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Editorial on the Research Topic

Hallmark of cancer: replicative immortality
It’s now been over two decades since the Hallmarks of Cancer proposed by Douglas

Hanahan and Robert Weinberg were first published (1), during which time the landscape

of cancer research has changed considerably. In addition to the original six biological

capabilities put forward as being acquired during the multistep development of human

tumors, which included enabling replicative immortality, the “next generation” of

hallmarks introduced two emerging hallmarks and two enabling characteristics (2). The

“new dimensions” of the Hallmarks of Cancer proposed most recently incorporates

additional emerging hallmarks and enabling characteristics, including senescent cells (3).

Telomeres, protective structures that “cap” the ends of linear chromosomes and

preserve genome stability (4, 5), are major players in enabling replicative immortality.

Due to the end-replication problem and a variety of lifestyle factors and stresses, telomere

length erodes with cell division and aging, causing telomeres to shorten until reaching a

critically shortened length, at which point they become dysfunctional and a permanent cell

cycle arrest known as replicative senescence is entered (6–8).

Telomere shortening-induced senescence serves as an effective barrier to unlimited cell

growth, and therefore represents an important tumor suppressor mechanism 9). However,

senescence also underlies important phenotypes associated with aging and cancer;

specifically, the senescence-associated secretory phenotype (SASP) promotes chronic

inflammation and drives degenerative pathologies and carcinogenesis (10).

The cellular mortality enforced by progressive telomere shortening can be

circumvented by telomerase, the specialized reverse transcriptase (TERT) whose integral

RNA component (TERC) serves as a template for de novo addition of telomeric repeats

onto newly replicated chromosomal termini (11, 12). However, telomerase activity is

sufficient to maintain telomere length only in highly proliferative populations, such as

germline and stem cells, and the vast majority of cancer cells in which mutations in the

TERT promoter region or alternative splicing of the TERT transcript endow them with

unlimited replicative potential (13, 14). Telomerase also has extracurricular activities

associated with increasing cell proliferation, inhibiting anti-growth signaling, and

activating invasion, therefore telomerase has also been proposed as a central regulator of

all the hallmarks of cancer (15).
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This special Research Topic highlights recent research and

advances specifically related to the hallmark of replicative

immortality. Articles in the collection cover a range of tumor

types, including glioblastoma, pancreatic, gastric, colon,

colorectal, and canine oral squamous cell carcinoma, and

investigate key players such as telomerase activity, telomere

length dynamics and regulation, and the immune landscape. The

ultimate goal of all such studies is to identify actionable targets that

inform targeted therapies aimed at countering tumor cell

proliferation and immortality and improving treatment outcomes.

Future studies will need to further investigate the emerging

hallmarks and enabling characteristics, including the contributing

and seemingly contradictory roles of senescent cells.
Author contributions

The author confirms being the sole contributor of this work and

has approved it for publication.
Frontiers in Oncology 02
Acknowledgments

A special thank you to Dr. Eli Rothenberg, NYU School of

Medicine, for also serving as Guest Editor for this Research Topic.

Conflict of interest

The author declares 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.
References
1. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell (2000) 100:57–70.

2. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell (2011)
144:646–74.

3. Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discovery (2022)
12:31–46.

4. Muller H. The remaking of chromosomes. Collecting Net Woods Hole (1938)
13:181–98.

5. Mcclintock B. The stability of broken ends of chromosomes in zea mays. Genetics
(1941) 126:234–82.

6. Olovnikov AM. Principle of marginotomy in template synthesis of
polynucleotides. Dokl Akad Nauk SSSR (1971) 201:1496–9.

7. Harley CB, Futcher AB, Greider CW. Telomeres shorten during aging of human
fibroblasts. Nature (1990) 345:458–60.

8. Campisi J. The biology of replicative senescence. Eur J Cancer (1997) 33:703–9.
9. Maciejowski J, De Lange T. Telomeres in cancer: tumour suppression and
genome instability. Nat Rev Mol Cell Biol (2017) 18:175–86.

10. Campisi J. Aging, cellular senescence, and cancer. Annu Rev Physiol (2013)
75:685–705.

11. Greider CW, Blackburn EH. Identification of a specific telomere terminal
transferase-activity in tetrahymena extracts. Cell (1985) 43:405–13.

12. Bodnar AG, Ouellette M, Frolkis M, Holt SE, Chiu CP, Morin GB, et al.
Extension of life-span by introduction of telomerase into normal human cells. Science
(1998) 279:349–52.

13. Kim NW, Piatyszek MA, Prowse KR, Harley CB, West MD, Ho PLC, et al.
Specific association of human telomerase activity with immortal cells and cancer.
Science (1994) 266:2011–5.

14. Dratwa M, Wysoczanska B, Lacina P, Kubik T, Bogunia-Kubik K. TERT-
regulation and roles in cancer formation. Front Immunol (2020) 11:589929.

15. Low KC, Tergaonkar V. Telomerase: central regulator of all of the hallmarks of
cancer. Trends Biochem Sci (2013) 38:426–34.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1204094
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Hallmark of cancer: replicative immortality
	Author contributions
	Acknowledgments
	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 /sRGB
  /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


