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The micronucleus test is one of the most frequently applied
assays in genotoxicity testing and is also one of the most
popular assays used by our authors (Hothorn and Gerhard
2009; Serpeloni et al. 2010; Lima et al. 2010; Westphal
et al. 2009; Angeli et al. 2009; Dorn et al. 2008;
Krishnamurthi et al. 2008; Bolt et al. 2004; Hengstler et al.
2003). The increasing relevance and distribution of the
micronucleus test can easily be demonstrated by entering
the terms “micronucleus or micronuclei” into ISI Web of
Knowledge: In 1992, there were less than 2,000 hits. This
number increased over 6,000 in 2004 to more than 13,000
in 2010, which is remarkably high compared to other
toxicity tests. Considering the outstanding relevance of
micronuclei in genotoxicity testing, the editors are happy
that Micheline Kirsch-Volders and colleagues from
Brussels University accepted our invitation to contribute a
comprehensive review on the subject (Kirsch-Volders et al.
2011; this issue). The authors have significantly contrib-
uted to the micronuclei test development and successfully
proposed the currently accepted internationally harmonized
protocol.

It is well known that the micronucleus assay allows
detection of both clastogenic and aneugenic events and in
combination with centromeric probes the mechanistic ori-
gin can be easily determined. However, the complexity of
the possible mechanisms leading to micronuclei, a specific
focus of the current article, may be new even for well-
informed toxicologists. They include chromosome
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fragments, whole chromosomes or chromatids, that lag
behind in anaphase, whereby misattachment of tubulin may
play an important role. Also defects in Kinetochore proteins
or in Kinetochore assembly, late replication, epigenetic
modifications of histones, nucleoplasmic bridge formation,
and gene amplification. Furthermore, the authors address the
survival and fate of micronuclei in the micronucleated
cell and its association with cancer predictivity. A large
prospective study has been performed where micronuclei
were quantified in lymphocytes of 6,718 subjects. High
micronucleus frequency was significantly associated with
increased prospective cancer risk in this study.

Finally, the authors give an overview of updated pro-
tocols and address the practical aspects of assay perfor-
mance including the relevance of modifying factors such
as: age and gender, genotype, smoking, micronutrients, and
diet.

The review of Kirsch-Volders is a must read for
everybody interested in genotoxicity testing.

References

Angeli JP, Ribeiro LR, Bellini MF, Mantovani MS (2009) Beta-
glucan extracted from the medicinal mushroom Agaricus blazei
prevents the genotoxic effects of benzo[a]pyrene in the human
hepatoma cell line HepG2. Arch Toxicol 83:81-86

Bolt HM, Foth H, Hengstler JG, Degen GH (2004) Carcinogenicity
categorization of chemicals-new aspects to be considered in a
European perspective. Toxicol Lett 151:29-41

Dorn SB, Bolt HM, van der Louw J, van Acker FAA et al (2008)
Some molecular descriptors for non-specific chromosomal
genotoxicity based on hydrophobic interactions. Arch Toxicol
82:333-338

Hengstler JG, Bogdanffy MS, Bolt HM, Oesch F (2003) Challenging
dogma: thresholds for genotoxic carcinogens? The case of vinyl
acetate. Annu Rev Pharmacol Toxicol 43:485-520 (Review)

@ Springer



862

Arch Toxicol (2011) 85:861-862

Hothorn LA, Gerhard D (2009) Statistical evaluation of the in vivo
micronucleus assay. Arch Toxicol 83:625-634

Kirsch-Volders M, Plas G, Elhajouji A, Lukamowicz M, Gonzalez L
et al (2011) The in vitro MN assay in 2011: origin and fate,
biological significance, protocols, high throughput methodolo-
gies and toxicological relevance. Arch Toxicol, Online First

Krishnamurthi K, Saravana Devi S, Hengstler JG, Hermes M, Kumar
K, Dutta D, Muhil Vannan S, Subin TS, Yadav RR, Chakrabarti
T (2008) Genotoxicity of sludges, wastewater and effluents from
three different industries. Arch Toxicol 82:965-971

Lima MI, Arruda VO, Alves EV, de Azevedo AP, Monteiro SG,
Pereira SR (2010) Genotoxic effects of the antileishmanial drug
Glucantime. Arch Toxicol 84:227-232

@ Springer

Serpeloni JM, Grotto D, Mercadante AZ, de Lourdes Pires Bianchi M,
Antunes LM (2010) Lutein improves antioxidant defense in vivo
and protects against DNA damage and chromosome instability
induced by cisplatin. Arch Toxicol 84:811-822

Westphal GA, Biinger J, Lichey N, Taeger D, Monnich A, Hallier E
(2009) The benzene metabolite para-benzoquinone is genotoxic
in human, phorbol-12-acetate-13-myristate induced, peripheral
blood mononuclear cells at low concentrations. Arch Toxicol
83:721-729



	A comprehensive review about micronuclei: mechanisms of formation and practical aspects in genotoxicity testing
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


