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Balancing self-renewal and ageing

Mammalian ageing has been associ-
ated with reduced regenerative
capacity. Three new studies now
provide a potential link between
the tumour suppressor p16™<%, the
replicative capacity of stem cells and
regenerative capacity in ageing tissues.
Expression of p16™%* increases
with age, and increased p16™%*
expression has been associated with
cellular senescence and has been
postulated to contribute to ageing.
However, whether increased p16™<*
expression functionally contributes to
ageing by causing a decline in stem-
cell function in vivo remained unclear.
Krishnamurthy et al. assessed
the impact of p16™<* deficiency and
overexpression in pancreatic-islet
proliferation. The authors induced
p16™¥4 expression (to a level similar
to that observed in old mice) in young
transgenic mice that harboured an
extra copy of the p16™** gene. These
transgenic animals had reduced islet
proliferation compared with controls,
which prompted the authors to pro-
pose that increased levels of p16™% in
old animals inhibit islet proliferation.
Further analysis showed that the loss
of p16™** did not alter islet prolifera-
tion in young mice, but did rescue the
age-induced decrease in proliferation.
Because the tumour-prone nature
of p16™*“_deficient animals limited

the functional studies that could be
carried out, Krishnamurthy et al.
used a model of islet regeneration.
Prolonged survival after a single,
diabetes-causing treatment with a
[3-cell toxin requires the regeneration
of significant numbers of functional
[3-cells. Animals that were deficient in
p16™5* exhibited enhanced survival.
The greatest differences in survival
were observed in the oldest mice,
which indicates that p16™** mediates
a decline in the replicative capacity of
islets that is associated with ageing.
Molofsky et al. observed increased
p16™** expression with age in
neural progenitors, which prompted
them to examine the percentage
of progenitors, proliferation and
neurogenesis in the forebrain lateral
ventricle subventricular zone (SVZ) in
young and old p16™**-deficient mice.
The percentage of stem cells, their
potential to self-renew and the overall
proliferation rate all decline with age
in the SVZ. Loss of p16™%* rescued
the age-related decline in cells that can
form stem-cell colonies in culture, and
partially rescued the overall decline in
SVZ proliferation and neurogenesis.
The authors proposed that p16™<*
expression could be developmentally
programmed to increase with age
in order to counter the increasing
incidence of cancer in the ageing

nervous system. Alternatively,
increased p16™ " expression might
reflect the induction of senescence in
the ageing cells in response to damage
that accumulates with age.

In a third report, Janzen et al.
showed that p16™* expression
increased with age in haematopoietic
stem cells (HSCs). Studies of dif-
ferentiation and homing capacity in
p16™*-deficient mice indicated that
the age-associated increase in p16™
expression restricts the number of
HSCs. Further analysis of cell pro-
liferation in young and old wild-type
and p16™**-knockout mice showed
no differences in young animals.
However, old p16™**-deficient mice
had higher numbers of stem-cells
and increased stem-cell function,
which was associated with increased
proliferation.

What is the mechanism of p16™NK#
function? Based on the analysis of
markers that have been associated
with stem-cell self-renewal, such as
Bmil and Hesl, Janzen et al. proposed
the following model: in aged animals,
the increase in p16™** expression is
associated with a reduced repopulat-
ing capacity and decreased expression
of HesI, whereas p16™%* deletion
is accompanied by an improved
repopulating capacity of stem cells
and increased expression of Hes1.

Taken together, these results from
diverse tissues indicate that p16™<*
contributes to mammalian ageing
by limiting the self-renewal of regen-
erative cells — at least in the bone
marrow, endocrine pancreas and
brain. Whether the balance between
self-renewal and ageing is also
controlled by p16™%* in other tissues
remains to be investigated.

Ekat Kritikou

ORIGINAL RESEARCH PAPERS Krishnamurthy, .
etal. p16™* induces an age-dependent decline
inislet regenerative potential. Nature 6 Sep 2006
(doi:10.1038/nature05092) | Molofsky, A.V. et al.
Increasing p16™*“ expression decreases forebrain
progenitors and neurogenesis during ageing.
Nature 6 Sep 2006 (doi:10.1038/nature05091) |
Janzen, V. et al. Stem-cell ageing modified by the
cyclin-dependent kinase inhibitor p16™**2. Nature
6 Sep 2006 (doi:10.1038/nature05159)

708 | OCTOBER 2006 | VOLUME 7

© 2006 Nature Publishing Group

www.nature.com/reviews/molcellbio



	Balancing self-renewal and ageing
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice




