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Editorial on the Research Topic

Ageing and Carcinogenesis

Despite their wide differences (1), most theories about cancer proposed during the past century
agree that cancer is a biological nonsense for the organism in which it originates since cancer cells
are believed to be - relatively - autonomous, meaning that they are not subject to the rules and
regulations that control normal cell proliferation and differentiation in the organism. However,
evidence collected throughout the animal kingdom (2), suggest that cancer seems to arise only in
organs and tissues that have experienced diminished or lost regenerative ability. In these organs, any
injury causing loss of cells or cellular function cannot be compensated by cellular division and in
consequence, the original size and function cannot be restored. We suggest that this situation
induces a crisis, which, through putative danger signals resulting from retardation of tissue repair,
acceleration of cell loss and functional compromise, might promote some degree of variability in the
remaining live but arrested cells of the injured organ. The outcome of this situation would be the
emergence, by chance, of a genetically or epigenetically modified cell variant bearing mitotic ability
to respond to the reparative signal. This new variant would begin to divide and if it were poorly
functional or non-functional, the organ would be numerically but not functionally restored. In
consequence, it would not score the regeneration as effective and it would continue to send mitotic
signals to restore the lost or diminished organ function. As a result, the new variant would grow over
and over and the outcome would be a tumor. According to this hypothesis that has called the
hypothesis of the biological sense of cancer (3, 4), cancer would not be an autonomous entity
disobeying the mechanisms controlling cell proliferation; in fact, in the injured organ which has its
regenerative ability lost or diminished, a tumor cell would be the only one able to respond to the
demand to proliferate surrounded by “normal” but arrested cells that cannot respond to that signal.
According to this interpretation, cancer would have a profound biological sense: it would be the
ultimate attempt to restore organ functions and structures that have been lost or altered by aging
and noxious environmental agents. However, unlike normal structures, cancer would have no
physiological value, because the usually poor or non-functional nature of its cells would make their
reparative task unattainable. All conventional therapies against cancer attempt to kill all tumor cells
(5–7). However, according to this hypothesis, the problem might not be solved even if all the tumor
cells were eradicated. In effect, if the organ failure remained, new tumor cells would emerge and the
tumor would reinitiate its progressive growth in response to the permanent regenerative signal of
the non-restored organ. An efficient anti-cancer therapy should combine an attack against the
tumor cells themselves with the correction of the organ failure, which, according to this hypothesis,
would be in the core of the cancer problem.
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Therefore, the in-deep understanding of the role of
senescence (incapacity of cells to divide even in the face of
physiological reparative signals) in carcinogenesis may become
an important research field that might impact in the
development of new therapies against cancer.

A review by Yang et al. summarizes a double role of senescence
in cancer. Firstly, at cellular level, a senescent cellmay be a barrier to
tumordevelopmentbecause the constitutivedifficultyof a senescent
cell to initiate cellular proliferation to form a tumor. On the other
hand, at tissue level, the accumulationof senescent cells in a tissueor
in an organ may induce organismal ageing and simultaneously
contribute to the origin and progression of cancer. In fact, several
components of the senescence-associated secretory phenotype
(SASP) may induce inflammatory conditions that can directly or
indirectly promote tumor growth, invasion and metastasis, and
tumor vascularization. In addition, recent studies have found that
senescent cells are tumor promoters by up-regulating p38MAPK
and MAPK/ERK signaling.

The above considerations strongly suggest that modulating
SASP or eliminating senescent cells by the use of senolytic drugs
may be beneficial for cancer prevention and treatment.

It is known that cellular senescence is triggered by different
factors, including, among others, telomere shortening and DNA
damage. Zhu et al. showed that the balance of ubiquitination and
deubiquitination, that play different roles in regulating protein
stability and cellular homeostasis, is another inducer of cellular
senescence. Senescent cells are classically identified by their
expression of beta-galactosidase. Guan et al. mentioned others
tools to explore senescence: genomic molecular biomarkers,
including tumor copy number (CN) alteration (CNA) burden,
genomic rearrangement signatures, and mutational signatures,
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where they have been reported as independent molecular
prognostic makers in different types of cancer. The authors
demonstrated that CN signatures manifest a close correlation
to the relevant mutational processes in tumor staging of upper
tract urothelial carcinomas (UTUCs), where is relatively difficult
to assert accurately before surgery. They used it as a tool to
explore their clinical significance of molecular stratification in
UTUC, providing a basis for clinical studies that evaluate
therapeutic interventions and prognosis.

As we previously introduced, they are different way to study
cellular senescence. Bhaskaran et al. investigated how immune
system cells (Treg, MDSC) and molecules as Dectin-1, can be
dys-regulated in human oral squamous cell carcinoma (OSCC)
tissues and a mouse model (4-Nitroquinoline 1-oxide oral
carcinogenesis). In summary, the study sheds new light on
immuno-oncological events at tumor immune microenvironment,
providing some key insights into immune evasion mechanisms. By
linking the pro-tumorigenic role of dectin-1 signaling, MDSC and
Tregs with an increased predisposition of the aging oral mucosa to
tumor development, the study also provides important information
on the mechanisms of increased susceptibility of the aging
population to oral cancer.

All of these works may stimulate new investigations aimed to
understand the complex mechanisms underlying the relationship
among organismal ageing, cellular senescence and cancer.
AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it for publication.
REFERENCES
1. Zajicek G. A New Cancer Hypothesis. Med Hypothesis (1996) 47:111–5.
2. Ruggiero RA, Bustuoabad OD, Chiarella P, Bruzzo J, Meiss RP. Cell Growth

Processes. New York: Nova Science Publishers, Inc. (2008). 89 p.
3. Ruggiero RA, Bustuoabad OD. The Biological Sense of Cancer: A Hypothesis.

Theor Biol Med Mod (2006) 3:43, 1–14.
4. Bustuoabad OD, Ruggiero RA. Hypothesis of the Basic Biological Sense of

Cancer Revisited. A Putative Explanation of Peto’sparadox. Cancer Hypothesis
(2017) 4:7, 1–16.

5. Bailar JCIII, Gornik HL. Cancer Undefeated. N Engl Med (1997) 336:1569–74.
6. Galmarini CM, Galmarini FC. Multi Drug Resistance in Cancer Therapy: Role

of the Microenvironment. Curr Opin Investig Drugs (2003) 4:1416–21.
7. Cranmer LD, Trevor KT, Hersh EM. Clinical Applications of Dendritic Cell

Vaccination in the Treatment of Cancer. Cancer Immunol Immunother (2004)
53:275–306.
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ruggiero, Chiarella and Galmarini. This is an open-access article
distributed under the terms of the Creative CommonsAttribution License (CCBY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordancewith accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
February 2022 | Volume 12 | Article 849127

https://doi.org/10.3389/fcell.2021.759761
https://doi.org/10.3389/fcell.2021.698751
https://doi.org/10.3389/fcell.2021.713499
https://doi.org/10.3389/fonc.2021.669066
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Editorial: Ageing and Carcinogenesis
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


