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Abstract

Cell death can occur through numerous regulated mechanisms that are categorized by their 

molecular machineries and differing effects on physiology. Apoptosis and necrosis, for example, 

have opposite effects on tissue inflammation due to their different modes of execution. Another 

feature that can distinguish different forms of cell death is that they have distinct intrinsic effects 

on the cell populations in which they occur. For example, a regulated mechanism of necrosis 

called ferroptosis has the unusual ability to spread between cells in a wave-like manner, thereby 

eliminating entire cell populations. Here we discuss the ways in which cell death can propagate 

between cells in normal physiology and disease, as well as the potential exploitation of cell death 

propagation for cancer therapy.
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Regulated Mechanisms of Cell Death.

Death is the inevitable fate of most cells in metazoan organisms. Some cells, such as skin 

cells, intestinal epithelial cells and red blood cells, are short-lived and undergo death 

continuously as part of their normal life cycle, whereas others, such as endothelial cells and 

neurons, are long-lived and undergo death when they become aged, damaged or infected. In 

the adult human body, three hundred million cells are estimated to undergo cell death every 

minute [1]. Death also plays important roles in embryonic development, for example to 
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eliminate supernumerary cells and to sculpt tissue structures [2]. Cell death is therefore 

involved in nearly every aspect of physiology, and is a highly regulated and coordinated cell 

activity.

Dysfunctional regulation of cell death is known to contribute to the development of diseases. 

Too much cell death can eliminate healthy cells, leading to the development of degenerative 

conditions. Too little cell death, on the other hand, allows damaged or dysfunctional cells to 

persist, which can lead to aging phenotypes including the development of cancers. While 

regulation of the amount of cell death is critical to maintaining healthy tissues, recent 

evidence suggests that the choice of cell death pathway may be just as important [3, 4]. It 

was once thought that apoptosis, a form of cell suicide, was the only regulated form of cell 

death, but recent findings have uncovered numerous additional regulated death mechanisms, 

including several forms of necrosis [3], a program called entosis [5], and others. In total, at 

least twelve major types of cell death are now proposed to exist that, like apoptosis, can 

induce the death of cells that are damaged, infected, or no longer needed in development [4].

Cell death mechanisms are typically categorized by their different morphological 

appearances and by the distinct machinery that controls their execution [4]. For example, 

apoptotic cells undergo shrinkage, blebbing and fragmentation in response to the activation 

of caspase proteases. Necrosis, on the other hand, involves cell swelling and plasma 

membrane rupture, which is in at least some cases mediated by the formation of pore 

structures in the plasma membrane [4]. Most necrotic death forms are caspase-independent, 

although two necrotic programs, pyroptosis and secondary necrosis, are known to require 

caspase activation [6–8]. While apoptosis is typically immunologically silent, and known to 

occur under normal physiological conditions, necrotic death by contrast is mainly induced in 

response to infection or other forms of cell stress, and is usually pro-inflammatory [3].

The distinct mechanisms and inflammatory effects of different cell death programs are 

becoming increasingly well-characterized, and have been reviewed extensively elsewhere [3, 

4, 9, 10]. A less well-studied feature is the potential for different types of cell death to have 

distinct effects on the dynamics of the cell populations in which they occur. The demise of 

an individual cell can be a completely autonomous event, having no effect on neighboring 

cells; but death can also affect neighboring cell viability, either negatively, through what is 

called a bystander effect, or positively, by providing a survival advantage. Among the known 

forms of cell death, three examples best illustrate these extremes (Figure 1). First, apoptosis 

is generally thought to be a cell-autonomous suicide that does not impact neighboring cells, 

although in some contexts the execution of apoptotic cell death can be associated with 

secreted factors that either induce death or support survival in neighboring cells [11]. 

Entosis, on the other hand, is competitive by nature, as death execution requires the 

ingestion and killing of one cell by its neighbor [12]. And at the other end of the spectrum, 

we and others have shown that a regulated form of necrosis called ferroptosis has the ability 

to spread between cells in a wave-like manner, suggesting potent non-cell-autonomous 

killing activity [13, 14]. Induction of each of these different mechanisms has very different 

effects on cell populations (Figure 1). Ferroptosis can eliminate large groups of cells, which 

is predicted to be of therapeutic benefit for cancer treatment [13], while entosis can support 

the long-term survival of stressed populations, thereby potentially promoting cancer 
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progression [15]. In this review we focus on one particular type of dynamic: the elimination 

of neighboring cells through death propagation. Despite widespread occurrence of 

population-scale deaths in biological systems [16], little is known about how different forms 

of cell death can affect population dynamics in this manner. Here we will discuss 

mechanisms of death synchronization and propagation in cell populations, and the potential 

influence of cell death population dynamics on cancer therapy.

The Death of Cells in Groups.

The death of cells in large groups is a common occurrence in biology. From bacterial 

populations, where large numbers of individual cells die in biofilms [17], to the slime mold 

Dictyostelium, where a significant proportion of cells undergoes death to form a spore-

supporting stalk structure [18], and plants, where thousands of cells die synchronously to 

form the water and nutrient channeling vasculature, population-scale cell death is a common 

feature across evolutionary kingdoms [19]. In metazoans, entire organs are eliminated by 

cell death to remove developmental structures, such as the salivary gland in Drosophila, or 

the tails of developing tadpoles [2], and in mammals, groups of cells die to hollow the 

amniotic cavity in early development [20], to sculpt digits during the development of fingers 

and toes [21], and to hollow luminal structures in ducts of the developing mammary gland 

[22].

How are deaths that occur in large groups of cells coordinated? In some contexts, 

population-scale death is systemically controlled by signaling events that cause individual 

cell deaths to occur in a synchronous manner. For example, tail resorption in amphibians is 

induced by signaling from increased levels of thyroid hormone in the blood stream that 

induces individual cells to undergo apoptosis [2]. In other cases, the death of individual cells 

can trigger the spreading of trans factors that affect neighboring cells, through what is 

commonly referred to as a bystander effect. Deaths in this context often occur in a 

successive manner, with an expanding, wave-like appearance. In plants for example, the 

spreading of death signals between cells is a common activity that synchronizes 

differentiation of the vasculature [23], or promotes expansion of cell death zones as part of 

an innate immune response that limits pathogen infection (Figure 2a) [24, 25]. In metazoan 

organisms as well, some mechanisms of cell death exhibit context-specific, or in some cases 

intrinsic, abilities to spread between cells and synchronize death across cell populations.

Mechanisms of Death Propagation in Metazoan Organisms.

Apoptosis.

Programmed cell death occurring in metazoan organisms is not generally thought to spread 

between cells. Apoptosis, for example, typically eliminates small numbers of individual cells 

in normal tissues, and is usually not observed to affect the viability of surrounding cells [26]. 

In C. elegans development, the majority of developmental cell deaths occur as isolated 

apoptotic events, and dying cells are engulfed by healthy adjacent cells. The fact that 

neighboring cells can function in the clearance of apoptotic cells through phagocytosis 

provides evidence that proximity to an apoptotic cell does not intrinsically inhibit viability. 
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Epithelial cells also mediate engulfment of their apoptotic neighbors in mammalian tissues, 

for example in the hair follicle, lung and mammary gland [27–29].

In certain cases, however, the execution of apoptosis may be linked to diffusible signals that 

can lead to the death of adjacent cells. In Drosophila, apoptotic cell death during adult wing 

development occurs as a massive synchronous wave that successively kills the dorsal and 

ventral cuticle layers of epithelium, shortly after adults emerge from the puparium (Figure 

2b) [30, 31]. Apoptosis in this context is initiated by upregulation of the pro-apoptotic gene 

hid in the wing epithelium, a common mechanism of apoptosis induction in Drosophila, and 

also requires the peptide hormone Bursicon, secreted by the nervous system, to eliminate 

cells primed by Hid expression [31]. That hid expression can induce a propagative 

mechanism in flies has been shown experimentally in the wing imaginal disc, where 

enforced hid overexpression in cells in the posterior portion induce the spread of cell death 

to anterior disc cells. This effect, called “apoptotis-induced-apoptosis”, results from the 

secretion of the death receptor ligand Eiger (a TNFα ortholog) by dying cells, which 

activates pro-apoptotic signaling in neighboring cells through activation of Jun-Kinase 

(JNK) [16]. While the execution of apoptosis may not have intrinsic spreadable properties, 

the additional secretion of paracrine factors can therefore endow apoptosis with propagative 

features that could play specialized roles in normal development. Intriguingly, TNFα 
secretion by apoptotic cells may also coordinate collective cell death in mammalian tissues, 

as epithelial cell death in the hair follicle in mice, which also involves groups of 

synchronously dying epithelial cells, was shown to involve a similar mechanism [16].

In developmental systems, communication between dying cells to coordinate the clearance 

of large structures may be a more commonly utilized strategy than is currently appreciated. 

Another example was recently discovered in the Drosophila salivary gland, which is 

removed during metamorphosis by simultaneous induction of apoptosis and the lysosomal 

degradative pathway autophagy [32]. The execution of death is timed by systemic signaling 

through the steroid hormone ecdysone, which controls upregulation of Hid [33] and the 

autophagy-initiating kinase Atg1 [32, 34, 35], thereby activating both pathways. 

Intriguingly, autophagy induction in this system is also synchronized between neighboring 

cells by the release of Macroglobulin complement-related (Mcr), a ligand that binds to the 

receptor Draper [36, 37]. Draper activation is required cell-autonomously for autophagy 

induction and the death of salivary gland cells [37], suggesting that the synchronous removal 

of an organ structure in this context may be partially enhanced by coordination of a death 

program between neighboring cells.

Necrosis.

Necrotic forms of cell death are often considered to be dangerous to surrounding tissue 

because they result in the release of toxic intracellular contents. Yet necrosis, like apoptosis, 

can also eliminate individual cells within tissues [26], and may spread to neighboring cells 

only under certain circumstances. In Drosophila, waves of death can be initiated by the 

expression of an activated glutamate receptor cation channel in a subset of developing 

neurons in the eye. This leads to necrotic death initiated by calcium influx, known as 

excitoxicity, that spreads to neighboring cells through secretion of Eiger and activation of 
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JNK [38]. Waves of necrosis are also observed in response to excitotoxicity in mice, during 

neuronal cell death resulting from excessive stimulation of neurotransmitter receptors upon 

ischemic stroke or accumulation of extracellular glutamate. Receptor overstimulation leads 

to the pathological influx of calcium and causes necrosis that spreads from cell to cell 

through the transfer of calcium, or potentially other death-inducing signals, via gap junctions 

[39]. Interestingly, the propagation of calcium signals through gap junctions is also 

implicated in waves of necrotic cell death that occur in the gut epithelium of C. elegans upon 

aging-induced organismal death [40].

Among the recently identified forms of regulated necrosis, one particular mechanism called 

ferroptosis is thought to mediate a spreading effect that may be intrinsic to its execution. 

Ferroptosis was identified as the form of cell death induced by erastin, an inhibitor of the 

cystine/glutamate antiporter system xc-[41]. Treatment with erastin depletes intracellular 

cysteine and thereby inhibits generation of the major antioxidant glutathione. The resulting 

loss of antioxidant capacity renders cells susceptible to the detrimental effects of reactive 

oxygen species (ROS). Lipid ROS in particular, derived from polyunsaturated fatty acids 

(PUFAs), are thought to accumulate due to loss of function of the lipid peroxide-reducing 

enzyme GPX4, which utilizes glutathione as a cofactor [42]. In the presence of intracellular 

iron these lipid ROS can set off a chain reaction causing the spread of lipid peroxides 

throughout cell membranes, leading to the induction of necrosis [43]. Certain cell types, 

such as kidney epithelium, have been shown to be particularly sensitive to ferroptosis 

induction, and indeed this mechanism may underlie the pathological cell death associated 

with renal ischemia reperfusion injury and acute kidney failure, during which renal tubules 

are observed to undergo extensive necrosis [44]. Intriguingly, treatment of renal tubules with 

erastin ex vivo was shown to lead to the elimination of entire tubules by a necrotic death that 

appeared to spread from cell to cell, suggesting that ferroptosis might have the ability to 

propagate [14, 45]. Cell death resulting from ischemia-reperfusion injury in other tissues 

including intestinal epithelium [46], heart tissue [47], and excitotoxicity in brain [48, 49], 

which can also result in the necrotic death of large regions of cells, has also been linked to 

ferroptosis. Indeed, two recent publications have shown ischemia-reperfusion injury 

following myocardial infarction is at least partially mediated by ferroptosis [50, 51]. 

Intriguingly, this process often results in the formation of large contiguous areas of necrotic 

cells, a phenomenon referred to as contraction band necrosis, which has been hypothesized 

to be due to the cell-to-cell spreading of death. Together, these findings suggest that 

ferroptosis contributes to pathological necrosis in multiple contexts and may have the ability 

to spread through tissues.

Death Propagation in Cancer.

Intrinsic Mechanisms.

Although the development of cancer is generally linked to lowered levels of cell death, in 

some contexts tumors are found to contain large regions of dead cells, an observation 

commonly referred to as tumor necrosis. Tumor necrosis is a poor prognostic indicator [52], 

and is thought to result from reduced nutrient availability due to proliferative expansion or 

high interstitial pressure that outpaces or disrupts the available vasculature, leading to 

Riegman et al. Page 5

Trends Cancer. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



chronic ischemia. One example called comedo necrosis is characterized by large regions of 

dead cells within the interior of cancer lesions, where cells fail to survive beyond the 

diffusion limit of key nutrients from blood vessels. Necrosis of large cell populations in this 

context may result from the apoptotic death of individual cells [53, 54] and a lack of 

phagocytic clearance, which allows apoptotic cells to eventually lyse [1]. Alternatively, 

apoptosis-inhibited cancer cells may undergo necrosis due to energy deprivation [55], or due 

to induction of a regulated necrotic mechanism called necroptosis, which has also been 

shown to be induced by ischemic conditions [56–58], but is not known to exhibit 

propagative activity. Whether ferroptosis could contribute to spreadable necrosis in this 

context is not clear, but the emerging links between ferroptosis induction and ischemia are 

suggestive of this possibility [43]. In a recent report, the detachment of breast epithelial cells 

from extracellular matrix, a condition that also affects cells in the interior regions of 

carcinomas [5], was observed to lead to ferroptotic death [59]. Moreover, tumor suppression 

mediated by p53 has also been linked to ferroptosis induction, as a mutant version of p53 

unable to stimulate apoptosis, growth arrest, or senescence, but retaining the ability to 

induce ferroptosis, was still capable of protecting mice from developing spontaneous tumors 

[60]. Ferroptosis could therefore conceivably be induced as an intrinsic mechanism of tumor 

suppression during cancer initiation or progression, and contribute to tumor necrosis by 

inducing the propagation of death through large regions of cells. Further studies are needed 

to examine whether ferroptosis occurs during carcinogenesis in model systems and clinical 

specimens.

Radiation-Induced Bystander Effect

In a therapeutic context, mechanisms that could induce or promote the propagation of cell 

death through solid tumors may be of particular interest, as cancer recurrence typically 

results from a failure of therapy to target all of the cells in a lesion, or from the intrinsic 

resistance of a minority of cells. In either case, the propagation of cell death may contribute 

to the elimination of cells that escape treatment or are resistant to cell-autonomous induction 

of death but may be sensitive to propagative mechanisms. Death propagation is a known 

contributor to the effects of radiation therapy, where the irradiation of individual cells can 

lead to the death of non-irradiated neighboring cells in trans, through what is called the 

radiation-induced bystander effect. The bystander effect is thought to promote the 

propagation of cell death through two parallel mechanisms, involving either secreted factors 

or the movement of cytosolic signals through gap junctions, leading to both long- and short-

range effects. Conditioned medium from irradiated human fibroblasts or keratinocytes, for 

example, has been shown to induce death in 15–25% of non-irradiated cells [61, 62], and to 

inhibit clonogenic survival by up to 40% [62]. Furthermore, in 3-dimensional models of skin 

tissue, apoptosis-inducing effects were observed at a distance of up to 1mm from alpha 

particle-irradiated cells, leading to cell death in 4% of cells in non-irradiated neighboring 

tissue [63]. Gap junctions have also been implicated in mediating radiation-induced 

bystander effects directly between neighboring cells. For example, in cultured human 

fibroblasts and epithelial cells, low confluency or treatment with gap junction inhibitors was 

shown to block a bystander effect that led to the induction of p53 in neighboring, non-

irradiated cells [64, 65].

Riegman et al. Page 6

Trends Cancer. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Therapeutic Induction of Ferroptosis.

While the bystander effect is well known to occur in response to radiation-induced 

apoptosis, the induction of ferroptosis may represent a new strategy to trigger propagation of 

death through cancer tissues. Like erastin-induced ferroptosis in kidney tubules, the 

induction of ferroptosis in cancer cells by treatment with specialized nanoparticles was 

recently shown to occur with wave-like spatiotemporal patterns that resulted in the 

elimination of all cells in a culture. Ferroptosis induction by intravenous nanoparticle 

administration in mice also resulted in the regression of xenograft tumors, suggesting that 

this form of cell death may have potent tumor suppressive activity [13]. Whereas the 

radiation-induced bystander effect leads to the death of a relatively small percentage of 

surrounding cells, ferroptosis may be able to eliminate all neighboring cells in a propagating 

wave (Figure 2c).

In addition to treatment with ferroptosis-inducing nanoparticles, which mediate the delivery 

of iron into cells following particle endocytosis, ferroptosis induction through other 

mechanisms may also hold therapeutic potential. For example, erastin has been found to 

enhance the efficacy of treatment with various chemotherapeutic agents, such as the DNA 

damaging agents cisplatin in head and neck cancers [66], doxorubicin in acute myelogenous 

leukemia (AML) [67], and temozolomide in glioblastoma [68], while treatment with 

sorafenib, a tyrosine kinase inhibitor, can induce ferroptosis as a monotherapy [69]. A recent 

finding also linked immunotherapy-induced activation of cytotoxic T cells to the induction 

of ferroptosis in cancer cells. In this study interferon-γ secretion by activated T cells led to 

reduced expression of SLC7A11, a component of system xc-, in melanoma cells, resulting in 

increased lipid peroxidation and ultimately ferroptotic cell death, thus contributing to an 

immunotherapy-based anti-cancer response in mice [70]. Finally, some cancer types may be 

particularly susceptible to the induction of ferroptosis. In clear cell renal carcinoma, for 

example, ferroptosis sensitivity is linked to metabolic alterations arising from inactivation of 

the VHL tumor suppressor [71], whereas triple-negative breast cancer may be more 

susceptible due to elevated levels of PUFAs, a vulnerability that may also exist in other 

cancer types that have undergone epithelial-to-mesenchymal transition [72–74]. Elevated 

levels of intracellular iron may also result in increased sensitivity to ferroptosis in some 

cancers, for example as a result of the reduced ferroportin expression that is seen in acute 

myeloid leukemia [75].

As an increasing number of therapeutic options that can induce ferroptosis are now being 

developed, further studies are needed to investigate whether wave-like spatiotemporal 

patterns are a consistent feature of this type of cell death, and whether such waves can 

eliminate untreated cells in trans, similar to the radiation-induced bystander effect (see 

Outstanding Questions). The mechanism underlying the propagation of ferroptosis between 

cells also remains to be elucidated. Whereas radiation effects can in part spread through gap 

junctions, we have found in unpublished data that ferroptotic propagation does not require 

cell junctions, suggesting that secreted factors are more likely to play a role. Intriguingly, 

radiation and ferroptosis may share some regulatory features that could impinge upon 

propagation. For example, radiation and ferroptosis are both known to damage cells through 

the generation of ROS that are normally buffered by glutathione and may lead to lipid 
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peroxidation [76, 77]. In addition, ferroptosis induction in tumors is known to lead to 

increased expression of PTGS2, the gene that encodes cyclooxygenase-2 (COX-2), a key 

arachidonic acid-metabolizing enzyme required for the generation of secreted inflammatory 

lipid signaling molecules called prostanoids. Intriguingly, the radiation-induced bystander 

effect has also been linked to increased expression of COX-2 in bystander cells both in 

culture and in irradiated mice, and COX-2 inhibition can block trans effects (Figure 3) [61, 

78]. COX-2 inhibition did not affect ferroptotic cell death induced by treatment with erastin 

or the GPX4 inhibitor RSL3, but spatiotemporal patterns of cell death or potential trans 

effects were not examined [79].

Concluding Remarks.

Over the last fifteen years numerous new mechanisms of regulated cell death have been 

discovered that participate, along with apoptosis, in normal physiology or in cell responses 

to stress and infection. While the distinct regulatory features of different forms of cell death 

are becoming elucidated, death at the population scale is much less well understood (see 

Outstanding Questions). Here we have highlighted a form of regulated necrosis called 

ferroptosis that has the ability to spread through cell populations in a wave-like manner, and 

has also been shown to have therapeutic potential for the treatment of cancer. As we 

postulate that wave-like propagation in particular may be of therapeutic benefit, we have 

focused here on this property and other contexts where the synchronization of cell death at a 

population scale may occur.

In addition to propagation, several other population-intrinsic effects of cell death exist. Cell 

death also participates in competition between cells, where cells are not killed by, but rather 

benefit from, the deaths of their neighbors. Apoptosis, for example, can be initiated in 

developing tissues to eliminate cells that are deemed less fit than their neighbors. These 

deaths then support the proliferation of neighboring cells, an effect called compensatory 

proliferation or apoptosis-induced proliferation. This process can involve localized 

mechanical cues or secreted factors that, interestingly, include some of the same pathways 

implicated in the bystander effect, such as synthesis of prostaglandin E2 by COX-2, as well 

as the generation of ROS and JNK activation [80–83]. Another death mechanism that can 

mediate competitive interactions in cancer cell populations is entosis, through which cells 

compete to ingest and kill each other, and compensatory proliferation is mediated by direct 

nutrient transfer from loser to winner cells [15, 84]. Thus the types of cell death that occur in 

stressed tissues, and their effects on local cell interactions or the release of secreted factors, 

may dictate distinct population-scale effects.

We have shown previously that cell populations experiencing long-term stress (e.g. nutrient 

starvation) exhibit mixed cell responses involving different types of cell death, including 

apoptosis, necrosis and entosis, occurring simultaneously but at different frequencies in the 

population [15]. Cell death mixtures are also observed in clinical specimens [26] and during 

developmental cell death, for example during interdigitation [85]. In future studies, it may 

become increasingly important to quantify the relative frequencies of distinct cell death 

mechanisms within cell populations, particularly in the context of cancer therapy, where cell 
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heterogeneity and extrinsic stresses are complex, and the induction of particular forms of 

cell death may be preferred for their potentially therapeutic, population-intrinsic effects.

In discussing mechanisms underlying the propagation of cell death, it may be interesting to 

also consider what factors could inhibit death spreading, and whether boundaries exist that 

may be able to limit tissue damage caused by cell death waves. It is conceivable that 

metabolic stress in tumors, resulting for example from nutrient deprivation and reduced 

glutathione synthesis, could render cancer cells more susceptible to ferroptosis than normal 

cells. In this case normal tissue could present a natural boundary to ferroptosis waves 

initiated in cancerous lesions. It is also possible that cells surrounding an expanding region 

of cell death could upregulate pathways that promote cell survival, as is known to occur in 

plants, where death spreading in response to pathogen infection is limited by the induction 

of autophagy as a protective mechanism in adjacent cells [86]. Understanding how death 

spreading can be inhibited may ultimately prove to be of therapeutic benefit to reduce 

toxicity to normal tissues during cancer therapy, or for the treatment of degenerative 

conditions where ferroptosis is thought to play a role in disease pathology, such as stroke or 

myocardial infarction.

While we have largely focused here on the discussion of ferroptosis, which exhibits clear 

wave-like patterns of propagation, it remains to be established whether other forms of cell 

death can also spread between cells (see Outstanding Questions). It has been shown that 

macrophages undergoing pyroptosis can release prion-like structures called ASC specks, 

which can then be taken up by neighboring cells and induce activation of the inflammasome, 

an important component of the pyroptotic machinery. It is unclear, however, whether this 

activity can induce cell death in neighboring macrophages [87, 88]. The development of 

methods to quantify spatiotemporal patterns of cell death will be important in future studies 

to establish which types of cell death exhibit non-random spatiotemporal patterns, and to 

examine whether ferroptosis induction in particular is linked invariably to propagative 

activity.
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Outstanding Questions:

Which cell death mechanisms have the ability to propagate between cells or participate in 

cell competition?

What are the population effects of other known forms of cell death such as necroptosis 

and pyroptosis?

By what mechanism does ferroptosis induce the death of neighboring cells, and what 

factors promote or limit the spread of death during this process?

Does cell death propagation contribute to more effective cancer therapy?
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Highlights:

Different forms of cell death have different intrinsic effects on cell population dynamics.

Some mechanisms of regulated cell death, such as entosis, promote cell competition and 

provide a survival advantage to surrounding cells, whereas others, including ferroptosis, 

can negatively affect the viability of their neighbors.

Ferroptosis has the ability to propagate from cell to cell in a wave-like manner, allowing 

it to spread through and eliminate large cell populations.

Wave-like death propagation is observed in various biological contexts in normal 

physiology and disease, and induction of propagative cell death mechanisms may 

enhance cancer therapy.
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Figure 1. Cell death mechanisms have different population-intrinsic effects.
Three regulated mechanisms of cell death are shown with their molecular mechanisms, 

effects on inflammation, and population-intrinsic effects. Apoptosis may be mostly cell-

autonomous in its execution, but it can be involved in cell competition, or spread to kill 

neighboring cells through propagation, in a context-dependent manner. Entosis involves the 

killing of one cell by a neighboring cell, and is an innately competitive process. Ferroptosis 

has the ability to spread through cell populations and may be an intrinsically propagative 

mechanism.
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Figure 2. Spreading forms of cell death in biology.
(a) Plants exhibit cell death that can propagate between cells, forming expanding zones of 

dead tissue in response to oxidative damage or pathogen infection (red, arrows). (b) A wave 

of apoptosis is observed in developing flies that eliminates entire epithelial cell sheets to 

promote wing development. (c) In cancerous tissues, propagating forms of cell death such as 

ferroptosis might be effective mechanisms to eliminate large groups of malignant cells.
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Figure 3. Mechanisms of cell death propagation.
Apoptotic and necrotic forms of cell death can propagate between cells by direct cell-to-cell 

transfer of death-inducing stimuli, such as calcium or reactive oxygen species, through gap 

junctions. Secreted factors such as TNFα or arachidonic acid-derived prostanoids can also 

play a role in killing neighboring cells or cells at larger distances.
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