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Commentary on “PANoptosis-like 
cell death in ischemia/reperfusion 
injury of retinal neurons”

Several decades have passed since programmed-
cell death (PCD) was identified. Apoptosis was first 
defined by Kerr in 1972, and later described by the 
Nobel Prices in Physiology or Medicine 2002, Sydney 
Brenner, John Sulston and Robert Horwitz, who 
defined genetic regulators of apoptosis (Diamantis et 
al., 2008). However, it was in 1858 when the German 
pathologist and biologist Rudolf Virchow identified for 
the first time the phenomenon of apoptosis, which 
he named necrobiosis, arguing that this form of cell 
death was completely different from the uncontrolled 
necrosis, suggesting the existence of two different 
types of cell death. Today, the knowledge in the field 
of cell death regulation is extensive, but still under 
continuous expansion.

Among all the proposed forms of PCD, pyroptosis, 
apoptosis and necroptosis are the most well-defined 
in terms of the molecular machinery responsible 
for the initiation, transduction, and execution of 
cell death. Pyroptosis is executed by gasdermin 
D (GSDMD) activation through the inflammatory 
caspases caspase-1 and caspase-11 to drive cellular 
swelling, plasma membrane permeabilization, 
and inflammation (Shi et al., 2015). Apoptosis is 
executed by caspase-3 and caspase-7, downstream 
of the initiator caspases-8, -9, and -10, leading to 
cell shrinkage and nuclei condensation but without 
membrane permeabilization (Ellis and Horvitz, 
1986). Necroptosis by contrast is triggered in a 
caspase-independent manner through the receptor-
interacting protein kinase 1 (RIPK1) and RIPK3, which 
activates the necroptotic executor mixed lineage 
kinase domain-like pseudokinase (MLKL) followed by 
membrane pores formation, cellular swelling, and 
inflammation (Holler et al., 2000). Usually, these three 
forms of PCD have been considered as independent 
pathways part ic ipat ing in  several  d isorders, 
including nervous system diseases and degenerative 
conditions, such as Parkinson’s disease, Alzheimer’s 
disease, multiple sclerosis, neuroinflammation, and 
neuronal injury (Arrázola et al., 2019; Moujalled et 
al., 2021). However, increasing evidence suggests 
that there is an important crosstalk between 
pyroptosis, apoptosis, and necroptosis in a variety 
of pathological scenarios, thereby acting as one and 
integrated PCD pathway (Wang and Kanneganti, 
2021). A couple of years ago, the concept of 
PANoptosis was introduced by Malireddi et al. (2019) 
establishing for the first time a possible molecular 
connection between pyroptosis, apoptosis, and 
necroptosis in the context of pathological infectious 
diseases with a high inflammatory component. The 
participation of each PCD has been established in 
different neurodegenerative conditions, however, 
the contribution of PANoptosis as an integrated 
PCD cascade in pathologies of the nervous system 
pathologies have not been addressed until now (Yan 
et al., 2022). 

Yan et al. (2023) demonstrated that PANoptosis 
is triggered after nervous system injury using in 
vitro and in vivo models of ischemia/reperfusion (I/
R) in retinal neurons. They used oxygen-glucose 
deprivation/recovery (OGD/R) as a model to simulate 
the I/R injury in vitro in R28 retinal cells. PANoptosis 
was broadly analyzed by TUNEL, ethidium homodimer 
III, and propidium iodide staining to detect apoptosis, 
pyroptosis, and necroptosis respectively after OGD/
R. The detection of specific molecular markers for 
each PCD cascade enables the authors to determine 
the co-existence of the three regulated pathways in 
retinal neurons after OGD/R treatment. Apoptosis 
activation was defined by caspase-3 cleavage, 
increased apoptotic protein Bax and decreased Bcl-

Macarena S. Arrázola, Felipe A. Court*

This work was supported by grants from the 
Geroscience Center for Brain Health and Metabolism, 
FONDAP- 15150012 (to FAC), Fondo Nacional de 
Desarrollo Científico y Tecnológico (FONDECYT) No. 
1150766 (to FAC), Agencia Nacional de Investigación y 
Desarrollo (ANID) FONDECYT Iniciación N° 11220120 
(to MSA).

Macarena S. Arrázola, Felipe A. Court*

Center for Integrative Biology, Faculty of Sciences, 
Universidad Mayor; Geroscience Center for Brain 
Health and Metabolism (GERO), Santiago, Chile 
(Arrázola MS, Court FA)
Buck Institute for Research on Aging, Novato, CA, 
USA (Court FA)
*Correspondence to: Felipe A. Court, PhD, 
felipe.court@umayor.cl.
https://orcid.org/0000-0002-9394-7601 
(Felipe A. Court)
Date of submission: February 10, 2022  
Date of decision: March 16, 2022  
Date of acceptance: May 24, 2022  
Date of web publication: July 1, 2022 

https://doi.org/10.4103/1673-5374.346543
How to cite this article: Arrázola MS, Court FA 
(2023) Commentary on “PANoptosis-like cell death 
in ischemia/reperfusion injury of retinal neurons”. 
Neural Regen Res 18(2):341. 
Open access statement: This is an open 
access journal, and articles are distributed 
under the terms of the Creative Commons 
AttributionNonCommercial-ShareAlike 4.0 License, 
which allows others to remix, tweak, and build 
upon the work non-commercially, as long as 
appropriate credit is given and the new creations 
are licensed under the identical terms.

References
Arrázola MS, Saquel C, Catalán RJ, Barrientos SA, Hernandez 

DE, Martínez NW, Catenaccio A, Court FA (2019) Axonal 
degeneration is mediated by necroptosis activation. J Neurosci 
39:3832-3844.

Daniels BP, Snyder AG, Olsen TM, Orozco S, Oguin TH, Tait SWG, 
Martinez J, Gale M, Loo YM, Oberst A (2017) RIPK3 restricts viral 
pathogenesis via cell death-independent neuroinflammation. 
Cell 169:301-313.

Diamantis A, Magiorkinis E, Sakorafas GH, Androutsos G (2008) 
A brief history of apoptosis: from ancient to modern times. 
Onkologie 31:702-706.

Ellis HM, Horvitz HR (1986) Genetic control of programmed cell 
death in the nematode C. elegans. Cell 44:817-829.

Gutierrez KD, Davis MA, Daniels BP, Olsen TM, Ralli-Jain P, Tait 
SWG, Gale M, Oberst A (2017) MLKL activation triggers NLRP3-
mediated processing and release of IL-1β independently of 
Gasdermin-D. J Immunol 198:2156-2164.

Holler N, Zaru R, Micheau O, Thome M, Attinger A, Valitutti S, 
Bodmer JL, Schneider P, Seed B, Tschopp J (2000) Fas triggers 
an alternative, caspase-8-independent cell death pathway using 
the kinase RIP as effector molecule. Nat Immunol 1:489-495.

Huang JF, Shang L, Zhang M, Wang H, Chen D, Tong J, Huang H, 
Yan X, Zeng LP, Xiong K (2013) Differential neuronal expression 
of receptor interacting protein 3 in rat retina: involvement in 
ischemic stress response. BMC Neurosci 14:16.

Lee HL, Pike R, Chong MHA, Vossenkamper A, Warnes G (2018) 
Simultaneous flow cytometric immunophenotyping of 
necroptosis, apoptosis and RIP1-dependent apoptosis. Methods 
134-135:56-66.

Malireddi RKS, Kesavardhana S, Kanneganti TD (2019) ZBP1 and 
TAK1: master regulators of NLRP3 inflammasome/pyroptosis, 
apoptosis, and necroptosis (PAN-optosis). Front Cell Infect 
Microbiol 9:406.

Moujalled D, Strasser A, Liddell JR (2021) Molecular mechanisms of 
cell death in neurological diseases. Cell Death Differ  28:2029-
2044.

Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, Zhuang Y, Cai T, Wang 
F, Shao F (2015) Cleavage of GSDMD by inflammatory caspases 
determines pyroptotic cell death. Nature 526:660-665.

Wang Y, Kanneganti TD (2021) From pyroptosis, apoptosis and 
necroptosis to PANoptosis: A mechanistic compendium of 
programmed cell death pathways. Comput Struct Biotechnol J 
19:4641-4657.

Yan WT, Yang YD, Hu XM, Ning WY, Liao LS, Lu S, Zhao WJ, Zhang 
Q, Xiong K (2022) Do pyroptosis, apoptosis, and necroptosis 
(PANoptosis) exist in cerebral ischemia? Evidence from cell and 
rodent studies. Neural Regen Res 17:1761-1768.

Yan WT, Zhao WJ, Hu XM, Ban XX, Ning WY, Wan H, Zhang Q, Xiong 
K (2023) PANoptosis-like cell death in ischemia/reperfusion 
injury of retinal neurons. Neural Regen Res 18:357-363.

Zhang DW, Shao J, Lin J, Zhang N, Lu BJ, Lin SC, Dong MQ, Han J (2009) 
RIP3, an energy metabolism regulator that switches TNF-induced 
cell death from apoptosis to necrosis. Science 325:332-336.

C-Editors: Zhao M, Liu WJ, Wang Lu; T-Editor: Jia Y

2 levels. Pyroptosis activation was confirmed by 
caspase-1 cleavage, increased NLRP3 levels, GSDMD 
cleavage, and by the presence of inflammatory 
interleukin-1β and interleukin-18. Finally, the increase 
in RIPK3-MLKL phosphorylation demonstrated 
the activation of necroptosis and confirmed that 
PANoptosis can be induced in retinal neurons by the 
same injury stimulus. To go further, Yan et al. (2023) 
defined the contribution of each pathway in the 
resulting neuronal death by using a serial combination 
of specific inhibitors. The best inhibitory condition 
was observed when the three PCD pathways were 
co-inhibited, suggesting that OGD/R-induced cell 
death is mainly driven by PANoptosis. However, 
many cellular factors must be considered to confirm 
this suggestion, including the fact that inhibition 
of one PCD pathway could lead to a compensatory 
effect by activating other regulated cascades of cell 
death. For instance, it has been shown that apoptotic 
triggering factors induce necroptosis activation 
under inhibition or deficiency of caspase-8  (Holler 
et al., 2000). In that sense, key components of the 
necroptotic pathway are also involved in the switch 
from apoptosis to necroptosis, mainly through RIPK3, 
which has versatile functions in the regulation of 
both cell death cascades but also participating in cell-
death independent pathways, including regulation 
of the immune response, energy metabolism and 
inflammation (Zhang et al., 2009; Daniels et al., 
2017). On the other hand, MLKL activation, which 
leads to membrane disruption, can also activate the 
NLRP3 inflammasome in a cell-intrinsic manner, but 
independently of GSDMD, the central executor of 
pyroptosis (Gutierrez et al., 2017). Accordingly, RIP1-
dependent apoptosis has been described through 
flow cytometric detection of RIP3/active Caspase-3 
double-positive events in live and dead populations in 
vitro (Lee et al., 2018). Therefore, crosstalk between 
independent PCD cascades must also be considered.

Yan et al. (2023) also determined in vivo whether 
I/R injury can induce PANoptosis-like cell death 
using a rat acute high intraocular pressure (aHIOP) 
model. Apoptosis, necroptosis, and pyroptosis 
were independently detected in retina sections 
after aHIOP and correlated with the correspondent 
increase of cell-death type specific markers, such 
as caspase-3, GSDMD, and MLKL. This evidence 
proposes the existence of PANoptosis-like cell death 
in vivo, indicating that retinal cells could die by 
executing different cell-death mechanisms after I/
R injury. Further studies regarding the co-existence 
of individual cell-death types would better address 
whether pyroptosis, apoptosis, and necroptosis occur 
simultaneously within the same cell, or if it is cell-
type dependent. In addition, the understanding of 
PCD pathways kinetics would allow to better define 
the mechanism of PANoptosis execution after acute 
ischemic injury. In this context, Huang et al. (2013) 
demonstrated that RIPK3 protein levels were rapidly 
elevated following aHIOP in the retina, however, 
some of these RIPK3 positive retinal cells colocalized 
with Bax and cleaved caspase-3 in the ganglionic cell 
layer after 12 hours of aHIOP, suggesting a differential 
temporal activation of individual PCD pathways.

In conclusion, the evidence provided by Yan et al. 
(2023) suggest that PANoptosis is likely to operate in I/
R neuronal injury, providing a new research concept to 
study other types of neuronal injury or degenerative 
processes, such as many neurodegenerative diseases 
related to PCD. Moreover, this work arises new 
questions regarding the possible existence of other 
signaling cascades or other types of PCD that could 
extend the scope of PANoptosis as a therapeutic 
target in central nervous system diseases.
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