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Why do we grow old: is it because our cells just
wear out, we run out of cells (or both), and what
can we do about it?
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Abstract

Longevity & Healthspan, a new BioMed Central journal, has launched a thematic series on cellular senescence and
aging, a quickly evolving field critical to our understanding of the biology of aging.
Aging occurs at virtually every level of complexity [1].
Two fundamental cellular aging processes have been de-
scribed: chronological and replicative [2]. Chronological
aging is of paramount importance in terminally differen-
tiated cells. An important component of chronological
aging is a breakdown in the balance between biosyn-
thesis, repair and turnover of macromolecules. Replica-
tive aging reflects the ability of a cell, and its lineage, to
support ongoing rounds of cell division, and is of major
importance in complex metazoan organisms whose adult
bodies depend on tissue turnover. Cell division is how-
ever a double-edged sword that needs to be tightly regu-
lated: by the dilution of damaged macromolecules it can
counteract chronological aging and lead to the genesis
of new functional cells, however excessive replication
places the organism at the risk of cancer.
Replicative cellular senescence was first described in

cell culture as an irreversible growth arrest triggered by
the accumulation of cell divisions in human fibroblasts
[3]. It has since been demonstrated in virtually all verte-
brate species and cell types that have been examined.
Telomere shortening due to replicative exhaustion was
the first cause of senescence to be well understood [4].
In the last decade, however, it has become evident that
cellular senescence can be triggered by many intrinsic
and extrinsic stimuli, including the activation of onco-
genes, ionizing and ultraviolet irradiation, reactive oxy-
gen species, pharmacological agents that modify DNA or
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chromatin, and even nutrient imbalances and ill-
described cell culture stresses [5-9].
In spite of the plethora of stimuli, either or both of

two central signaling pathways leading to the activation
of the p53 and tumor suppressor retinoblastoma pro-
teins (pRB) are responsible for initiating and maintaining
the senescence state. Our knowledge of the senescence
phenotypes has also grown in detail, and includes the
manifestations of genotoxic stress, the secretion of
certain inflammatory cytokines and tissue remodeling
factors, and a distinctive type of facultative heterochro-
matin [10].
Recent data have implicated cellular senescence as an

important in vivo tumor suppression mechanism [11].
However, solid connections between cellular senescence
and organismal aging have been slower to emerge. An
important impediment has been the lack of reliable as-
says to distinguish senescent cells from the majority of
healthy but quiescent cells found in normal tissues.
While a few years ago it was questioned whether senes-
cent cells existed in vivo in appreciable numbers, today
it is increasingly evident that they accumulate with age
as well as at sites of age-associated pathologies. Implica-
tion of cellular senescence in stem cell aging has added
renewed credence for its importance in species with
considerable renewable tissues. Studies in mouse models
lacking p16Ink4a-positive senescent cells, as a result of
p16Ink4a gene inactivation or drug-induced cell clearance,
have implied a causal link between senescence and age-
related functional decline of tissues and organs [12].
This together with the discovery that some of the major
aging-related diseases are characterized by accumulation
ed Central Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.

mailto:john_sedivy@brown.edu
http://creativecommons.org/licenses/by/2.0


Sedivy and van Deursen Longevity & Healthspan 2013, 2:7 Page 2 of 2
http://www.longevityandhealthspan.com/content/2/1/7
of senescent cells [13] has raised the possibility that
therapeutic removal of senescent cells may improve
healthy lifespan. However, several recent studies suggest
that senescence may have evolutionarily critical func-
tions beyond cancer prevention [14], highlighting the
need for further characterization of senescent cell func-
tion at the level of the whole organism.

Author details
1Department of Molecular Biology Cell Biology and Biochemistry,
Laboratories for Molecular Medicine, Brown University, 70 Ship Street,
Providence, RI 02903, USA. 2Department of Pediatric and Adolescent
Medicine, Mayo Clinic College of Medicine, Rochester, MN 55905, USA.

Received: 21 March 2013 Accepted: 21 March 2013
Published: 22 April 2013

References
1. Finch CE: Longevity, Senescence, and the Genome. Chicago: University of

Chicago Press; 1990.
2. Arking R: The Biology of Aging: Observations and Principles. 3rd edition.

Oxford: Oxford University Press; 2006.
3. Hayflick L, Moorhead PS: The serial cultivation of human diploid cell

strains. Exp Cell Res 1961, 25:585–621.
4. Shay JW, Wright WE: Senescence and immortalization: role of telomeres

and telomerase. Carcinogenesis 2005, 26:867–874.
5. Sedivy JM, Munoz-Najar UM, Jeyapalan JC, Campisi J: Cellular senescence:

A link between tumor suppression and organismal aging? In In Molecular
Biology of Aging. Edited by Guarente L, Partridge L, Wallace DC. New York:
Cold Spring Harbor Laboratory Press; 2007.

6. Kuilman T, Peeper DS: Senescence-messaging secretome: SMS-ing cellular
stress. Nat Rev Cancer 2009, 9:81–94.

7. Passos JF, Simillion C, Hallinan J, Wipat A, von Zglinicki T: Cellular
senescence: unravelling complexity. Age (Dordr) 2009, 31:353–363.

8. Rodier F, Campisi J: Four faces of cellular senescence. J Cell Biol 2011,
192:547–556.

9. Sulli G, Di Micco R, d'Adda di Fagagna F: Crosstalk between chromatin
state and DNA damage response in cellular senescence and cancer. Nat
Rev Cancer 2012, 12:709–720.

10. Campisi J: Cellular senescence: putting the paradoxes in perspective. Curr
Opin Genet Dev 2011, 21:107–112.

11. Collado M, Serrano M: Senescence in tumours: evidence from mice and
humans. Nat Rev Cancer 2010, 10:51–57.

12. Baker DJ, Wijshake T, Tchkonia T, LeBrasseur NK, Childs BG, van de Sluis B,
Kirkland JL, van Deursen JM: Clearance of p16Ink4a-positive senescent
cells delays ageing-associated disorders. Nature 2011, 479:232–236.

13. Adams PD: Healing and hurting: molecular mechanisms, functions, and
pathologies of cellular senescence. Mol Cell 2009, 36:2–14.

14. Jun JI, Lau LF: Taking aim at the extracellular matrix: CCN proteins as
emerging therapeutic targets. Nat Rev Drug Discov 2011, 10:945–963.

doi:10.1186/2046-2395-2-7
Cite this article as: Sedivy and van Deursen: Why do we grow old: is it
because our cells just wear out, we run out of cells (or both), and what
can we do about it?. Longevity & Healthspan 2013 2:7.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Author details
	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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


