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Abstract: Pyroptosis, a newly discovered mode of programmed cell death (PCD), is important in the regulation of 
cancer development. High mobility group box 1 (HMGB1) is a non-histone nuclear protein that is closely related to 
tumor development and chemotherapy resistance. However, whether endogenous HMGB1 regulates pyroptosis 
in neuroblastoma remains unknown. Here, we showed that HMGB1 showed ubiquitous higher expression in SH-
SY5Y cells and clinical tumors, and was positively correlated with the risk factors of patients with neuroblastoma. 
Knockdown of GSDME or pharmacological inhibition of caspase-3 blocked pyroptosis and cytosolic translocation 
of HMGB1. Moreover, knockdown of HMGB1 inhibited cisplatin (DDP) or etoposide (VP16)-induced pyroptosis by 
decreasing GSDME-NT and cleaved caspase-3 expression, resulting in cell blebbing and LDH release. Knockdown 
of HMGB1 expression increased the sensitivity of SH-SY5Y cells to chemotherapy and switched pyroptosis to apop-
tosis. Furthermore, the ROS/ERK1/2/caspase-3/GSDME pathway was found to be functionally connected with DDP 
or VP16-induced pyroptosis. Hydrogen peroxide (H2O2, a ROS agonist) and EGF (an ERK agonist) promoted the cleav-
age of GSDME and caspase-3 in DDP or VP16 treatment cells, both of which were inhibited by HMGB1 knockdown. 
Importantly, these data were further supported by the in vivo experiment. Our study suggests that HMGB1 is a novel 
regulator of pyroptosis via the ROS/ERK1/2/caspase-3/GSDME pathway and a potential drug target for therapeutic 
interventions in neuroblastoma.
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Introduction

Neuroblastoma is a cancer that arises in cells 
derived from the neural crest, and tumors  
can develop at any site in the sympathetic ner-
vous system. Neuroblastoma is a complex and 
heterogeneous disease, with diverse factors 
known to participate in its pathogenesis and 
development [1]. Most children are diagnosed 
under the age of 5 years, with a median age  
at diagnosis of 17 months. Clinical symptoms 
vary depending on the location of the primary 
tumor, and may include an abdominal mass, 
abdominal pain, respiratory distress, or neuro-
logical symptoms from spinal cord involvement 
[2]. With the continuous development and stan-
dardization of anti-tumor therapy, the survival 

rate of low and medium-risk children has signifi-
cantly improved through comprehensive treat-
ment such as surgery, chemotherapy, and 
radiotherapy. However, the prognosis of high-
risk children is still poor, with relapse, drug 
resistance, and distant metastasis all common 
in the later stage [2, 3]. Therefore, the mecha-
nisms of resistance and relapse of pediatric 
neuroblastoma require more intensive investi-
gation and the search for novel therapeutic 
strategies.

Pyroptosis is a newly identified programmed 
cell death (PCD), characterized by cell swelling, 
formation of large bubbles on the plasma mem-
brane and disruption of plasma membrane [4]. 
Physiologically, pyroptosis serves as an initiator 
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of innate immunity by inducing the release of 
cytokines, including IL-1β and IL-18, and other 
molecules, such as HMGB1 and ATP, after cell 
membrane rupture [5, 6]. Gasdermin proteins 
are one of the main families of proteins involved 
in pyroptosis, and their cleavage fragments 
insert into the cell membrane [7]. GSDME-
mediated pyroptosis plays important roles in 
the modulation of cancer progression and  
chemotherapy [8]. GSDME inactivation due to 
hypermethylation of the promoter has been 
detected in 50% of primary gastric cancers  
and supports the notion of GSDME as a puta-
tive tumor suppressor [9]. Transcription of 
GSDME increased in response to p53 activa-
tion, where it is believed to serve as a putative 
tumor suppressor and can inhibit the occur-
rence and development of cancers [10]. 
Recently, study has demonstrated chemothera-
py drug (Topotecan, VP16, DDP or CPT-11)-
induced GSDME-mediated pyroptosis in SH- 
SY5Ycells causes rapid cell death [11]. And 
GSDME expression was also decreased in 
VP16-resistant melanoma cells and was nega-
tively associated with cell resistance to VP16-
induced cell death [12]. Moreover, GSDME is 
involved in chemotherapy-induced pyroptosis 
in tumor cells, which requires the activation of 
caspase-3 [11, 13]. GSDME significantly pro-
motes the caspase-3/9 pathway in melanoma 
and colon cancer cell lines [14, 15]. These stud-
ies indicate that exploring the role of pyroptosis 
in the pathogenesis of human cancers may  
provide new ideas and effective therapeutic 
targets for cancer prevention and treatment.

HMGB1 is an important non-histone within the 
nucleus with vital roles during gene transcrip-
tion, chromatin remodeling, and DNA recombi-
nation and repair [16]. The role of HMGB1 in 
the intervening multiple cellular stressors (e.g. 
protein aggregates, oxidation, radiation and 
chemotherapy) may be associated with its  
subcellular localization and the corresponding 
biological events it mediates. HMGB1 displace-
ment and release are promoted when the bal-
ance of vivo cells in a steady state is disrupted 
[17]. Intracellular HMGB1 can induce cell prolif-
eration, migration, and invasion, and functions 
as a prototypic damage-associated molecular 
pattern (DAMP) molecule that is released from 
various cancer cells after chemotherapy or 
radiotherapy and is implicated in many cancer-
associated inflammation disorders [17, 18]. 

Recent evidence demonstrates that HMGB1 
plays paradoxical roles in promoting both  
cancer cell survival and death by regulating 
multiple signaling pathways, including immuni-
ty, genomic stability, proliferation, metastasis, 
metabolism, apoptosis, autophagy and ferrop-
tosis [18-21]. In neuroblastoma SH-SY5Y cells, 
endogenous HMGB1-mediated autophagy has 
been shown to exert a protective effect against 
oxidative stress-mediated apoptosis by regulat-
ing Beclin-1-mediated autophagy [22]. Additi- 
onally, exogenous HMGB1-induced autophagy 
in Schwann cells contributes to neuroblastoma 
cell proliferation, thus providing a potential 
therapeutic approach for neuroblastoma devel-
opment [23]. Our early studies have shown  
that endogenous HMGB1 acts as a negative 
regulator of apoptosis and as a positive regula-
tor of autophagy or ferroptosis, playing impor-
tant roles in leukemia pathogenesis, differenti-
ation and chemotherapy resistance [21, 24- 
26]. Although the above mentioned studies 
have succeeded, to a certain extent, in eluci-
dating the role of HMGB1 in the programmed 
cell death of leukemia cells, its role in the regu-
lation of pyroptosis in neuroblastoma is 
uncertain. 

In this study, we demonstrated that HMGB1 is 
expressed in neuroblastoma and is associated 
with clinicopathologic features. As a critical 
positive regulator of pyroptosis, knockdown  
of HMGB1 increased DDP/VP16-induced che-
mosensitivity of SH-SY5Y cells by switching 
GSDME-mediated pyroptosis to apoptosis. 
Furthermore, our data suggested a role for 
endogenous HMGB1 in the regulation of pyrop-
tosis through the ROS/ERK1/2/caspase-3/
GSDME pathway, supporting the notion that 
HMGB1 is a potential drug target for therapeu-
tic interventions in neuroblastoma.

Materials and methods

Reagents and cell culture

Cisplatin (DDP, #S1166), etoposide (VP16, 
#S1225), N-acetylcysteine (NAC, #S1623), Z- 
VAD-FMK (#S7023), and U0126-EtOH (#S11- 
02) were supplied by selleck (Houston, TX, 
USA); H2O2 (#323381) was obtained from 
Sigma-Aldrich (St. Louis, MO, USA), EGF (#500-
P45) was obtained from Pepro Tech Inc., Rocky 
Hill, RI, USA). Human T-ALL cell line Jurkat, 
acute promyelocytic leukemia cell HL-60, and 
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chronic myelogenous leukemia cell K562, and 
human umbilical vein endothelial cells HUVEC, 
and TPC-1, SH-SY5Y, and 2B cells from Xiangya 
School of Medicine Type Culture Collection 
(Changsha, China). HL-60, Jurkat, and K562 
cells were cultured in RPMI-1640 medium 
(GIBCO, Gaithersburg, USA) and TPC-1, HUVEC, 
SH-SY5Y, and 2B cells in F-12 medium (F12, 
GIBCO, Gaithersburg, USA) supplemented with 
10% heat-inactivated fetal bovine serum (FBS, 
GIBCO, Gaithersburg, USA) and 1% antibiotics 
(100 U/mL penicillin G & 100 mg/mL strepto-
mycin) at 37°C in a cell incubator with 5% CO2 
(Thermo Fisher Scientific Inc., USA).

Patients and samples collection

The study protocol was approved by the Ethics 
Committee of Xiangya Hospital. And written 
informed consents were obtained from all par-
ticipants before using clinical samples for 
researches. Pediatric neuroblastoma and non-
tumors tissues (n = 12) were collected from 
January 2017 to January 2022. The diagnosis, 

stage and risk status of neuroblastoma were 
assessed in accordance with the criteria of 
National Comprehensive Cancer Network. The 
general clinical and laboratory profiles of pati- 
ents were summarized in Table 1. Tissue sam-
ples were immediately immersed into liquid 
nitrogen after surgical removal and preserved 
at -80°C. Frozen tumor tissues and matching 
normal tissues from 12 cases were subjected 
to protein extraction for western blot. Samples 
from 12 patients with complete clinicopatho-
logical and clinical information were select- 
ed for assessing the correlation of HMGB1 
expression with clinical features based on IHC 
analysis. To detect the expression of HMGB1, 
collected serum from 5 normal healthy sub-
jects and 12 Pediatric neuroblastoma patients 
in primary phase and remission phase.

Lentivirus transfection and RNA interference

HMGB1 or GSDME short hairpin RNA (shRNA) 
lentiviral knockdown and overexpession (Gene- 
Chem Inc., Shanghai, China) or shRNA non-tar-

Table 1. Relationship between HMGB1 expression and clinical features in neuroblastoma
Clinicopathologic features Low expression n = 6 (%) High expression n = 6 (%) aP-value
HMGB1 8.8 (6.6-11.3)b 15.9 (12-18.8) 0.0022
Age (months) 36.5 (21-118) 56 (29-120) 0.3095
Gender
    Male 4 (66.7%) 4 (66.7%) > 0.9999
    Female  2 (33.3%) 2 (33.3%)
Tumor Size (cm)
    < 1 cm 3 (50.0%) 1 (16.7%) 0.5455
    ≥ 1 cm 3 (50.0%) 5 (83.3%)
Lymph node metastasis
    Yes 4 (66.7%) 5 (83.3%) > 0.9999
    No 2 (33.3%) 1 (16.7%)
Bone marrow metastasis
    Yes 0 (0%) 6 (100%) 0.0079
    No 6 (100%) 0 (0%)
Clinical stage 
    I+II 5 (83.3%) 1 (16.7%) 0.0400
    III+IV 1 (16.7%) 5 (83.3%)
MYCN
    Positive 0 (0%) 5 (83.3%) 0.0152
    Negative 6 (100%) 1 (16.7%)
NSE (μg/L) 33.9 (8.5-59.32) 231.3 (81.7-370) 0.0022
VMA (μmol/d) 18.35 (11-72.8) 112.8 (40.3-189.7) 0.0087
LDH (U/L) 273.5 (224-548) 691.5 (414-1489) 0.0108
HMGB1, High Mobility Group Box 1; NSE, Neuron Specific Enolase; VMA, Vanillylman Acid; LDH, Lactate Dehydrogenase. aP-
value in Mann-Whitney U test; bvalues shown as median minimum-maximum.
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get control (NTC) were packaged with HIV based 
packaging mix (GeneChem Inc.) for infecting 
SH-SY5Y cells for establishing cells constitu-
tively repressing HMGB1 or GSDME. Stable 
clones were selected by puromycin. The HMGB1 
shRNA oligonucleotide sequences were as fol-
lows: HMGB1 shRNA1: 5’-CCGGGATGCAGCTT- 
ATACGAAATAACTCGAGTTATTTCGTATAAGCTGC- 
ATCTTTTTG-3’; HMGB1 shRNA2: 5’-CCGGTCG- 
GGAGGAGCATAAGAAGAACTCGAGTTCTTCTTAT- 
GCTCCTCCCGATTTTTG-3’; HMGB1 shRNA3: 5’- 
CCGGTTCCTCTTCTGCTCTGAGTATCTCGAGATAC- 
TCAGAGCAGAAGAGGAATTTTT-3’. 

The GSDME shRNA oligonucleotide sequences 
were as follows: GSDME shRNA1: 5’-CCGGGC- 
ATGATGAATGACCTGACTTCTCGAGAAGTCAGG- 
TCATTCATCATGCTTTTG-3’; GSDME shRNA2: 5’- 
CCGGGCGGTCCTATTTGATGATGAACTCGAGT- 
TCATCATCAAATAGGACCGCTTTTTG-3’; GSDME 
shRNA3: 5’-CCGGGCATTCATAGACATGCCAGATC- 
TCGAGATCTGGCATGTCTATGAATGCTTTTTG-3’. 
Non-silencing shRNA (control shRNA) were 
used as mock-transfected controls (target se- 
quence: TTCTCCGAACGTGTCACGT). Then HMG- 
B1 or GSDME expression was verified by qRT-
PCR and western blot. Two of GSDME shRNA 
(GSDME shRNA1 and GSDME shRNA2) that 
proved the most effective for knockdown of 
gene expression were selected. GSDME shR- 
NA1 and GSDME shRNA2 was also performed 
in this study (Figure S1A and S1D). Also, HMGB1 
shRNA1 was proved the most effective for 
knockdown of gene expression were selected, 
which was performed in this study (Figure S1B 
and S1E). Overexpression HMGB1 vector were 
used acording to the manufacturer’s instuc-
tions, it overexpression was verified by qRT-
PCR and western blot (Figure S1C and S1F).

Quantitative real-time PCR (qRT-PCR) 

Trizol reagent (Invitrogen, USA) according to the 
manufacturer’s instructions and cDNA synthe-
sis via PrimeScript™ RT master mix (Yeasen 
Biotech Co., Ltd., Shanghai, China). A 7900 
Real-Time PCR System (Applied Biosystems, 
Foster City, CA) with Hieff® qPCR SYBR Green 
Master Mix (Low Rox Plus Yeasen Biotech Co., 
Ltd., Shanghai, China) was used for performing 
quantitative PCR (qPCR). Relative mRNA ex- 
pression was standardized using the house-
keeping gene β-actin forward (5’-TCCTTCCTGG- 
GCATGGAGTC-3’) and reverse (5’-GTAACGCAA- 
CTAAGTCATAGTC-3’). The following human prim-

ers were used in this study: HMGB1 forward 
(5’-TTTCAAACAAAGATGCCACA-3’) and reverse 
(5’-GTTCCCTAAACTCCTAAGCAGATA-3’); GSDME 
forward (5’-TGCCTACGGTGTCATTGAGTT-3’) and 
reverse (5’-TCTGGCATGTCTATGAATGCAAA-3’). 
Cycling conditions were as follows: 95°C for 5 
min, followed by 40 cycles of 95°C for 10 s, 
60°C for 30 s. The relative gene expressions 
were calculated by the 2-ΔΔCt method. Samples 
were examined in triplicate.

Antibodies, preparation of subcellular fractions 
and western blot

The following commercially available antibodi- 
es were used: GSDME (#ab215191) were ob- 
tained from Abcam, HMGB1 antibodies (#A1- 
9529), Caspase-3 (#A0214) and cleaved cas-
pase-3 (#A11021), Actin antibodies (#AC026) 
were obtained from abclonal (Wuhan, China). 
p-ERK1/2 (#R24245), total ERK1/2 (#R22685) 
and PARP (#R25279) antibodies were obtained 
from Zhengneng (Chengdu, China). Horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit 
IgG (#AS014) from ABclonal (Wuhan, China); 
Cells were rinsed with PBS, collected and 
resuspended in lytic buffer (Beyotime, Beijing, 
China) and maintained on ice for 15 min. 
Cytosolic/nuclear extracts and total cellular 
lysates were prepared using the NE-PER nucle-
ar and cytoplasmic extraction kit (Piece, Rock- 
ford, USA) according to the manufacturer’s 
instructions. Protein concentrations of the ex- 
tracts were measured with BCA assay (Pierce, 
Rockford, USA) and equalized with the extrac-
tion reagents. Whole cell lysates were separat-
ed by 10% or 12% sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) 
and subsequently electrophoretically trans-
ferred onto polyvinylidene difluoride (PVDF) 
blotting membranes (Millipore, USA). The mem-
branes were blocked with 5% non-fat dry milk  
in Tris-buffered saline containing Tween 20 
(TBST; 50 mM Tris [pH 7.5], 100 mM NaCl, 
0.15% Tween-20), incubated with diluted pri-
mary antibodies for 12 h at 4°C, and rinsed 
thrice with TBST for 10 min. Then the mem-
branes were incubated with different second-
ary antibodies for 12 h at 4°C and hybridization 
was detected by enhanced chemiluminescent 
reagents (Zen-Bioscience, Chengdu, China) 
after rinsing thrice with TBST for 10 min. 
Membranes were exposed to radiographic film 
and the expression levels of targeted proteins 
quantified. A BIO-RAD ChemiDocTM MP Imaging 
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System was employed for quantifying and ana-
lyzing specific bands via western blot.

Cell viability assay 

Cell viability was evaluated using a cell count-
ing kit-8 (CCK-8; #K1018, APE x BIO Technology 
LLC, USA) according to the manufacturer’s 
instructions. Briefly, cells (5 × 104/well/100 μL) 
were seeded into a 96-well plate and treated 
with different drugs at various concentrations 
for the indicated times. After the addition of 10 
μL of CCK-8 solution to each well, cells were 
incubated at 37°C for another 3 h and the 
absorbance was determined at 450 nm using a 
microplate reader. All experiments were per-
formed in triplicate.

Measurements of HMGB1 release

Supernatants from different treatments of 
SH-SY5Y cells were collected and used to 
determine the concentration of HMGB1. Serum 
from different groups of patients and normal 
subjects were collected and used to determine 
the concentration of HMGB1. The release of 
HMGB1 into supernatants was evaluated with 
enzyme-linked immunosorbent assay (ELISA) 
kits from Enzyme-linked Biotechnology Co., Ltd. 
(Shanghai, China) according to the manufac-
turer’s instructions. All experiments were per-
formed in triplicate.

LDH release assay

The LDH release assay was performed follow-
ing the manufacturer’s protocols. The total LDH 
present in the culture medium from the control 
group was set as 100%, and LDH release was 
calculated as follows: LDH release (%) = (OD of 
the drug-treated group - OD of blank control 
group)/(OD of the maximum group - OD of blank 
control group) × 100%. Lactate dehydrogenase 
(LDH) assay kit was obtained from Nanjing 
Jiancheng Bioengineering Institute.

Immunofluorescent analysis 

Cells were fixed in 4% formaldehyde for 30 min 
at room temperature prior to cell permeabiliza-
tion with 0.1% Triton X-100 (4°C, 10 min). After 
saturating with PBS containing 2% bovine 
serum albumin for 1 h at room temperature, 
the samples were processed for immunofluo-
rescence with HMGB1 antibodies (#A19529) 
followed by Alexa Fluor 488-conjugated immu-

noglobulin and DAPI (Beyotime, Beijing, China). 
Between all incubation steps, cells were rinsed 
thrice for 3 min with PBS containing 0.2% 
bovine serum albumin. Fluorescent signals 
were analyzed using Leica TCS SP8 fluores-
cence microscope.

DNA fragmentation evaluation 

DNA fragmentation of endothelial cells was 
measured by TUNEL staining assay as previ-
ously described. Briefly, endothelial cells were 
cultured on cover slips in a 24-well plate. After 
the indicated treatments, the cells were fixed 
with 4% paraformaldehyde and permeabilized 
with 0.3% Triton X-100. After washing with PBS, 
cells were incubated with TUNEL reaction mix-
ture at 37°C in the dark for 1 h, and stained by 
DAPI. Then the results were visualized by a fluo-
rescence microscope (Nikon, A1 PLUS, Tokyo, 
Japan).

Immunohistochemistry 

Both patient samples and murine tumors were 
fixed in 10% formalin for 24 h. After dehydra-
tion and paraffin embedding, the specimens 
were sliced into 5 μm thick sections by a micro-
tome (Leica, Wetzlar, Germany) and mounted 
on glass slides. The expressions of cleaved 
caspase-3, p-ERK, and PARP were measured 
by immunostaining. After deparaffinization and 
rehydration, the sections were pressure-
cooked for 2 min in an antigen retrieval buffer 
(0.01 M citrate buffer, pH 6.0) for unmasking 
antigens. Then the sections were incubated 
with anti-rabbit cleaved caspase-3, p-ERK and 
cleaved-PARP monoclonal antibodies at 4°C 
overnight respectively, followed by biotinylated 
goat anti-rabbit IgG (1:100, No. IB-0021, 
Dingguo, Beijing, China) secondary antibody 
(ZSGB-bio, Beijing, China) for 1 h at 37°C and 
streptavidin-HRP.

Reactive oxygen species (ROS) measurement 

The ROS levels in SH-SY5Y cells were detected 
with the Reactive Oxygen Species Assay Kit 
(No. C1300, Applygen, Beijing, China). After dif-
ferent treatments, the SH-SY5Y cells were 
washed with PBS and stained with DHE (10 µM) 
for 30 min at 37°C in the dark. Then, the DHE 
fluorescence of cells was detected using a fluo-
rospec trophotometer at an excitation wave-
length of 535 nm and an emission wavelength 
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of 610 nm. The incremental production of ROS 
was expressed as a percentage of the control.

Tumor cell xenograft model 

Sixteen specific pathogen-free-grade male 
BALB/c nude mice (4-6 weeks of age) were pur-
chased from Xiangya Medical College Animal 
Laboratory (Changsha, China). All experiments 
were approved by the Animal Ethics Committee 
of Xiangya Medical College, Central South 
University, China. The animals were raised in 
pathogen-free conditions with a 12 hour light-
dark cycle with water and food provided ad libi-
tum. For each experiment, 16 mice were ran-
domly divided into the following four groups: (1) 
control shRNA model receiving PBS (vehicle); 
(2) control shRNA model receiving DDP; (3) 
HMGB1 shRNA model receiving PBS (vehicle) 
and (4) HMGB1 shRNA model receiving DPP. 
Indicated SH-SY5Y cells were subcutaneously 
injected into the dorsal flanks right of the mid-
line in nude mice (weight, approximately 20 g). 
After 4 weeks, tumors reached 100 mm3 in  
volume recorded, mice were intraperitoneal 
injected with DDP (2 mg/kg, i.p., every three 
days) for three weeks. The tumor volume (length 
× width2 × π/6) and body weight of the mice 
were monitored every three days. At the end of 
treatment, mice were sacrificed and the tumors 
were removed, weighted, and analyzed via IHC 
and western blot.

Statistical analysis 

Statistical analysis each experiment is repeat-
ed at least three times independently. Data are 
presented as means ± standard deviations. 
Quantitative results were analyzed using 
GraphPad Prism 7 (GraphPad Software Inc., 
San Diego, CA, USA). Comparisons between 
two groups were made using two-tailed Stu- 
dent’s t-tests. The relationship between HMGB1 
expression and clinicopathologic features was 
analyzed through the Mann-Whitney test. P < 
0.05 was considered to indicate statistical 
significance.

Results 

HMGB1 expression is upregulated in neuro-
blastoma and associated with clinicopatho-
logic features

We first determined the level of HMGB1 expres-
sion in SH-SY5Y cells by qRT-PCR and western 
blotting. Similar to the leukemia (HL-60, K562 

and Jurkat) and thyroid cancer cell line TPC-1 in 
our previous studies [25-27], HMGB1 expres-
sion was high in SH-SY5Y cells but low in 2B 
and human umbilical vein endothelial cells 
(Figure 1A and 1B). To further determine the 
role of HMGB1 in neuroblastoma progression, 
we initially evaluated HMGB1 expression in  
12 neuroblastoma specimens. Both western 
blot and immunohistochemistry revealed that 
HMGB1 protein expression was significantly 
higher in tumors compared to non-tumor tis-
sues (Figure 1C and 1D). We also found upregu-
lated HMGB1 expression in serum derived  
from patients with primary neuroblastoma. 
Conversely, these levels were lower in serum 
derived from normal healthy subjects or pati- 
ents who demonstrated complete remission 
(Figure 1E). Thus, HMGB1 may play an impor-
tant role in tumorigenesis.

We next investigated the relationship between 
the relative expression of HMGB1 and clinical 
features. Based on 12 neuroblastoma tissues, 
the patients were classified into low- and high-
expression groups according to the median 
value. The results indicated that later clinical-
stage, bone marrow metastasis, MYCN gene, 
NSE, VMA, and LDH levels were significantly 
correlated with high HMGB1 expression (Table 
1). However, no significant association existed 
between HMGB1 expression and sex, age, or 
lymph node metastasis (Table 1). Thus, HMGB1 
reflected different clinicopathologic features in 
pediatric neuroblastoma.

DDP/VP16-induced pyroptosis is required for 
HMGB1 translocation and release

Chemotherapy drugs that activate caspase-3, 
such as topotecan, VP16, DDP, and CPT-11, 
induce pyroptotic cell death in SH-SY5Y cells, 
which are sensitive to the caspase-3 inhibitor 
Z-VAD-FMK [11]. HMGB1 protein is both a 
nuclear DNA binding factor and a secreted  
protein, the activities of which are determined 
by its intracellular localization and posttransla-
tional modifications [16, 27]. To evaluate whe- 
ther HMGB1 translocation and extracellular 
release was regulated by DDP/VP16-induced 
pyroptosis, we detected the HMGB1 protein  
levels and immunofluorescence staining in 
SH-SY5Y cells pretreated with Z-VAD-FMK and 
shGSDME. We found that HMGB1 was located 
in the nucleus and cytosol, but was higher in 
the cytosol under DDP or VP16 treatment. 
Pretreatment of Z-VAD-FMK for 3 h in SH-SY5Y 
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cells reduced HMGB1 expression in the cyto-
sol, indicating that Z-VAD-FMK inhibited pyrop-
tosis blocked HMGB1 translocation from nucle-
us into the cytosol (Figures 2A and 2B, S2A and 
S2B). Consistent with this finding, knockdown 
of GSDME expression also blocked HMGB1 
translocation (Figures 2A and 2B, S2A and 
S2B). Furthermore, pretreatment with Z-VAD-
FMK or GSDME depletion inhibited HMGB1 
release into supernatants incubated with DDP 
or VP16 (Figures 2C, S2C). The overall results 
suggests that DDP/VP16-induced pyroptosis is 
required for HMGB1 translocation and release 
in SH-SY5Y cells.

Depletion of HMGB1 inhibits DDP/VP16-
induced pyroptosis

We have previously demonstrated that che- 
motherapeutic drugs-induced pyroptosis pro-
moted HMGB1 cytosolic translocation and ex- 
tracellular release in SH-SY5Y cells (Figure 2), 
suggested that HMGB1 played an important 
role in the pathophysiological processes of 
DDP/VP16-induced pyroptosis. However, the 
role of HMGB1 in regulating pyroptosis remains 
unclear. The typical characteristics of pyropto-
sis, include the large bubbled morphology, the 

generation of GSDME-N terminal (GSDME-NT) 
fragments, and the release of LDH. To explore 
the potential role of HMGB1 in the regulation  
of pyroptosis, a target-specific shRNA against 
HMGB1 was transfected into SH-SY5Y cells. 
Knockdown of HMGB1 significantly decreased 
DDP or VP16-induced GSDME-NT and cleaved 
caspase-3 expression compared to that ob- 
served in the control group (Figure 3A). More- 
over, DDP or VP16 dose-dependently increas- 
ed LDH release in SH-SY5Y cells, whereas 
knockdown of HMGB1 expression significantly 
decreased LDH release compared to the con-
trol group (Figure 3B). Finally, ultrastructural 
analysis provided the most convincing eviden- 
ce of pyroptosis. After a depletion of HMGB1, 
SH-SY5Y cells exhibited less bubbled morphol-
ogy compared to the control shRNA group 
(Figure 3C), supporting the critical role of 
HMGB1 in regulating pyroptosis.

Depletion of HMGB1 switches DDP/VP16-
induced cell death from pyroptosis to apopto-
sis 

Mounting evidence has indicated that apopto-
sis plays an important role in the regulation of 
cancer development and progression and in 

Figure 1. HMGB1 expression is up-regulated in neuroblastoma and associated with clinicopathologic features. A 
and B. QRT-PCR and western blot of HMGB1 and actin in various cell lines hinted at an over-expression of HMGB1 
in SH-SY5Y cell lines; C and D. Western blot and IHC analysis showed that HMGB1 expression was higher in tumors 
than non-tumors. T, tumor; N, non-tumor; Scale bars, 100 μm; E. Expression of HMGB1 in serum of different pa-
tients and normal healthy subjects. N, normal healthy subject; P, primary; CR, complete remission; *P < 0.05 vs. 
normal subject; **P > 0.05 vs. normal subject; #P < 0.05 vs. primary.
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Figure 2. DDP/VP16-induced pyroptosis is required for HMGB1 translocation and release. A and B. SH-SY5Y cells were transfected with GSDME1 shRNA and control 
shRNA, or pretreated with or without Z-VAD-FMK (10 μM) for 24 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. The nuclear/cy-
tosolic HMGB1 protein expression was assayed by western blot and immunofluorescence (Green, HMGB1; blue, nucleus). Scale bars, 100 μm; (n = 3, *P < 0.05 vs. 
DDP or VP16 treatment group; #P < 0.05 vs. DDP or VP16+shCtrl group). C. SH-SY5Y cells were transfected with GSDME1 shRNA and control shRNA, or pretreated 
with or without Z-VAD-FMK (10 μM) for 24 h, and then treated with DDP and VP16 at the indicated doses for 24 h, respectively. The release of HMGB1 was analyzed 
by ELISA (n = 3, *P < 0.05 vs. Z-VAD-FMK treatment group; #P < 0.05 vs. shCtrl group).
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determining the response of tumor cells to  
anticancer therapy [28]. Chemotherapeutic 
drugs that activate caspase-3 were subse-
quently shown to induce pyroptotic cell death  
in cell lines expressing high levels of GSDME, 
whereas they induced apoptosis in GSDME-
negative cells [11]. Moreover, we found that 
endogenous HMGB1 is a positive regulator  
of pyroptosis in SH-SY5Y cells (Figure 3). To 
determine whether HMGB1-regulated GSDME 
expression affected chemosensitivity and ap- 
optosis in DDP/VP16-treated SH-SY5Y cells, we 
first examined cell viability using the CCK-8 
assay. DDP or VP16 dose-dependently induced 
growth inhibition in SH-SY5Y cells, whereas the 
depletion of HMGB1 expression significantly 
increased the chemosensitivity compared to 
that of the control group (Figure 4A). More- 
over, depletion of HMGB1 expression increased 

in the anticancer drug-induced apoptosis, as  
indicated by increases in TUNEL staining and 
cleavage of PARP, but not cleaved caspase-3 
(Figure 4B and 4C). In contrast, up-regulated 
HMGB1 expression significantly decreased 
DDP or VP16-induced cleavage of PARP expres-
sion (Figure S3A). These data suggested that 
knocking out HMGB1 switched DDP/VP16-
induced cell death from pyroptosis to apop- 
tosis.

Endogenous HMGB1 regulates DDP/VP16-
induced pyroptosis in the ROS-ERK1/2 path-
way

ROS function as signaling molecules regulating 
both cell survival and death through various 
pathways. Elevated ROS stimulate caspase-3/
GSDME-dependent pyroptosis in cancer cells 

Figure 3. Depletion of HMGB1 inhibits DDP/VP16-induced pyroptosis. A and B. SH-SY5Y cells were transfected with 
HMGB1 shRNA and control shRNA and then treated with DDP and VP16 at the indicated doses for 24 h, respectively. 
GSDME-NT and cleaved caspase-3 levels were assayed by western blot. LDH-release was analyzed using LDH assay 
kit and expressed as mean ± SD (n = 3, *P < 0.05 vs. shCtrl group). C. Representative light microscopy images of 
SH-SY5Y cells with differently treatments were detected. The red arrow indicates bubbles emerging from the plasma 
membrane (n = 3, *P < 0.05 vs. shCtrl group).
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Figure 4. Depletion of HMGB1 switches DDP/VP16-induced cell death from pyroptosis to apoptosis. A. SH-SY5Y cells were transfected with HMGB1 shRNA and 
control shRNA and then treated with DDP and VP16 at the indicated doses for 24 h, respectively. Cell viability was assayed using a CCK-8 kit (n = 3, *P < 0.05 vs. 
shHMGB1 group). B. SH-SY5Y cells were transfected with HMGB1 shRNA and control shRNA and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, 
respectively. Apoptosis was determined using TUNEL assay in the four groups. Red fluorescence indicates TUNEL-positive cells in the microscopic fields. Scale bars, 
100 μm (n = 3, *P < 0.05 vs. shCtrl+DDP or VP16 group). C. SH-SY5Y cells were transfected with HMGB1 shRNA and control shRNA and then treated with DDP and 
VP16 at the indicated doses for 24 h, respectively. Cleaved PARP and cleaved caspase-3 levels were assayed by western blot (n = 3, *P < 0.05 vs. shCtrl group at 
the indicated doses respectively).
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[15, 29]. The ERK1/2 pathway is involved in 
many cellular processes, including cell prolifer-
ation, chemoresistance, survival, and death, 
and reportedly plays pivotal roles in caspase- 
3 activation, which contributes to GSDME-
dependent pyroptosis [30, 31]. However, whe- 
ther the ROS/ERK1/2 signaling pathway by 
which pyroptosis is induced in response to 
HMGB1 was previously unclear. To determine 
the role of ROS in regulating chemotherapeu- 
tic drug-induced pyroptosis, we first examined 
whether DDP or VP16 induced ROS production 
in SH-SY5Y cells. The results showed that  
treatment with DDP or VP16 induced ROS pro-
duction, whereas pretreatment with the ROS 
quencher NAC decreased ROS production 
(Figure S4A). Moreover, co-treatment with NAC 
and DDP or VP16 for 24 h inhibited chemo- 
therapeutic drug-induced GSDME-NT, cleav- 
ed caspase-3, and ERK1/2 phosphorylation 
(p-ERK1/2) expression compared to the DDP or 
VP16 alone group (Figure 5A). These results 
indicated that the ERK1/2 pathway may be a 
downstream signal of ROS. Furthermore, pre-

treatment with the MEK inhibitor U0126 al- 
so inhibited chemotherapeutic drug-induced 
GSDME-NT and cleaved caspase-3 expression 
but did not affect ROS production (Figures 5B, 
S4B), suggesting that chemotherapeutic drugs 
promote pyroptosis through the ROS/ERK1/2/
caspase-3/GSDME pathway.

To further characterize the role of the ROS/
ERK1/2/caspase-3/GSDME pathway in HMG- 
B1-mediated pyroptosis, we treated cells with 
DDP or VP16 and the ROS agonist H2O2 and  
the ERK agonist EGF. We found that depletion 
of HMGB1 expression significantly decreased 
ROS production, GSDME-NT, cleaved caspase- 
3, and p-REK1/2 expression compared with 
the control group (Figures 5C, S4C). Moreover, 
we found that up-regulated HMGB1 promotes 
ROS production (Figure S4D). Pretreatment of 
H2O2 or EGF reversed the HMGB1 depletion-
induced decrease in GSDME-NT, cleaved cas-
pase-3, and p-REK1/2 expression relative to 
the DDP or VP16 alone group (Figure 5C and 
5D). In contrast, up-regulated HMGB1 expres-

Figure 5. Endogenous HMGB1 regulates DDP/VP16-induced pyroptosis in a ROS-ERK1/2 pathway. A. SH-SY5Y cells 
were pretreated with or without NAC (20 μM) for 12 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 
24 h, respectively. GSDME-NT, cleaved caspase-3 and p-ERK1/2 levels were assayed by western blot. B. SH-SY5Y 
cells were pretreated with or without U0126 (10 μM) for 12 h, and then treated with DDP (40 μg/ml) and VP16 (40 
μM) for 24 h, respectively. GSDME-NT, cleaved caspase-3 and p-ERK1/2 levels were assayed by western blot. C. SH-
SY5Y cells were transfected with HMGB1 shRNA and control shRNA, with or without H2O2 (50 μM) for 48 h, and then 
treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. GSDME-NT, cleaved caspase-3 and p-ERK1/2 
levels were assayed by western blot. D. SH-SY5Y cells were transfected with HMGB1 shRNA and control shRNA, or 
pretreated with or without EGF (50 ng/ml) for 48 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 
h, respectively. GSDME-NT, cleaved caspase-3 and p-ERK1/2 levels were assayed by western blot.
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sion significantly increased DDP or VP16-
induced GSDME-NT and cleaved caspase-3 
expression, LDH release and exhibited more 
bubbled morphology compared to the vector 
group (Figure S3A, S3B and S3C). Furthemore, 
pretreatment with ROS inhibitor (NAC) or MEK 
inhibitor (U0126) reversed the HMGB1 over-
expression-induced increase in GSDME-NT, 
cleaved caspase-3, and p-REK1/2 expression 
relative to the DDP or VP16 alone group (Figure 
S3D and S3E). Collectively, these data indica- 
te that HMGB1 regulated DDP/VP16-induced 
pyroptosis through the ROS/ERK1/2/caspase- 
3/GSDME pathway.

Knockdown of HMGB1 expression inhibits 
DDP-induced pyroptosis in vivo

To investigate whether the suppression of 
HMGB1 expression affected DDP-induced 
pyroptosis in vivo, stable HMGB1-knockdown 
SH-SY5Y cells were subcutaneously introduced 
into the right flank of nude mice. Four weeks 
post-injection, we treated nude mice with DDP 
(2 mg/kg) or PBS via intraperitoneal injection. 

Compared to the control shRNA group, DDP 
treatment effectively reduced the size of 
tumors formed by HMGB1-knockdown cells. 
The average tumor volume in mice injected  
with HMGB1 shRNA SH-SY5Y was smaller than 
that in mice injected with the control shRNA 
SH-SY5Y cells at all time points (Figure 6A). 
Notably, the body weight of mice did not sig- 
nificantly differ between groups with or with- 
out HMGB1 depletion (Figure 6B). At the end  
of the experiments, the weights of the xeno-
grafts formed by HMGB1-knockdown cells were 
reduced compared to those of control shRNA 
mice (Figure 6C), indicating that these HMGB1-
knockdown cells are more sensitive to the DDP 
chemotherapy regimen. These results indicate 
that these HMGB1-knockdown cells formed 
tumors that increased the sensitivity of the 
chemotherapeutic agents.

Based on western blotting the expression of 
GSDME-N, a marker for the assessment of 
pyroptosis in vivo, indicated that knockdown of 
HMGB1 decreased DDP-induced GSDME-N ex- 
pression and pyroptosis. Meanwhile, cleaved-

Figure 6. Knockdown of HMGB1 expression inhibits DDP-induced pyroptosis in vivo. A-C. BALB/c nude mice were 
injected subcutaneously with HMGB1 shRNA SH-SY5Y cells (1 × 107 cells/mouse). After 4 weeks, DDP (2 mg/kg, 
every three days) were intraperitoneally injected into the mice for 3 weeks. Tumor volumes and animal weight were 
measured every three days. At the termination of the experiments, all xenografts were removed and weighted (n 
= 4 mice/group, *P < 0.05, **P > 0.05, #P > 0.05). D. Western blot analysis of cleaved PARP, GSDME-NT, cleaved 
caspase-3 and p-ERK1/2 expressions were performed with an isolated tumor at the termination of the experiments. 
All experiments were conducted in triplicate. E. Immunohistochemical staining of cleaved PARP, cleaved caspase-3 
and p-ERK1/2 were performed with an isolated tumor at the termination of the experiments. All experiments were 
conducted in triplicate. Scale bars, 100 μm. (n = 3, *P < 0.05 vs. shCtrl+DDP group). 
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caspase-3 and p-ERK1/2 were also inhibited in 
the HMGB1 shRNA group compared to control 
shRNA group (Figure 6D). In contrast, knock-
down of HMGB1 significantly increased DDP-
induced cleaved-PARP expression and apopto-
sis (Figure 6D). Consistently, immunohisto-
chemistry analysis revealed that cleaved-cas-
pase-3 and p-ERK1/2, but not cleaved-PARP, 
were also weakly expressed in tumors formed 
by HMGB1-knockdown cells (Figure 6E). There- 
fore, we deduced that HMGB1 regulated DDP-
induced pyroptosis through the ERK1/2/cas-
pase-3/GSDME signaling pathway in vivo. 

Discussion

Recently, several studies have focused on elu-
cidating the molecular mechanism underlying 
pyroptosis as well as the mechanism that in- 
duces pyroptosis in tumor cells. It is emerging 
as a potential mechanism for targeting tumor 
growth due to its ability to potentiate cell death 
in some malignancies. In the this study, we 
demonstrated that a novel function of HMGB1 
was direct involvement in the positive regula-
tion and maintenance of pyroptosis in DDP/
VP16-treated SH-SY5Y cells, possibly through 
regulating caspase-3 and GSDME activation. 
Depletion of HMGB1 inhibited DDP/VP16-
induced pyroptosis and increased the chemo-
sensitivity and apoptosis of SH-SY5Y cells in 
vitro and in vivo through a ROS/ERK1/2-
dependent pathway. Therefore, our findings 
may provide novel treatment options for 
patients with neuroblastoma.

The HMGB1 protein is both a nuclear DNA bind-
ing factor and a secreted protein which plays 
complex roles in various biological processes 
and in the development of many diseases, 
including autoimmune diseases and cancer. 
Overexpression of HMGB1 has been demon-
strated in numerous types of cancer, including 
breast cancer, colorectal cancer, lung cancer, 
and hepatocellular carcinoma. Our early stud-
ies have shown that HMGB1 was expressed 
abundantly in leukemia and thyroid cancer,  
and positively correlated with clinical status of 
patients [26]. However, the role of HMGB1 in 
childhood neuroblastoma is not yet clearly 
defined. In this study, we found that HMGB1 
expression was upregulated in SH-SY5Y cells 
and in samples derived from patients with  
neuroblastoma. Moreover, the expression lev-
els were correlated with the clinicopathological 

features of patients with neuroblastoma. High- 
er related to later clinical stage, bone marrow 
metastasis, MYCN gene, and NSE, VMA, and 
LDH levels, suggesting a potential contributory 
role of HMGB1 in tumorigenesis of neurobla- 
stoma. 

Neuroblastoma is the most common cancer in 
infants and one of the most common extracra-
nial solid tumors in children younger than 5 
years. The main causes of death in patients 
with neuroblastoma include metastasis (pres-
ent in up to 70% of patients at the time of diag-
nosis) and tumor resistance to conventional 
treatment [1, 2]. DDP-based chemotherapy is  
a major regimen to treat neuroblastoma, but  
its clinical efficacy is limited by chemoresis-
tance [2, 3]. Pyroptosis, a novel form of pro-
grammed cell death, has recently been report-
ed to play significant role in the modulation  
of cancer progression and is considered a 
promising strategy for cancer treatment [8]. 
Numerous studies have demonstrated that 
chemotherapy drug (Topotecan, VP16, DDP or 
CPT-11)-induced pyroptosis in SH-SY5Y cells, 
suggested that pyroptosis may play an impor-
tant role in the pathophysiological processes  
of drug-treated neuroblastoma [11]. As a 
dynamic nuclear protein, stimulus (e.g. chemo-
radiotherapy, ROS, autophagy, ferroptosis) pro-
motes HMGB1 translocation from nucleus to 
cytosol, which participates in the regulation of 
cancer progression and chemosensitivity [17]. 
Here, our experimental data indicates that 
HMGB1 translocation is pyroptosis-dependent 
in SH-SY5Y cells. Knockdown of GSDME or 
pharmacological inhibition of caspase-3 activi-
ty suppressed DPP/VP16-induced pyroptosis 
limited HMGB1 translocation and release. 
Furthermore, knockdown of HMGB1 expression 
inhibited the DDP/VP16-induced generation of 
GSDME-N terminal fragments, and release of 
LDH, as well as the formation of large bubbles 
from the cellular membrane associated with 
pyroptosis. These results suggest that HMGB1 
plays an important role in regulating pyroptosis 
of neuroblastoma cells.

GSDME, a gene associated with autosomal 
dominant nonsyndromic deafness, was newly 
identified as a promoter of pyroptosis owing to 
its cleavage by caspase-3 [8]. GSDME can also 
be used as a switch molecule in the transfor-
mation of apoptosis and pyroptosis. When it is 
highly expressed, cytotoxic drugs can induce 
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tumor cell death through caspase-3-dependent 
pyroptosis. When the expression is low, the cell 
death mode is changed to apoptosis [11]. In 
cancer cell lines with high GSDME expression, 
such as SH-SY5Y cells and MeWo cells, the  
chemotherapy drugs, as an activator of cas-
pase-3, can induce activated caspase-3 which 
cleaves GSDME instead of PARP [11]. Previous 
studies have shown that tumor cells that are 
prone to pyroptosis are more sensitive to che-
motherapy drugs, suggesting that the occur-
rence of pyroptosis may be an indicator of  
chemosensitivity [32]. Here, we found that 
depletion of HMGB1 expression inhibited DDP/
VP16-induced pyroptosis but increased the 
chemosensitivity and cleavage of PARP of DDP/
VP16-treated cells, suggesting that knocking 
out HMGB1 switched DDP/VP16-induced cell 
death from pyroptosis to apoptosis. 

ROS function as signaling molecules involved  
in regulating both cell survival and death 
through various pathways. ROS are also able to 
trigger PCD (apoptosis, autophagy, necropto-
sis, and ferroptosis), which causes cancer 
development, metastasis, and multidrug resis-
tance during or after chemotherapy [33, 34]. 
Recently, mounting evidence has implied that 
the caspase-3/GSDME pathway is frequently 
associated with intracellular ROS production in 
cancerous cells. In melanoma cells, iron-acti-
vated ROS engender pyroptosis through the 
Tom20-Bax-caspase-GSDME pathway [29]. In 
triple-negative breast cancer cells, tetraarsenic 
hexoxide induces the pyroptotic cell death 
through activation of the mitochondrial ROS-
mediated caspase-3/GSDME pathway, thereby 
suppressing tumor growth and metastasis  
[34]. The ERK1/2 pathway is involved in many 
cellular processes, including cell proliferation, 
differentiation, survival and death, and is an 
important target in the diagnosis and treat- 
ment of cancers [35, 36]. ERK1/2 signaling 
reportedly plays a pivotal role in caspase-3 
activation, which contributes to GSDME-de- 
pendent pyroptosis. In a hepatocellular carci-
noma cell line, miltirone inhibited the cell viabil-
ity effectively elicited intracellular accumula-
tion of ROS, and suppressed phosphorylation 
of MEK and ERK1/2 for GSDME-dependent 
pyroptosis induction [37]. Here, we found that 
DDP/VP16 potentially confers its pyroptotic 
activities via the ROS/ERK1/2/caspase-3/GS- 
DME pathway in SH-SY5Y cells. We provide evi-
dence that knockdown of HMGB1 inhibited 

DDP/VP16-induced GSDME-NT, cleaved cas-
pase-3 and p-REK1/2 expression in vitro and  
in vivo, all of which were reversed by pretreat-
ment with the ROS agonist H2O2 and the ERK 
agonist EGF respectively. These pre-clinical 
results suggest that HMGB1-mediated pyropto-
sis represents a potential target for therapeutic 
interventions in neuroblastoma.

In summary, we show that HMGB1 was over- 
expressed in neuroblastoma cell lines and 
samples of patients with neuroblastoma and 
acted as a positive regulator of pyroptosis, 
which may enhance resistance to anti-cancer 
therapies. Knockdown of HMGB1 expression 
inhibited DDP/VP16-induced pyroptosis and 
switched cell death from pyroptosis to apopto-
sis, thereby increasing the chemosensitivity. 
HMGB1-mediated pyroptosis in DDP/VP16-
treated cells regulated ROS generation and 
ERK1/2 phosphorylation in vitro and in vivo. 
The discovery of HMGB1 as a critical regulator 
of pyroptosis has provided new insights for 
therapeutic interventions in neuroblastoma.
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Figure S1. Verification of GSDME and HMGB1 gene transfection in SH-SY5Y cells. A and B. SH-SY5Y cells were incu-
bated with HIV-eGFP-GSDME or HIV-eGFP-HMGB1 for 48 h at a MOI of 20. After gene stable transfection, GSDME 
or HMGB1 level was detected by qRT-PCR. Actin was a loading control. UT: untransfected group. (n = 3, *P < 0.05 
vs. shCtrl group). C and D. SH-SY5Y cells were incubated with HIV-eGFP-GSDME or HIV-eGFP-HMGB1 for 48 h at a 
MOI of 20. After gene stable transfection, GSDME or HMGB1 level was detected by western blot. Actin was a loading 
control. UT: untransfected group. E and F. SH-SY5Y cells were transfected with HMGB1 vector or empty vector. After 
gene stable transfection, HMGB1 level was detected by western blot and qRT-PCR. Actin was a loading control. UT: 
untransfected group. (n = 3, *P < 0.05 vs. vector group).
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Figure S2. DDP/VP16-induced pyroptosis is required for HMGB1 translocation and release. A and B. SH-SY5Y cells were transfected with GSDME2 shRNA and con-
trol shRNA, or pretreated with or without Z-VAD-FMK (10 μM) for 24 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. The nuclear/
cytosolic HMGB1 protein expression was assayed by western blot and immunofluorescence (Green, HMGB1; blue, nucleus). Scale bars, 100 μm; (n = 3, *P < 0.05 vs. 
DDP or VP16 treatment group; #P < 0.05 vs. DDP or VP16+shCtrl group). C. SH-SY5Y cells were transfected with GSDME2 shRNA and control shRNA, or pretreated 
with or without Z-VAD-FMK (10 μM) for 24 h, and then treated with DDP and VP16 at the indicated doses for 24 h, respectively. The release of HMGB1 was analyzed 
by ELISA (n = 3, *P < 0.05 vs. Z-VAD-FMK treatment group; #P < 0.05 vs. shCtrl group).
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Figure S3. Up-regulated HMGB1 promote DDP/VP16-induced pyroptosis in a ROS-ERK1/2 pathway. A. SH-SY5Y cells treated with DDP (40 μg/ml) and VP16 (40 
μM) for 24 h in HMGB1 vector or empty vector groups, respectively. GSDME-NT, cleaved caspase-3 and cleaved PARP levels were assayed by western blot. B. Rep-
resentative light microscopy images of HMGB1 vector or empty vector groups with differently treatments were detected. The red arrow indicates bubbles emerging 
from the plasma membrane. (n = 3, *P < 0.05 vs. vector group). C. HMGB1 vector or empty vector groups of LDH-release was analyzed using LDH assay kit and 
expressed as mean ± SD (n = 3, *P < 0.05 vs. vector group). D and E. HMGB1 vector group and empty vector groups were pretreated with or without NAC (10 μM) 
and U0126 (10 μM) for 12 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. GSDME-NT, cleaved caspase-3 and p-ERK1/2 levels 
were assayed by western blot. 
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Figure S4. ROS is involved in HMGB1-mediated pyroptosis in response to chemotherapy drugs through ROS/
ERK1/2/caspase-3/GSDME pathway. A. SH-SY5Y cells were pretreated with or without NAC (20 μM) for 12 h, and 
then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. ROS production was measured by a ROS 
Assay. (n = 3, *P < 0.05 vs. DDP group; #P < 0.05 vs. VP16 group). B. SH-SY5Y cells were pretreated with or without 
U0126 (10 μM) for 12 h, and then treated with DDP (40 μg/ml) and VP16 (40 μM) for 24 h, respectively. ROS pro-
duction was measured by a ROS Assay. (n = 3, *P > 0.05 vs. DDP group; #P > 0.05 vs. VP16 group). C. SH-SY5Y cells 
were transfected with HMGB1 shRNA and control shRNA, and then treated with DDP (40 μg/ml) and VP16 (40 μM) 
for 24 h, respectively. ROS production was measured by a ROS Assay. (n = 3, *P < 0.05 vs. shCtrl group). D. SH-SY5Y 
cells were transfected with HMGB1 vector shRNA and empty vector, and then treated with DDP (40 μg/ml) and VP16 
(40 μM) for 24 h, respectively. ROS production was measured by a ROS Assay. (n = 3, *P < 0.05 vs. vector group).


