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Abstract

In recent decades, extraordinary attention has been devoted to cell death pathways principally because of
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multifaceted regulatory roles in normal developmental and pathophysiological processes. The removal of
functionally defective, infected or potentially malignant cells is regulated by programmed cell death (PCD)
cascades. Pyroptotic cell death is a highly complicated pro-inflammatory form of cell death. Pyroptosis is cha-
racterized by the formation of pores in the plasma membrane by oligomerization of the N-terminal fragment

Received: January 25, 2024
Accepted: April 24, 2024
Published: April 30, 2024

of gasdermins (gasdermin-NT) following the cleavage of gasdermin. Pyroptosis plays a pivotal role in the
innate immune responses and mechanistically steered by inflammasome-mediated and inflammasome-inde-
pendent cascades. In this review, we have comprehensively analyzed how different signaling pathways regu-

lated pyroptosis in cancer inhibition and metastatic spread of cancer cells to the secondary sites. Comprehen-

Use your device to scan and read | ;v understanding of the interconnection between signaling pathways and pyroptosis will enable us to reap

the article online maximum benefits from the exciting mechanistic insights gained from pioneering studies related to pyroptosis.
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1. Introduction

With extraordinary breakthroughs brought by genetics,
genomics and proteomics research, we now know that
cancers are uniquely different, both in genetic alterations
as well as origins. Our rapidly evolving understanding of
the spatiotemporal regulation of carcinogenesis and me-
tastasis has enabled comprehensive characterization of the
heterogeneity and complexity of different subpopulations
of cancer cells. Recent advancements in our knowledge
related to oncogenic pathways underlying tumor growth,
loss of apoptosis, drug resistance, metastatic colonization
as well as immune-activating strategies have uncovered
pharmacologically valuable targets (1-6).

The removal of potentially neoplastic and functionally
defective cells is intricately regulated by programmed cell
death (PCD) cascades, underlining their pivotal functions
in homeostasis, host defense against pathogens and a range

of different cancers (7-10). Unprecedented insights into
PCD pathways have come from the breadth of cutting-
edge research works and various types of PCD pathways
have been characterized, including apoptosis, pyroptosis
and necroptosis. We have structured this review into dif-
ferent sections for the analysis of mechanisms underlying
pyroptosis and how GSDMD and GSDME reshape the tu-
mor microenvironment to inhibit cancer progression. This
review also gives an overview of the role of non-coding
RNAs in the regulation of pyroptosis and how different
pharmacologically precious natural products induce py-
roptosis and consequent cancer inhibition.

2. Overview of GSDMD and GSDME

In 2015, Gasdermin D (GSDMD) was identified as an
important target of caspase-1. It was shown that caspase-
I-mediated cleavage of GSDMD promoted its insertion
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into cellular membranes to trigger pyroptosis. Cleaved
amino-terminal GSDMD has a strong affiliation for the
mammalian inner plasma membrane leaflets. These hall-
mark features enable insertion of amino-terminal GSDMD
into the cell membrane and subsequent creation of pores to
trigger pyroptotic death (Fig 1). Pore formation stimulates
the release of active interleukin-1B and interleukin-18,
which subsequently promotes the inflammatory responses
(11,12).

TRIM21 physically interacts with GSDMD via its
PRY-SPRY domain. Importantly, PRY-SPRY domain of
TRIM21 stabilizes GSDMD. There is an evident increase
in the concentration and size of GSDMD-N oligomers in
TRIM21-expressing cells indicating that TRIM21 effecti-
vely promotes intricate formation of high-order oligomers
of GSDMD-N (13).

GSDME, also known as (DFNAS, ICERE1), was ear-
lier identified as a candidate gene for autosomal dominant
non-syndromic hearing loss. However, in the later stu-
dies, it was found to be similar to gasdermins in context
of sequence and structure (14). GSDME is cleaved spe-
cifically by caspase-3 at Asp*”°. Accordingly, circumstan-
tial evidence indicated that caspase-3 induced cleavage of
GSDME generated a necrotic N-GSDME fragment that
targeted the plasma membrane for the induction of pyrop-
tosis (15). Chemotherapeutic drugs mediated activation of
caspase-3 subsequently induced pyroptosis in GSDME-
overexpressing cells but apoptosis in GSDME-negative
cells (16).

3. Role of GSDMD and GSDME in enhancing the accu-
mulation of Tumor-infiltrating lymphocytes in Tumor-
microenvironment

Studies show that functional organization of the tumor

immune microenvironment requires complicated cross-
talks and intricate roles of chemokines in the positioning
and recruitment of its cellular constituents. Experimental
verification and validation of scientific findings will not
only generate highly valuable mechanistic insights related
to the underlying antitumor immunological response as
well as innovative opportunities to therapeutically engi-
neer robust immunological responses in cancer patients.

Overexpression of GSDME in transplanted tumor cells
caused tumor cell pyroptosis. Moreover, GSDME-overex-
pressing tumor cells enhanced the functions of tumor-infil-
trating natural killer cells and CD8+ T lymphocytes (17).

GSDMD-NT-mediated pyroptosis effectively elimi-
nated established tumors derived from the genetically
modified tumor cells. Importantly, pyroptotic TC-1 tumor
cell vaccine (GSDMD-NT-TC-1) considerably induced
shrinkage of the tumors in mice xenografted with CT26
cells. There was a considerable increment in the levels of
cytotoxic T lymphocytes and NK cells in the tumor tissues
and spleen, while the activity of immunosuppressive cells
MDSCs and regulatory T cells was noted to be reduced
(18).

MDSCs accumulate in the tumor microenvironment
and strongly inhibit anticancer effects of natural killer cells
and T cells. Tumor microenvironment is a highly structu-
red and complicated ecosystem and immunosuppressive
activities promote cancer progression (19-23). Different
mechanisms particularly, PD-L1/PD-1 signaling inactiva-
ted T cells and potentiated carcinogenesis (24-26). The-
refore, concomitant use of chemotherapeutic drugs with
PD-1/PD-L1 inhibitors induced tumor shrinkage in mice
xenografted with small-cell lung cancer cells (27).

pH-activated supramolecular nanoprodrugs (PDNP)
have also been found to induce pyroptosis. PDNP effec-
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Fig. 1. NLRP3 inflammasome-mediated activation of caspase-1 inhibits cancer progression. Caspase-1-mediated cleavage of GSDMD induced
the formation of pores in cell membranes, resulting in pyroptosis. Pore formation also enhanced the extracellular release of active IL-1p and
IL-18.
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tively reduced the percentage of MDSCs and inhibited
carcinogenesis. PDNPs induced the infiltration of CD8"
PD-17 T cells in tumors and impeded the exhaustion of
CD8+ T cells. PDNPs were administrated preferentially
for the rejuvenation of CD8+ T cells and anti-PD-1 was
intraperitoneally injected to block PD-1 in mice bearing
tumor xenografts (28).

4. Regulation of non-coding RNAs by Pyroptosis

Phenomenal findings distilled from decades of research
have revolutionized our classical view about non-coding
RNAs. Evolution of the non-coding RNA concept from
Junk' transcriptional products to functional regulatory
molecules that mediate cellular processes has opened new
horizons for the identification of different mechanisms.
Discovery and characterization of microRNAs (miRNAs)
(29-36), long non-coding RNAs (IncRNAs) (37-41) and
circular RNAs have revealed the diversity of their regula-
tory roles.

Different long non-coding RNAs have been shown
to inhibit pyroptosis and promote tumorigenesis. Gain
of H3K4mel and H3K27Ac can lead to the activation
of LINC00969. NLRP3 inflammasomes convert pro-
caspase-1 to functionally active caspase-1 and promote
caspase-1-mediated cleavage of GSDMD, leading to py-
roptosis. METTL3 (methyltransferase-like 3) catalyzes
mo6A modifications. YTHDF2 is a “reader” protein and
recognizes m6A-modified sites. Importantly, half-life of
NLRP3 transcripts was found to be increased in Y THDF2-
silenced cells. Furthermore, silencing of LINC00969 led
to a significant reduction in the binding of YTHDF2 to
NLRP3 mRNA. These findings provided evidence that
LINCO00969 interacted with METTL3 and reduced the ex-
pression of NLRP3 in an m6A-YTHDF2-dependent man-
ner. LINC00969 promoted the binding of EZH2 to the pro-
moter of NLRP3 and increased the levels of H3K27me3.
Intratumoral administration of si-LINC00969 reduced
gefitinib resistance and caused shrinkage of the tumors.
Additionally, combinatorial treatment with si-LINC00969
and gefitinib synergistically reduced tumorigenesis in xe-
nografted mice (42).

Cisplatin activated NLRP3/caspase-1/GSDMD pa-
thway in MDA-MB-231 breast cancer cells. MEG3 (Ma-
ternally expressed gene-3), an IncRNA promoted the acti-
vation of caspase-1/GSDMD pathway (Fig.2). Essentially,
the levels of IL-18 and IL-1p were found to be reduced
in MEG3-silenced cancer cells. Cisplatin-mediated pyrop-
totic cell death was blocked by knockdown of MEG3.
Cisplatin did not cause regression of the tumors in mice
xenografted with MEG3-silenced- MDA-MB-231 cancer
cells (43).

Sodium new houttuyfonate (SNH) is a ramification of
Sodium houttuyfonate (SH) derived from Houttuynia cor-
data. TCONS-14036, a tumor suppressive IncRNAs inter-
feres with miR-1228-5p-mediated targeting of PRKCDBP.
Importantly, PRKCDBP triggered the stimulation of
NLRP3 inflammasomes and consequent activation of
caspase-1-mediated cleavage of GSDMD (44). SNH sup-
pressed NSCLC growth principally through activation of
pyroptosis via TCONS-14036/miR-1228-5p/PRKCDBP
pathway.

MALAT]1 deletion led to reduction in the formation of
tumor spheres and colony formation in cell culture stu-
dies. Moreover, MALAT1 deletion inhibited colonization

and pulmonary metastatic spread in tumor-bearing mice.
MALAT1-knockout tumors are characterized by substan-
tial increment in the infiltration of T cells and concomitant
decline in the accumulation of immunosuppressive neu-
trophils. MALAT1-wild-type tumors demonstrated high
infiltration rates of maturing, immunosuppressive neutro-
phils. MALAT1- knockout tumor cells have the ability to
undergo solitary dormancy after penetrating the stroma of
the lungs and persist in this state for longer time period.
There was a reactivation of tumors in CD8* T cells-de-
pleted mice causing metastatic disease after injection of
MALAT1-knockout 4T1 cells. MALAT1 loss causes
downregulation of SERPINA3G, SERPINB6B, WNT3,
WNT6 and WNTIB. Co-inhibition of SERPINA3G and
SERPINBG6B severely impaired the lung-colonizing abi-
lity of wild-type-MALAT1 4T1 cells. Reconstitution of
SERPINBG6B sufficiently rescued the metastatic abilities of
MALAT1-knockout 4T1 cells. WNT3 markedly increased
tumor-sphere forming properties of MALAT1-knockout
4T1 cells. MALAT1 promoted metastatic dissemination
mainly through upregulation of SERPINB6B and inhi-
bition of pyroptotic pathway. Treatment with MALATI
Gapmer locked nucleic acid (LNA) antisense oligonu-
cleotides (ASOs) not only reduced the levels of MALAT1
and SERPINB6B but also impaired lung colonization of
cancer cells. ASOs enhanced the infiltration of CD4* and
CDS8* T cells and reduced the recruitment of Ly6G+ neu-
trophils within tumor microenvironment (45).

IncRNA RP1-85F18.6 acts as an oncogenic long non-
coding RNA in colorectal cancer cells. IncRNA RP1-
85F18.6 inhibition led to a robust increment in the gene-
ration of GSDMD-N domain and consequent induction of

pyroptosis (Fig. 2) (46).

5. Regulation of Pyroptosis by Different proteins

EEBR is a chemically synthesized alkaloid and it
contains a quaternary nitrogen basic skeleton. Earlier stu-
dies have shown that quaternary nitrogen is an important
chemical group with notable pharmaceutical activities
against cancers. EEBR potently increased the expression
of N-GSDMD and potentiated its oligomerization in NS-
CLC cells. EEBR induced caspase-1-dependent cleavage
of GSDMD. EEBR stimulates NFkB-mediated transcrip-
tional upregulation of NLRP3. EEBR potently impairs the
tumor development in BALB/c nude mice subcutaneous-
ly injected with A549 cells. EEBR efficiently blocks the
progression of NSCLC in vivo by activation of NFkB-
NLRP3-GSDMD pathway and consequent induction of
pyroptosis (47).

Zinc Finger DHHC-Type Containing 1 (ZDHHC1/
ZNF377) has recently been shown to trigger the activation
of caspase-1/GSDMD and caspase-3/GSDME in cancer
cells. ZDHHCI not only suppressed epithelial-to-mesen-
chymal transition but also inhibited tumorigenesis in xe-
nografted mice (48).

Sorcin (Soluble resistance-related calcium-binding
protein) interacted with NLRP3 inflammasomes and in-
hibited pyroptosis in HCC cells. Knockdown of Sorcin
caused significant shrinkage of the tumors in mice inocu-
lated with HCC-LM3 cells (49).

CC-115 is a dual inhibitor of DNA-PK (DNA-de-
pendent protein kinase) and mTOR (mechanistic Target
of Rapamycin). CC-115 has been found to significantly
increase the levels of both active caspase-3 and N-termi-
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Fig. 2. Long non-coding RNAs regulate caspase-1/GSDMD pathway. Oncogenic IncRNA RP1-85F18.6 inactivates pyroptosis but MEG3 acti-

vates caspase-1/GSDMD pathway.
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nal fragment of GSDME in H1650 and A549 cancer cells.
It has been shown that mitochondrial intrinsic pathway
efficiently induced pyroptotic death via Bax-caspase-
3-GSDME pathway. CC-115 promoted the levels of Bax
and cytochrome c release in lung cancer cells. CC-115
markedly reduced phosphorylation of AKT in A549 and
H1650 cells. CC-115 failed to inhibit tumor growth in
mice inoculated with GSDME-knockdown A549 cancer
cells (50).

SF3B1 (Splicing factor 3b subunit-1) is the largest su-
bunit of splicing factor 3b protein complex. Pladienolide
B increased the levels of CD8*T cells, [FNy*CD8* T cells
and FOXP3-CD4" cells. However, Pladienolide B reduced
the proportions of Treg cells (FOXP3+CD25+CD4+).
Stable and higher expression of FOXP3 is required for sup-
pressive functions and loss of FOXP3 decreases the ability
of T. cells to exert immunosuppressive effects. Pladie-
nolide B enhanced the proportions of M1 macrophages
and reduced the levels of M2 macrophages. Essentially,
SF3B1 proteins bind to BCL2L2 transcripts but pladieno-
lide B causes the disassembly of these molecular interac-
tions. Targeted inhibition of SF3B1 caused an increase in
the levels of N-terminal GSDME and the concentration of
interleukin-1p and interleukin-18. Pladienolide B induced
the release of mtDNA from ovarian cancer cells. Macro-
phages recognize the damaged mtDNA from tumor cells
as exogenous foreign bodies and engulf them leading to
the activation of mtDNA-cGAS-STING cascade (51).

SH2 containing protein tyrosine phosphatase-2
(SHP2), an oncogenic phosphatase negatively regulates
JNK/NF«B. However, inhibition of SHP2 not only relie-
ves inhibitory effects on JNK/NF«kB but also potentiates
the activation of caspase-1/GSDMD-mediated pyroptotic
pathway. There was an evident increase in the levels of
p-JNK, p-NF«B, cleaved caspase-1 and N-GSDMD wit-
hin the tumor tissues derived from the SHP2 knockdown
cancer cells (52).

6. Natural products mediated regulation of Pyroptosis

Natural products and their derivatives have classically
been viewed as a valuable source of therapeutic agents.
Their rich structural diversity and complexity has revo-

lutionized the field of molecular pharmacology (53-62).
Wide-ranging natural products have been reported to inhi-
bit the onset and progression of cancer (63-64).

Chaetoglobosins are primarily derived from fungal
secondary metabolites. Chaetoglobosins belong to the cy-
tochalasan alkaloid class of drugs. Chaetoglobosin E was
found to be effective against esophageal squamous cell
carcinoma (ESCC) cells. PLK1 (Polo-like kinase 1) inhi-
bited the activation of GSDME. However, Chaetoglobo-
sin E promoted the activation of GSDME mainly through
inhibition of PLK1. Chaetoglobosin E and cisplatin/5-
Fu synergistically inhibited the proliferation potential of
KYSE-30 cells (65).

Mitochondrial hexokinase-II prevented mitochondrial
translocation of BAD and BAX proteins and activation of
caspase-3. Consequently, caspase-3 mediated activation
of GSDME was also inactivated because of mitochondrial
hexokinase-II. Triptolide, a natural diterpenoid epoxide
has been found to be effective against head and neck can-
cer cells. Triptolide activated GSDME-mediated pyropto-
sis in HK1 and FaDu cells (66).

NLRP3 inflammasome is formed by NLRP3, ASC
(Apoptosis speck protein with caspase recruitment) and
caspase-1. Excessive ROS levels trigger the formation of
NLRP3 inflammasomes and activation of caspase-1-me-
diated-GSDMD. Intraperitoneally administered Iuteolin
induced shrinkage of the tumors in mice xenografted with
HT-29 cells (67).

Nigericin, an antibiotic derived from Streptomyces
hydrophobicus has been shown to be effective against
breast cancer. Nigericin induced pyroptosis via caspase-1/
GSDMD pathway in MDA-MB-231 and 4T1 cancer cells.
Pyroptosis boosted inflammatory responses and potentia-
ted anti-tumor immunological functions. Nigericin and
anti-PD-1 effectively increased the release of TNFa from
CD8+ T cells. Combinatorial treatment not only induced
tumor shrinkage but also enhanced tumor infiltration of
CD4+ or CD8+ T cells in BALB/c mice orthotopically
transplanted with 4T1 cells (68).

Diosbulbin-B, a natural product has been shown to be
effective against cancers. PD-L1 exerted inhibitory effects
on NLRP3 inflammasomes and impaired pyroptotic cell
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death. Diosbulbin-B triggered NLRP3-mediated pyropto-
tic death in cisplatin-treated gastric cancer cells by inhibi-
tion of PD-L1 (69).

7. TRAIL-based therapeutics mediated Pyroptosis

Death receptor mediated apoptotic death has gathe-
red significant attention because of its unique ability to
target cancer cells (70-79). TRAIL-resistant cancer cells
have hyperactive survival signaling. Different natural and
synthetic molecules have been tested to increase the sensi-
tivity of cancer cells to TRAIL-based therapeutics (80-84).

Mapatumumab (HGS-ETR1) and lexatumumab (HGS-
ETR?2) are humanized monoclonal antibodies. These ago-
nistic antibodies have been reported to be effective against
different cancers (85-88).

HGS-ETR1/2 induced cleavage of GSDME in HepG2
and Huh7 hepatoma cells. Carboxypeptidase A4 (CPA4)
severely impaired HGS-ETR1/2-mediated pyroptosis.
HGS-ETR1/2 effectively impeded the tumor growth in
mice xenografted with CPA4-silenced-HLZO01 cells (89).

Andrographolide and TRAIL induced "pyroptosis-like
phenotypes" such as GSDME cleavage and pyroptotic-bo-
dy-like bubbles generation in MCF-7 cells (90).

8. Darker Side of Pyroptosis in Context of CAR T-cell
Therapy

CAR T cells triggered GSDME for the activation of
pyroptosis in target cells. It was noted that introduction
of GSDME-expressing vectors into GSDME-deficient
tumor cells restored CAR T cell-directed pyroptotic death.
Cells have unique capability to promptly repair the for-
med membrane pores to prevent the pyroptotic death in-
duced by low levels of GSDME. Therefore, high levels
of active GSDME have the ability to counteract the pore-
repairing properties of the cells and induce pyroptotic
death. GSDME-mediated pyroptosis triggered cytokine
release syndrome during CAR T cell therapy (91). Pyrop-
totic supernatants from GSDME-expressing cells activa-
ted caspase-1 in macrophages whereas supernatants from
GSDME knockout cells failed to trigger the activity of
caspase-1 in macrophages. Intraperitoneal injections of
GSDME™" NALM-6 or Raji cells in SCID-beige mice
severely impaired CRS symptoms upon treatment with
CAR T cells (91). Collectively, these findings indicated
that GSDME knockout in target tumor cells, depletion of
macrophages or blockade of caspase-1/GSDMD resulted
in efficient inhibition of CRS.

CD19 occupancy with CD19 monoclonal antibody
leads to lesser activation of CART19, which reduces CAR
T-cell apoptosis and tumor cell pyroptosis. Overall, CD19
masking with tafasitamab before CART19 cell therapy
further reduced the levels of CRS (92).

9. Concluding Remarks

The discussions offered above were summarized to pro-
vide an overview related to the mechanistic insights and
consequences of GSDMD and GSDME activity in cancer
inhibition. Recent technological advancements have sti-
mulated a wave of research into the functional aspects of
pyroptosis in the inhibition of cancer. Interdisciplinary re-
searchers have collected and re-interpreted the immunos-
timulatory role of pyroptosis in tumor microenvironment.
Non-coding RNAs have further added complications to
the regulatory role of pyroptosis in molecular oncology.

Accumulating preclinical studies related to fundamental
role of pyroptosis in different cancers provide novel in-
sights into molecular and translational oncology and pave
the way for the clinical development of pyroptosis-based
therapeutic strategies. Overall, in this mini-review, we
have outlined open questions and exciting future research
avenues. Therefore, combinatorial approaches that target
different cell death pathways while improving therapeutic
efficiency will truly be advantageous.

Conflict of Interests
The authors have no conflicts with any step of the article
preparation.

Consent for publications
The authors read and approved the final manuscript for
publication.

Ethics approval and consent to participate
No human or animals were used in the present review
article.

Informed Consent
The authors declare that no patients were used in this study.

Authors' contributions

Rukset Attar: Research design and supervision, Muham-
mad. Z. Qureshi: Sorted most relevant articles for prepara-
tion of the review article and edited the article; Uteuliyev
Y Sabitaliyevich, Ishmuratova Margarita Yulaevna and
Mirna Azalea Romero: Help with writing

Funding
None.

References

1. Hanahan D, Weinberg RA (2011) Hallmarks of cancer: the next
generation. Cell 144: 646-74. doi: 10.1016/j.cell.2011.02.013.

2. Dongre A, Weinberg RA (2019) New insights into the mecha-
nisms of epithelial-mesenchymal transition and implications for
cancer. Nat Rev Mol Cell Biol 20:69-84. doi: 10.1038/s41580-
018-0080-4.

3. Puisieux A, Brabletz T, Caramel J (2014) Oncogenic roles of
EMT-inducing transcription factors. Nat Cell Biol 16:488-94. doi:
10.1038/ncb2976.

4. Rosell R (2013) Mediating resistance in oncogene-driven cancers.
N Engl J Med 368:1551-2. doi: 10.1056/NEJMcibr1214549.

5. Farooqi AA, Fayyaz S, Hou MF, Li KT, Tang JY, Chang HW
(2014) Reactive oxygen species and autophagy modulation in
non-marine drugs and marine drugs. Mar Drugs 12:5408-24. doi:
10.3390/md12115408.

6.  Valastyan S, Weinberg RA (2011) Tumor metastasis: Molecular
insights and evolving paradigms. Cell 147 :275-92. doi: 10.1016/j.
cell.2011.09.024.

7. Broz P, Pelegrin P, Shao F (2020) The gasdermins, a protein fa-
mily executing cell death and inflammation. Nat Rev Immunol
20:143-157. doi: 10.1038/s41577-019-0228-2.

8. Yuan J, Ofengeim D (2023) A guide to cell death pathways. Nat
Rev Mol Cell Biol. doi: 10.1038/s41580-023-00689-6.

9. Hadian K, Stockwell BR. The therapeutic potential of targeting
regulated non-apoptotic cell death. Nat Rev Drug Discov. 2023
Sep;22(9):723-742. doi: 10.1038/541573-023-00749-8.

10. Vandenabeele P, Bultynck G, Savvides SN (2023) Pore-forming

264



Role of pyroptosis in cancer inhibition

Cell. Mol. Biol. 2024, 70(4): 260-267

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

proteins as drivers of membrane permeabilization in cell death
pathways. Nat Rev Mol Cell Biol 24:312-333. doi: 10.1038/
s41580-022-00564-w.

Bedoui S, Herold MJ, Strasser A (2020) Emerging connectivity
of programmed cell death pathways and its physiological impli-
cations. Nat Rev Mol Cell Biol 21:678-695. doi: 10.1038/s41580-
020-0270-8.

Liu X, Xia S, Zhang Z, Wu H, Lieberman J (2021) Channelling
inflammation: gasdermins in physiology and disease. Nat Rev
Drug Discov 20:384-405. doi: 10.1038/541573-021-00154-z.
Gao W, LiY, Liu X, Wang S, Mei P, Chen Z et al (2022) TRIM21
regulates pyroptotic cell death by promoting Gasdermin D oligo-
merization. Cell Death Differ 29:439-450. doi: 10.1038/541418-
021-00867-z.

Op de Beeck K, Van Camp G, Thys S, Cools N, Callebaut I, Vri-
jens K etal (2011) The DFNAS gene, responsible for hearing loss
and involved in cancer, encodes a novel apoptosis-inducing pro-
tein. Eur J Hum Genet 19:965-73. doi: 10.1038/ejhg.2011.63.
Rogers C, Fernandes-Alnemri T, Mayes L, Alnemri D, Cingolani
G, Alnemri ES (2017) Cleavage of DFNAS by caspase-3 during
apoptosis mediates progression to secondary necrotic/pyroptotic
cell death. Nat Commun 3;8:14128. doi: 10.1038/ncomms14128.
Wang Y, Gao W, Shi X, Ding J, Liu W, He H et al (2017) Chemo-
therapy drugs induce pyroptosis through caspase-3 cleavage of a
gasdermin. Nature 547:99-103. doi: 10.1038/nature22393.
Zhang Z, Zhang Y, Xia S, Kong Q, Li S, Liu X et al (2020) Gas-
dermin E suppresses tumour growth by activating anti-tumour im-
munity. Nature 579 :415-420. doi: 10.1038/s41586-020-2071-9.
He J, Zheng P, Chen Y, Qi J, Ye C, Li D et al (2022) A new per-
sonalized vaccine strategy based on inducing the pyroptosis of
tumor cells in vivo by transgenic expression of a truncated GSD-
MD N-terminus. Front Immunol 15;13:991857. doi: 10.3389/
fimmu.2022.991857.

Adams JL, Smothers J, Srinivasan R, Hoos A (2015) Big oppor-
tunities for small molecules in immuno-oncology. Nat Rev Drug
Discov 14:603-22. doi: 10.1038/nrd4596.

Schreiber RD, Old LJ, Smyth MJ (2011) Cancer immunoediting:
integrating immunity's roles in cancer suppression and promotion.
Science 331:1565-70. doi: 10.1126/science.1203486.

Gubin MM, Zhang X, Schuster H, Caron E, Ward JP, Noguchi
T et al (2014) Checkpoint blockade cancer immunotherapy tar-
gets tumour-specific mutant antigens. Nature 515:577-81. doi:
10.1038/nature13988.

Blackburn SD, Shin H, Haining WN, Zou T, Workman CJ, Pol-
ley A et al (2009) Coregulation of CD8+ T cell exhaustion by
multiple inhibitory receptors during chronic viral infection. Nat
Immunol 10:29-37. doi: 10.1038/ni.1679.

Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharf-
man WH, et al (2010) Phase I study of single-agent anti-program-
med death-1 (MDX-1106) in refractory solid tumors: safety, cli-
nical activity, pharmacodynamics, and immunologic correlates. J
Clin Oncol 28:3167-75. doi: 10.1200/JC0O.2009.26.7609.
Sharma P, Wagner K, Wolchok JD, Allison JP (2011) Novel can-
cer immunotherapy agents with survival benefit: recent successes
and next steps. Nat Rev Cancer 11:805-12. doi: 10.1038/nrc3153.
Sharma P, Allison JP (2015) Immune checkpoint targeting in can-
cer therapy: toward combination strategies with curative poten-
tial. Cell 161:205-14. doi: 10.1016/j.cell.2015.03.030.

Lim WA, June CH (2017) The Principles of Engineering Im-
mune Cells to Treat Cancer. Cell 168:724-740. doi: 10.1016/j.
cell.2017.01.016.

Xuzhang W, Lu T, Jin W, Yu Y, Li Z, Shen L et al (2024) Cisplatin-
induced Pyroptosis Enhances the Efficacy of PD-L1 Inhibitor in
Small-Cell Lung Cancer via GSDME/IL12/CD4Tem Axis. Int J

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Biol Sci 20:537-553. doi: 10.7150/ijbs.89080.

Liang MY, Zhang MJ, Qiu W, Xiao Y, Ye MJ, Xue P et al (2022)
Stepwise Size Shrinkage Cascade-Activated Supramolecular Pro-
drug Boosts Antitumor Immunity by Eliciting Pyroptosis. Adv Sci
(Weinh) 9:¢2203353. doi: 10.1002/advs.202203353.

Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F
et al (2006) A microRNA expression signature of human solid
tumors defines cancer gene targets. Proc Natl Acad Sci U S A
103:2257-61.

Lytle JR, Yario TA, Steitz JA (2007) Target mRNAs are repressed
as efficiently by microRNA-binding sites in the 5' UTR as in the
3' UTR. Proc Natl Acad Sci U S A 104:9667-72.

Khraiwesh B, Arif MA, Seumel GI, Ossowski S, Weigel D, Reski
R (2010) Transcriptional control of gene expression by microR-
NAs. Cell 140:111-22.

Gasparri ML, Besharat ZM, Farooqi AA, Khalid S, Taghavi K,
Besharat RA et al (2018) MiRNAs and their interplay with PI3K/
AKT/mTOR pathway in ovarian cancer cells: a potential role in
platinum resistance. J Cancer Res Clin Oncol 144:2313-2318.
doi: 10.1007/s00432-018-2737-y.

Farooqi AA, Fuentes-Mattei E, Fayyaz S, Raj P, Goblirsch M,
Poltronieri P, Calin GA. Interplay between epigenetic abnor-
malities and deregulated expression of microRNAs in cancer.
Semin Cancer Biol. 2019 Oct;58:47-55. doi: 10.1016/j.semcan-
cer.2019.02.003.

Tang JY, Chuang YT, Shiau JP, Yen CY, Chang FR, Tsai YH,
Farooqi AA, Chang HW. Connection between Radiation-Regula-
ting Functions of Natural Products and miRNAs Targeting Radio-
modulation and Exosome Biogenesis. Int J Mol Sci. 2023 Aug
4;24(15):12449. doi: 10.3390/ijms241512449.

Farhan M, Malik A, Ullah MF, Afaq S, Faisal M, Farooqi AA,
Biersack B, Schobert R, Ahmad A. Garcinol Sensitizes NSCLC
Cells to Standard Therapies by Regulating EMT-Modulating
miRNAs. Int J Mol Sci. 2019 Feb 13;20(4):800. doi: 10.3390/
1jms20040800.

Liu PF, Farooqi AA, Peng SY, Yu TJ, Dahms HU, Lee CH, Tang
JY, Wang SC, Shu CW, Chang HW. Regulatory effects of nonco-
ding RNAs on the interplay of oxidative stress and autophagy
in cancer malignancy and therapy. Semin Cancer Biol. 2022
Aug;83:269-282. doi: 10.1016/j.semcancer.2020.10.009.

Cabili MN, Dunagin MC, McClanahan PD, Biaesch A, Padovan-
Merhar O, Regev A, Rinn JL, Raj A. Localization and abundance
analysis of human IncRNAs at single-cell and single-molecule
resolution. Genome Biol. 2015 Jan 29;16(1):20. doi: 10.1186/
s13059-015-0586-4.

Iyer MK, Niknafs YS, Malik R, Singhal U, Sahu A, Hosono Y,
Barrette TR, Prensner JR, Evans JR, Zhao S, Poliakov A, Cao
X, Dhanasekaran SM, Wu YM, Robinson DR, Beer DG, Feng
FY, Iyer HK, Chinnaiyan AM. The landscape of long noncoding
RNAs in the human transcriptome. Nat Genet. 2015;47(3):199-
208.

Guttman M, Amit I, Garber M, French C, Lin MF, Feldser D,
Huarte M, Zuk O, Carey BW, Cassady JP, Cabili MN, Jaenisch
R, Mikkelsen TS, Jacks T, Hacohen N, Bernstein BE, Kellis M,
Regev A, Rinn JL, Lander ES. Chromatin signature reveals over a
thousand highly conserved large non-coding RNAs in mammals.
Nature. 2009;458(7235):223-7.

Chiu HS, Somvanshi S, Patel E, Chen TW, Singh VP, Zorman B,
Patil SL, Pan Y, Chatterjee SS; Cancer Genome Atlas Research
Network, Sood AK, Gunaratne PH, Sumazin P. Pan-Cancer Ana-
lysis of IncRNA Regulation Supports Their Targeting of Cancer
Genes in Each Tumor Context. Cell Rep. 2018 Apr 3;23(1):297-
312.el12.

Adylova A, Mukhanbetzhanovna AA, Attar R, Yulaevna IM,

265



Role of pyroptosis in cancer inhibition

Cell. Mol. Biol. 2024, 70(4): 260-267

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Farooqi AA. Regulation of TGF/SMAD signaling by long non-
coding RNAs in different cancers: Dark Knight in the Castle of
molecular oncology. Noncoding RNA Res. 2021 Jan 7;6(1):23-
28. doi: 10.1016/j.ncrna.2020.12.003.

Dai J, Qu T, Yin D, Cui Y, Zhang C, Zhang E, Guo R. LncRNA
LINC00969 promotes acquired gefitinib resistance by epigeneti-
cally suppressing of NLRP3 at transcriptional and posttranscrip-
tional levels to inhibit pyroptosis in lung cancer. Cell Death Dis.
2023 May 8;14(5):312. doi: 10.1038/s41419-023-05840-x.

Yan H, Luo B, Wu X, Guan F, Yu X, Zhao L, Ke X, Wu J, Yuan
J. Cisplatin Induces Pyroptosis via Activation of MEG3/NLRP3/
caspase-1/GSDMD Pathway in Triple-Negative Breast Cancer.
Int J Biol Sci. 2021 Jun 22;17(10):2606-2621. doi: 10.7150/
ijbs.60292.

Jiang R, Lu B, Feng F, Li Q, Chen X, Cao S, Pan Z, Deng Z,
Zhou Y, Liu P, Xu J. The sodium new houttuyfonate suppresses
NSCLC via activating pyroptosis through TCONS-14036/miR-
1228-5p/PRKCDBP pathway. Cell Prolif. 2023 Jul;56(7):e13402.
doi: 10.1111/cpr.13402.

Kumar D, Gurrapu S, Wang Y, Bae SY, Pandey PR, Chen H, Mon-
dal J, Han H, Wu CJ, Karaiskos S, Yang F, Sahin A, Wistuba II,
Gao J, Tripathy D, Gao H, Izar B, Giancotti FG. LncRNA Malatl
suppresses pyroptosis and T cell-mediated killing of incipient
metastatic cells. Nat Cancer. 2024 Jan 9. doi: 10.1038/s43018-
023-00695-9.

MaY, ChenY, Lin C, Hu G. Biological functions and clinical signi-
ficance of the newly identified long non-coding RNARP1-85F18.6
in colorectal cancer. Oncol Rep. 2018 Nov;40(5):2648-2658. doi:
10.3892/0r.2018.6694.

Zhao X, Chen C, Han W, Liang M, Cheng Y, Chen Y, Pang D, Lei
H, Feng X, Cao S, Li Z, Wang J, Zhang Y, Yang B. EEBR induces
Caspase-1-dependent pyroptosis through the NF-kB/NLRP3 si-
gnalling cascade in non-small cell lung cancer. J Cell Mol Med.
2024 Jan 12. doi: 10.1111/jcmm.18094.

Le X, Mu J, Peng W, Tang J, Xiang Q, Tian S, Feng Y, He S, Qiu
Z, Ren G, Huang A, Lin Y, Tao Q, Xiang T. DNA methylation
downregulated ZDHHC1 suppresses tumor growth by altering
cellular metabolism and inducing oxidative/ER stress-mediated
apoptosis and pyroptosis. Theranostics. 2020 Jul 25;10(21):9495-
9511. doi: 10.7150/thno.45631.

LiZ, Yang Z, Zhu Y, Fu C, Li N, Peng F. Sorcin regulate pyrop-
tosis by interacting with NLRP3 inflammasomes to facilitate the
progression of hepatocellular carcinoma. Cell Death Dis. 2023
Oct 13;14(10):678. doi: 10.1038/s41419-023-06096-1.

Zhang T, Liu MQ, Xie GS, Wu DM, Luo PW, Liu T, Deng SH,
Wang Y'Y, He S, Zhou'Y, Zhou J, Xu Y. CC-115 Mediates GSDME-
Dependent Pyroptosis in Lung Adenocarcinoma Through the Akt/
Bax Pathway. J Cancer. 2023 May 15;14(8):1350-1361. doi:
10.7150/jca.83175.

Wang S, Liu Y, Xiao H, Chen Z, Yang X, Yin J, Li Y, Yuan C, Yan
S, Chen G, Gao Q, Kong B, Sun C, Song K. Inhibition of SF3B1
improves the immune microenvironment through pyroptosis and
synergizes with aPDL1 in ovarian cancer. Cell Death Dis. 2023
Nov 27;14(11):775. doi: 10.1038/s41419-023-06301-1.

Chen C, Cheng Y, Lei H, Feng X, Zhang H, Qi L, Wan J, Xu H,
Zhao X, Zhang Y, Yang B. SHP2 potentiates anti-PD-1 effective-
ness through intervening cell pyroptosis resistance in triple-nega-
tive breast cancer. Biomed Pharmacother. 2023 Dec;168:115797.
doi: 10.1016/j.biopha.2023.115797.

Clardy J, Walsh C. Lessons from natural molecules. Nature. 2004
Dec 16;432(7019):829-37. doi: 10.1038/nature03194.

Marcus DM, Grollman AP. Botanical medicines--the need for
new regulations. N Engl J Med. 2002 Dec 19;347(25):2073-6.
doi: 10.1056/NEJMsb022858.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Mann, J. Natural products in cancer chemotherapy: Past, pres-
ent and future. Nat. Rev. Cancer 2002, 2, 143-148. https://doi.
org/10.1038/nrc723.

Rodrigues T, Reker D, Schneider P, Schneider G. Counting on
natural products for drug design. Nat Chem. 2016 Jun;8(6):531-
41. doi: 10.1038/nchem.2479.

Koehn FE, Carter GT. The evolving role of natural products in
drug discovery. Nat Rev Drug Discov. 2005 Mar;4(3):206-20.
doi: 10.1038/nrd1657.

Farooqi AA, Pinheiro M, Granja A, Farabegoli F, Reis S, Attar
R, Sabitaliyevich UY, Xu B, Ahmad A. EGCG Mediated Targe-
ting of Deregulated Signaling Pathways and Non-Coding RNAs
in Different Cancers: Focus on JAK/STAT, Wnt/p-Catenin, TGF/
SMAD, NOTCH, SHH/GLI, and TRAIL Mediated Signaling
Pathways. Cancers (Basel). 2020 Apr 12;12(4):951. doi: 10.3390/
cancers12040951.

Farooqi AA, Rakhmetova V, Kapanova G, Tanbayeva G, Mus-
sakhanova A, Abdykulova A, Ryskulova AG. Role of Ubiquitina-
tion and Epigenetics in the Regulation of AhR Signaling in Carci-
nogenesis and Metastasis: "Albatross around the Neck" or "Bles-
sing in Disguise". Cells. 2023 Sep 29;12(19):2382. doi: 10.3390/
cells12192382.

Xu B, Guo M, Ma L, Farooqi AA, Wang L, Qiao G, LiuM, Zuo L,
Ye H, Lin X, Cao S. Merel5, a novel polypeptide from Meretrix
meretrix, inhibits proliferation and metastasis of human non-small
cell lung cancer cells through regulating the PI3K/Akt/mTOR
signaling pathway. Neoplasma. 2021 Nov;68(6):1181-1189. doi:
10.4149/ne0_2021_210509N628.

Qiao G, Xu H, Li C, Li X, Farooqi AA, Zhao Y, Liu X, Liu M,
Stagos D, Lin X. Granulin A Synergizes with Cisplatin to Inhibit
the Growth of Human Hepatocellular Carcinoma. Int J Mol Sci.
2018 Oct 7;19(10):3060. doi: 10.3390/ijms19103060.

Peng SY, Lin LC, Chen SR, Farooqi AA, Cheng YB, Tang JY,
Chang HW. Pomegranate Extract (POMx) Induces Mitochondrial
Dysfunction and Apoptosis of Oral Cancer Cells. Antioxidants
(Basel). 2021 Jul 13;10(7):1117. doi: 10.3390/antiox10071117.
Yu H, Zhang Q, Farooqi AA, Wang J, Yue Y, Geng L, Wu N.
Opportunities and challenges of fucoidan for tumors therapy.
Carbohydr Polym. 2024 Jan 15;324:121555. doi: 10.1016/j.car-
bpol.2023.121555.

Farhan M, Ullah MF, Faisal M, Farooqi AA, Sabitaliyevich UY,
Biersack B, Ahmad A. Differential Methylation and Acetylation
as the Epigenetic Basis of Resveratrol's Anticancer Activity.
Medicines (Basel). 2019 Feb 13;6(1):24. doi: 10.3390/medi-
cines6010024.

Chen JH, Guo QF, Liu QG, He BX, Song WP, Yin ZH, Li DB,
Chen L, Zhang WZ. Chaetoglobosin E inhibits tumor growth and
promotes the anti-tumor efficacy of cytotoxic drugs in esophageal
squamous cell carcinoma by targeting PLK1. Ann Transl Med.
2022 Nov;10(22):1236. doi: 10.21037/atm-22-5320.

Cail, YiM, TanY, Li X, Li G, Zeng Z, Xiong W, Xiang B. Natural
product triptolide induces GSDME-mediated pyroptosis in head
and neck cancer through suppressing mitochondrial hexokinase-
II. J Exp Clin Cancer Res. 2021 Jun 9;40(1):190. doi: 10.1186/
s13046-021-01995-7.

Chen Y, Ma S, Pi D, Wu Y, Zuo Q, Li C, Ouyang M. Luteolin
induces pyroptosis in HT-29 cells by activating the Caspasel/
Gasdermin D signalling pathway. Front Pharmacol. 2022 Aug
29;13:952587. doi: 10.3389/fphar.2022.952587.

Wu L, Bai S, Huang J, Cui G, Li Q, Wang J, Du X, Fu W, Li C,
Wei W, Lin H, Luo ML. Nigericin Boosts Anti-Tumor Immune
Response via Inducing Pyroptosis in Triple-Negative Breast Can-
cer. Cancers (Basel). 2023 Jun 16;15(12):3221. doi: 10.3390/can-
cers15123221.

266



Role of pyroptosis in cancer inhibition

Cell. Mol. Biol. 2024, 70(4): 260-267

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

LiC, QiuJ, Xue'Y. Low-dose Diosbulbin-B (DB) activates tumor-
intrinsic PD-L1/NLRP3 signaling pathway mediated pyroptotic
cell death to increase cisplatin-sensitivity in gastric cancer (GC).
Cell Biosci. 2021 Feb 12;11(1):38. doi: 10.1186/s13578-021-
00548-x.

Pitti RM, Marsters SA, Ruppert S, Donahue CJ, Moore A, Ashke-
nazi A. Induction of apoptosis by Apo-2 ligand, a new member of
the tumor necrosis factor cytokine family. J Biol Chem. 1996 May
31;271(22):12687-90.

Walczak H, Miller RE, Ariail K, Gliniak B, Griffith TS, Kubin M,
Chin W, Jones J, Woodward A, Le T, Smith C, Smolak P, Good-
win RG, Rauch CT, Schuh JC, Lynch DH. Tumoricidal activity of
tumor necrosis factor-related apoptosis-inducing ligand in vivo.
Nat Med. 1999 Feb;5(2):157-63.

Pan G, O'Rourke K, Chinnaiyan AM, Gentz R, Ebner R, Ni J,
Dixit VM. The receptor for the cytotoxic ligand TRAIL. Science.
1997;276(5309):111-3.

Zhang XD, Franco A, Myers K, Gray C, Nguyen T, Hersey P. Re-
lation of TNF-related apoptosis-inducing ligand (TRAIL) recep-
tor and FLICE-inhibitory protein expression to TRAIL-induced
apoptosis of melanoma. Cancer Res. 1999 Jun 1;59(11):2747-53.
Gliniak B, Le T. Tumor necrosis factor-related apoptosis-inducing
ligand's antitumor activity in vivo is enhanced by the chemothe-
rapeutic agent CPT-11. Cancer Res. 1999 Dec 15;59(24):6153-8.
Roth W, Isenmann S, Naumann U, Kiigler S, Biahr M, Dichgans J,
Ashkenazi A, Weller M. Locoregional Apo2L/TRAIL eradicates
intracranial human malignant glioma xenografts in athymic mice
in the absence of neurotoxicity. Biochem Biophys Res Commun.
1999 Nov 19;265(2):479-83.

Yin N, Yi L, Khalid S, Ozbey U, Sabitaliyevich UY, Farooqi AA.
TRAIL Mediated Signaling in Breast Cancer: Awakening Guar-
dian Angel to Induce Apoptosis and Overcome Drug Resistance.
Adv Exp Med Biol. 2019;1152:243-252. doi: 10.1007/978-3-030-
20301-6_12.

Shahwar D, Igbal MJ, Nisa MU, Todorovska M, Attar R, Sabi-
taliyevich UY, Farooqi AA, Ahmad A, Xu B. Natural Product
Mediated Regulation of Death Receptors and Intracellular Ma-
chinery: Fresh from the Pipeline about TRAIL-Mediated Signa-
ling and Natural TRAIL Sensitizers. Int J Mol Sci. 2019 Apr
24;20(8):2010. doi: 10.3390/ijms20082010.

Farooqi AA, Venera R, Kapanova G, Tanbayeva G, Akhmetova
G, Kudabayev Y et al (2023) TRAIL-mediated signaling in blad-
der cancer: realization of clinical efficacy of TRAIL-based the-
rapeutics in medical oncology. Med Oncol 40:236. doi: 10.1007/
512032-023-02078-7.

Wang HR, Tang JY, Wang YY, Farooqi AA, Yen CY, Yuan SF
(2019) Manoalide Preferentially Provides Antiproliferation of
Oral Cancer Cells by Oxidative Stress-Mediated Apoptosis
and DNA Damage. Cancers (Basel) 11:1303. doi: 10.3390/can-
cers11091303.

Chen YN, Chan YH, Shiau JP, Farooqi AA, Tang JY, Chen KL et
al (2024) The neddylation inhibitor MLN4924 inhibits prolifera-
tion and triggers apoptosis of oral cancer cells but not for normal
cells. Environ Toxicol 39:299-313. doi: 10.1002/tox.23951.
Fayyaz S, Javed Z, Attar R, Farooqi AA, Yaylim I, Ahmad A

82.

83.

84.

85.

86.

87.

88.

&9.

90.

91.

92.

(2019) MicroRNA regulation of TRAIL mediated signaling in dif-
ferent cancers: Control of micro steering wheels during the jour-
ney from bench-top to the bedside. Semin Cancer Biol 58:56-64.
doi: 10.1016/j.semcancer.2019.01.007.

Yenilmez EN, Genc D, Farooqi AA, Tunoglu S, Zeybek U, Akkoc
T et al (2020) Mesenchymal Stem Cells Combined With IFNy In-
duce Apoptosis of Breast Cancer Cells Partially Through TRAIL.
Anticancer Res 40:5641-5647. doi: 10.21873/anticanres.14577.
Strekalova E, Malin D, Good DM, Cryns VL (2015) Methionine
Deprivation Induces a Targetable Vulnerability in Triple-Negative
Breast Cancer Cells by Enhancing TRAIL Receptor-2 Expression.
Clin Cancer Res 21:2780-91. doi: 10.1158/1078-0432.CCR-14-
2792.

Zhao X, Puszyk WM, Lu Z, Ostrov DA, George TJ, Robertson
KD et al (2015) Small molecule inhibitor YM155-mediated acti-
vation of death receptor 5 is crucial for chemotherapy-induced
apoptosis in pancreatic carcinoma. Mol Cancer Ther 14 :80-9.
doi: 10.1158/1535-7163.MCT-14-0229.

Pukac L, Kanakaraj P, Humphreys R, Alderson R, Bloom M,
Sung C et al (2005) HGS-ETRI, a fully human TRAIL-recep-
tor 1 monoclonal antibody, induces cell death in multiple tumour
types in vitro and in vivo. Br J Cancer 92:1430-41. doi: 10.1038/
8j.bjc.6602487.

Ciuleanu T, Bazin I, Lungulescu D, Miron L, Bondarenko I, Dep-
tala A et al (2016) A randomized, double-blind, placebo-control-
led phase II study to assess the efficacy and safety of mapatu-
mumab with sorafenib in patients with advanced hepatocellular
carcinoma. Ann Oncol 27:680-7. doi: 10.1093/annonc/mdw004.
Merchant MS, Geller JI, Baird K, Chou AJ, Galli S, Charles A et
al (2012) Phase I trial and pharmacokinetic study of lexatumumab
in pediatric patients with solid tumors. J Clin Oncol. 30:4141-7.
doi: 10.1200/JC0O.2012.44.1055.

Engesater B, Engebraaten O, Florenes VA, Mzlandsmo GM
(2012) Dacarbazine and the agonistic TRAIL receptor-2 antibody
lexatumumab induce synergistic anticancer effects in melanoma.
PLoS One 7(9):e45492. doi: 10.1371/journal.pone.0045492.
Wang L, Deng R, Chen S, Tian R, Guo M, Chen Z (2023) Car-
boxypeptidase A4 negatively regulates HGS-ETR1/2-induced
pyroptosis by forming a positive feedback loop with the AKT
signalling pathway. Cell Death Dis 14:793. doi: 10.1038/s41419-
023-06327-5.

Wang Y, Huang D, Song T, Qi X, Li M, Zhang H (2022) Andro-
grapholide elevates tumor necrosis factor-related apoptosis-indu-
cing ligand lethality through reactive oxygen species accumula-
tion and gasdermin E cleavage in breast cancer cells. Med Oncol
40:11. doi: 10.1007/s12032-022-01878-7.

Liu Y, Fang Y, Chen X, Wang Z, Liang X, Zhang T et al (2020)
Gasdermin E-mediated target cell pyroptosis by CAR T cells trig-
gers cytokine release syndrome. Sci Immunol 5:eaax7969. doi:
10.1126/sciimmunol.aax7969.

Sakemura RL, Manriquez Roman C, Horvei P, Siegler EL,
Girsch JH, Sirpilla OL (2024) CD19 occupancy with tafasita-
mab increases therapeutic index of CART19 cell therapy and
diminishes severity of CRS. Blood 143:258-271. doi: 10.1182/
blood.2022018905.

267





