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Abstract

Recent studies emphasize the critical role of various types of programmed cell death (PCD), such as
apoptosis, autophagy, pyroptosis, and necroptosis, as well as their respective signaling pathways.
These processes are essential for regulating cellular balance, responding to stress, and triggering
immune defenses. Apoptosis, commonly known as “cellular suicide, ” is a tightly controlled mechanism
that allows cells to die without inducing inflammation. This process is key for tissue development,
immune regulation, and cancer prevention. Alterations in apoptotic pathways may result in
uncontrolled cell proliferation or excessive cell death, potentially leading to conditions such as cancer,
neurodegenerative diseases, and autoimmune disorders. Autophagy, another PCD mechanism, involves
the degradation and recycling of cellular components. This self-preservation process is vital for cell
maintenance, especially during nutrient shortages or stress. Although autophagy typically supports
survival, excessive activation can result in cell death, making it an important focus in cancer research
due to its dual roles in tumor suppression and promotion, depending on the context. Inflammatory cell
death is a type of pyroptosis that often triggered by infections. Unlike apoptosis, pyroptosis leads to the
release of pro-inflammatory cytokines, which help alert the immune system. While this process is crucial
for eliminating pathogens, its dysregulation can drive inflammatory diseases. Necroptosis is a regulated
form of necrosis that triggers inflammatory cell death through a caspase-independent mechanism. It
shares similarities with both apoptosis and necrosis and has been implicated in inflammatory
responses, immune defense, and diseases such as ischemia-reperfusion injury and neurodegenerative
conditions. A deeper understanding of these PCD mechanisms could pave the way for new therapeutic
interventions that target specific targets in the treatment of various diseases. Disease related. As
research continues, understanding the nuances of this process will lead to the development of new
targets.
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INTRODUCTION

Cell theory, first proposed in the 19th century, establishes that all living organisms are composed of
cells, with each cell arising from a pre-existing one. Both healthy and cancerous cells experience
damage or death, often influenced by their interaction with neighboring cells. Programmed cell death,
particularly apoptosis, is a crucial biological mechanism that has evolved to remove damaged or
unnecessary cells. While cell death has long been observed in cancer, it was initially associated with
necrosis in hypoxic regions of tumors. However,
cells can also undergo apoptosis in response to
various stimuli, including therapies.
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initiate apoptosis through the activation of tumor
suppressor proteins like p53. This protein, in turn,
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triggers the production of pro-apoptotic factors such as Puma and Noxa, leading to the controlled
demolition of the damaged cell. Mutations that prevent cells from undergoing apoptosis can lead to the
unchecked growth of abnormal cells, contributing to the development of cancer.

Cell suicide: process of cell suicide thoroughly understood, basically known as the “intrinsic,”
“mitochondria,” where BCL-2 regulated or BCL-2 X protein (BAX) Bcl2 homologous antagonist killer
(BAK)-dependent mechanism of apoptosis. We focused on activation of BAK, and BAK allows
effectors of apoptosis to permeabilize the outer mitochondrial membrane.

Here is the release of cytochrome c in the cytoplasm, where it binds to the APAF1 and regulates the
formation of apoptosis, first activating caspase-9.

Pathways of cell death:
1. Apoptosis.
2. Autophagy.
3. Pyroptosis.
4. Necroptosis.

APOPTOSIS

Apoptosis is the most studied so-called programmed cell death. Kerr, Wyllie, and Currie were the
first to introduce the concept of apoptosis and outline its morphological characteristics, which include
cell shrinkage, membrane bleeding, nuclear fragmentation, and chromatin condensation [1, 2]. The
apoptotic pathway is divided into two primary mechanisms: the intrinsic and extrinsic pathways (Figure
1).

The intrinsic, or mitochondrial, pathway is triggered by imbalances within the cell, such as oxidative
stress, DNA damage, or stress in the endoplasmic reticulum. This pathway is also called cell suicide
through the mitochondrial outer membrane permeability (MOMP). MOMP releases the pro-apoptotic
factor, including cytochrome c and the second activator of caspases (SMAC), which are derived from
mitochondria. From mitochondrial space into the cytoplasm, where cytochrome c binds to the apoptotic
protease activating factor-1 (APAF-1) pro-caspase 9 in the form of apoptosomes. In the apoptosomes,
caspase-9 activates itself and dissects pro-caspase-3, even pro-caspase-7. Once activated, cleaved
caspase-3 and caspase-7 serve as key “executioners” in the apoptosis process, leading to cell death.
SMAC encourages apoptosis by suppressing the activity of inhibitors of apoptosis proteins (IAPs) [3,
4].

Extrinsic apoptosis is usually controlled by several proteins, particularly those from the B-cell

lymphoma 2 (BCL-2) family. These proteins are classified into three groups:

1. Pro-apoptotic proteins, such as Bcl-2-associated X protein (BAX) and Bcl-2 antagonist/killer 1
(BAK). Upon receiving an apoptosis signal, pro-apoptotic proteins are activated and oligomerize
on the mitochondrial outer membrane, leading to increased membrane permeability, a critical
step in the apoptosis process [5].

2. Anti-apoptotic proteins, such as Bcl-2, Bcl-xl, Bcl-w, and Mcl-1, help maintain mitochondrial
membrane stability.

3. BH3-only proteins, including BAD, BID, BIM, and BIK, trigger apoptosis by activating pro-
apoptotic proteins and neutralizing anti-apoptotic proteins [4, 6].

The extrinsic pathway is also called the death receptor pathway. This is because there is a protein in
this pathway that basically receives a signal when any foreign ligand tries to enter the cell; that protein
is death, including the signaling complex (DISC). There are some transmembrane proteins that usually
bind to the extracellular specific ligands and then transduce an apoptotic signal into cells.
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Death receptors come from the receptor gene superfamily, and this contains cysteine-rich
extracellular domains as well as intracellular domains that keep homologous amino acid residues.
Intracellular domain has death domain (DD), it also called FAS ligand and play the key role in apoptosis.

Diagrams 2, 3, and 4 be centered in the document, as they are currently aligned to the left and not
displaying optimally. Centering these diagrams would improve their visibility and overall presentation.
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Figure 1. Signaling pathway of apoptosis, mitochondrial membrane permeabilization release the
cytochrome c, then activate the pro-caspase9, which attached with APAF-1 after this casepase9 is
activated. Mitochondria MOMP is directly activating the SMAC in the cytoplasm, and this activates the
IAPs where it is binding with casepase9. Damage sensor signal release through the BH3 proteins; there
is DISC-death including signaling complex that receives the FAS ligands signal to cell death. In the
extrinsic pathway, TRADD and RIPK1 both release the signal from TNF-a. After the signal, it activates
pro-casepase8 further, casepase8 activates and casepase8 activates BID. This BID blocks the BAX
because this BAX creates the pore in the mitochondria. Casepase8 lets activate casepase3/7 to induce
apoptosis.

This FAS receptor is always activated by the FAS-ligand protein with death domain (FADD) through
the (DD). This FAS-ligand death domain recruits the pro-caspase8 by its death effector DISC-death
including signaling complex. There are known death receptors in addition to TNFR1, FAS, DR3, DR4,
and DR5, renowned for FAS [7].

DISC protein can directly activate casepase8 and casepase3 even, casepase? to induce the apoptosis,
and cut the BID into t BID and trigger MOMP to regulate apoptosis [8, 9].

AUTOPHAGY
“Autophagy” comes from the Greek word its meaning is that eating oneself, (destroying oneself);
this was first carried out by the Christian de Duve over 40 years ago. Mitochondria and intracellular
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structure with the lysosome of rat liver perfused with pancreatic hormone, glucagon [1]. Such as
damaged organelles as well as misfolded proteins to induce cellular homeostasis [10]. Autophagy is
associated with various forms of caspase-independent cell death, often referred to as “autophagic” cell
death [11]. It can be classified into three types:

1. Macro-autophagy,

2. Micro-autophagy, and

3. Chaperone-mediated autophagy, with macro-autophagy commonly simply called autophagy [12].

This process is tightly regulated by autophagy-related genes (ATG), with over 40 genes encoding
ATG proteins identified in yeast. This system is evolutionarily conserved across species, including
mammals (Figure 2) [13].

The autophagy process involves several interconnected steps: induction, assembly, and formation of
the autophagosome, followed by its fusion with lysosomes for degradation and recycling of contents
[14]. Autophagy can be triggered by nutrient deprivation; when the mTORC1 complex is inhibited or
AMPK is activated, the ULK1 complex is stimulated and localized to the endoplasmic reticulum [15].
The ULK1 complex then phosphorylates and activates the Beclin-1-PI3KC3 complex, triggering the
initiation of autophagy. This complex supports both autophagosome membrane formation and the
increased activity of phosphatidylinositol 3-phosphate (P13P). Moreover, the interaction of ATG5,
ATG12, and ATG16L facilitates the expansion of the autophagosome membrane, with the assistance
of ATG3, ATG7, and microtubule-associated protein 1 light chain 3 (LC3).
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Figure 2. It is a signaling pathway of autophagy.

e Macroautophagy: ATP/AMP activating the (AMPK) where the mTORCL1 is blocked (Unc -51).
The ULK complex is phosphorylated, triggering the nucleation phase of autophagosome
formation. This process involves ATG4, ATG7, and ATG3. Additionally, the microtubule-
associated protein LC3 is converted into its mature form, LC3-I1. Chaperone-imdiated mitophagy
and its substrates K, F, E, R, and Q, which are chaperone complexes, this activating the LAMP-
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2A further and activating the fusion degradation through the autophagsome and autolysosome.
e PINK1/Parkin-imdiated mitophagy: PINK1 phosphorylating the parkin, then this complex
induces the process of phagophore called elongation maturation.

It is modified by the cellular lipid phosphatidylethanolamine (PE) and converted into LC3-11. LC3-
Il assists in sequestering ubiquitinated materials into the developing autophagosome, which is then
broken down by lysosomal enzymes [16, 17]. Mitochondria, known as the powerhouse of the cell,
generates energy in the form of ATP through the electron transport chain (ETC). This energy powers
all cellular activities. When mitochondria are broken down through autophagy, the process is referred
to as mitophagy [18]. Mitochondrial autophagy can be categorized into ubiquitin-mediated and
receptor-mediated processes. The PINK1/parkin pathway is central to ubiquitin-mediated mitochondrial
autophagy. Under normal conditions, PINK1 (PTEN-induced putative kinase 1) is cleaved by
presenilin-associated rhomboid-like protease (PARL). However, when mitochondria are damaged, the
depolarization of the inner mitochondrial membrane prevents PINK1 from entering the inner
mitochondrial space. After being recognized by ubiquitin-binding proteins like p62, the damaged
mitochondria are engulfed by autophagosomes for degradation [19, 20].

PYROPTOSIS

Pyroptosis is described by Cookson and Brenan in 2001 [21]. Pyroptosis is the process in which pores
are created in the membrane, and cells keep doing the inflammation till they demolish and release the
inflammatory factor into the extracellular space, even making a strong inflammatory response [22]. This
pathway is classified into two pathways: classical and non-classical pathways (Figure 3). The classical
pathway quite depends on the caspasel. There are three most comprised components:

1. Receptor proteins, like NLRP1, NLRP3, NLRC4, AIM2, and pyrin, of NLRP3, which is
researched.

2. There is an adaptor protein, ASC, which contains the CARD. This CARD plays the vital role of
recruitment of pro-caspase-1. Additionally, there are recognized receptors such as PRR that can
directly recruit pro-caspase-1 [23].

3. This third one is effector protein pro-caspase-1 [24]. After the formation of an inflammasome,
pro-caspase is hydrolyzed into proper cleaved caspase-1. This caspase-1 can rupture or cleave
GSDMD to GSDMD-C and GSDMD-N. the GSDMD-N transfer to the membrane, and this also
creates the non-selective pores with an inner diameter of 10-14 nm, then it begins to cell swelling
and rupture. Caspase-1 also removes the pro-IL-IBETA and pro-IL-18 into the mature IL-18,
which is quite released to the extracellular space through the pores [4, 24-25]. Caspase4/5/11
and caspase4/5 can be directly controlled by the LPS in the cytoplasm. After activating caspase-
4/5/11 can cleave the GSDMD, besides this pro-IL-Ibeta and pro-IL-18.

Membrane pores work with GSDMD-Ns to the efflux of intracellular potassium ions. After this, it
activates the NLRP3; these are both inflammasomes and classical pathways of pyroptosis. Results show
the cleavage and release of pro-IL-lbeta and pro-IL-18 [24, 26].

Furthermore, whenever cells are infected through the viral infection, GSDME may also be cleaved
to GSDME-N by the caspase-3/8. GSDME-Ns can form pores in the cytoplasmic membrane, which
subsequently triggers pyroptosis [27, 28]. Recent studies have shown that granzyme A and granzyme
B are also capable of cleaving GSDMB; process results in the formation of pores in the cytoplasmic
membrane, indicating the involvement of a granzyme-driven pathway for pyroptosis [29, 30].

NECROPTOSIS

In 2005, Degterev and colleagues identified necroptosis as a form of programmed cell death (PCD)
that occurs independently of caspases [31]. While it shares morphological similarities with necrosis, it
is a regulated process of cell death.
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There is some comparable to those of apoptosis; during morphological changes such as cell swelling,
plasma membrane break with chromosome condensation releases the damage-associated molecular
pattern, which is DAMPs, inflammatory cytokines, and chemotaxis factor (Figure 4) [3, 32-33].
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Figure 3. Signaling pathway of pyroptosis is initiated when pathogen- or damage-associated molecular
patterns (PAMPs or DAMPs) activate receptors like NLRP3, NLRC, AIM2, or pyrin. These receptors
then interact with ASC and pro-caspase-1, facilitating the assembly of inflammasomes. Caspase-1 is
activated in this process and cleaves gasdermin D (GSDMD), producing the GSDMD-N fragment. This
fragment assembles into non-selective pores on the cell membrane. Additionally, caspase-1 converts
the inactive forms of IL-1p and IL-18 into their active states. These mature cytokines are then released
into the extracellular space via membrane pores, triggering a robust inflammatory response. Non-
canonical pathway of pryoptosis: this LPS directly binds to the caspase-4/5/11. Activated caspase-
4/5/11 also cleave GSDMD, but it cannot activate the pro-IL- Ibeta and pro-IL-18. GSDME-N can form
pores in the plasma membrane. Both granzyme A and granzyme B can contribute to the formation of
these membrane pores, triggering pyroptosis.

Iron-transferrin binds to the TfR1, which induces the endosome in the presence of DMT1, where the
fenton reaction is happening from Fe?* to Fe®*, even though H;O, is removing the OH and activating
the ROS. This activates the PL-PUBA-OOQOH, later it induces lipid peroxidation to enhance ferroptosis.
In addition to this, ferroptosis takes place through the many proteins that are crucial to starting
ferroptosis such as PUBA, PUFA-coA, and PL-PUFA. These are proteins activated with each other by
the (ACSL4) and (LPCAT3). Research shows that SLC7A1l plays a crucial role in glutamine
metabolism and influences the dependency of cancer cells on both glucose and glutamine. GSH
biosynthesis: It activates the conversion of GSH to GSSG through GPX4, which is linked to the
regulation of ROS.

When TNFa binds to its receptor, the intracellular domain of TNFR1 recruits various proteins to form
a signaling complex, known as complex I. In this complex, cellular inhibitor of apoptosis proteins
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(clAPs) regulate the ubiquitination of receptor-interacting serine/threonine kinase 1 (RIPK1) [34].
During CYLD deubiquitinates RIPK1, and this converts the complex | into complex Il. In complex 11,
FADD recruits procaspase-8, when RIPK1 newcomer RIPK3. When RIPK3 is absent even at a low
level, caspase-8 activates and induces apoptosis. This caspase-8 inhibited the RIPK3-rich cells, and
RIPK1 always recruits the RIPK3 condition for necroptosis; beside this, it can be directly activated by
the TIR-domain-containing adapter-inducing interferon-beta (TRIF); in addition to this, there is an
adaptor protein of toll-like receptors (TLRs). Once RIPKS3 is activated, it phosphorylates MLKL,
leading to the release of mitochondrial DNA, uric acid, histones, and ATP into the extracellular space
through plasma membrane pores. This release triggers an inflammatory response [33, 35-36].
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Figure 4. Signaling pathway of necroptosis.

CONCLUSION

PCD-related studies in cell death (1) Several types of PCD, including apoptosis, autophagy,
pyroptosis, and necroptosis — these are all pathways demonstrating the cell death issue by which that
cell is programmed to die. Each pathway is distinct from the others. Programmed cell death (PCD) is
an essential biological process that plays a key role in regulating cellular homeostasis, development,
and defense mechanisms. This research provides an overview of several distinct forms of PCD, each
characterized by different mechanisms leading to cell death: apoptosis, autophagy, pyroptosis, and
necroptosis.

Apoptosis is a well-defined process where cells undergo an orderly, energy- dependent death, often
referred to as “cell suicide.” It is vital for removing damaged or unwanted cells without causing
inflammation. Autophagy, on the other hand, involves the degradation and recycling of cellular
components, allowing cells to survive under stress conditions. Excessive autophagy may result in cell
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death. Pyroptosis is a form of programmed cell death that is highly inflammatory, often initiated by
specific infections, and is marked by cell swelling, rupture, and the release of pro-inflammatory
molecules. Necroptosis shares features of both apoptosis and necrosis, leading to cell death through a
regulated, but often inflammatory, pathway, acting as a backup when apoptosis fails.

Each of these PCD pathways contributes to the elimination of damaged or dangerous cells, but the
mechanisms and outcomes differ. While apoptosis and autophagy generally aim to maintain cellular
homeostasis with minimal impact on the surrounding environment, pyroptosis and necroptosis can
provoke strong immune responses. Understanding these different PCD pathways is essential for
developing therapeutic strategies for diseases where cell death is dysregulated, such as cancer,
neurodegenerative disorders, and immune-related conditions. By elucidating the distinct features and
roles of these pathways, researchers can better target specific forms of PCD for clinical interventions.

REFERENCES

1. Cotter TG, Lennon SV, Glynn JG, Martin SJ. Cell death via apoptosis and its relationship to growth,
development and differentiation of both tumour and normal cells. Anticancer Res.
1990;10(5A):1153-1159.

2. Kerr JFR, Wyllie AH, Currie AR. Apoptosis: a basic biological phenomenon with wideranging
implications in tissue kinetics. Br J Cancer. 1972;26(4):239-257. doi:10.1038/bjc.1972.33.

3. Sauler M, Bazan IS, Lee PJ. Cell death in the lung: the apoptosis-necroptosis axis. Annu Rev
Physiol. 2019;81:375-402. doi:10.1146/annurev-physiol-020518-114320.

4. Ketelut-Carneiro N, Fitzgerald KA. Apoptosis, pyroptosis, and necroptosis-oh my! The many ways
a cell can die. J Mol Biol. 2022;434(4):167378. doi:10.1016/j.jmb.2021.167378.

5. Pefa-Blanco A, Garcia-Saez AJ. Bax, Bak and beyond - mitochondrial performance in apoptosis.
Febs J. 2018;285(3):416-431. doi:10.1111/febs.14186.

6. GalluzziL, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, et al. Molecular mechanisms
of cell death: recommendations of the Nomenclature Committee on Cell Death 2018. Cell Death
Differ. 2018;25:486-541. doi:10.1038/s41418-017-0012-4.

7. Kashyap D, Garg VK, Goel N. Intrinsic and extrinsic pathways of apoptosis: role in cancer
development and prognosis. Adv Protein Chem Struct Biol. 2021;125:73-120.
doi:10.1016/bs.apcsh.2021.01.003.

8. Santagostino SF, Assenmacher CA, Tarrant JC, Adedeji AO, Radaelli E. Mechanisms of regulated
cell death: current perspectives. Vet Pathol. 2021;58(4):596-623.
doi:10.1177/03009858211005537.

9. Ashkenazi A, Salvesen G. Regulated cell death: signaling and mechanisms. Annu Rev Cell Dev
Biol. 2014;30:337-356. doi:10.1146/annurev-cellbio-100913-013226.

10. Kobayashi S. Choose delicately and reuse adequately: the newly revealed process of autophagy.
Biol Pharm Bull. 2015;38(8):1098-1103. doi:10.1248/bpb.b15-00096.

11. Kroemer G, Levine B. Autophagic cell death: the story of a misnomer. Nat Rev Mol Cell Biol.
2008;9:1004-1010. doi:10.1038/nrm2529.

12. Li X, He S, Ma B. Autophagy and autophagy-related proteins in cancer. Mol Cancer. 2020;19:12.
d0i:10.1186/512943-020-1138-4.

13. Levine B, Kroemer G. Biological functions of autophagy genes: a disease perspective. Cell.
2019;176(1):11-42. doi:10.1016/j.cell.2018.09.048.

14. Ornatowski W, Lu Q, Yegambaram M, Garcia AE, Zemskov EA, Maltepe E, et al. Complex
interplay between autophagy and oxidative stress in the development of pulmonary disease. Redox
Biol. 2020;36:101679. doi:10.1016/j.redox.2020.101679.

15. Hara T, Takamura A, Kishi C, lemura Sl, Natsume T, Guan JL, Mizushima N. FIP200, a ULK-
interacting protein, is required for autophagosome formation in mammalian cells. J Cell Biol.
2008;181(3):497-510. d0i:10.1083/jch.200712064.

16. Racanelli AC, Choi AMK, Choi ME. Autophagy in chronic lung disease. Prog Mol Biol Transl Sci.
2020;172:135-156. doi:10.1016/bs.pmbts.2020.02.001.

© STM Journals 2024. All Rights Reserved 49



Research & Reviews: A Journal of Life Sciences
Volume 14, Issue 3
ISSN: 2249-8656 (Online), ISSN: 2348-9545 (Print)

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sachdeva K, Do DC, Zhang Y, Hu X, Chen J, Gao P. Environmental exposures and asthma
development: autophagy, mitophagy, and cellular senescence. Front Immunol. 2019;10:2787.
doi:10.3389/fimmu.2019.02787.

Springer MZ, Macleod KF. In brief: mitophagy: mechanisms and role in human disease. J Pathol.
2016;240(3):253-255. d0i:10.1002/path.4774.

Kerr JS, Adriaanse BA, Greig NH, Cader MZ, Bohr VA, Fang EF, et al. Mitophagy and alzheimer’s
disease: cellular and molecular mechanisms. Trends Neurosci. 2017;40(3):151-166.
d0i:10.1016/j.tins.2017.01.002.

Li A, Gao M, Liu B, Qin Y, Chen L, Liu H, et al. Mitochondrial autophagy: molecular mechanisms
and implications for cardiovascular disease. Cell Death Dis. 2022;13:444. doi:10.1038/s41419-022-
04906-6.

Cookson BT, Brennan MA. Pro-inflammatory programmed cell death. Trends Microbiol.
2001;9(3):113-114. doi:10.1016/S0966-842X(00)01936-3.

Brennan MA, Cookson BT. Salmonella induces macrophage death by caspase-1-dependent
necrosis. Mol Microbiol. 2000;38(1):31-40. doi:10.1046/j.1365-2958.2000.02103.x.

Yang J, Hu S, Bian Y, Yao J, Wang D, Li X, et al. Targeting cell death: pyroptosis, ferroptosis,
apoptosis and necroptosis in osteoarthritis. Front Cell Dev Biol. 2021;9:789948.
doi:10.3389/fcell.2021.789948.

Broz P, Dixit VM. Inflammasomes: mechanism of assembly, regulation and signalling. Nat Rev
Immunol. 2016;16:407-420. doi:10.1038/nri.2016.58.

Yu P, Zhang X, Liu N, Tang L, Peng C, Chen X. Pyroptosis: mechanisms and diseases. Signal
Transduct Target Ther. 2021;6:128. doi:10.1038/s41392-021-00507-5.

Hsu SK, Li CY, Lin IL, Syue WJ, Chen YF, Cheng KC, et al. Inflammation-related pyroptosis, a
novel programmed cell death pathway, and its crosstalk with immune therapy in cancer treatment.
Theranostics. 2021;11(18):8813-8835. doi:10.7150/thno.62521.

Aglietti RA, Estevez A, Gupta A, Dueber EC, Dixit VM, Ciferri C, et al. GsdmD p30 elicited by
caspase-11 during pyroptosis forms pores in membranes. Proc Natl Acad Sci USA.
2016;113(28):7858-7863. doi:10.1073/pnas.1607769113.

Zhou Z, He H, Wang K, Shi Y, Wang Y, Liu W, et al. Granzyme A from cytotoxic lymphocytes
cleaves GSDMB to trigger pyroptosis in target cells. Sci. 2020;368(6494):eaaz7548.
doi:10.1126/science.aaz7548.

Liu Y, Fang Y, Chen X, Wang Z, Liang X, Zhang T, et al. Gasdermin E-mediated target cell
pyroptosis by CAR T cells triggers cytokine release syndrome. Sci Immunol. 2020;5(43):435.
doi:10.1126/sciimmunol.aax7969.

Wang Y, Yin B, Li D, Wang G, Han X, Sun X. GSDME mediates caspase-3- dependent pyroptosis
in  gastric cancer. Biochem Biophys Res Commun. 2018;495(1):1418-1425.
d0i:10.1016/j.bbrc.2017.11.156.

Hou J, Zhao R, Xia W, Chang CW, You Y, Nie L, et al. PD-L1-mediated gasdermin C expression
switches apoptosis to pyroptosis in cancer cells and facilitates tumour necrosis. Nat Cell Biol.
2020;22:1264-1275. d0i:10.1038/s41556-020-0575-z.

Degterev A, Huang Z, Boyce M, Li Y, Jagtap P, Mizushima N, et al. Chemical inhibitor of
nonapoptotic cell death with therapeutic potential for ischemic brain injury. Nat Chem Biol.
2005;1:112-119. doi:10.1038/nchembio711.

Pasparakis M, Vandenabeele P. Necroptosis and its role in inflammation. Nat. 2015;517:311-320.
doi:10.1038/nature14191.

Galluzzi L, Kepp O, Chan FK, Kroemer G. Necroptosis: mechanisms and relevance to disease.
Annu Rev Pathol. 2017;12:103-130. doi:10.1146/annurev-pathol-052016-100247.

Bertrand MJ, Milutinovic S, Dickson KM, Jaquith JB, Morris SJ, Barker PA, et al. clAP1 and
clAP2 facilitate cancer cell survival by functioning as E3 ligases that promote RIP1 ubiquitination.
Mol Cell. 2008;30(6):689-700. doi:10.1016/j.molcel.2008.05.014.

Gao W, Wang X, Zhou Y, Wang X, Yu Y. Autophagy, ferroptosis, pyroptosis, and necroptosis in
tumor immunotherapy. Signal Transduct Target Ther. 2022;7:196. doi:10.1038/s41392-022-01046-
3.

© STM Journals 2024. All Rights Reserved 50



