) fol-
lowed by quantitative analysis of the data by 2724, Primer
sequences used were listed in Table S1.

Plasmid transfection

According to the manufacturer's instructions, empty vector
(EV) and target GSDME shRNA and overexpression plas-
mids (OE) were transfected into OSCC cell lines using lipo-
fectamine 3000 (Invitrogen). In order to stabilize expression,
puromycin was used to screen for stable expression. These
structures were synthesized by PPL (Public Protein/Plasmid
Library, China).
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Statistics

Data were presented as mean + standard deviation and
were performed at least in triplicate for each condition in
three independent assays. Data analysis was performed
using Student's t-test or one-way analysis of variance
(ANOVA), unless specified. The differences were con-
sidered be statistically significant for a P <0.05. All
data were analyzed using GraphPad Prism 9 software
(GraphPad, Inc). *P <0.05; **P <0.01; ***P <0.001;
*FE*P <0.0001.

Results

DDP induced pyroptosis in 0SCC cell lines
through caspase3/GSDME pathway

Pyroptosis has been reported in many tumors, such as gas-
tric cancer [16], colon cancer [17] and melanoma [15], etc.
Pyroptosis is featured by cell membrane bubble expansion
until rupture [10]. DDP is a commonly used first-line drug
in the clinical treatment of OSCC [18]. To verify pyrop-
tosis in OSCC during DDP treatment, HN6 and cal27
cells were treated with DDP (20 pM) for 24 h. The tumor
cells appeared bubbling after DDP treatment through light
microscopy images, indicating pyroptosis in these cells
(Fig. 1a). Immunofluorescence showed that GSDME pro-
tein was distributed in the cytoplasm of HN6 and cal27
cells before DDP treatment and appeared scattered punc-
tate after DDP treatment, indicating lysis of GSDME in
cytoplasm (Fig. 1b). During pyroptosis, propidium iodide
(PI) could enter cells to stain DNA due to increased per-
meability of cell membrane and phosphatidylserine (PS)
on the inner side of cell membrane could be stained by
Annexin V. Therefore, Annexin V and PI double-positive
consider to be pyroptosis [13]. To further validate the cas-
cade relationship between caspase3 and GSDME cleavage,
HNG6 and cal27 cells were pretreated with the Z-DEVD-
FMK. In addition, empty vector (EV) plasmids, overex-
pression (OE) plasmids and shRNA plasmids targeting
GSDME were constructed in cal27 and HN6 cells. These
cells were stably selected with puromycin and transfection
efficiency was tested by WB assay (Supplementary Fig. 1).
Flow cytometry results showed that DDP induced pyropto-
sis decreased after Z-DEVD-FMK treatment or si-GSDME
treatment (Fig. 1c, d). LDH release were also significantly
inhibited (Fig. le). GSDME cleavage was alleviated after
pretreatment with Z-DEVD-FMK (Fig. 1f). In summary,
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these results demonstrated moderate pyroptosis in OSCC
after DDP treatment through caspase3/GSDME pathway.

Inducing GSDME expression in OSCC increase
the sensitivity and pyroptosis of chemotherapy

Dysregulation of epigenetic modification was a hallmark
of cancer, particularly DNA methylation [19]. Many tumor
cells expressed lower GSDME than normal cells, which was
attributed to the highly aberrant methylation of the GSDME
[20, 21]. DNA methyltransferase (DNMT) inhibitors, such
as decitabine (DAC), had clinical benefits in both hemato-
logic malignancies and solid tumors, particularly myelodys-
plastic syndrome (MDS) [22] and acute myeloid leukemia
(AML) [23].

To validate the demethylation of GSDME by DAC, HN6
and cal27 cells were pretreated with DAC for 3 days and
the level of GSDME expression was assessed by q-PCR
(Fig. 2a) and WB assays (Fig. 2b, ¢, Supplementary Fig. 2,
3). Compared with untreated cell lines, the expression of
GSDME was significantly enhanced in tumor cells after
DAC pretreatment. The expression of GSDME in DAC
treated cells also followed a dose dependent manner. The
expression of GSDME was highest after 3 days of 10 pM
pretreatment, therefore, this concentration was applied in
later studies.

Flow cytometry results showed that the pyroptosis level
of OE-GSDME treated with low concentration of DDP
was about 70% in cal27 cells (10 pM, half of the previous
experimental concentration, but the proportion of pyropto-
sis was twice than before), indicating that high expression
of GSDME could enhance the sensitivity of OSCC cells to
chemodrugs and amplify pyroptosis. In addition, DAC pre-
treated tumor cells after same concentration of DDP treat-
ment, pyroptosis ratio reached to 50%. While cells treated
with sh-GSDME, the proportion of pyroptosis decreased
to 15% (Fig. 2d, e; Supplementary Fig. 4). Taken together,
these results indicated that DAC enhanced the sensitivity of
tumor cells to chemodrugs and increase pyroptosis through
amplification of GSDME expression.

Combination of DAC with chemodrugs
demonstrated enhanced antitumor immunity
and improved antitumor effect

Immunotherapy, especially immune checkpoint blockades
(ICB), such as PD-1/ PD-L1 antibodies, has been approved
for more than 20 cancer types [24] including OSCC [25],
which significantly changed the therapeutic prospects
for OSCC [26]. However, low response rate was a major
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«Fig. 1 Cisplatin induce pyroptosis in OSCC cell lines through cas-
pase3/GSDME pathway. A Light microscopy showing the pyropto-
sis of OSCC cell lines after DDP treatment, cell membrane burst and
bubbles appeared, arrows show bubbles emerging from the plasma
membrane (scale bar=>50 pm); B Location and cleavage of GSDME
protein before and after DDP treatment were observed by immuno-
fluorescence (scale bar=10 pm); C, D Flow cytometry detected the
proportion of pyroptosis in OSCC, Annexin V and PI double positive
indicate pyroptosis; E LDH assay after different treatment; F Cleav-
aged of GSDME and caspase3 by DDP in HN6 and cal27 cells by
WB assay

limitation of ICB treatment, which hindered the applica-
tion of ICB in OSCC treatment [27]. In addition, pyroptosis
could stimulate innate immunity and induce the release of
cytokines (such as IL-1p) (Supplementary Fig. 5) and other
molecules (such as HMGB1 (high mobility group box 1)
and calreticulin (CRT)) (Supplementary Fig. 6) after cell
membrane rupture, form cell immunogenic death, thereby
trigger immune effects.

In this work, an orthotopic OSCC tumor model was
built by oral administration of 4-NQO to C57BL/6 mice
and utilized to evaluate the role of pyroptosis in OSCC. All
mice were sacrificed after treatments (Fig. 3a). Figure 3b
showed the tongue tissue images of each group after treat-
ment; Fig. 3c, d summarized the average OSCC numbers and
areas in each group. TUNEL staining of tissues indicated the
death cells (Fig. 3e). In DAC +DDP group, more dead cells
appeared, indicated improved antitumor efficacy.

Next, peripheral bloods, tumor-infiltrating lymphocytes
(TIL) and cervical lymph nodes in each group were col-
lected for flow cytometry analysis to test the proportion of
different lymphocytes in peripheral blood, including CD4*
T, CD8* T, B, NK, MDSC, macrophage and Treg cells
(Fig. 4a, c). Among TILs, the maturation of DCs (CD80",
CD86%) and killer markers of CD8% T (IFN-y, TNF-a,
IL-2, GzmB) were measured (Fig. 4b, d). Cervical lymph
nodes were collected to detect the differentiation of T cells
(Fig. 4e, f; CD44*CD62L" (Tcm); CD447CD62L~ (Teff);
CD44~-CD62L" (Tn); CD44-CD62L~ (Tem)). These results
showed that proportion of CD8" T cells greatly increased
in the mice treated by the combination of DAC and chem-
odrugs. In cervical lymph nodes, increasing in the propor-
tion of primary T cells in combined with ICB treatments
group indicated an enhanced capacity of T cells to activate,
proliferate and differention into effector and memory CD8™*
T cells. It was evident in the results of mIHC that as the
drug combination increased, the proportions of CD8* T
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cells, CD11c and cleaved-caspase3 also gradually increased
(Fig. 4g). In summary, these results demonstrated that DAC
pretreatment combined with chemotherapy and immunother-
apy could achieve the best therapeutic effect, mainly due to
the change of the suppressive TME of OSCC after triggering
pyroptosis (Fig. 4h).

GSDME enhances the functional properties
of immune cells

Overexpression of GSDME could enhance the sensitiv-
ity of OSCC cells to chemotherapy, trigger pyroptosis of
tumor cells (Fig. 2). Pretreatment of DAC could induce
GSDME higher expression than untreated cells, improving
the therapeutic efficiency and anti-tumor immune response
in vitro and in vivo (Fig. 3, 4). However, the mechanism
of GSDME inducing pyroptosis in OSCC is still unclear.
Next, we studied the mechanism of GSDME in OSCC.

Figure 5a is the scheme of induce an orthotopic OSCC
mouse model. 14/20 tumors were formed OSCC in WT
mice, while 18/20 tumors were formed OSCC in KO mice
(Fig. 5b). HE staining showed that WT mice had only
moderate or severe epithelial cell proliferation, but tumor
cell infiltration and appearance of cancer nests occurred
in KO mice (Fig. 5c¢), indicating that the loss of GSDME
would aggravate the pathological condition of 4-NQO
induced OSCC model.

GSDME inhibits tumor growth by increasing the anti-
tumor function of tumor-infiltrating NK cells and CD8* T
killer cells in melanoma [15]. For untreated WT and KO
mice, the immune system was normal and there was no
difference in the proportion of lymphocytes [13]. How-
ever, after OSCC induction, the proportion and function
of lymphocytes in peripheral blood of mice were detected
and significant differences were found in CD4* T, CD8"
T, NK, DC, MDSC, macrophage and Treg cells (Fig. 5d,
e). Tumor expressing GSDME enhanced immune function
suggests that tumor suppression may be immune-mediated.
This has been shown in our previous studies (Fig. 3, 4).
We further investigated the effect of GSDME on peripheral
blood CD8" T cells to evaluate whether T lymphocytes
were involved in the improvement process. The level of
GzmB, IFN-y and IL-2 production by CD8" T cells in the
WT group were higher compared with KO group, while
no significant difference of TNF-a production was found
between the two groups (Fig. 5f, g). These results sug-
gested that GSDME enhanced the effector function of
CD8* T cells in vivo.
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Fig.2 Inducing GSDME
expression in OSCC could
increase the sensitivity and
pyroptosis of chemotherapy.

A g-PCR detected the expres-
sion of GSDME after DAC
treatment (10 pM DAC for

24 h, 3 day and 6 day); B, C
WB detected the expression of
GSDME after DAC treatment
(10 pM DAC for 24 h, 3 day
and 6 day) and statistical result
in cal27; D, E Flow cytometry
detected the proportion of
pyroptosis in cal27 with dif-
ferent treatment groups (ctrl,
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Fig.3 Pretreatment with DAC
combined with DDP and anti-
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Next, we explored how GSDME expression affected
the function of CD8" T lymphocytes. DC-T cell functional
interactions are the key to the generation of antitumor
immunity. DC has long been recognized as a professional
antigen presenting cell that initiates CD4" or CD8™ T cells
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[5]. We obtained the Bone Marrow-Derived Dendritic Cells
(BMDCs) from WT and KO mice, respectively and induced
their maturation in vitro, examined their mature ability and
found that the BMDCs mature ability of KO mice were
lower than WT mice (Fig. 5h). In addition, WT CD8* T cells
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Fig.4 Pyroptosis of tumor
cells enhanced the immune
response to chemotherapy and
cytotoxicity function of CD8*
T cells. A, C tSNE showed the
proportion of lymphocytes in
different treatment groups and
statistical results; B, D the mean
proportion of IFN-y, TNF-a,
IL-2 and GzmB in CD8* TIL
in different treatment groups
and statistical results displayed
by tSNE; E, F flow cytometry
presentment the differentiation
and statistics of CD8* T cells in
cervical lymph nodes; G mIHC
displayed the functionality
marker of CDS (green), CD11c
(red) and cleaved-caspase3 (yel-
low)(scale bar =200 pm), white
arrows showed the positive cells
in different group. H Schematic
of GSDME regulating OSCC
"cold tumor" to "hot tumor™
after reversed expression by
methyltransferase inhibitor
(Color figure online)
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by flow sorting and co-cultured with WT or KO BMDCs
for 24 h respectively and test the maturation of BMDCs
(Fig. 5i), proliferation of CD8" T cells (Supplementary
Fig. 7) and CD8* T cell immune function (Supplementary
Fig. 8), results showed that KO mice had weaker prolifera-
tive ability and anti-tumor immune function compared with
WT mice.

Discussion

In the present work, we first demonstrated that DDP, a
clinical first-line therapy for OSCC, could induce moder-
ate pyroptosis in HN6 and cal27. This process dependent
on GSDME/caspase3 pathway. Pretreatment of methyl-
transferase inhibitor DAC could induce the expression of
GSDME and effective trigger pyrotposis when combined
with DDP. In addition, combination with immunotherapy
showed promising antitumor results in vivo. This new com-
bination therapy strategy, which can overcome the problem
of low response rate of OSCC to anti-PD-L1. Pro-inflam-
matory pyroptosis recruited more immune cells to tumor
sites, reverse OSCC from “cold” tumor to “hot” tumor and
improve response of ICB (Fig. 4H). Next, we explored the
functional mechanism of GSDME as a tumor suppressor in
OSCC. Inducing the orthotopic OSCC model in WT/KO
mice, we found that CD8" T cells in KO mice could not
effectively activated as well as WT mice. Subsequently, we
explored that it was due to the immaturity of BMDCs in KO
mice that could not effectively present antigens to activate
CD8* T cells (Fig. 5). This study provided preclinical treat-
ment references for OSCC and proposed a new functional
strategy for pyroptosis in OSCC therapy.

As the executor of pyroptosis, the expression of GSDME
in many tumor cells was lower than that in normal cells, due
to abnormal methylation of GSDME in tumor cells [28].
Methylation imbalance is one of the characteristics of most
malignancies. Studies had shown that methylation modifica-
tions of genetic molecules were involved in the regulation
of a variety of tumor-related pathways [29]. In addition,
in order to prove that amplified pyroptosis after DAC was
responsible for reversing GSDME silencing, we constructed
a sh-GSDME plasmid and found that the proportion of
pyroptosis decreased after using the same treatment, sug-
gesting that amplified pyroptosis response by pretreatment
of DAC combined with chemotherapeutic was mainly due
to reversal of GSDME expression.

Apoptosis and necrosis are the first found two death
types of cell death, which have different effects on inflam-
mation and immunity [30]. In the process of apoptosis, cell
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membrane shrinkage, apoptotic bodies form and phagocy-
tosed by the surrounding macrophages, it is a non-inflam-
matory death [31]. In necrosis, membrane bursts and the
contents exude, causing the surrounding immune response,
it is a pro-inflammatory death [32]. Unlike apoptosis,
pyroptosis is a kind of programmed cell death with high
pro-inflammatory activity. The gasdermin family is the key
protein in pyrotosis execution. Cutting gasdermin by differ-
ent caspases could trigger pyroptosis in cancer cells [33].
Caspase3 is a co-executor of GSDME associated pyropto-
sis. Transition from apoptosis to pyroptosis seems to be a
promising cancer treatment strategy. Among the tumor cells,
GSDME high expression cells were pyroptosis when treated
with chemotherapeutic drugs, while GSDME low expression
cells underwent apoptosis [34]. We demonstrated that DDP
treatment could enhance the pyroptosis ratio when GSDME
overexpression (Fig. 2). Inhibition of caspase3 by specific
inhibitor Z-DEVD-FMK, could prevent the activation of
GSDME and pyroptosis of OSCC cells, implying that cas-
pase3 is involved in the pyroptosis of OSCC cells through
the cleavage of GSDME (Fig. 1).

Cancer arises from long-term inflammation, and inflam-
matory cytokines induce tumor cell necrosis and pyrop-
tosis, which may promote the occurrence of tumors [35].
Tumor could recruit cytokines and chemokines released
by leukocytes, which accelerate tumor growth [36]. Litera-
tures have shown that TAMs and MDSCs are often asso-
ciated with inhibition of anti-tumor immunity and tumor
progression, predict poor prognosis of cancer patients
[37]. Previous reports have shown that GSDME mediates
tumor pyroptosis in vivo by direct lysis of GzmB released
from killer lymphocytes, which increases the infiltration
of effector lymphocytes (including macrophages, NK cells,
and CD8* T cells). This positive feedback loop is depend-
ent on pyroptosis induced recruitment of killer lympho-
cytes [15]. In our study, we found that GSDME ™~ mice
reduced infiltration of immune cells and decreased func-
tion of CD8™ T cells in the presence of OSCC mice model.
In addition, BMDCs from GSDME ™~ mice had decreased
antigen presentation ability and could not activate CD8"
T cells to exert cytotoxic functions. This should be a new
finding between GSDME and immune function, how
GSDME affects immune system is also our next step
works.

In summary, our study here demonstrated that stimula-
tion of GSDME expression could improve the sensitivity
of chemotherapeutics, activate inflammatory tumor cell
pyroptosis and alter the tumor immune-suppressive micro-
environment. Our investigation opens new thoughts for
future cancer treatment to improve anti-tumor immunity
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«Fig.5 GSDME enhances the functional properties of immune cells.
A 4-NQO induction scheme of OSCC mice model in WT/KO mice;
B number of WT/KO OSCC mice induced successfully; C HE stain-
ing of lesions in WT/KO OSCC mice (scale bar=200 pm); D, E
Proportion of lymphocytes in WT/KO OSCC mice displayed by
tSNE; F-G Proportion of IFN-y, TNF-a, IL-2 and GzmB in CD8*
T cells in WI/KO OSCC mice showed by tSNE; H BMDCs mature
ability in WT/KO mice; I, BMDCs from WT/KO mice were co-cul-
tured with CD8" T cells for 24 h to examine their maturation ability
(CD80*CD86.%)

by promoting inflammatory pyroptosis. Activation of
pyroptosis of tumor cells and reverse of tumor immuno-
suppressive microenvironment promising therapeutic out-
comes value for OSCC patients.
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