
Cisplatin blocks DNA synthesis by forming bridges
between the two DNA strands. The mechanisms of cisplatin
resistance include interference with this bridging, the
acceleration of DNA repair, and the reduction of drug
availability (18, 20-22). Recently, these mechanisms of
acquired drug resistance have been linked to changes at the
genetic level, with many genes being implicated. For
instance, multidrug-resistance-associated protein (MRP),
p53, p73·, glutathione S-transferase II, O6-methylguanine-
DNA methyltransferase (MGMT), Ets-1, bcl-2, Lung
resistance-related protein (LRP), ERCC1 and BRCA1 have
been implicated (19, 23-35). Perego et al. have
demonstrated that stable transfection of US-OS cells with a
cDNA encoding bcl-xL, a participant in apoptosis, conferred
low-level cisplatin resistance (27). Wilson et al. have
examined the contribution of a transcription factor, Ets-1,
to cisplatin resistance in C13 cells, finding that Ets-1
expression was associated with cisplatin resistance (28).

Resistance-associated genes have a variety of effects,
including increased inactivation of cisplatin by thiol-
containing molecules, increased repair of DNA damage, and
down-regulation of apoptotic pathways. Consequently, no
single mechanism can solely account for development of
resistance to anticancer drugs, and the concurrent analyses
of expression of many genes is needed, such as screening
using cDNA microarrays. Simultaneous analysis of several
thousand gene expression profiles is now possible using
cDNA microarray technology, and many changes in gene
expression in cisplatin-resistant cells have been observed
(36-42). Results of these studies have differed to some
extent because different genes were selected for analysis.
However, the general consensus was that changes in DNA
repair, apoptosis, and drug inactivation were associated with
resistance.

Many investigations of cisplatin resistance have used
osteosarcoma cells because these cells generally are sensitive
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Table III. Changes in gene expression associated with short term cisplatin exposure.

Gene name OST/3 OST/5 OST/R

Interferon induced transmembrane protein 1 (9-27)
V-myc myelocytomatosis viral oncogene homolog (avian)
Fms-related tyrosine kinase 1 
Prefoldin 5
Non-metastatic cells 2, protein (NM23B) expressed in
SHB (Src homology 2 domain containing) adaptor protein B
Cyclin-dependent kinase 6
S100 calcium binding protein A4 
Dual specificity phosphatase 8
Ras homolog gene family, member B
Guanine nucleotide binding protein 10
Rho GDP dissociation inhibitor (GDI) alpha
Heat shock protein 75
CASP2 and RIPK1 domain containing adaptor with death domain
Nth endonuclease III-like 1 (E. coli)
Cadherin 5, type 2, VE-cadherin (vascular epithelium)
Integrin, beta 4
Integrin, alpha 7
Cathepsin D (lysosomal aspartyl protease)
Serine protease inhibitor, Kunitz type, 2
Serine (or cysteine) proteinase inhibitor, clade E, member 2
Keratin 7
Keratin 10 (epidermolytic hyperkeratosis; keratosis palmaris et plantaris)
Keratin 8
Keratin 14 (epidermolysis bullosa simplex, Dowling-Meara, Koebner)
Keratin 18
Tubulin, gamma 1
Keratin 2A (epidermal ichthyosis bullosa of Siemens)
Fatty acid synthase
Ribosomal protein L32
Laminin, beta 2 (laminin S)

, increase gene expression.
, decreased gene expression.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




