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ABSTRACT 
 
Neural plasticity is a consequence of a delicate balance between the processes of 
neurodegeneration and neurogenesis. When neurodegeneration overcomes 
neurogenesis, neurodegenerative diseases occur, which affect cognitive functions 
such as memory, language, and executive functions. Neurodegeneration, the 
process of neuronal cell death, presents several aspects that were categorized 
according to their macroscopic and/or morphological characteristics. The concept of 
apoptosis, autophagy, and necrosis is still widely used today. On the other hand, 
more in-depth forms emerge in the clinical and academia, describing the cascade of 
cell death events through biochemical approaches, and the essential (causal) and 
accessory (correlative) aspects of the cell death process. New concepts were 
introduced, addressed in the modules of signal translation involving issues such as 
the initiation, execution, and propagation of cell death, as well as the 
pathophysiological relevance of each of the main types. Currently, twelve types of 
cell death are already defined, not only apoptosis, necrosis, and autophagy. In this 
review, we will address the main mechanisms of cell death, with special emphasis on 
the participation of caspases and other proteins in these mechanisms. We will 
discuss some types of cell death such as extrinsic and intrinsic apoptosis, necrosis, 
necroptosis, and autophagy-dependent cell death. We hope to elucidate key points in 
molecular systems, including the receptors involved in cell death and their role in 
neurodegeneration, and showing that neurodegeneration has characteristics beyond 
morphological (apoptosis and necrosis). 
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GENERAL ASPECTS  

One of the important issues in neurobiology is to understand the molecular 

mechanisms underlying neurodegenerative diseases, or neuronal loss, associated 

with behavioral and cognitive changes seen in various diseases of the central 

nervous system (CNS). During the neuronal plasticity1 process, two opposite 

phenomena occur, known as neurogenesis2 and neurodegeneration 3, which under 

physiological conditions are in a dynamic balance. Some stimuli or insults can lead to 

dysfunctions that culminate in too much cell death, resulting in imbalance, and 

consequent superposition of neurodegeneration on neurogenesis.  

The occurrence of this imbalance, with a predominance of loss of neurons 

and/or a decrease in neurogenesis, displaces the balance and causes damage that 

characterizes a series of diseases known as neurodegenerative diseases. This fact 

can cause cell loss in important regions of the Central Nervous System (CNS), 

leading to deficits in cognitive processes. Neuronal death is the main pathological 

feature of neurodegeneration in conditions such as Alzheimer's disease (AD), 

Parkinson's disease, Huntington's disease, and Wernicke-Korsakoff Syndrome 

(WKS: Wernicke-Korsakoff Syndrome) (1). 

Some of the mechanisms that lead to cell death, such as apoptosis and 

necrosis, understood as independent, have characteristics in common and can 

participate in many health or disease conditions (2,3). The cell death process is 

regulated and the understanding of each of the pathways and interphases of the 

molecular systems that are part of this process is essential for the development of 

rational intervention strategies, in the case of neurodegenerative diseases or 

physiological aging itself (4–7). 

  

                                            
1

 Plasticity (Neuroplasticity): ability of the nervous system to modify its structure and function as a result of 

experiences - environmental stimuli. (63). 
2
 Neurogenesis: process of formation of new neurons in the brain, originating from neural stem cells. (64) 

3
 Neurodegeneration: progressive loss of structure or function of neurons, culminating in cell death. (65) 

https://doi.org/10.54038/ms.v1i1.2
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NEURODEGENERATION 

CELL DEATH MECHANISMS 

Cell death manifests itself with macroscopic morphological changes. The 

mechanisms by which dead cells and their fragments are discarded have historically 

been used to classify cell death in three different ways: (1) type I cell death or 

apoptosis, exhibiting cytoplasmic shrinkage, chromatin condensation (pyognosis), 

nuclear fragmentation (karyorexia), “bubbles” in the plasma membrane, culminating 

in the formation of small intact vesicles (commonly known as apoptotic bodies) that 

are efficiently absorbed by cells with phagocytic activity and degraded within 

lysosomes; (2) type II cell death or autophagy, manifesting as extensive cytoplasmic 

vacuolization and culminating, similarly to type I, with phagocytic uptake and 

consequent lysosomal degradation; and (3) type III cell death or necrosis, not 

showing distinct characteristics of type I or II cell death, but ending with the 

elimination of cells debris in the absence of phagocytic and lysosomal involvement.  

Furthermore, while apoptosis and autophagy do not involve inflammation, 

necrosis signals inflammatory processes initiation. This morphological classification 

is still widely used, regardless of multiple limitations and caveats. Despite being 

considered independent mechanisms, these can co-participate in cell death that 

occurs both in the physiological and pathological state (8–10). 

To create an adequate classification of the different types of cell death, in 

2005 the NCCD: Nomenclature Committee on Cell Death was created. In 2009, 

apoptosis, necrosis, and mitotic catastrophe were the terms used by the NCCD to 

classify cell death, this classification is based on the characteristics and 

morphological changes. In 2012, a classification based on the biochemical 

characteristics of the events was made available, and new terms were included, such 

as extrinsic apoptosis, caspase-dependent intrinsic apoptosis, caspase-independent 

intrinsic apoptosis, regulated necrosis, autophagic cell death, and mitotic 

catastrophe. In addition, other types were added, such as anoikis, entosis, 

partanatos, pyroptosis, NETosis, and cornification (9). As the field continued to 

expand and new mechanisms, with multiple pathways, of cell death, are being 

evidenced, in 2018 the NCCD proposed a new classification of types of cell death, 

distinguishing essential (causal) aspects from accessory aspects (correlative) of the 

cell death process.  

https://doi.org/10.54038/ms.v1i1.2
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The main focus has been placed on the signal translation modules involved in 

the initiation, execution, and propagation of cell death, as well as the 

pathophysiological relevance of each of the main types of regulated cell death (RCD: 

Regulated Cell Death). According to (8) new terms were added (twelve in all) for the 

types of cell death: intrinsic apoptosis, extrinsic apoptosis, necrosis - mitochondrial 

permeability transition (MPT), necroptosis, ferroptosis, pyroptosis, partanates, 

entotic, NETotic, lysosomal, autophagic, and immunogenic (Figure 1). Below we 

provide details on some of these categories of cell death. 

 

Figure 1 - Evolution of classification and different types of cell death. 

 

The process of regulated cell death (RCD: Regular Cell Death) is involved in 

two diametrically opposite scenarios. On the one hand, RCD can occur in the 

absence of any exogenous environmental disturbance, thus operating as an 

embedded effect of developmental logical physiological programs or tissue 

turnover/renewal. These completely physiological forms of RCD are generally 

referred to as programmed cell death (PCD: Programmed Cell Death). On the other 

hand, RCD can originate from disturbances in the intracellular or extracellular 

microenvironment, when such disturbances are too intense or prolonged that the 

https://doi.org/10.54038/ms.v1i1.2
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Adaptive Responses cannot “buffer” with the cellular stress induced by them and 

restore homeostasis. In the CNS, DAMPS (Damage-associated molecular pattern) or 

alarmins, such as cytochrome C (Cyt C), mitochondrial transcription factor A (TFAM), 

and cardiolipin, have been studied as important components in brain disorders, as in 

neurodegenerative diseases, e.g. Parkinson's D. and Alzheimer's D (11–13). 

 

APOPTOSE  

Apoptosis refers to a type of RCD, regulated by genes. When apoptosis 

occurs, apoptotic cells retain plasma membrane integrity and metabolic activity as 

the process progresses to completion, allowing for rapid clearance by macrophages 

or other cells with phagocytic activity (a process known as efferocytosis) (14). 

Apoptosis and consequent efferocytosis are not always immunologically silent, as 

previously thought. In vitro, end-stage apoptosis is usually followed by the complete 

breakdown of the plasma membrane and the acquisition of a necrotic morphotype 

(secondary necrosis) (15). 

In most cases, apoptosis can be triggered in two ways: i) intrinsic stimulation 

through the mitochondrial signaling pathway; or ii) extrinsic stimulation through the 

activation of two types of receptors, Death Receptors (DR)s present on the cell 

surface, including TNFα receptors, or activation of dependence receptors, which 

have as a ligand some types of neurotrophins (5,6). Both intrinsic and extrinsic 

apoptosis, activation of cysteine-aspartate-proteases (caspases) (EC 3.4.22) is 

required and these pathways are known to be caspase-dependent, according to the 

2012 classification by the NCCD. However, evidence shows that apoptosis can occur 

even after inhibition of caspases, evidencing the existence of other mechanisms of 

apoptosis, as considered in the 2018 classification (5). 

INTRINSIC APOPTOSIS 

Intrinsic apoptosis is a form of RCD initiated by a variety of 

microenvironmental disturbances, including (but not limited to) growth factor removal, 

DNA damage, endoplasmic reticulum (ER) stress, reactive species oxygen (ROS) 

overload, replication stress, changes in microtubules, or mitotic defects (8).  

The critical step for intrinsic apoptosis is mitochondrial outer membrane 

permeabilization (MOMP) (TAIT; GREEN, 2010), which is controlled by pro-apoptotic 

and anti-apoptotic components of the BCL2 (B-Cell Lymphoma Protein 2, Apoptosis 

https://doi.org/10.54038/ms.v1i1.2
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Regulator) protein family, a group of proteins that share one to four domains of BCL2 

homology (ie, BH1, BH2, BH3, and BH4) (16). The pro-apoptotic components of the 

BCL2, BAK, and BAX protein Family are activated via transcription or post-

translation, when specific organelles or cell compartments suffer disturbances in 

homeostasis, in fact operating as cellular transducers of stress signaling (17). 

The current view is that activated BAX and BAK form homodimers or 

heterodimers, resulting in the assembly of a lipid pore that alters mitochondrial 

permeability and causes deep rearrangements of the mitochondrial ultrastructure 

(18,19). 

The permeabilization of the mitochondrial outer membrane (MOMP) promotes 

the cytosolic release of apoptogenic factors that normally reside in the mitochondrial 

intermembrane space (20). These mitochondrial proteins include somatic cytochrome 

C (CYCS), which operates in the mitochondrial respiratory chain, mitochondrial 

caspase activator proteins (SMAC/DIABLO - second mitochondrial activators of 

caspases), apoptosis-inducing factor (AIF), endonuclease G, and high-temperature 

protein A2. The release of CYCS and SMAC into the cytosol is favored by 

mitochondrial crest remodeling, which is based on the oligomerization and activation 

of mitochondrial OPA1, such as dinamine-GTPase (21), which are GTPases 

responsible for the recycling of synaptic vesicles. These processes cause an 

increase in the production of reactive oxygen species, activating an amplification 

mechanism of apoptotic signals (9).  

The cytosolic pool of CYCS binds to apoptotic peptidase activating factor 1 

(APAF1) and to pro-caspase 9 (ProC9), in an ATP-dependent manner, to constitute 

the responsible supramolecular complex known as the apoptosome. by activating 

CASP9 (22–24). This activation occurs through the binding of ProC9 to the caspase 

recruitment domain (CARD) of the APAF-1 protein and, once in its active form 

(CASP9), it must remain attached to the apoptosome to maintain substantial catalytic 

activity. Then, the CASP9 primer cleaves and activates caspases from the execution 

phase of apoptosis, such as Caspase-3 (CASP3) and Caspase-7 (CASP7), through 

proteolysis that rearranges protein loops critical in the formation of active sites (25). 

When enabled, execution caspases can cleave and activate other execution 

caspases in a feedback system during this phase (amplification of execution of 

apoptosis). CASP3 favors DNA fragmentation by catalyzing the proteolytic 

inactivation of the DNA fragmenting factor alpha subunit. CASP3 and CASP7 

https://doi.org/10.54038/ms.v1i1.2
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facilitate, without being indispensable, RCD (26–28).  

On the other hand, there are also members of the BCL2 family of proteins that 

act as anti-apoptotic, decreasing the MOMP. These anti-apoptotic proteins, like pro-

apoptotic ones, also contain the four BH domains and are usually inserted into the 

outer membrane of the mitochondria or the ER membrane. Anti-apoptotic members 

of the BCL2 family promote cell survival by (1) regulating Ca2+ homeostasis in the 

ER (29,30); (2) promotion of bioenergetic metabolism in the interaction with F1FO-

ATP synthase (31); and (3) contribution to the regulation of homeostasis – redox 

(32). Most members of the pro-survival BCL2 family inhibit BAX and BAK, preventing 

their oligomerization and pore-forming activity, either directly after physical 

sequestration in OMM, or indirectly after sequestration of BH3-protein activators 

(Figure 2- A). 

EXTRINSIC APOPTOSIS 

The extrinsic pathway involves the activation of two types of receptors present 

in the cell plasma membrane, known as (i) cell death receptors or apoptosis 

signaling receptors, and represented by two groups (Figure 2 - A) (ii) Dependency 

Receptors, (Figure 2 - B) whose activation occurs when the levels of its specific 

ligand fall below a specific threshold (8).   

 (i) Cell death receptors include Fas cell surface death receptor (FAS); also 

known as CD95 or APO-1, and TNF receptor, a member of the superfamily 1A 

(TNFRSF1A; better known as TNFR1), 10A (TNFRSF10A; better known as TRAILR1 

or DR4), and 10B (TNFRSF10B; better known as TRAILR2 or DR5). Activation of 

death receptors triggers activation of caspases-8, which in turn activates caspase-3/7 

culminating in apoptosis (33–36). As a general rule, the binding and activation of 

death receptors induce the formation of a death-inducing signaling complex (DISC), 

"complex I" and "complex II", which operate as molecular platforms to regulate the 

activation and functions of CASP8 (or CASP10, in a limited number of situations). 

The CASP8 gene encodes CASP8 which is synthesized as a zymogen and is the 

first caspase activated in the extrinsic pathway, which occurs after the formation of 

the DISC complex (37). 

The molecular mechanisms that regulate the activity of CASP8 after death 

receptor stimulation have been extensively investigated. In particular, CASP8 

maturation and activation involve a cascade of events initiated by the connection of 

https://doi.org/10.54038/ms.v1i1.2
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proCASP8 to FAS, via Fas-associated via death domain (FADD) in the DISC. This 

interaction allows the assembly of a linear filament of CASP8 molecules (depending 

on its DED: death effector domain) that facilitates homodimerization and consequent 

activation by autoproteolytic cleavage. 

A key role in this scenario is mediated by c-FLIP, which is a compound of the 

CASP8 family, which functions as a regulator of CASP8. Evidence indicates that c-

FLIP short (c-FLIPS: small) and long (c-FLIP: long) variants inhibit and activate 

CASP8, respectively, modulating CASP8 oligomerization. Activated CASP8 cleaves 

c-FLIPL and the heterodimeric complexes of CASP8 with c-FLIPS (but not c-FLIPS) 

are endowed with limited enzymatic activity, which favors the oligomerization of 

CASP8 and its consequent activation. The c-FLIPL and CASP8 isoforms appear to 

be recruited into the DISC "platform" at comparable levels, supporting the notion that 

high levels of c-FLIPL expression inhibit, rather than activate, extrinsic apoptosis 

(38,39) possibly, for interrupting CASP8 maturation (Figure 2 - A). 

(ii) Dependence Receptors were first described in 1993. They play fundamental 

roles in different processes, such as development, oncogenesis, and 

neurodegeneration. The family of "addiction receptors" is composed of approximately 

20 members, including (1) netrin 1 receptor (NTN1), DCC netrin receptor 1 (DCC: 

deleted in colorectal cancer), netrin A receptor unc-5 (UNC5A), UNC5B, UNC5C and 

UNC5D; (2) the neurotrophic receptor tyrosine kinase 3 (NTRK3); and (3) the "sonic 

hedgehog" (SHH) receptor. The classic view of transmembrane receptors is that they 

are activated when they bind to their respective ligands but are relatively inactive 

when not bound. In contrast, dependence receptors mediate apoptosis in the 

absence of their ligands, but when the concentration of ligands increases and these 

binds and activate these receptors, the consequence is the maintenance of 

homeostasis and cell survival (Figure 2 - B) (40).   

Growing evidence supports the view that dependence receptors also play 

crucial roles in the neurodegeneration process. Data on the role of the p75NTR 

receptor in the central nervous system indicate that p75NTR knockout mice showed 

increased basal brain cholinergic markers, as well as cell hypertrophy, increased 

number of cholinergic fibers, and increased long-term potentiation (LTP) in the 

hippocampus. These results suggest that activation of p75NTR inhibits 

septohippocampal cholinergic function. Furthermore, mice expressing the Swedish 

mutant ß-amyloid precursor protein (APP) are a model for Alzheimer's disease, and 

https://doi.org/10.54038/ms.v1i1.2


 

9 
 

Review 

Mult. Sci. Rep.  2021; v. 1 n. 1 / ISSN:  2764-0388  

DOI: https://doi.org/10.54038/ms.v1i1.2  

Subject: July 08, 2021 - Accepted: July 30, 2021 

those know out for p75NTR performed better in memory tests than those that were 

from wild-type to p75NTR.  

 

Figure 2: A) Extrinsic and intrinsic pathways of apoptosis. B) Dependence receptor. 

 

Collaborative work between the laboratories of Bredesen and Mehlen showed 

that APP is a dependence receptor (41), with atrophic ligand (netrin-1) and a single 

caspase cleavage site (Asp664) necessary for apoptosis induction; caspase 

cleavage generates the proapoptotic peptides Jcasp and C31. In addition, amyloid β 

peptide also binds to APP, being an "antistrophic ligand" that competes with netrin-1 

for interaction with APP, as well as competing with other trophic ligands for their 

respective receptors. This effect identifies β amyloid peptide as the first "antitrophin" 

and suggests that its accumulation may trigger a specific pro-death state, an 

antistrophic state-resulting in the synaptic loss, neuritic retraction, and neuronal 

death that characterizes Alzheimer's disease (40–45). 

 

NECROSIS - TRANSITION OF MITOCHONDRIAL PERMEABILITY 

Necrosis can be recognized early and defined through pathomorphological 

characteristics, which occur when cells or the body are confronted with intense 

external aggression. It is unscheduled cell death, generating more damaging 

processes to adjacent cells and/or to the organism as a whole. Various causes, 

https://doi.org/10.54038/ms.v1i1.2
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including trauma, can lead to an alteration of the internal environmental osmotic 

pressure, disrupting the balance of an organism's internal homeostasis and leading 

to necrosis. Many reactions occur, including loss of cell membrane integrity, cell 

membrane swelling (due to cell tonification and Na/K pump dysfunction), and 

mitochondrial dysfunction. Due to the rupture of the cell membrane, a large number 

of intracellular elements leak out, which can cause and aggravate inflammation of the 

surrounding tissues (4,8). Some processes are very similar to necrosis, such as 

those characterized by necroptosis, described below; the transition process of 

mitochondrial permeability and the death process called Partanatos. All of these are 

grouped under the name of regulated necrosis activated by the receptor-interacting 

protein, RIP-kinase-3 (RIPK-3) (8,9). 

The transition process of mitochondrial permeability, for example, is initiated 

by intracellular disturbances of oxidative species or an increase in the level of 

cytosolic calcium. The abrupt drop in impermeability to small solutes across the inner 

membrane of the mitochondria results in rapid dissipation of the membrane potential, 

osmotic breakage of both the inner and outer membrane of the mitochondrion, and 

the beginning of the cell death process (8). At the biochemical level, the opening of 

pores such as transient permeability complexes (PTPC) by interactions with pro and 

anti-apoptotic peptides of the BCL2 family, such as BAX, BAK, and BID such as 

BCL2 and BCL-Xl, mentioned above.  

The involvement of channels such as the VDAC (voltage-dependent anion 

channel) type channel can still be observed, a protein that has an action on the 

transport of macro and micro components through the outer membrane of the 

mitochondria, responsible for the transport of ions, cellular metabolites such as NAD+ 

/NADH, ADP/ATP, succinate, citrate, and ions, such as Ca2+, between the cytosol 

and mitochondria, which together with proteins present in the membrane of the 

endoplasmic reticulum can raise the level of mitochondrial calcium ion and thus 

trigger the death process cell phone (8,46–49). 

NECROPTOSIS 

Other cell death processes permeate the mechanisms of apoptosis and 

necrosis and can also coexist in a certain physiological or pathological state (3,50). In 

recent decades, a new, more alternative form of necrosis, called necroptosis, has 

been considered an alternative pathway to cell death (51). Necroptosis is 

distinguished from necrotic passive cell death, in that it follows cellular programming, 

https://doi.org/10.54038/ms.v1i1.2
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involving the protein kinases RIPK1 and RIPK3, which interact with TNF-R1 

receptors (36,52). Initialization by the receptor generates the formation of complex I 

contain the TRADD proteins (TNF-Receptor Associated via Death Domain); cIAPs 

(Cellular Inhibitor of Apoptosis Proteins), TRAF2 (TNF receptor-associated factor 2), 

and RIPK1 (receptor-interacting kinase 1). The polyubiquitination of RIPK1 at 

residues k11, k48, and k63 recruits the IkB kinase (IKK) leading to the activation of 

the transcription factor NFkB together with the activation of a pro-inflammatory 

process, suppressing the cell from the cell death process (53).  

Through a mechanism that compromises polyubiquitination through TNF 

alpha-induced protein 3 (TNFAIP3; better known as A20), RIPK1 dissociates from 

the TNF-R1 receptor and forms a cytosolic IIb complex with FADD, caspase-8, and 

RIPK3. When caspase-8 activity is high, it cleaves the protein kinases RIPK1 and 

RIPK3 promoting apoptosis. However, this cysteine protease, caspase 8, can be 

inhibited, thus lowering its activity by forming a complex constituted by caspase-8 

and cFLIP protein. With low activity or even its absence, the phosphorylated RIPK1 

protein recruits the MLKL (Mixed lineage kinase domain-like) protein, forming the 

necrosome. Once phosphorylated, the MLKL protein translocates from the cytosol to 

the membrane, leading to the process of necroptosis (8,36,54). 

 

AUTOPHAGY DEPENDENT CELL DEATH 

Autophagic cell death is a type of RCD that depends on the autophagic 

machinery or its components (55). This cell death process, also called type II 

programmed cell death, according to the NCCD, is characterized by the formation of 

double-membrane vesicles that will contain organelles or other intracellular materials, 

called autophagosomes. These fuse with lysosomes so they can be degraded and 

recycled. The importance of the double membrane is given, because, after fusion 

with the lysosomes, everything inside the outer layer will be degraded, including the 

inner membrane itself (56,57). The formation of autophagosomes is controlled by atg 

proteins or proteins related to autophagy, translated from the ATG gene (AuTophaGy 

related Genes, gene-related to autophagy) (57). 

The causes of autophagy are diverse and range from cellular stress caused by 

hypoxia, radiation, treatment, and action of chemicals to nutritional deprivation. The 

duration and severity of the stressor must still be considered. The autophagy process 

has a mechanism distinct from other types of cell death, acting as a mediator of the 

https://doi.org/10.54038/ms.v1i1.2
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physiological process of cell death or in the absence of apoptotic factors, such as 

BAX and BAK proteins and caspases themselves (9). This cell death process can 

also act concomitantly with other pathways, favoring and helping other processes. 

For example, we have ferroptosis promoted by the autophagic degradation of ferritin; 

the extrinsic apoptosis that through the autophagic degradation of the tyrosine 

phosphatase protein can be favored and still; the favoring of necroptosis by the 

autophagic degradation of c-IAP1 and c-IAP2 (inhibitor of apoptosis proteins) (8). 

Physiological cell death mechanisms, such as autophagic, are important in the 

CNS, as after mitotic division there is an accumulation of defective proteins and 

organelles that must be degraded and recycled. Despite the lack of knowledge on the 

formation of autophagosomes in the neuronal cell, there is a problem in the distortion 

of any mechanism, which can lead to neurodegeneration and diseases such as 

Alzheimer's, Huntington's, and amyotrophic lateral sclerosis if the process has 

problems in regulation (58–62). 

There are other types of cell death, according to (8), which can be 

summarized as Entotica: A type of RCD that originates from actomyosin-dependent 

cell internalization (entosis) and is performed by lysosomes. Ferroptosis: It is a form 

of RCD initiated by specific disorders of the intracellular microenvironment, such as 

severe lipid peroxidation, which depends on the generation of ROS and the 

availability of iron. The mechanism by which dead cells and their fragments are taken 

up by phagocytes and eliminated. Immunogenic cell death a form of RCD that is 

sufficient to activate an adaptive immune response in immunocompetent hosts. 

Lysosome-dependent cell death: A type of RCD demarcated by primary lysosomal 

membrane permeabilization (LMP) and precipitated by cathepsins, with optional 

involvement of MOMP and caspases. NETotic: A ROS-dependent, hematopoietic-

derived cell-restricted RCD modality associated with NET extrusion. Partanates: A 

modality of RCD initiated by PARP1 hyperactivation and precipitated by a 

consequent bioenergetic catastrophe associated with MIF-dependent AIF-dependent 

DNA degradation of the mitochondria. Pyroptosis: A type of RCD that critically 

depends on the formation of pores in the plasma membrane by members of the 

gasdermin protein family, often (but not always) as a consequence of the activation 

of caspase by an inflammatory process. All no less important, but with specific action 

characteristics. 

 

https://doi.org/10.54038/ms.v1i1.2
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CONCLUSION AND FINAL CONSIDERATIONS  

In summary, a large body of evidence suggests that the action of caspases or 

other proteins in neurodegenerative processes may or may not be essential and that 

blocking by genetic means or with specific pharmacological inhibitors generally 

delays (but does not prevent) apoptosis in vitro and in vivo (at least in the 

mammalian system), since cells can switch to other types of RCD. These data show 

that the cell death process encompasses countless physiological parameters, with 

molecular alterations that include enzymes, proteins, peptides, ions, and that 

restriction and division only according to morphological criteria can mask countless 

relationships and among themselves and common points. 
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