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1. Introduction

The cell, the fundamental unit of life, is constantly subjected to a myriad of molecular
biophysical disturbances [1]. These disturbances can arise from various sources, including
the chemical and biophysical techniques used in cryopreservation [2,3]. A deep understand-
ing of cellular damage and its underlying mechanisms is crucial [4]. Equally important
is the recognition of the dual nature of our interventions; while we aim to protect cells
from harm, there are instances where we intentionally induce damage, especially in clinical
settings like cancer treatments [5-7].

In this Special Issue titled “Cellular Damage: Protection and Induction”, we aim to
shed light on the complex nature of biophysical damage that cells encounter. Our focus
spans from the protective strategies employed in regenerative medicine and pharmacology
to the intricacies of cryopreservation. In contrast, we also delve into the intentional harms
associated with treatments like radiation and chemotherapy. We cordially invite scholars to
contribute to this Special Issue with their groundbreaking research and insightful reviews.
The topics of interest encompass the intricate molecular pathways leading to biophysical
cellular disruption and the evolving strategies that either enhance cellular defenses or
deliberately target them. Table 1 shows the suggested topics of interest for the “Cellular
Damage: Protection and Induction” Special Issue.

Table 1. Topics of Interest for the “Cellular Damage: Protection and Induction” Special Issue.

Cellular Damage Protection of Cells Therapy Targeting Bad Cells
Chemical and biophysical Regenerative Radiation-induced
approaches to . . o
. medicine techniques cellular injuries
cryopreservation
Molecular mechanisms of Pharmacological interventions Chemotherapy stratesies
biophysical damage for cellular protection Py &
Environmental and internal Cellular resilience and Targeted therapies for specific
triggers of biophysical strain recovery pathways cell types
Innovations in understanding Advanced strategies for Inte.ntlona.l Celllular
. . disruptions in
cellular damage cellular protection and repair

therapeutic settings

2. Cellular Damage

Cellular damage involves harm inflicted on cells through external factors or internal
dysfunctions, taking on various forms [8]. This damage can be caused by a myriad of
factors, including environmental [9], chemical [10], and biophysical triggers [11].
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Chemical and Biophysical Approaches to Cryopreservation: Cryopreservation is a
technique used to preserve biological samples, including cells, at extremely low tempera-
tures. The process can introduce chemical and biophysical damage to cells, which can affect
their viability upon thawing. Understanding these mechanisms is crucial for improving
cryopreservation outcomes [12,13].

Molecular Mechanisms of Biophysical Damage: At the molecular level, biophysical
damage can result from various factors, including radiation, mechanical strain, and tem-
perature changes. These damages can lead to protein misfolding, DNA breaks, and cellular
dysfunction [14,15].

Environmental and Internal Triggers of Biophysical Strain: Cells are constantly ex-
posed to various environmental factors, such as toxins, pathogens, and physical forces.
Internally, metabolic imbalances and genetic mutations can also introduce strain, leading
to cellular damage [16]. Innovations in understanding cellular damage are hot topics in
foundational study.

3. Protection of Cells

Protecting cells from damage is crucial for maintaining tissue and organ function.
Advances in understanding cellular damage have paved the way for innovative strategies
to shield cells from harm [17].

Regenerative medicine technology: Regenerative medicine focuses on repairing or
replacing damaged tissues and organs. Techniques in this field often involve the use of
stem cells, growth factors, and biomaterials to promote healing and regeneration [18,19].

Pharmacological Interventions for Cellular Protection: Various drugs and compounds
have been developed to enhance cellular resilience and protect cells from damage. These
interventions can target specific pathways involved in cellular stress responses.

Cellular Resilience and Recovery Pathways: Cells have intrinsic mechanisms to recover
from damage and restore their function. Understanding these pathways can provide
insights into developing strategies for cellular protection [20].

4. Therapy Targeting Bad Cells

Targeting and eliminating damaged or dysfunctional cells is a promising therapeutic
approach for various diseases, including cancer.

Radiation-Induced Cellular Injuries: Radiation therapy is commonly used to treat
cancer. However, it can also introduce cellular injuries. Strategies to target and repair these
injuries can enhance the therapeutic outcomes [21].

Chemotherapy Strategies: Chemotherapy drugs target rapidly dividing cells, includ-
ing cancer cells. Understanding the mechanisms of these drugs can lead to the development
of more effective and less toxic treatments [22].

Targeted Therapies for Specific Cell Types: Advances in molecular biology have led
to the development of targeted therapies that can specifically attack certain cell types or
pathways, minimizing damage to healthy cells [23].

Intentional Cellular Disruptions in Therapeutic Settings: In some therapeutic settings,
intentional disruption of certain cell populations can be beneficial. For instance, eliminating
senescent cells can promote tissue regeneration and reduce inflammation [24].

5. Future Prospects

The understanding of cellular damage, protection, and targeted therapies has grown
exponentially in recent years. As we continue to unravel the intricate mechanisms under-
lying these processes, we can anticipate the development of more effective and precise
interventions to treat a wide range of diseases. The convergence of biotechnology, phar-
macology, and molecular biology will undoubtedly pave the way for groundbreaking
therapies that can extend the human healthspan and improve the quality of life.



Int. . Mol. Sci. 2023, 24, 13702 30f3

Author Contributions: Conceptualization, S.T. and W.Z.; writing—original draft preparation, S.T.;
writing—review and editing, W.Z. All authors have read and agreed to the published version
of the manuscript.

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

References

1.

11.

12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bodelon, G.; Costas, C.; Pérez-Juste, J.; Pastoriza-Santos, I.; Liz-Marzan, L.M. Gold nanoparticles for regulation of cell function
and behavior. Nano Today 2017, 13, 40-60. [CrossRef]

Karlsson, J.O.M.; Toner, M. Long-term storage of tissues by cryopreservation: Critical issues. Biomaterials 1996, 17, 243-256.
[CrossRef] [PubMed]

Raju, R.; Bryant, S.J.; Wilkinson, B.L.; Bryant, G. The need for novel cryoprotectants and cryopreservation protocols: Insights into
the importance of biophysical investigation and cell permeability. Biochim. Et Biophys. Acta (BBA)—Gen. Subj. 2021, 1865, 129749.
[CrossRef]

Miller, M.A.; Zachary, ].F. Chapter 1—Mechanisms and Morphology of Cellular Injury, Adaptation, and Death11For a glossary of
abbreviations and terms used in this chapter see E-Glossary 1-1. In Pathologic Basis of Veterinary Disease, 6th ed.; Zachary, ].F,, Ed.;
Mosby: Philadelphia, PA, USA, 2017; pp. 2-43.e19. ISBN 978-0-323-35775-3.

Peng, F; Liao, M.; Qin, R.; Zhu, S.; Peng, C.; Fu, L.; Chen, Y.; Han, B. Regulated cell death (RCD) in cancer: Key pathways and
targeted therapies. Signal Transduct. Target. Ther. 2022, 7, 286. [CrossRef]

Eriksson, E.; Liu, PY.; Schultz, G.S.; Martins-Green, M.M.; Tanaka, R.; Weir, D.; Gould, L.J.; Armstrong, D.G.; Gibbons, G.W.;
Wolcott, R.; et al. Chronic wounds: Treatment consensus. Wound Repair Regen. 2022, 30, 156-171. [CrossRef] [PubMed]
Mitchison, T.J. The proliferation rate paradox in antimitotic chemotherapy. MBoC 2012, 23, 1-6. [CrossRef]

Damjanov, I. Chapter 1—Cell Pathology. In Pathology Secrets, 3rd ed.; Damjanov, L., Ed.; Mosby: Philadelphia, PA, USA, 2009;
pp. 7-18. ISBN 978-0-323-05594-9.

Peters, A.; Nawrot, T.S.; Baccarelli, A.A. Hallmarks of environmental insults. Cell 2021, 184, 1455-1468. [CrossRef]

Orrenius, S.; Nicotera, P.; Zhivotovsky, B. Cell Death Mechanisms and Their Implications in Toxicology. Toxicol. Sci. 2011,
119, 3-19. [CrossRef]

Hack, S.J.; Beane, W.S.; Tseng, K.A.-S. Biophysics at the edge of life and death: Radical control of apoptotic mechanisms. Front.
Cell Death 2023, 2, 1147605. [CrossRef]

Murray, K.A.; Gibson, M.I. Chemical approaches to cryopreservation. Nat. Rev. Chem. 2022, 6, 579-593. [CrossRef]

Ekpo, M.D,; Xie, J.; Hu, Y;; Liu, X;; Liu, F; Xiang, J.; Zhao, R.; Wang, B.; Tan, S. Antifreeze Proteins: Novel Applications and
Navigation towards Their Clinical Application in Cryobanking. Int. . Mol. Sci. 2022, 23, 2639. [CrossRef] [PubMed]

Jackson, S.P. Sensing and repairing DNA double-strand breaks. Carcinogenesis 2002, 23, 687—-696. [CrossRef] [PubMed]

Liu, X.; Hu, Y,; Pan, Y.; Fang, M.; Tong, Z.; Sun, Y.; Tan, S. Exploring the application and mechanism of sodium hyaluronate in
cryopreservation of red blood cells. Mater. Today Bio. 2021, 12, 100156. [CrossRef] [PubMed]

Schmidt, T.T.; Reyes, G.; Gries, K.; Ceylan, C.U.; Sharma, S.; Meurer, M.; Knop, M.; Chabes, A.; Hombauer, H. Alterations in
cellular metabolism triggered by URA7 or GLN3 inactivation cause imbalanced dNTP pools and increased mutagenesis. Proc.
Natl. Acad. Sci. USA 2017, 114, E4442-E4451. [CrossRef] [PubMed]

Pomeroy, K.O.; Comizzoli, P; Rushing, ].S.; Lersten, L.L.; Nel-Themaat, L. The ART of cryopreservation and its changing landscape.
Fertil. Steril. 2022, 117, 469-476. [CrossRef]

Krishnan, M.; Kumar, S.; Kangale, L.J.; Ghigo, E.; Abnave, P. The Act of Controlling Adult Stem Cell Dynamics: Insights from
Animal Models. Biomolecules 2021, 11, 667. [CrossRef]

Mao, A.S.; Mooney, D.]. Regenerative medicine: Current therapies and future directions. Proc. Natl. Acad. Sci. USA 2015, 112,
14452-14459. [CrossRef]

Promislow, D.; Anderson, R.M.; Scheffer, M.; Crespi, B.; DeGregori, J.; Harris, K.; Horowitz, B.N.; Levine, M.E.; Riolo, M.A;
Schneider, D.S,; et al. Resilience integrates concepts in aging research. iScience 2022, 25, 104199. [CrossRef]

Moding, E.J.; Kastan, M.B.; Kirsch, D.G. Strategies for optimizing the response of cancer and normal tissues to radiation. Nat. Rev.
Drug Discov. 2013, 12, 526-542. [CrossRef]

Vanneman, M.; Dranoff, G. Combining immunotherapy and targeted therapies in cancer treatment. Nat. Rev. Cancer 2012, 12,
237-251. [CrossRef]

Cheng, Q.; Wei, T.; Farbiak, L.; Johnson, L.T.; Dilliard, S.A.; Siegwart, D.]. Selective organ targeting (SORT) nanoparticles for
tissue-specific mRNA delivery and CRISPR-Cas gene editing. Nat. Nanotechnol. 2020, 15, 313-320. [CrossRef] [PubMed]

Li, X;; Li, C.; Zhang, W.; Wang, Y.; Qian, P.; Huang, H. Inflammation and aging: Signaling pathways and intervention therapies.
Signal Transduct. Target. Ther. 2023, 8, 239. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.nantod.2016.12.014
https://doi.org/10.1016/0142-9612(96)85562-1
https://www.ncbi.nlm.nih.gov/pubmed/8745321
https://doi.org/10.1016/j.bbagen.2020.129749
https://doi.org/10.1038/s41392-022-01110-y
https://doi.org/10.1111/wrr.12994
https://www.ncbi.nlm.nih.gov/pubmed/35130362
https://doi.org/10.1091/mbc.e10-04-0335
https://doi.org/10.1016/j.cell.2021.01.043
https://doi.org/10.1093/toxsci/kfq268
https://doi.org/10.3389/fceld.2023.1147605
https://doi.org/10.1038/s41570-022-00407-4
https://doi.org/10.3390/ijms23052639
https://www.ncbi.nlm.nih.gov/pubmed/35269780
https://doi.org/10.1093/carcin/23.5.687
https://www.ncbi.nlm.nih.gov/pubmed/12016139
https://doi.org/10.1016/j.mtbio.2021.100156
https://www.ncbi.nlm.nih.gov/pubmed/34825160
https://doi.org/10.1073/pnas.1618714114
https://www.ncbi.nlm.nih.gov/pubmed/28416670
https://doi.org/10.1016/j.fertnstert.2022.01.018
https://doi.org/10.3390/biom11050667
https://doi.org/10.1073/pnas.1508520112
https://doi.org/10.1016/j.isci.2022.104199
https://doi.org/10.1038/nrd4003
https://doi.org/10.1038/nrc3237
https://doi.org/10.1038/s41565-020-0669-6
https://www.ncbi.nlm.nih.gov/pubmed/32251383
https://doi.org/10.1038/s41392-023-01502-8
https://www.ncbi.nlm.nih.gov/pubmed/37291105

	Introduction 
	Cellular Damage 
	Protection of Cells 
	Therapy Targeting Bad Cells 
	Future Prospects 
	References

