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Abstract
Cells die by a variety of mechanisms, only some of which have been elucidated in detail. A
number of `active' forms of cell death exist in which the cell participates in its own death,
including apoptosis, programmed necrosis, mitotic catastrophe, and the recently described
ferroptosis, among other processes. Here, we attempt to explain why there are so many different
forms of cell death, and propose a distinction between active death that is `suicide' versus
`sabotage.'

The history of life might be viewed as a collection of makeshift `fixes' against all of the
things that might go wrong (and often do) with any complex mechanism, giving us life when
there are so many ways to die. A recent report describes anexample of a novel, active form
of cell death, `ferroptosis,' seen in Ras-transformed cells in response to a potentially
therapeutic agent (1). Our goal here is not so much to place ferroptosis in the assemblage of
death types (`ptosis,' often affixed to names for cell death types, means `fall,' hence our
title), but to explore why this variety of modes of cellular catharsis exists at all.

The nomenclature of cell death lists three major forms (`apoptosis,' `autophagic cell death,'
and `necrosis,') and notes many minor forms, based on morphology (2) and what is known
of the mechanism (3). One sometimes useful distinction we may make is between modes of
cell death that are passive (the cell is irreparably damaged, and thus `killed') and those that
are active (the cell actively participates in its death, essentially a `suicide, see Figure 1). The
former includes massive damage to, and/or disruption of, processes that are essential for the
maintenance of life, such as loss of energy required to sustain water and solute distributions
across membranes. Whereas passive cell death can be blocked only by eliminating the
source of the damage or repairing it, active cell death can potentially be blocked by
intervention of the cell's molecular participation, despite the persistence of the death signal.
This, however, can be a source of confusion, depending on our experimental criteria for a
cell being `alive.'

Undoubtedly, the best described form of active cell death is apoptosis, involving the
activation and consequences of caspase proteases (4). The most common apoptotic death is
via the mitochondrial pathway, characterized by mitochondrial outer membrane
permeabilization (MOMP). However, even if caspase activation does not occur, a cell that
has undergone MOMP will usually die as a consequence of the organellar catastrophe,
although the subsequent death has an appearance distinct from apoptosis (5).
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There are other types of active cell death as well. `Pyroptosis,' involving so-called
inflammatory caspases, occurs in response to pathogens or other `danger' signals (6).
`Necroptosis' involves activation and function of a kinase, RIPK3, leading (somehow) to a
distinct necrotic death (7). `Autophagic cell death,' which is accompanied by autophagy (and
may or may not (8) require autophagy components for the death to occur) is again a distinct
form. As we have noted, there are many ways to die.

What do we mean, though, when we say that a cell `participates' in its suicide? In each case
of active cell death we have so far discussed, the death appears to occur as a consequence of
specialized molecular events that have presumably evolved to mediate the sacrifice of the
cell for the altruistic benefit of the organism.

We can, however, envision another scenario—one that may be far more common: we can
imagine a process of cellular sabotage. Intuitively, we know that any complex mechanism
can be prone to system `crashes,' wherein a relatively minor disturbance is amplified by
running of the machine to result in catastrophic damage. Indeed `sabotage' has its origins in
the idea of wooden shoes (sabots) tossed into 15th century looms by hand weavers objecting
to the automation of their craft (the appearance of the word in English only in the 20th

century has been ascribed to the removal of wooden `shoes' securing rails in a train strike
around 1912). In a sense, when such sabotage occurs, the machine participates in its
destruction.

Perhaps the best known (if only somewhat understood) example of cell death by sabotage is
via the generation of reactive oxygen species when mechanisms to restrict them are
impaired, or when oxidases are engaged. Another may be mitotic catastrophe, at least as it is
often suggested to occur (9). The process of chromosome segregation of damaged and cross-
linked chromosomes leads to cellular destruction. The death is active in the sense that
inhibition of mitosis keeps the cell alive. This can be for many years, such as described for
lymphocytes in the circulation of survivors of nuclear cataclysms; the cells persist for
decades despite the readily discernable chromosomal damage precluding effective cell
division (10). Yet another example may be the proposed role of poly-ADP ribose
polymerase (PARP) in some forms of necrosis, where it has been proposed that activation of
the enzyme so rapidly depletes NADH that the cell dies (11).

Recently, Dixon et al. (1) characterized ferroptosis, which they observed in Ras-transformed
cells treated with the drug erastin. The cell death, distinct from apoptosis, requires both iron
and new protein synthesis, and erastin appears to target the mitochondrial outer membrane
ATP channel, VDAC2 (12). In their recent report, Dixon et al. (1) have now implicated -- in
addition to molecules involved in iron metabolism -- enzymes that function in fatty acid
synthesis, and inhibition of a plasma membrane glutamate/cysteine antiporter (important for
anti-oxidant defense). This leads to the idea that specific (albeit unspecified) oxidized lipids
are responsible for the toxic effects of erastin.

While cells actively participate in the process of ferroptosis in response to erastin, it may be
worth asking whether this represents a situation relating to cell suicide or that of cell
sabotage. It seems unlikely that fatty acid synthesis, iron metabolism, and cysteine uptake
were selected in evolution for this form of cell death for the benefit of the individual. To
those who seek to understand the mechanism of action of erastin to potentially promote
cancer therapy (or, perhaps, as a way to block pathologic excitotoxic death in neurons,
which may have a related mechanism (1)), this distinction between sabotage and suicide
may well not matter. But as a physiological mechanism, this may be no more a pathway of
cell death than is the mitotic machinery.

Green and Victor Page 2

Trends Cell Biol. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



This brings a different light to our original question: given that there are likely to be many
ways in which the machinery of a living cell can be sabotaged to effectively crash the
system, why is it that so few mechanisms of active cell death appear to have been selected to
be bona fide suicide pathways? What is it about apoptosis (and possibly a few other types of
cell death) that has made it overwhelmingly the favored mode of cell death in development
and homeostasis throughout the animal kingdom?

The answer to this riddle may lie not in how the cells die, but in the consequences of cell
death for the remaining living cells of the organism. Recent ideas about the functions of
caspases in the control of inflammation (13), the immunologic consequences of dying cells
(14), and cell death as a defense against infection (8) may point the way to resolving this
conundrum. Similarly, the signals generated by dying cells that trigger regeneration and
repair (15) may ultimately prove fundamental to understanding why cells tend to die as they
do. While there are many ways that cells can die -- a pantheon of the fallen -- only a few
may have evolved as general mechanisms to benefit the cosmos of the organism. Sometime
in the evolution of animals, some forms of sabotage were co-opted to become suicides. Our
challenge may be to find out how this event relates to the emergence of multicellularity, and,
ultimately, us.
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Figure 1.
Active and passive cell deaths. Passive cell death occurs when a vital cellular function is
directly damaged or inhibited, thus killing the cell. Active cell death can be of two forms.
One can be classified as cellular `suicide,' in which a pathway that is specialized for cell
death signaling is engaged. The best example of this is apoptosis, although there may be
others. Alternatively, cell death can be active -- that is, a cell participates in its own demise
-- if cellular processes are `sabotaged' such that the continuation of the process is lethal. This
distinction may prove useful in understanding why there appear to be so many ways that
cells can actively die (images from iStockphoto.com).
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