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Abstract: The side effects of platinum-based chemotherapy are important factors limiting the survival of oral
squamous cell carcinoma (OSCC) patients. Current research suggests that pyroptosis is involved in this process.
However, how this mechanism can be used to reduce side effects has not yet been elucidated. In this study, we
reported that GSDME was expressed at higher levels in normal tissues than in cancerous tissues in OSCC patients
and was the main cause of platinum-based side effects. In an OSCC xenograft model, the inflammatory status and
GSDME expression were increased after cisplatin chemotherapy. Cellular experiments showed that higher expres-
sion of GSDME was associated with less chemoresistance to cisplatin. A subsequent study demonstrated that
cisplatin treatment promotes the maturation of caspase-3, triggers GSDME-mediated pyroptosis and induces cell
death. When the amino acid sequence of GSDME cleaved by caspase-3 was mutated, cellular death and pyroptosis
induced by cisplatin were significantly inhibited. Moreover, application of vitamin D during cisplatin-based chemo-
therapy could successfully inhibit GSDME cleavage and pyroptotic cell death in vitro and in vivo. Taken together,
our study revealed that vitamin D can inhibit caspase-3-mediated GSDME cleavage and thus reduce normal tissue
pyroptosis, relieving chemotherapeutic side effects. Inhibition of systemic GSDME during chemotherapy is currently
unachievable. Vitamin D supplementation during chemotherapy in OSCC patients might be able to reduce the pro-
cess described above and benefit patients. However, additional follow-up clinical studies are needed.
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Introduction

Oral cancer accounts for 2.9% of all malignant
tumours worldwide [1, 2] and consists mostly
of oral squamous cell carcinoma (OSCC). In
China, there are 48,100 new cases of oral can-
cer and 22,100 deaths each year [3]. Platinum-
based chemotherapy, which can damage the
structure of the cell membrane and cause DNA
damage with tumour-specific sensitivity, is an
important part of oral cancer treatment. The
5-year survival rate of patients who receive cis-
platin chemotherapy is 10-20% higher than
that of patients who receive surgery alone [4,

5]. However, the reported side effects from plat-
inum-based drugs cannot be ignored [6]. Ne-
phrotoxicity, digestive tract reactions, oral
mucosal inflammation and ulceration caused
by platinum-based drugs seriously affect follow-
up treatment and prognosis [7, 8].

The epithelial secretions and histopathological
examination of mucositis caused by cisplatin
chemotherapy revealed increased TNF-«, IL-13
and NF-kB [9]. The secretion of TNF-«, IL-1(3 and
IL-18 into the gastrointestinal mucosa was also
increased [10]. These reports suggest that the
side effects of platinum-based drugs may be
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associated with pyroptosis, which is a pattern
of inflammatory-related programmed cell death
[11]. It is characterized by inflammatory stimu-
lation, cell membrane perforation, and the
release of mature IL-1p [12]. Hence, pyroptosis
might be involved in the side effects of cisplatin
chemotherapy.

Currently, exploring effective ways to inhibit
pyroptosis is important for the prevention and
treatment of side effects from platinum-based
chemotherapy. In this study, we observed the
inflammatory response induced by cisplatin in
normal tissues of OSCC xenograft models.
Cisplatin subsequently stimulated gasdermin
family protein E (GSDME) expression, which
was also highly expressed in adjacent noncan-
cerous (ANC) tissues compared with cancerous
tissues in OSCC patients. As mature caspase-3
was also induced by cisplatin, GSDME was
cleaved and induced pyroptosis; thus, the as-
sociated side effects were subsequently ob-
served. As cleavage was inhibited, cellular cis-
platin chemoresistance enhanced. Based on
the above mechanism, the application of vi-
tamin D during chemotherapy could inhibit
GSDME-mediated pyroptosis by inhibiting cas-
pase-3-GSDME cleavage and relieve cisplatin-
induced side effects in vivo and vitro. This
research provides a new strategy for side effect
prevention during OSCC chemotherapy.

Materials and methods
Antibodies

Antibody against FLAG was purchased from
Sigma (F3165). Antibodies against caspase-1
(#3866), caspase-3 (#9662, cleaved #9664),
NLRC4 (#12421), and GAPDH (#D16H11) we-
re purchased from Cell Signaling Technology.
NAIP (#ab25968) was purchased from Abcam.
GSDMD (#sc-81868), goat anti-mouse IgG-HRP
(sc-2005) and goat anti-rabbit IgG-HRP (sc-
2004) were purchased from Santa Cruz
Biotechnology. GSDME (#ab215191) was pur-
chased from Abcam.

Reagents

The vitamin D metabolite 1,25D3 (#17936) and
vitamin C (L-Ascorbic acid, #A4403) were pur-
chased from Sigma (USA). Aspirin (#SA8970),
celecoxib (#1C0230), and hydrocortisone (#IH-
0100) were purchased from Solarbio (Beijing,
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China). The reagents described above were dis-
solved in anhydrous alcohol (AA) at concentra-
tions according to the manufacturer’s instruc-
tions for preservation. Immediately prior to use,
the stock solution was diluted to the indicated
concentrations in culture medium. Specifically,
vitamin D were dissolved into 30 uM as stock,
and diluted to a final concentration of 30 nM in
culture medium.

Other chemicals were purchased from Sigma.
All culture media and foetal bovine serum (FBS)
were purchased from Bioind.

Plasmids

The cDNAs encoding human GSDME (NM_
001127453, wild type) were synthesized by
Vigene Biosciences (Shandong, China); mu-
tants of GSDME with “ATAGACATGCCAGATG-
CT” transformed into “GGTGGAAGTGGTGGAA-
GT” were generated by IGE Biosciences (Guang-
zhou, China).

For stable expression in cell lines, GSDME
cDNA was inserted into a modified pCDH lenti-
viral vector with an N-terminal Flag-tag.

Human GSDME short hairpin RNAs (shRNAs)
were purchased from Vigene Biosciences, and
the sequence of the shRNA was as follows: “GG-
ATGGACCATTAAGTGTTTTCAAGAGAAACACTTA-
ATGGTCCATCCTTTTTT".

The px458 plasmid used for generating the
GSDME knockout cells was obtained from IGE
Biosciences (Guangzhou, China). The sgRNA
sequences were as follows: “caccCAGTTTTTAT-
CCCTCACCCTgttt".

pMD2.G (#12259, Addgene) and psPAX2 (#12-
260, Addgene) were used as packaging vec-
tors.

All the constructs were confirmed by both DNA
sequencing and diagnostic digestion.

Cell culture and transfection

Human umbilical vein endothelial cells (HU-
VECs), gastric squamous epithelial cells (GSEs),
OSCC (CAL-27 & SCC-9) cells, and HEK293
cells were obtained from the American Type
Culture Collection (ATCC). Normal oral squa-
mous epithelial cells (NOKs) were purchased
from Cell Bank of the Chinese Academy of
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Sciences (Shanghai, China). All cell lines were
routinely cultured in DMEM or DMEM-F12
medium supplemented with 10% FBS ina 37°C
humidified incubator containing 5% CO,. All the
cell lines were validated by short tandem repeat
profiling analysis and were free of mycoplasma
contamination.

Transient transfection of cells was performed
using Lipofectamine 3000 (Invitrogen) reagent
according to the manufacturer’s instructions.

For stable expression, lentiviral plasmids har-
bouring the desired gene were first transfected
into 293T cells together with the pSPAX2 and
pMD2.G packaging plasmids at a ratio of 5:3:2.
HEK293 cells were placed in a 10-cm plate and
cultured as previously described. After reach-
ing 70-80% confluence, the cells were trans-
fected with 6 ug of psPAX2, 4 ug of pMD2.G
and 10 pg oftransfer vector using Lipofectamine
3000 reagent. At 48 hours after transfection,
the supernatants of each group were collected
and used to infect the indicated cells for anoth-
er 48 hours. Puromycin-tolerant cells were
selected. Subsequent Western blotting and
PCR analyses were applied to confirm the cor-
rect expression of the stable cell lines.

For GSDME knockout, CRISPR plasmid PX458
containing GSDME sgRNA was transfected into
indicated cell lines using Lipofectamine 3000
at 70% confluency. At 48 hours after transfec-
tion, the cells with green fluorescence were
selected by flow sorting, and the function of
sgRNA was confirmed by Western blot and
Sanger sequencing of genome DNA.

Western blot analysis

For protein extraction, the cells were washed
twice with cooled phosphate-buffered saline
(PBS), harvested by scraping and then lysed in
lysis buffer (#9803, CST). Following centrifuga-
tion, the supernatant was collected, and the
protein concentration was determined using
the BCA Protein Assay Kit (#23227, Thermo
Scientific).

For Western blotting, cell lysates were electro-
phoretically separated on an SDS-PAGE gel
using a standard protocol. The proteins were
then transferred to Immobilon-P transfer mem-
branes (PVDFs) (IPVYHOOO010; Millipore, USA).
The membranes were blocked with 5% non-fat
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milk in Tris-buffered saline containing 0.1%
Tween-20 (TBST) for 1 hour at room tempera-
ture. The blots were incubated with the antibod-
ies mentioned above at 4°C overnight, washed
in TBST and then probed with the appropriate
secondary antibody. Western blot analysis was
performed according to standard protocols.

RNA extraction and real-time quantitative RT-
PCR

Total RNA was extracted using TRIzol reagent
(Takara, Japan) according to the manufactur-
er’'s instructions and then reverse transcribed
into cDNA using PrimeScript™ RT Master Mix
(Takara, Japan) on an ABI 9700 Real-Time PCR
system (ABI, USA). The newly synthesized cDNA
was then used as a template to detect the
desired genes.

Specifically, 1 pl of cDNA was mixed with TB
Green® Premix Ex Tag™ Il (Takara, Japan) in a
20-pl reaction volume. All the reactions were
run in triplicate using the primers described
above. The reaction conditions were as follows:
94°C for 2 minutes, 94°C for 20 s, 58°C for 20
s and 72°C for 20 s for 40 cycles. Relative
MRNA expression was detected using a Roche
LightCycler 480 Il Real-time PCR machine
(Roche, USA). The primer sequences were list-
ed in Table 5:

Table 5. Primer Sequences used for PCR

Gene Forward Primer Reverse Primer

GSDME TGCCTACGGTGTCATTGAGTT TCTGGCATGTCTATGAATGCAAA
GSDMD GGACAGGCAAAGATCGCAG CACTCAGCGAGTACACATTCATT
GAPDH GAGTCAACGGATTTGGTCGT GACAAGCTTCCCGTTCTCAG

DNA isolation and genomic sequencing

Genomic DNA was isolated from stable cell
lines using a DNA isolation kit (#3101050,
Simgen, China). Then, the genomic DNA se-
quence of the GSDME and GSDME mutant in
stable cell lines was analysed using the follow-
ing primers: Forward “ATTTAATTGCTGGTGTG-
AGACCTTCCAAAA”; Reverse “AGGCCTGACGTG-
ACACATTATAGCTTAACC". Sequences were then
analysed using the forward primer.

Flow cytometry (FCM)

For the flow cytometric quantification of cell
death, the cells were treated as indicated.
Then, the cells were collected, washed twice
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with PBS and stained using annexin V-FITC/
Pl (#556547, BD) and annexin V-APC/7-AAD
(#640930, Biolegend) according to the manu-
facturer’s instructions. Stained cells were ana-
lysed using a Becton Dickinson FACScan Flow
Cytometer (FACScan, BD), and data were pro-
cessed using FlowJo software.

Cytotoxicity assay

Relevant cells were plated in 96-well plates
(4000 cells/well) and cultured for 24 hours
before treatment. Then, cell death was meas-
ured at the indicated time points with the LDH
assay using a CytoTox 96 Non-Radioactive
Cytotoxicity Assay Kit (#G1781, Promega)
according to the manufacturer’s protocol.

The LDH release rates were determined follow-
ingthe protocol of the Cell-Mediated Cytotoxicity
Assay Kit:

Experimental-Effector Spontaneous- Target Spontaneous
TargetMaximum-Target Spontaneous

%Cytotoxicity =
X100

Cisplatin cytotoxicity assay

Relevant cells were plated in 96-well plates
(10,000 cells/well) and cultured for 24 hours
before treatment. Then, the cells were treated
with various concentrations (0, 2.5, 5, 10, 20,
40, 80, 160 and 320 umol/L) of cisplatin
(#1134357, Sigma, USA), and the MTS assay
(#G358C, Promega) was applied to examine
the cytotoxicity of cisplatin after 48 hours of
treatment. The medium was removed from
each well, and 100 pl of a mixture of 10% MTS
in DMEM was added. The plates were incubat-
ed for an additional 2 hours and measured at
an absorbance of 490 nm using a microplate
reader (Multiskan MK3, China).

The relative cell survival (%) was determined by
the formula (OD % x ymol/L/OD O pmol/L) x
100, where x represents the cisplatin con-
centration.

The percentage of cell mortality (%) was then
calculated as 100 - relative cell survival.

ELISA

Relevant cells were plated in 96-well plates
(5000 cells/well). After an overnight incuba-
tion, the cells were treated with cisplatin or vita-
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min D at the indicated concentrations for an
additional 24 hours. The supernatant was col-
lected to detect IL-13 and TNF-a secretion using
ELISA Kits (IL-1B, # ab27059, TNF-a, # ab27001
ABsci; vitamin D, # TL-E1339, Telenbiotech).

Microscopy imaging

To examine cisplatin cytotoxicity and the mor-
phology of apoptotic and pyroptotic cells, cells
were plated in a 96-well plate (#3599, Costar
Corning) and cultured overnight. Cells were
observed and captured using high-content
microscope imaging observation (iBright
CL1000, ImageXpress Micro Confocal). To
record the cell death process, the indicated
cells were seeded at approximately 40-50%
confluency. Then, the cells were treated with
cisplatin, and videos were obtained under
bright light microscopy. Live cell imaging was
conducted in an Okolab cage enclosure with
temperature (37°C) and environmental (5%
CO,, humidity) controls. Images were obtained
every 10 minutes for 24 hours. All imaging data
shown are representative of at least three ran-
domly selected fields. The images were pro-
cessed using the ImageJ program.

OSCC sample collection and patient follow-up

To address the research purpose, patients
presenting at the Department of Oral and
Maxillofacial Surgery at Sun Yat-sen Memorial
Hospital between 2011 and 2013 for the treat-
ment of OSCC were recruited. Inclusion criteria
included a pathological diagnosis of OSCC, a
need to undergo cisplatin chemotherapy, and a
willingness to participate in the subsequent
follow-up. Patients were excluded as study sub-
jects if they were diagnosed with multiple can-
cers or other severe diseases. Data on the fea-
tures of the OSCC patients, including age, sex,
tumour differentiation, lymphatic metastasis
and clinical stage, as well as the serum vitamin
D concentration, were collected. All patients
had a referral visit at least every season. In
addition, their tumour samples and ANC sam-
ples were collected. ANC tissue refers to an
area at least 2 cm from the tumour lesion rep-
resenting the resection border that was patho-
logically confirmed as noncancerous tissue.

In vivo tumour xenograft model

To explore the effects of cisplatin and vitamin D
on normal tissues during chemotherapy in vivo,
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an OSCC xenograft (CAL-27 cells) model was
first generated [13]. OSCC cells (2.0 x 10°)
were implanted into the right upper backs of
BALB/c nude mice. When the tumour volume
reached approximately 60 mm?3 (5 mm x 5 mm,
length x width), 30 ug/kg of 1,25D3 or 5 mg/
kg of cisplatin was intraperitoneally injected
according to the treatment group. Cisplatin was
administered every 4 days, and vitamin D was
administered every 2 days. Normal saline (N.S.)
was used as a control. The tumours were meas-
ured each time to determine the tumour vol-
ume (mm?), which was calculated as length x
width? x 0.5. The weight of the mice was record-
ed simultaneously. The mice were sacrificed 2
days after the fifth injection, and the tumours,
tongue, kidneys, and intestine, among other
samples, were harvested, followed by paraffin
embedding for immunohistochemistry (IHC).

IHC

IHC staining was performed according to stand-
ard protocols. After deparaffinization, antigen
retrieval was conducted using 10 mM sodium
citrate buffer (pH 8.0) in a pressure cooker at
full power for 5 minutes. Briefly, the tissue sec-
tions were blocked sequentially with 3% H,0,
and normal serum and then incubated with the
indicated primary antibodies at 4°C overnight.
The tissue sections were incubated with a bioti-
nylated secondary antibody conjugated to a
streptavidin-HRP complex (ready-to-use SP Kit;
Zhongshan Co., Beijing, China). Finally, the sec-
tions were visualized with 3-3’-diaminobenzi-
dine, counterstained with haematoxylin and
mounted. The samples were rinsed with PBS
between each step.

Evaluation of IHC staining

IHC tissue staining was evaluated as previously
described [13] by 2 pathologists, who assessed
the number of positive cells and the intensity of
staining. The positive results were judged by
semi-quantitative points. The staining intensity
scores were O (negative), 1 (weak), 2 (medium)
and 3 (strong). The percentage of positive cells
was scored as 0 (0%), 1 (1-25%), 2 (26-50%)
and 3 (>50%). The staining intensity score and
the proportional score were added to obtain
the total score. A total score >3 was considered
to represent high expression. A total score <3
was considered to represent low expression.
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Statistical analyses

All statistical analyses were conducted using
SPSS 19.0 statistical software. A paired t-test
was used to compare the serum vitamin D con-
centrations of OSCC patients before and after
cisplatin chemotherapy. Chi-square analyses
were used to examine the correlation between
GSDME expression in tumour and ANC tissues.
Fisher's exact test was used to examine the
relationships between GSDME expression and
xenograft mouse sample features. Student’s
t-test was used to compare the PCR results,
cell apoptosis, tumour xenograft results, and
cell functions (proliferation, migration, inva-
sion, etc.) between two different groups, ANOVA
test was used when more than two sample
groups are compared. Unless otherwise no-
ted, quantitative data are expressed as the
mean and standard deviation (S.D.). Statistical
significance was determined with: *P<0.05;
**P<0.01; ***P<0.001, compared with the
control.

Results

GSDME shows higher expression in ANC tis-
sues of OSCC than in cancerous tissues

Chemotherapeutic side effects often occur in
tumour patients. In OSCC nude mice xenograft
chemotherapy models, cisplatin successfully
inhibited tumour proliferation [13], but the
adverse reactions were obvious. The condition
of the nude mice gradually deteriorated
(Figures 1A and S1A) though xenograft shrink-
age. The weight of the mice in the cisplatin-
treated group was significantly lower than that
in the control group. The elevated mouse serum
IL-1B and TNF-a levels suggested that pyropto-
sis might participate in these side effects
(Figure 1B and 1C). Hence, pyroptosis-related
proteins, gasdermin family protein D (GSDMD)
and GSDME), were analysed by IHC in the
mouse OSCC xenografts. GSDMD expression
and elevation were not significant in either
tumour or normal tissues (Figure S1B) during
this process. However, GSDME was weakly
expressed in tumour tissues but normally
expressed in most normal tissues (Figures
1D-1, S1C; Table 1). When cisplatin was applied,
GSDME expression was elevated in the tongue,
skin, stomach, and renal tissues, among oth-
ers; however, some of these findings were not
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Figure 1. GSDME participated in the regulation of normal tissue cell pyroptosis during cisplatin chemotherapy. (A)
After chemotherapy, the weights of OSCC xenograft mice decreased significantly; (B) Elevated serum IL-1 con-
centrations were detected in cisplatin-treated mice; (C) Elevated serum TNF-a concentrations were detected in
cisplatin-treated mice; (D-l) PCR detection of GSDME expression in xenograft (D), tongue (E), stomach (F), skin (G),
kidneys (H) and intestine (1), showing GSDME-mRNA significant increased except for in the xenograft; (J) Typical
OSCC patient sample IHC of GSDME: patient 1: positive GSDME expression in ANC tissues and negative expression
in OSCC tissues; patient 2: positive GSDME expression in both ANC and OSCC tissues (200 x, scale bar size: 20 um).
(K) Kaplan-Meier estimates of the overall survival of OSCC patients with GSDME expression; the results showed the
trend of high expression of OSCC with poorer survival rates, but significant P values were not obtained.

statistically significant. Although this increasing To verify the expression of GSDME in OSCC, 40
trend was not significant in OSCC tissues, ele- OSCC tissues and their corresponding ANC tis-
vated GSDME expression in perivascular tis- sues were collected for immunohistochemical
sues was observed (Figure S1C, arrow). staining. The different GSDME expression lev-
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Table 1. Association of GSDME expression
in the samples of xenograft mice during
cisplatin-based therapy

GSDME expression

Group - P Value
Low Moderated High

Xenograft

Control 3 2 0

Cisplatin 1 3 1 0.333
Tongue

Control 1 3 1

Cisplatin 0 1 4 0.140
Skin

Control 1 2 2

Cisplatin 0 1 4 0.368
Stomach

Control 2 3 0

Cisplatin 0 1 4 0.030
Renal

Control 1 2 2

Cisplatin 0 1 4 0.368
Intestine

Control 0 2 3

Cisplatin 0 1 4 0.526

els between cancerous and adjacent tissues
were statistically significant at 57.5% (23/40) in
OSCC tissues and 85% (34/40) in ANC tissues
(Table 2; Figure 1J). The expression of GSDME
in OSCC was not significantly related to gender,
age, or tumour differentiation in OSCC patients
(Table 3). Although lymph node metastasis was
not statistically significant at 0.066, this finding
might have been caused by insufficient sam-
ples. However, compared with the prognosis of
patients, there was no significant change in the
survival time of GSDME and patients (Figure
1K), which was similar to the database results
(http://gepia.cancer-pku.cn/).

Therefore, the above results suggested that
the side effects might originate from GSDME-
related destruction of normal tissues by ci-
splatin.

GSDME-mediated pyroptosis occurs in normal
tissue cell lines during cisplatin-based chemo-
therapy

Regarding oral cancer, oral mucosal reaction
and gastrointestinal discomfort are the most
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common complications during chemotherapy
after OSCC surgery. Therefore, we used NOKs
and GSEs. We simultaneously observed abnor-
mal expression of GSDME in peritumoural vas-
cular tissues; thus, we included HUVECs as
well.

A high-intensity confocal microscope was used
for dynamic capture during cell line treatment
with cisplatin (Figure 2A). During the cell death
process, cells exhibited bubble-shaped [14] (a
typical form of pyroptosis) death after cisplatin
treatment. The elevated secretion of IL-1B in
the cisplatin treatment group was detected by
enzyme-linked immunosorbent assay (ELISA,
Figure 2B), as was the elevated concentration
of lactate dehydrogenase (LDH, cytotoxicity
assessment) in the culture medium (Figure
20).

Then, GSDME was analysed by immunoblot
and PCR (Figure 2D and 2E). Cisplatin signifi-
cantly induced cleavage of GSDME (bands at
35 kDa). Based on both the cleaved and full-
length (55 kDa) bands, GSDME expression was
upregulated after cisplatin treatment.

The cell line evidence indicated that cisplatin
caused the cleavage of GSDME in normal tis-
sue cells and induced normal tissue pyroptosis,
which finally produced chemotherapy side
effects.

Upregulated GSDME expression results in a
decrease in cisplatin tolerance in noncancer-
ous cells

The enhanced expression of GSDME could be
caused by a series of stimuli from chemothera-
py drugs. To examine cell function alterations
when GSDME was highly expressed, GSDME
overexpression (GSDME-ov) cell lines using
NOKs, GSEs and HUVECs were constructed
and verified by immunoblot analysis (Figure 3A)
and PCR (Figure S2A). The chemotolerance of
stable cells was significantly decreased fo-
llowing GSDME upregulation (Figure 3E). Su-
bsequently, the GSDME-ov cells were treated
with %2 IC50 concentrations of cisplatin. Flow
cytometry (Annexin V/PI, Figures 3G and 3lI)
and cytotoxicity assessments (Figure 3B) were
performed after 48 hours. Compared with the
control group, the cell death rate of GSDME-ov
cells increased in the presence of the same
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Table 2. GSDME expression in OSCC and ANC
tissues

Source ngh. LOW. High P value
expression expression (%)

0ScCC 23 17 57.5

ANC Tissues 34 4 85 0.03

Table 3. Association of GSDME expression
with the features of OSCC patients

L GSDME expression
Characteristics - P Value
High (%)  Low (%)
Age
<40 12 (70.6) 5(29.4)
>40 11 (47.8) 12(52.2) 0.185
Gender
Male 11 (50.0) 11 (50.0)
Female 12 (66.7) 6(33.3) 0.301
Differentiation
Well 8(50.0) 8(50.0)
Moderate 9(60.0) 6(40.0)
Poor 6(66.7) 3(33.3) 0.414
Lymphatic metastasis
No 8(42.1) 11(57.9)
Yes 15(71.4) 6(28.6) 0.063
Clinical stage (T)
1 8(72.7) 3(27.3)
2 5(38.4) 8(61.5)
3 7 (70.00) 3(30.00)
4 3(50.00) 3(50.00) 0.688

GSDME positive 23 (57.5%), negative 17 (42.5%).

cisplatin concentration, and more LDH was
excreted.

The sgRNA targeting GSDME was applied to
stably inhibit GSDME expression in noncancer-
ous cells. Immunoblot and qPCR analyses were
applied to confirm the decreased expression of
GSDME in cells (Figures 3C and S2B). The cis-
platin tolerance of sgGSDME cells was detect-
ed as described above. Inhibition of GSDME
resulted in an enhancement of chemotolerance
(Figure 3F) and significantly reduced cell death
rates during cisplatin treatment (Figure 3D, 3H
and 3J). HUVECs displayed the same trends

(Figures S3).

However, upregulation (Figure S2C) or downreg-
ulation (Figure S2D) of GSDME expression did
not significantly influence cisplatin tolerance
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(Figure S2E and S2F) in OSCC cells (CAL-27 and
SCC-9). Hence, GSDME mainly played a role in
normal tissues.

Inhibiting GSDME cleavage can enhance cis-
platin tolerance in normal tissue cells

Protein from the GSDME-ov cell line was col-
lected after cisplatin treatment for immunoblot
analysis. Maturation of caspase-3 and cleav-
age of GSDME were observed after cisplatin
treatment (Figure 4A), confirming that GSDME-
mediated pyroptosis occurred during this pro-
cess. Whether inhibiting GSDME cleavage can
enhance cellular chemo-tolerance remains
unknown.

For further clarification, we mutated the cleav-
age sequence recognized by caspase-3 [15]
into the linker sequence of GSDME (Figure 4B).
GSDME-wild-type (wt) and mutant (-mut) len-
tiviruses were transfected into GSDME knock-
out cells (constructed using sgRNA targeted
GSDME, Figure S5A and S5C). The extraction of
cellular DNA for sequencing confirmed that the
GSDME-wt and GSDME-mut sequences were
successfully inserted into the cellular genome.
Immunoblot analysis showed that during cispla-
tin treatment, the mutant GSDME protein did
not affect the mature caspase-3, but it could
not be cleaved during this process (Figure 4C).
When treating with gradient concentrations of
cisplatin, GSDME-mut groups were more toler-
ant to cisplatin than GSDME-wt ones (Figures
4D, 4E and S4B). FCM results confirmed this
trend (Figure 4H and 4l). Furthermore, the
GSDME-wt cell lines displayed typical pyroptot-
ic bubbles, while the GSDME-mut cell lines dis-
played other death shapes, such as shrinkage
(Figures 4F, 4G, S4A and S4C).

Therefore, trying to inhibit GSDME cleavage in
normal cells during cisplatin chemotherapy
could be an effective therapeutic strategy.

Inhibition of caspase-associated inflammatory
signals by vitamin D can effectively inhibit py-
roptosis from normal tissue

To explore potential strategy for minimizing side
effects by pyroptosis, several FDA-approved
compounds previously reported to have anti-
inflammatory function were tested for inhibition
of the source of GSDME-mediated pyroptosis.
Classic nonsteroidal anti-inflammatory drugs
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analysis of cell death rates of H; GSDME knockout cell lines were more tolerant during cisplatin treatment. (cisplatin treatment: NOK 30 uM; GSE 20 yM; HUVEC
40 uM, 24 hours for B, D, G, H).
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Figure 4. GSDME cleavage was a key factor for cisplatin tolerance alteration in normal tissue cells during cisplatin
treatment. A. Immunoblot analysis of GSDME cleavage (35 kDa) and cleaved caspase-3 (15 kDa) expression dur-
ing cisplatin treatment of NOKs and GSEs with GSDME overexpression; B. GSDME mutant design: the caspase-3
cleavage sequence “IDMPDA” was mutated into the “GGSGGS” linker sequence; GSDME sgRNA and its PAN se-
quence; C. Immunoblot analysis of GSDME protein cleavage during cisplatin treatment. The GSDME mutant was
not cleaved during this process, while the maturation of caspase-3 was not affected; D, E. Gradient concentration
of the cisplatin-treated GSDME-wt and GSDME-mut cell lines of NOKs and GSEs; the GSDME-mut cell line was more
tolerant than the GSDME-wt cell line; F, G. Microscope capture during the cell death process induced by cisplatin;
GSDME-wt cells exhibited pyroptotic death after cisplatin treatment while the mutant group displayed shrinkage
shapes (scale bar size: 50 um); H, I. FCM detected the cisplatin-tolerant effect on the GSDME-wt/mut cell line; under
same concentration, cisplatin induced more cell death in GSDME-wt group; (cisplatin treatment: NOK 30 uM; GSE

20 uM, 24 hours for A, C, F, G, and H).

(NSAIDs, aspirin and celecoxib), a glucocorti-
coid (hydrocortisone) and vitamins (vitamins C
and D) were selected. After pre-treatment with
the indicated drugs for 3 days, GSDME-ov cells
(NOKs, HUVECs and GSEs) were treated with
the indicated cisplatin dose for 48 hours. Cell
mortality was analysed by flow cytometry (an-
nexin V/PI, Figures 5A, 5B, S6A and SGB).
Intriguingly, celecoxib induced a significant
increase in cell death, while aspirin, hydrocorti-
sone and vitamin C weakly affected cellular cis-
platin tolerance. Among these factors, vitamin
D displayed enhanced cisplatin chemotherapy
tolerance in both cell lines.

In this research, we selected vitamin D for fur-
ther studies. The secretion of IL-1B in NOKs,
GSEs and HUVECs was significantly increased
after cisplatin treatment but remained stable
with vitamin D pre-treatment. When cisplatin
and vitamin D were combined, cellular IL-13
expression was decreased in the treated group
compared with the cisplatin group but was simi-
lar to that in the control group (Figures 5C,
S60C). Subsequently, cisplatin tolerance was
examined in normal cell lines and GSEs after
pre-treatment with vitamin D and displayed an
enhancement of tolerance (Figures 5D, S6D).
The cytotoxicity test showed that the release of
LDH with vitamin D pre-treatment was less
than in the control group at the same cisplatin
concentration, suggesting reduced cell death
(Figures 5F, S6E). Moreover, immunoblot veri-
fied the reduction of GSDME cleavage and cas-
pase-3 maturation after vitamin D application
(Figure 5E).

These results indicate that vitamin D could
effectively inhibit GSDME-mediated pyroptosis
during chemotherapy by inhibiting caspase-3
signals, which was beneficial for improving the
tolerance of normal tissues cells to cisplatin.
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A high serum vitamin D concentration may
facilitate normal tissue protection and reduces
chemotherapeutic side effects

Vitamin D was supplemented as a protective
agent in the OSCC xenograft model during
chemotherapy. After 5 cycles of drug injection,
serum vitamin D concentrations decreased sig-
nificantly after cisplatin treatment, while vita-
min D co-supplementation returned the levels
to normal. Regarding weight, the application of
vitamin D alleviated the weight loss caused by
cisplatin chemotherapy. Adverse reactions,
such as a bowed back, thin physique and skin
folds, were significantly reduced (Figure 6A and
6B). Although the secretion of IL-13 and TNF-«
was still elevated in the vitamin D supplemen-
tation group after cisplatin application (Figure
6C and 6D), the difference was not significant
compared with the non-cisplatin-treated group
and the double blank group. Mouse serum IL-13
and TNF-a concentrations were significantly
decreased with the application of vitamin D
during cisplatin treatment. In addition, after
using vitamin D, the expression of GSDME in
normal tissues of chemotherapeutic mice did
not show a significant increase when compar-
ing to the control and vitamin D groups (Figure
61-0; Table 4). The GSDME expression levels
between the vitamin D and vitamin D-cisplatin
group remained the same.

Patients with OSCC normally undergo adjuvant
cisplatin chemotherapy. We compared serum
vitamin D levels in oral cancer patients before
and after chemotherapy. The results showed
that serum vitamin D levels were significantly
decreased after chemotherapy (Figure 6F and
6G). The patients’ inflammatory index (white
blood cell count, WBC) and serum vitamin D
concentration showed a negative correlation
(Figure 6H).
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Figure 5. Inhibition of caspase-associated inflammatory signals by vitamin D could effectively inhibit the occurrence of normal tissue cellular pyroptosis. (A) FCM
revealed cisplatin-induced cell death in NOKs and GSEs after pre-treatment with aspirin, celecoxib, hydrocortisone, vitamin C and vitamin D; (B) Statistical analysis
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cisplatin tolerance; (E) Immunoblot analysis showing that vitamin D pre-treatment could inhibit the cleavage of caspase-1, caspase-3 and GSDME after cisplatin
treatment; (F) Cytotoxicity assay revealed that LDH release reduced in NOKs and GSEs pre-treated with vitamin D compared with control cells after cisplatin treat-
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Figure 6. Serum vitamin D concentration was negatively correlated with the expression of GSDME in OSCC patients
and mice. (A) Serum vitamin D concentrations in xenograft mice were detected, and cisplatin treatment reduced
serum vitamin D concentrations, while application of vitamin D reversed this effect; (B) With vitamin D supplemen-
tation, the weights of OSCC xenograft mice stably increased as the concentration of vitamin D increased during
chemotherapy; a hunched back, thin physique and other adverse reactions were not observed; (C) The serum vita-
min D concentration of mice were decreased after the treatment of cisplatin. After supplementation with vitamin D,
the serum vitamin D remained stable during the cisplatin-vitamin D combined chemotherapy; (D) Elevated serum
IL-1B concentrations were detected in vitamin D- and cisplatin-treated mice, but the difference was not significant
compared to the control group; (E) Elevated serum TNF-a concentrations were detected in vitamin D- and cisplatin-
treated mice, but the difference was not significant compared to the control group; (F, G) In OSCC patients, serum
vitamin D levels were significantly decreased after chemotherapy; (H) In OSCC patients, WBC counts showed a
negative correlation with serum vitamin D concentrations during chemotherapy; (I-N) PCR detection of GSDME ex-
pression in xenograft (), tongue (J), stomach (K), skin (L), Renal (M) and intestine (N) during the cisplatin-vitamin D
combined chemotherapy; (O) Immunohistochemical analysis of GSDME expression in OSCC xenograft mice treated
with vitamin D and cisplatin samples, with tumour, tongue, skin, stomach and renal tissues (200 x, scale bar size:
20 pum).

toxicity, mucosal inflammation, ototoxicity, skin
damage, peripheral neuritis, cardiotoxicity, liver
damage, and pulmonary fibrosis caused by
platinum-based drugs have been widely report-
ed [6, 19, 20]. In particular, for oral cancer
patients, the incidence of oral mucositis caused

Table 4. Association of GSDME expression
in the samples of xenograft mice pre-treated
with vitamin D during cisplatin-based therapy

GSDME expression
Group - P Value
Low Moderated High

X ft . . .

en.ogra. by cisplatin chemotherapy is nearly 100% [9],
Vitamin D 4 1 0 L .
o giving rise to other problems such as local
VitD-Cis 2 2 1 0Odes ulcers, periodontitis and gingivitis [21]. In

Tongue severe cases, it may cause neuropathic pain
VitaminD 3 2 0 [22]. Moreover, due to discomfort, it produces
VitD-Cis 1 3 1 0333 the associated health risks and can lead to

Skin cancer treatment restraints, such as a dose
Vitamin D 1 3 1 reduction, cycle delays or even abandonment
VitD-Cis 0 3 2 0.513 [23]. The destruction of salivary glands leads to

Stomach a decrease in salivary secretion and aggra-

vates oral periodontal-gingival diseases [24].

Vitamin D 4 1 0 ) .

VitD-Cis 1 3 1 0450 Destruction of'the mucosal barrier cou!d Ieaq
Renal to the conversion of normal oral-gastrointesti-

o nal microflora into viral bacteria, causing a sys-

Vitamin D 3 2 0 temic infection [25]. In this study, it was also

VitD-Cis 2 2 1 0.549 found that mice treated with cisplatin had a
Intestine weakened status, with weight loss, debility, and

VitaminD 2 3 0 skin shavings.

VitD-Cis 1 3 1 0.513

The elevated secretion of IL-13 and TNF-a from
chemotherapy drug-induced mucositis sug-
gests that the side effects of chemotherapy
lead to inflammation. Elevated IL-1p and TNF-a
levels in the xenograft mouse serum were

VitD-Cis: vitamin D-cisplatin.

Discussion

Postoperative chemotherapy is an indispensa-
ble and effective method that can be used to
improve the prognosis of oral cancer patients
[16]. However, the current study found that
platinum-based chemotherapy caused normal
tissue damage or toxic effects while killing can-
cer cells, which subsequently induced the as-
sociated side effects [17, 18]. Gastrointestinal
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detected in this research, which confirmed the
inflammatory status. High IL-1B secretion indi-
cated that inflammation-related programmed
cell death [26], pyroptosis, was involved in
these chemotherapeutic side effects.

Pyroptosis was discovered by Senerovic in a
study of macrophage cell death induced by

Am J Cancer Res 2020;10(12):4287-4307
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Shigella flexneri [11]. It is a form of programmed
cell death that depends on gasdermin proteins
[27], which can be cleaved into N-and C-termini.
The N-terminus is the functional domain that
can bind to cell membrane lipids, causing cell
membrane perforation, swelling and death
[28]. Then, dead cells release large amounts of
inflammatory factors, such as IL-1p and IL-18
[29]. The N-terminus of gasdermin is normally
bound to the C-terminus and displays an auto-
inhibitory effect [30]. Nevertheless, some cas-
pases with cleavage functions that can specifi-
cally recognize amino acid sequences linked to
the N- and C-termini of gasdermin could lead to
its cleavage and the occurrence of pyroptosis.
In this study, significant GSDME expression in
normal tissues from OSCC patients and xeno-
graft mice suggested that cisplatin-related
pyroptosis in normal tissues was mediated
by GSDME. Cytological and immunoblot studi-
es have confirmed that cisplatin stimulates
GSDME cleavage, increases IL-13 secretion,
and displays swelling-shaped cell death in nor-
mal tissue cells.

As GSDME expression was higher in normal tis-
sues than in oral cancer tissues, the downregu-
lation of GSDME in noncancerous cells could
enhance chemotolerance compared with the
control groups, and vice versa. Cisplatin in-
duced caspase-3 production and triggered
GSDME-mediated pyroptosis. When caspase-
3-cleaved GSDME was inhibited by mutating
the cleaved sequence into the linker sequence,
cisplatin tolerance was increased. Caspase-3
is produced by the NLP inflammasome through
the caspase pathway [31, 32]: inflammasomes
induce caspase-1, which in turn stimulates the
maturation of caspase-3, resulting in pyropto-
sis. Moreover, caspase-1 can cleave another
gasdermin protein [28], GSDMD, to induce
pyroptosis. Since GSDMD was not as widely
and strongly expressed as GSDME in normal
tissues, inhibiting GSDME cleavage was essen-
tial for reducing cisplatin-induced normal tis-
sue pyroptosis, which causes the side effects
of platinum-based chemotherapy. Moreover,
the presence of inflammation, pyroptosis and
normal tissue cell death causes a vicious cycle:
IL-1B is released by pyroptosis, which increases
the inflammatory environment and triggers
pyroptosis, finally aggravating the side effects
during tumour chemotherapy.
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The difference between GSDME in OSCC and
normal cells during cisplatin stimulation is con-
sidered related to its upstream NLR family of
apoptosis inhibitory protein (NAIP) and its
downstream protein called NLRC4. During
treatment with cisplatin, NAIP protein upregu-
lates and activates inflammatory signals,
resulting in resistance to chemotherapy drugs
to inhibit apoptosis. During this process, the
increased expression of NLRC4 in turn induces
the maturation of caspase-3 and cleavage of
GSDME, resulting in pyroptosis. However,
according to the results (Figure S5B), the
expression of NAIP and NLRC4 was lower in
tumour cells than in normal cells. The absence
of NAIP-NLRC4 largely reduces caspase-3-GS-
DME cleavage.

Although direct inhibition of GSDME is an effec-
tive way to reduce the side effects of chemo-
therapy [15, 33, 34], systemic inhibition of
GSDME expression is currently difficult to
achieve. Hence, the most efficient way to inhibit
GSDME-induced cell death and its associated
side effects is to suppress the production of
caspases [35]; thus, an anti-inflammatory strat-
egy should be implemented [36].

We applied commonly used anti-inflammatory
drugs, including aspirin, celecoxib, and hydro-
cortisone, and anti-tumour vitamins, vitamins C
and D, for further research. However, the anti-
inflammatory drugs combined with cisplatin
had varying effects. Aspirin showed a protec-
tive function in HUVECs but not GSE cells, while
celecoxib enhanced the cisplatin killing func-
tion in both cell types. Although aspirin is an
NSAID, it has been reported to inhibit cancer
metastasis [37], promoting vascular matura-
tion by inducing endothelial cell autophagy
[38]. Additionally, it has damaging effects on
the gastric mucosa [39]. The role of celecoxib
in tumours remains questionable. It has been
reported to inhibit tumour proliferation and
metastasis via cyclooxygenase-2 (COX-2) [40]
whileinhibitingangiogenesis [41]. Nevertheless,
some studies have suggested that it can modu-
late the adhesion of tumour cells and blood
vessels, improving the blood-borne dissemina-
tion ability of tumours [42]. Moreover, it can
improve vascular endothelial cell viability and
promote angiogenesis [43]. Hence, aspirin and
celecoxib need to be assessed individually to
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determine whether they could be used in this
situation.

Hydrocortisone is an effective anti-inflammato-
ry drug [44]. However, it has rarely been report-
ed for its role in anti-tumour treatment or angio-
genesis. In this study, the effect of normal tis-
sue cells under cisplatin was not significant.
Both vitamins C and D have anti-tumour effects
[45-47] and anti-inflammatory functions [48].
Vitamin D is more significant than vitamin C.
Vitamin D displays enhanced cisplatin chemo-
therapy tolerance in both cell lines. The cleav-
age of GSDME, caspase-1 and caspase-3 was
significantly reduced after pre-treatment with
vitamin D, protecting normal cells from cispla-
tin destruction. Hence, vitamin D was applied
for further studies of normal tissue protection.

The anti-tumour effect of vitamin D has been
widely reported in the clinic, and it has also
been reported to protect normal tissues [49,
50]. Vitamin D did not affect normal cell growth
or development of the animal model while
exerting anti-oral tumour effects [51, 52]. It can
promote calcium absorption during chemother-
apy in breast cancer patients to reduce gastro-
intestinal reactions [53], similar in that
observed in prostate cancer patients [54].
Clinical controlled studies have revealed that
vitamin D supplementation can reduce pain
and the infectious rate during cancer treatment
[55-57]. Moreover, cisplatin treatment pro-
motes bone loss as a side effect, while vitamin
D supplementation maintains and restores
bone mass in cancer patients [58]. A number of
epidemiological studies have found that the
higher the plasma vitamin D concentration is in
patients with colon cancer, the better their
prognosis [59]. However, whether vitamin D
inhibits normal tissue pyroptosis in the course
of platinum chemotherapy has not yet been
reported.

Normal tissue cells were significantly tolerant
to cisplatin after pre-treatment with vitamin D
in this study. During the course of chemothera-
py in mice, vitamin D supplementation resulted
in improved conditions. The serum vitamin D
concentration decreased after cisplatin chemo-
therapy but was restored when vitamin D was
supplied. The serum IL-1(3 level in mice dis-
played the same trend as the serum vitamin D
level, suggesting that the inflammatory status
of the mice was weakened with high serum
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vitamin D. In clinical patients, serum vitamin D
levels are significantly reduced after chemo-
therapy. Current research suggests that serum
vitamin D concentrations are associated with
quality of life in cancer patients [60, 61], reduc-
ing cisplatin-based toxicity to normal tissues
[62]. Furthermore, high serum vitamin D con-
centrations have been found to be beneficial
for the prevention of osteoporosis [63] and
rheumatoid diseases [64], among others. The
vitamin D concentration was negatively associ-
ated with the WBC count and CRP (i.e., inflam-
matory indexes for the human body). Therefore,
vitamin D supplementation and recovery to its
normal serum level should be an important
strategy to inhibit the inflammatory response
and to reduce the side effects associated with
platinum drugs.

In conclusion, this study clarified that the side
effects of postoperative chemotherapy in OSCC
patients originated from GSDME-mediated
pyroptosis. Platinum-based chemotherapy
drugs stimulated the cellular inflammatory
response, thereby initiating caspase signalling
in normal tissues. The upregulated expression
and maturation of caspase-3 subsequently
cleaved GSDME to induce pyroptosis, releasing
IL-1B and TNF-« to cause secondary inflamma-
tion. The application of vitamin D could inhibit
caspase-3 production and maturation during
chemotherapy, decreasing GSDME cleavage
and enhancing normal tissue chemotolerance,
thereby reducing pyroptosis side effects from
cisplatin chemotherapy. A graphic model of this
study is shown (Figure 7).

Inhibition of systemic GSDME during chemo-
therapy is currently unachievable. Hence, vita-
min D supplementation is essential for normal
tissue protection in OSCC patients undergoing
chemotherapy. Moreover, the current results
suggested that physicians might lessen the
dosage of chemotherapy drugs in OSCC
patients with the application of vitamin D,
improving the efficiency of tumour elimination
and protecting normal tissues from side effects
under safe conditions. However, additional fol-
low-up experiments are needed to support this
hypothesis.
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Figure S1. A. After chemotherapy, the mice appeared to have a hunched back, thin physique and other adverse
reactions; B. Typical immunohistochemical analysis of GSDMD expression in OSCC xenograft mice samples, with
tumour, tongue, intestine and renal tissues. GSDMD did not show an increased trend (scale bar size 20 ym); C. Im-
munohistochemical analysis of GSDME expression in OSCC xenograft mice samples, with xenograft, tongue, skin,
stomach, renal and intestine tissues. After cisplatin treatment, GSDME was high expressed (scale bar size 20 pm).
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Figure S2. GSDME expression does not affect the sensitivity of OSCC cells to cisplatin chemotherapy. A. PCR confirmed that GSDME was overexpressed in NOKs
and GSEs; B. PCR confirmed that GSDME was inhibited in NOKs and GSEs; C. Immunoblot confirmed that GSDME was overexpressed in the OSCC cell line (CAL-27
and SCC-9); D. Immunoblot confirmed that GSDME was inhibited in the OSCC cell line (CAL-27 and SCC-9); E. Gradient concentration of cisplatin-treated GSDME
overexpressing OSCC cell lines; increased GSDME expression does not affect the cellular cisplatin sensitivity; F. Gradient concentration of the cisplatin-treated OSCC

cell line with inhibited GSDME expression; decreased GSDME expression does not affect the cellular cisplatin tolerance.
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Figure S3. GSDME expression in HUVECs regulates the chemotherapy sensitivity of these cells. A. Immunoblot con-
firmed that GSDME was overexpressed in HUVECs; the Flag-tag was successfully fused to GSDME; B. The cytotoxicity
assay revealed elevated LDH release in GSDME overexpressing HUVECs compared with control cells after cisplatin
treatment; C. Gradient concentration of cisplatin-treated GSDME-ov HUVECs and decreased cisplatin tolerance was
confirmed; D. Immunoblot analysis confirmed that GSDME was knockout in HUVECs; E. Cytotoxicity assay revealed
decreases in LDH release in GSDME-knockout HUVECs compared with control cells after cisplatin treatment; F. Gra-
dient concentration of cisplatin-treated HUVECs with GSDME knockout, and increased cisplatin tolerance; G. FCM
detected the cisplatin-sensitive effect on GSDME-ov cell lines using HUVECs; H. FCM detected the cisplatin-tolerant
effect on the GSDME-knockout HUVECS; (cisplatin treatment: 40 uM, 24 hours for B, E, G, and H).
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Annexin V

Figure S4. A. Microscope image of GSDME-wt and GSDME-mut cell lines of NOKs and GSEs during cisplatin treat-
ments (control group, scale bar: 50 um); B. Gradient concentration of cisplatin-treated GSDME-wt/mut HUVECs; the
GSDME-mut cell line was more tolerant than the GSDME-wt ones; C. Microscope capture during the cell death pro-
cess induced by cisplatin of HUVECs GSDME-wt/mutant cell lines (scale bar: 50 um); D. FCM detected the cisplatin-
tolerant effect on the GSDME-wt/mut HUVECs; under same concentration, cisplatin induced more cell death in the
GSDME-wt group; (cisplatin treatment: 40 uM, 24 hours for B, C, and D).
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Figure S5. Construction and verification of GSDME knockout cell line. A. After transfecting px458-sgGSDME in NOKs, monoclonal immunoblot was used to detect the
expression of GSDME, and clone 1 was selected for sequencing verification; B. Immunoblot detection of NAIP-NLRC4 expression in OSCC tumour cells and normal
tissue cells and found that the expression of NAIP-NLRC4 in tumour cells was lower than that in normal tissue cells; C. DNA sequencing of sgGSDME cells; it was
found that the sgRNA sequence was truncated, confirming the function of sgRNA.
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Figure S6. (A) FCM revealed cisplatin-induced cell death in HUVECs after pre-treatment with aspirin, celecoxib, hydrocortisone, vitamin C and vitamin D; (B) Statisti-
cal analysis of the cell death rates shown in (A); (C) ELISA revealed reduced IL-1 secretion in HUVECs pre-treated with vitamin D; (D) Gradient concentration of
cisplatin-treated HUVECs pre-treated with vitamin D, which increased cisplatin tolerance; (E) Cytotoxicity assay revealed that LDH release was reduced in HUVECs
pre-treated with vitamin D compared with control cells after cisplatin treatment. (cisplatin treatment: 40 uM, 24 hours for B-D).



