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Biological continuity relies on successful cell division. 
Research over the years has provided a good understanding 
of how cells divide to form two daughter cells through 
mitosis. During mitosis, chromosomes are duplicated 
and divied up between the cells to provide each daughter 
cell with a complete copy of the organism’s genome. The 
cell, however, doesn’t contain only genomic DNA but can 
accumulate damage in the form of misfolded proteins. How 
does the cell discard this unwanted material during mitosis?

Many diseases, including Huntington and Parkinson 
disease, can be attributed to protein misfolding that 
aggregates and accumulates in the cell. The underlying genes 
have nucleotide triplet-repeat mutations, which produce 
a protein with an expanded run of the same amino acid, 
commonly glutamine. Proteins with such polyglutamine 
stretches fold and function incorrectly. Misfolded proteins 
are generally targeted for degradation by the cell. However, 
at some point, the cellular mechanisms are overwhelmed, 
and aggregated protein will accumulate within the cell as 
aggresomes.

What happens next to these cells in terms of cell division 
was the question that Maria Rujano, Harm Kampinga, and 
colleagues set out to investigate. Can cells with accumulated 
damage undergo cell division and complete mitosis? And if 
so, what happens to the aggresome? These researchers found 
intriguing evidence of a system in eukaryotic cells (which 
contain nuclei and other double-membraned organelles) that 
distributes damage asymmetrically, with one daughter cell 
inheriting the aggresome and the other being damage-free. 
In cases of polarized cell division (where one cell becomes 
committed to a specifi c fate and the other doesn’t), this 
asymmetric mitosis favors leaving the long-lived committed 
daughter cell damage-free.

The researchers investigated multiple eukaryotic cell 
systems starting with human and hamster cells. They 
engineered the cells to transiently express a modifi ed 
version of the huntingtin gene with a glutamine repeat that 
causes misfolding. As expected, a large number of cells 
had aggresomes, which allowed the authors to investigate 
whether the cells could undergo mitosis and divide and then 
determine what happened to the aggresomes. Cells with 
severe levels of damage were unable to progress through 
mitosis. However, in the single-aggresome–containing cells, 
the cell appeared normal throughout all phases of mitosis. 
In addition, only one daughter cell inherited the damage. 
Time-lapse imaging confi rmed these results and also 
found that cells with aggresomes do take a little longer to 
complete mitosis than normal cells. So it seems that cells with 
aggresomes that are formed from expanded polyglutamine 
repeats are able to successfully complete mitosis.

To take this observation a step further, the authors looked 
to see what happens in the dividing cells of polarized tissues. 
For this they make use of two systems: intestinal crypt cells 
from two human patients with the neurodegenerative 
disorder spincerebellar ataxia type 3 and Drosophila 
neuroblast stem cells expressing a mutated polyglutamine 
form of the huntingtin gene. Because both of these cells 
divide to produce one short-lived daughter cell and one 
long-lived differentiated cell, the authors could investigate 

how accumulated damage was distributed between the two 
different daughter cells.

In the human system in which the stem cells give rise to 
one short-lived committed progenitor and differentiated cells, 
the authors saw that the stem cells themselves, which should 
in theory have accumulated aggregates over their longer lives, 
never actually contain aggresomes, whereas the committed 
and differentiated cells from these samples do contain 
damaged inclusion bodies. This is consistent with asymmetric 
inheritance of aggresomes by the shorter-lived non–stem 
cell after division. At this time, however, the researchers are 
unable to verify this hypothesis, because no mitotic stem cells 
are detected in this model. 

In the Drosophila model, the neuroblast stem cells divide 
into one neuroblast (that will undergo several rounds of 
division before succumbing to a natural death at the end of 
embryogenesis) and one fate-committed ganglion mother 
cell (GMC) (that will go on to become a long-lived glial 
cell). By studying Drosophila embryos, the authors could 
visualize both expression of the mutated huntingtin gene and 
aggresome formation. They identifi ed mitotic neuroblast 
cells, all of which expressed the mutated form of huntingtin, 
though few contained aggresomes. More interestingly, in 
all of the mitoses analyzed, the aggresome-like inclusion 
was inherited by the neuroblast daughter cell resulting 
in formation of a damage-free GMC. These observations 
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Aggregates of disease-associated misfolded or stress-damaged 

proteins can be stored at the microtubule organizing center  and are 

inherited during mitosis with a polarity that ensures preservation of 

the long-lived progeny.
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provide strong evidence that these neural precursor cells 
undergo asymmetric distribution of aggregated proteins with 
a polarity, such that the long-lived committed daughter cell is 
favored and does not inherit the damage.

So it seems that damage-riddled cells can still divide and 
complete mitosis. Rujano and colleagues show this to be 
true in several different systems. Indeed, cells appear to have 
developed a clever damage-limitation system to ensure that 

specifi c long-lived daughter cells are not encumbered with 
damage from the parent cell. Future research will hopefully 
shed light on how this decision is made and what the 
mechanisms underlying this system are.

Rujano MA, Bosveld F, Salomons FA, Dijk F, van Waarde MAWH, et 

al. (2006) Polarised asymmetric inheritance of accumulated protein 

damage in higher eukaryotes. DOI: 10.1371/journal.pbio.0040417

December 2006  |  Volume 4  |  Issue 12  |  e446



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


