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The aim of this Special Issue on the deregulation of cell death in cancer is to bring together
recent perspectives on the relationship between tumorigenesis and programmed cell death (PCD).
According to the World Health Organization, cancer is the second leading cause of death worldwide,
and in 2018 it was responsible for an estimated 9.6 million deaths. The human genome is exposed
to mutations during the course of life, and while many have no impact on individual health, others
(heritable or acquired) are responsible for carcinogenesis. It is becoming ever clearer that defects in
intracellular signaling pathways lead to altered gene functions and malignant cellular transformation [1].
Chemotherapy remains one of the most effective forms of cancer treatment. However, the increasing
onset of cancer resistance has prompted major scientific efforts to focus on developing novel drugs or
alternative chemotherapeutic protocols in order to design new or synergistic anticancer approaches [2,3].
The alteration of cell death mechanisms is a common feature in cancer, and can lead to drug resistance
and, consequently, treatment failure. Cell death is a tightly controlled mechanism based on molecular
programs in which several genes and related proteins are regulated. The evasion of this cellular
mechanism is one of the hallmarks of cancer [4], greatly strengthening the proposition that targeting
PCD in tumorigenesis may represent a strategic tool in oncology. In all multicellular organisms,
cells are well organized and their life and death are part of the natural cycle. During growth, cells
undergo a high rate of proliferation, both to increase in number and to complete the functionality
of all components of the organism. At the end of their life cycle, when they have ceased to perform
their physiological functions and are no longer required, cells die via the activation of different
intracellular processes. The correct dynamic balance between life and death processes, necessary for
the production of “new” and the elimination of “old” cells, is fundamental for homeostasis. Following
cell injury resulting from exposure to chemical, biological, or physical agents or after a mechanical
insult, cells die through a completely unprogrammed accidental cell death modality with consequent
cell swelling, membrane rupture, and the activation of inflammation processes [5]. This passive cell
death mechanism is named necrosis. In contrast, regulated cell death (RCD) [5], activated upon specific
cellular cues and mediated by a family of proteases, is characterized by cell shrinkage, chromatin
condensation, nuclear fragmentation, and plasma membrane blebbing [6]. With the accumulation of
apoptotic bodies and their subsequent elimination, RCD is classically viewed as a clean, controlled,
and noninflammatory process. When RCD occurs in a physiological state as a consequence of the
development and/or upon regulation of cell homeostasis, this is known as PCD. The most well-known
and best-characterized form of PCD is apoptosis [7]. In the past, cell death was classified based only on
morphological criteria and thus included: (i) apoptosis, PCD type I; (ii) autophagy, PCD type II; and
(iii) necrosis, lacking PCD type I and II features. Following advancements in biochemical approaches,
the Nomenclature Committee on Cell Death devised specific guidelines for a new classification of
cell death [8]. As well as evaluating morphological and specific features, these new criteria consider
functional aspects, enzyme recruitment, and immunological responses. By taking into account all these
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perspectives, each cell death process identified was provided with a specific name and description,
thus dividing RCD into twelve different classes. While the molecular mechanisms underlying intrinsic
and extrinsic apoptosis, autophagy-dependent cell death, necroptosis, pyroptosis, and ferroptosis
are already clear, the remaining modalities, including entotic cell death, lysosome-dependent cell
death, NETotic cell death, parthanatos, immunogenic cell death, and mitochondrial permeability
transition (MPT)-driven necrosis require further investigation [8]. The induction of cell death after
chemo/radiotherapy and consequent tumor regression indicate the involvement of apoptosis in
tumorigenesis [9]. The expression of anti-apoptotic factors or the inactivation of pro-apoptotic
proteins [10] may lead to uncontrolled tumor cell initiation and proliferation, with characteristics of a
malignant phenotype. Several cancer types frequently exhibit mutations or the abnormal expression of
numerous genes regulating intrinsic or extrinsic cell death pathways and the overexpression of several
anti-apoptotic proteins. The direct use of caspase modulators to prevent or induce cell death [11]
initially provided encouraging results, but this approach ultimately failed to live up to its promise due
to their poor specificity and redundant function in different cell pathways. Consequently, regulating
cell fate via alternative modes of cell death, whose components differ from those of apoptotic pathways,
represents an attractive new therapeutic approach. One of the re-classified cell death pathways [8]
is necroptosis, a well-described form of regulated necrotic cell death [12]; necroptosis mediators
belong to both the apoptotic and necrotic pathways [13,14]. Targeting necroptosis may thus be
one of several alternative strategies aimed at inducing cancer cell death [15]. Since the necroptotic
pathway involves different mediators to those activated in apoptosis, resistant cancer cells may be
more sensitive to such an approach [16]. However, the role of necroptosis in carcinogenesis has only
recently begun to be investigated, and findings are contradictory. Several reports describe its role
in tumor suppression, [1,17], whereas other studies propose the necroptosis-mediated activation of
oncogenesis through the release of factors involved in inflammation [18]. Other forms of controlled
necrosis, such as MPT and parthanatos, were also associated with cancer development [19] and
are, respectively, characterized by the involvement of mitochondrial dysfunction, caused by a rapid
increase in inner mitochondrial membrane permeability with the opening of the MTP pore, and
hyperactivation of poly (ADP-ribose) polymerase (PARP) [20,21]. The two remaining cell death
mechanisms, pyroptosis and ferroptosis, might also play a role in carcinogenesis. Pyroptosis is an
inflammatory caspase-dependent form of cell death, while ferroptosis is characterized by lipid peroxide
accumulation and iron dependency [22]. Although the molecular mechanisms underlying these cell
death modalities are still under investigation, several findings show that the modulation of these
molecular processes can inhibit the proliferation and migration of cancer cells [23,24]. In this Special
Issue on cell death mechanisms and carcinogenesis, the functional role of proteostasis is also discussed.
The proteostasis network is used in the cell system to maintain protein homeostasis [25]. The failure
of this process might be harmful to cells and lead to cell death. The induction of proteotoxic stress
through the use of small molecules may be of therapeutic interest, particularly in terms of its antitumor
activity [26]. However, all potentially druggable proteins or mechanisms involved in cell death
pathways may be considered very attractive targets for anticancer therapy. It was recently suggested
that neutrophil gelatinase-associated lipocalin (NGAL) has a critical role in cancer biology, sparking
interest in its potential as an early diagnostic and prognostic marker for many solid tumors [27]. In this
Special Issue, the role of NGAL in chronic lymphocytic leukemia (CLL) is explored, providing evidence
that it may be considered a diagnostic or predictive marker in untreated and remission CLL patients,
respectively. A comprehensive analysis stressed the involvement of NGAL in the mechanisms of
resistance to apoptosis observed in many CLL cells [28]. High anticancer potential was observed using
a synthetic drug, the cationic amphiphilic–helical peptidomimetic B18L [29]. By binding BST-2, a key
regulator in promoting cancer, B18L was able to induce cell death in drug-resistant and drug-sensitive
cancer cells, with low toxicity in normal cells. This study highlights the promising therapeutic activity
of B18L, a BST-2-based peptide, for the treatment of breast cancer.
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The reactivation of altered or silenced cell death pathways may improve outcomes in cancer.
The development of new drugs able to modulate specific molecular targets involved in cell death
mechanisms may provide more efficient therapeutic strategies for cancer treatment.

Funding: This work was funded by: Vanvitelli per la Ricerca: “CAMPANIA” (ID 342); Campania Regional
Government Technology Platform Lotta alle Patologie Oncologiche: iCURE (B21C17000030007); Campania
Regional Government FASE2: IDEAL (B63D18000560007). MIUR, Proof of Concept POC01_00043.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sever, R.; Brugge, J.S. Signal transduction in cancer. Cold Spring Harb. Perspect. Med. 2015, 5. [CrossRef] [PubMed]
2. Alfarouk, K.O.; Stock, C.M.; Taylor, S.; Walsh, M.; Muddathir, A.K.; Verduzco, D.; Bashir, A.H.H.;

Mohammed, O.Y.; Elhassan, G.O.; Harguindey, S.; et al. Resistance to cancer chemotherapy: Failure
in drug response from ADME to P-gp. Cancer Cell Int. 2015, 15, 71. [CrossRef] [PubMed]

3. Zhang, Z.; Zhou, L.; Xie, N.; Nice, E.C.; Zhang, T.; Cui, Y.; Huang, C. Overcoming cancer therapeutic
bottleneck by drug repurposing. Signal Transduct. Target. Ther. 2015, 5. [CrossRef]

4. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [CrossRef]
[PubMed]

5. Tang, D.; Kang, R.; Berghe, T.V.; Vandenabeele, P.; Kroemer, G. The molecular machinery of regulated cell
death. Cell Res. 2019, 29, 347–364. [CrossRef]

6. Kroemer, G.; Galluzzi, L.; Vandenabeele, P.; Abrams, J.; Alnemri, E.S.; Baehrecke, E.H.; Blagosklonny, M.V.;
El-Deiry, W.S.; Golstein, P.; Green, D.R.; et al. Classification of cell death: Recommendations of the
Nomenclature Committee on Cell Death 2009. Cell Death Differ. 2009, 16, 3–11. [CrossRef]

7. Elmore, S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007, 35, 495–516. [CrossRef]
8. Galluzzi, L.; Vitale, I.; Aaronson, S.A.; Abrams, J.M.; Adam, D.; Agostinis, P.; Alnemri, E.S.; Altucci, L.;

Amelio, I.; Andrews, D.W.; et al. Molecular mechanisms of cell death: Recommendations of the Nomenclature
Committee on Cell Death 2018. Cell Death Differ. 2018, 25, 486–541. [CrossRef]

9. Kerr, J.F.; Wyllie, A.H.; Currie, A.R. Apoptosis: A basic biological phenomenon with wide-ranging
implications in tissue kinetics. Br. J. Cancer 1972, 26, 239–257. [CrossRef]

10. Martínez-Lacaci, I.; Morales, P.G.; Soto, J.L.; Saceda, M. Tumour cells resistance in cancer therapy. Clin. Transl. Oncol.
2007, 9, 13–20. [CrossRef]

11. Degterev, A.; Boyce, B.; Yuan, J. A decade of caspases. Oncogene 2003, 22, 8543–8567. [CrossRef] [PubMed]
12. Zheng-Gang, L.; Delong, J. Necroptosis, tumor necrosis and tumorigenesis. Cell Stress 2019, 4, 1–8.
13. Belizário, J.; Vieira-Cordeiro, L.; Enns, S. Necroptotic Cell Death Signaling and Execution Pathway: Lessons

from Knockout Mice. Mediat. Inflamm. 2015, 2015. [CrossRef] [PubMed]
14. Galluzzi, L.; Kroemer, G. Necroptosis: A specialized pathway of programmed necrosis. Cell 2008, 135,

1161–1163. [CrossRef]
15. Su, Z.; Yang, Z.; Xie, L.; DeWitt, J.P.; Chen, Y. Cancer therapy in the necroptosis era. Cell Death Differ. 2016, 23,

748–756. [CrossRef]
16. Dillon, C.P.; Weinlich, R.; Rodriguez, D.A.; Cripps, J.C.; Quarato, G.; Gurung, P.; Verbist, K.C.; Brewer, T.L.;

Llambi, F.; Gong, Y.N.; et al. RIPK1 blocks early postnatal lethality mediated by caspase-8 and RIPK3. Cell
2014, 157, 1189–1202. [CrossRef]

17. Kroemer, G.; Galluzzi, L.; Kepp, O.; Zitvogel, L. Immunogenic cell death in cancer therapy. Annu. Rev. Immunol.
2013, 31, 51–72. [CrossRef]

18. Seifert, L.; Werba, G.; Tiwari, S.; Giao Ly, N.N.; Alothman, S.; Alqunaibit, D.; Avanzi, A.; Barilla, R.; Daley, D.;
Greco, S.H.; et al. The necrosome promotes pancreatic oncogenesis via CXCL1 and Mincle-induced immune
suppression. Nature 2016, 532, 245–249. [CrossRef]

19. Feoktistova, M.; Leverkus, M. Programmed necrosis and necroptosis signalling. FEBS J. 2015, 282, 19–31.
[CrossRef]

20. Galluzzi, L.; Kepp, O.; Kroemer, G. Mitochondrial regulation of cell death: A phylogenetically conserved
control. Microb. Cell 2016, 3, 101–108. [CrossRef]

http://dx.doi.org/10.1101/cshperspect.a006098
http://www.ncbi.nlm.nih.gov/pubmed/25833940
http://dx.doi.org/10.1186/s12935-015-0221-1
http://www.ncbi.nlm.nih.gov/pubmed/26180516
http://dx.doi.org/10.1038/s41392-020-00213-8
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1038/s41422-019-0164-5
http://dx.doi.org/10.1038/cdd.2008.150
http://dx.doi.org/10.1080/01926230701320337
http://dx.doi.org/10.1038/s41418-017-0012-4
http://dx.doi.org/10.1038/bjc.1972.33
http://dx.doi.org/10.1007/s12094-007-0004-9
http://dx.doi.org/10.1038/sj.onc.1207107
http://www.ncbi.nlm.nih.gov/pubmed/14634618
http://dx.doi.org/10.1155/2015/128076
http://www.ncbi.nlm.nih.gov/pubmed/26491219
http://dx.doi.org/10.1016/j.cell.2008.12.004
http://dx.doi.org/10.1038/cdd.2016.8
http://dx.doi.org/10.1016/j.cell.2014.04.018
http://dx.doi.org/10.1146/annurev-immunol-032712-100008
http://dx.doi.org/10.1038/nature17403
http://dx.doi.org/10.1111/febs.13120
http://dx.doi.org/10.15698/mic2016.03.483


Cancers 2020, 12, 3517 4 of 4

21. Fatokun, A.A.; Dawson, V.L.; Dawson, T.M. Parthanatos: Mitochondrial-linked mechanisms and therapeutic
opportunities. Br. J. Pharmacol. 2014, 171, 2000–2016. [CrossRef] [PubMed]

22. Liang, C.; Zhang, X.; Yang, M.; Dong, X. Recent Progress in Ferroptosis Inducers for Cancer Therapy.
Adv. Mater. 2019, 31. [CrossRef] [PubMed]

23. Fang, Y.; Tian, S.; Pan, Y.; Li, W.; Wang, Q.; Tang, Y.; Yu, T.; Wu, X.; Shi, Y.; Ma, P.; et al. Pyroptosis: A new
frontier in cancer. Biomed. Pharmacother. 2020, 121. [CrossRef] [PubMed]

24. Lu, B.; Chen, X.B.; Ying, M.D.; He, Q.J.; Cao, J.; Yang, B. The Role of Ferroptosis in Cancer Development and
Treatment Response. Front. Pharmacol. 2018, 8. [CrossRef] [PubMed]

25. Brancolini, C.; Iuliano, L. Proteotoxic Stress and Cell Death in Cancer Cells. Cancers 2020, 12, 2385. [CrossRef]
26. Guang, M.H.Z.; Kavanagh, E.L.; Dunne, L.P.; Dowling, P.; Zhang, L.; Lindsay, S.; Bazou, D.; Goh, C.Y.;

Hanley, C.; Bianchi, G.; et al. Targeting Proteotoxic Stress in Cancer: A Review of the Role that Protein
Quality Control Pathways Play in Oncogenesis. Cancers 2019, 11, 66. [CrossRef]

27. Roli, L.; Pecoraro, V.; Trenti, T. Can NGAL be employed as prognostic and diagnostic biomarker in human
cancers? A systematic review of current evidence. Int. J. Biol. Mark. 2017, 32, 53–61. [CrossRef]

28. Bauvois, B.; Pramil, E.; Jondreville, L.; Chapiro, E.; Quiney, C.; Maloum, K.; Susin, S.A.; Nguyen-Khac, F.
Relation of Neutrophil Gelatinase-Associated Lipocalin Overexpression to the Resistance to Apoptosis of
Tumor B Cells in Chronic Lymphocytic Leukemia. Cancers 2020, 12, 2124. [CrossRef]

29. Lyu, Y.; Kopcho, S.; Alvarez, F.A.; Okeoma, B.C.; Okeoma, C.M. Development of a Cationic Amphiphilic
Helical Peptidomimetic (B18L) As A Novel Anti-Cancer Drug Lead. Cancers 2020, 12, 2448. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/bph.12416
http://www.ncbi.nlm.nih.gov/pubmed/24684389
http://dx.doi.org/10.1002/adma.201904197
http://www.ncbi.nlm.nih.gov/pubmed/31595562
http://dx.doi.org/10.1016/j.biopha.2019.109595
http://www.ncbi.nlm.nih.gov/pubmed/31710896
http://dx.doi.org/10.3389/fphar.2017.00992
http://www.ncbi.nlm.nih.gov/pubmed/29375387
http://dx.doi.org/10.3390/cancers12092385
http://dx.doi.org/10.3390/cancers11010066
http://dx.doi.org/10.5301/jbm.5000245
http://dx.doi.org/10.3390/cancers12082124
http://dx.doi.org/10.3390/cancers12092448
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

