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The term “regulated cell death” (RCD) is commonly employed to indicate a
form of cell death that is controlled by a dedicated molecular machinery, and
hence can be modulated (at least to some degree) with specific pharmaco-
logical or genetic interventions (Galluzzi et al., 2015, 2018a). RCD can
occur in the context of two diametrically opposed scenarios. On the one
hand, RCD can represent the ultimate response of cells to microenviron-
mental perturbations that are excessively intense or prolonged for cells to
adapt and recover homeostasis (Spetz et al., 2019). On the other hand,
B.CD can contribute to purely physiological programs of development
and adult tissue homeostasis (Bock and Tait, 2020). The expression
“programmed cell death” (PCD) is often used to refer to these latter variants
of RCD that occur at a predetermined point in time, irrespective of
potentially cytotoxic alterations of the intracellular or extracellular micro-
environment (Fuchs and Steller, 2011, 2015).

For multicellular organisms, the advantages provided by genetically
encoded programs for cell death are obvious. On the one hand, PCD can
be harnessed as a morphogenetic mechanism that shapes first (and maintains
then) tissue and organ architecture (Tuzlak et al., 2016). On the other hand,
stress-driven RCD constitutes a robust mechanism for the elimination first
(and replacement then) of postmitotic cells that are damaged beyond recov-
ery, and hence functionless and/or prone to constitute a threat for the entire
organism (e.g., prone to malignant transformation) (Cao and Tait, 2018).
Less obvious are the advantages provided by RCD to unicellular organisms,
such as bacteria and yeast. However, both prokaryotes and unicellular
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eukaryotes have rudimentary RCD machineries that allow individual cells
to suicide (Carmona-Gutierrez et al., 2018). This-happens, as an example,
when nutrients for the entire colony are limiting, and the demise of old cells
increases the chances of younger, fitter cells to survive dwindling nutrient
levels and ultimately reconstitute the colony (Fabrizio et al, 2004;
Herker et al., 2004).

In higher eukaryotes, the molecular machinery for RCID has consider-
ably diversified (Galluzzi et al., 20173; Stockwell er al., 2017; Vanden
Berghe et al., 2014; Weinlich et al., 2017) to enable variants of RCD that
(1} occur according to diverse kinetics (Buque et al., 2019; Grootjans et al.,
2016) and (2) are accompanied by the emission of specific signals that engage
or suppress immune reactions (Galluzzi et al., 2017b; Rodriguez-Ruiz et al.,
2019; Vanpouille-Box et al., 2018). Thus, dying mammalian cells can
deliver signals in the form of damage-associated molecular patterns
(DAMPs) or cytokines that are responsible for immune modulation at sites
of active RCD (Galluzzi et al., 2018b; Green et al., 2009; Krysko et al.,
2012). Many of the enzymes that have long been_considered as pure
R.CD regulators, such as apoptotic caspases, have now been shown to medi-
ate multipronged immunomodulatory functions (Galluzzi et al, 2016;
Rodriguez-Ruiz et al., 201%; Rongvaux et al.,, 2014; White et al., 2014),
and to support tissue regeneration, at least in some settings (Cheng et al.,
2019; Huang et al., 2011; Ichim and Tait, 2016).

Given the key role of RCD) in the maintenance of organismal homeo-
stasis and the control of immune responses against dying cells, it 1s not sur-
prising that deregulated RCD contributes to the pathology of a vanety of
human disorders. On the one hand, uncontrolled RCD associated with
inflammatory reactions is involved in the pathogenesis of ischemic, cardiac,
renal and neurodegenerative conditions, among others (Del Re etal., 201%
Fang et al., 2019; Hetz and Saxena, 2017: Kers et al., 2016; Quinlan et al.,
2017). On the other hand, insufficient RCD (as such or in the context of
immunosuppressive signaling) is etiologically linked to autoimmunity, pro-
liferative syndromes, and cancer (Cao and Tait, 2018; Czabotar etal., 2014;
Khan and Ghazanfar, 2018; Nagata and Tanaka, 2017; Singh et al., 2019;
Spetz et al., 2019). In summary, RCD 1 its vanous forms stands out as a
key mechanism for the preservation of colonial and organismal homeostasis,
thus constituting an attractive target for the development of pharmacological
interventions against a plethora of human disorders for more than 2 decades
(Degterev et al., 2019; Huang and Ichikawa, 2008; Naderer and Fulcher,
2018; Valentin et al., 2018). As of today, however, very few drugs that target
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the molecular machinery for RCD have successfully entered chinical devel-
opment, including the BCL2 inhibitor venetoclax (currenty approved for
the therapy of some hematological tumors) (Jain et al., 2019), and the
pan-caspase inhibitor emricasan (which was recently granted fast track status
by the US Food and Drug Administration for the therapy of cirrhosis)
(Mehta et al., 2018; Shiffman et al., 2019). It is tempting to speculate, yet
remains to be formally demonstrated, that translating R.CD modulation
from the bench to the bedside has been difficult because RCD has been
often investigated (especially when the molecular machinery for RCD
has begun to emerge) irrespective of its immunological context.

In Cell Death Regulation in Health and Disease (a special issue of the
IEnternational Review of Cell and Molecular Biology series) a group of world-
renowned experts in the field gathered to discuss mechanistic features and
physiopathological implications of RCD in a variety of model organisms.
Each of the chapters of Cell Death Regulation in Health and Disease addresses
a specific aspect of cell death biclogy, ranging from RCD control in pro-
karyotes and lower eukaryotes to the contribution of cell death deregulation
to various human disorders. The book (which comes in three separate
volumes, i.e., parts A, B, and C) is equally addressed to experienced inves-
tigators who may want to acquire in-depth insights into a specific aspect of
cell death biology, as well as to students or neophytes who are moving their
first steps in this broad field of research.
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