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A signature for success

The expression pattern of 13 genes can predict whether cancer cells will be

sensitive to drugs that inhibit a protein that represses the activity of p53.
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Image A gene expression ‘signature’ was
used to predict whether cancer cell lines
would be sensitive (pink) or insensitive

(blue) to drug treatment

ancer develops when cells acquire genetic

mutations that allow them to divide

rapidly and invade neighboring tissues.
Currently, most drugs used to treat cancers work
by poisoning all the rapidly dividing cells in the
body, including cells that are healthy, and this
leads to unpleasant side effects. The main goal of
personalized cancer medicine is to replace these
toxic drugs with therapies that target specific
abnormalities within the cells of individual can-
cers. Unfortunately, most targeted therapies fail
in the clinic even when the abnormality they are
meant to be targeting is present, which reveals
our lack of understanding of how cancer cells
respond to these drugs.

Eleven years ago, the first targeted therapies
that reactivate a protein called p53, which is
inactivated in many cancer cells, were developed.
However, in most types of cancer cells tested,
restoring activity of the p53 tumor suppressor

failed to kill the cancer cells. Now, in eLife, Diana
Graus Porta and colleagues at the Novartis
Institutes for BioMedical Research—including
Sebastien Jeay as first author—describe a ‘bio-
marker’ that can predict whether or not different
cancer cells will die if p53 is reactivated (Jeay
et al., 2015).

p53 controls programmed cell death (apopto-
sis), the arrest of cell division and other cell
responses to stress by binding to DNA and
increasing the expression of particular genes
(Bieging et al., 2014). However, despite decades
of study, we do not fully understand how cells
respond to p53 activity. Around 50% of all human
cancers have mutations in TP53, the gene that
encodes the p53 tumor suppressor protein, and
these tumors produce inactive forms of p53.
However, in the other cancers, p53 is inactivated
in other ways, such as by the over-activation of
MDM2 (sometimes known as HDM2), a protein
that represses the activity of p53. Therefore, 11
million cancer patients worldwide have tumors
with normal p53 proteins that may benefit from
treatment with drugs that can inhibit the activity
of MDM2.

The first MDM2 inhibitor, called Nutlin-3, was
discovered in 2004. Since then, a flurry of activity
in the pharmaceutical industry has led to de-
velopment of several similar compounds, many of
which are currently being tested in clinical trials
(Khoo et al., 2014). Although these drugs are
able to activate p53 and induce changes in the
expression of many of the genes involved in
apoptosis, this does not lead to increased levels
of cell death in most types of cancer cells (Tovar
et al., 2006; Garnett et al., 2012). These drugs
stop the cells from dividing, but this is only
a temporary effect and so is of limited therapeu-
tic value. What factors determine whether or not
a cancer cell dies when MDM2 is inhibited?

Espinosa and Sullivan. eLife 2015;4:e08773. DOI: 10.7554/eLife.08773

10of3


http://elifesciences.org/
http://en.wikipedia.org/wiki/Open_access
https://creativecommons.org/
http://dx.doi.org/10.7554/eLife.06498
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.7554/eLife.08773

LIFE

Jeay et al. describe two new MDM2 inhibitors
called NVP-CFC218 and NVP-CGMO097. These
compounds mimic the interactions between p53
and MDM2 to prevent them from interacting with
each other, which results in the activation of p53.
Like other inhibitors that target the interactions
between p53 and MDM2, both compounds only
affect cells that carry normal p53 proteins. Jeay
et al. tested the effects of both drugs on the
growth of cells in 356 different cancer cell lines,
and found that cells in 47 of the lines stopped
growing (referred to as sensitive), but cells in
309 of the lines were unaffected (insensitive).
Although all of the sensitive lines had normal p53
as expected, the majority of the cell lines with
normal p53 were insensitive to these drugs.
Therefore, the presence of mutations in the
TP53 gene alone is not a good indicator of the
response of cancer cells to these drugs.

To address the need for a better biomarker,
Jeay et al. compared the gene expression
profiles of the sensitive and insensitive cell lines
before the drug treatment. They discovered
a gene expression ‘signature’ of 13 genes that
can predict the response of cells to treatment
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with NVP-CFC218 or NVP-CGMO097. After con-
firming the predictive power of this signature in
several different cancer cell lines, they tested this
biomarker in tumor samples collected from 55
patients. 19 of the 27 of the tumor samples
predicted to be sensitive to the drugs decreased
in size after treatment, yielding a predictive value
of more than 70% (Figure 1).

Intriguingly, the gene expression signature is
made entirely of genes that are known to be
directly regulated by p53, which implies that
there is a partially active p53 signaling pathway in
the sensitive cells prior to the drug treatment.
This finding raises some tantalizing questions: is
this p53 activity required for cells to be sensitive,
and how is it achieved? Do the sensitive cell lines
have a protein that is essential for p53 activity
that has been inactivated in the insensitive cells?
Do the insensitive cells have another protein
that inhibits p53—other than MDM2—that is
lost in sensitive cells? Or, is it easier for p53 to
access DNA in sensitive cells to promote gene
expression? Is the p53 activity in sensitive cells
a sign that the cells are experiencing stress
prior to the drug treatment? Answering these
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Figure 1. A gene expression signature predicts the response of cells to drug treatments that inhibit MDM2.
The tumor suppressor protein p53 promotes cell death and halts cell division by activating an enzyme called

RNA polymerase Il (RNAPII) to drive the expression of particular genes. However, in many cancer cells, p53 is

deactivated by another protein called MDM2 (left). Jeay et al. report that a “signature” formed by the expression
levels of 13 genes can predict whether or not cancer cells will respond to two drugs - NVP-CFC218 and
NVP-CGMO097 (denoted by a red star) — that inhibit the activity of MDM2. The signature predicted that 27 of the
55 tumor samples collected from patients would be sensitive to the drugs, and 19 of the 27 tumors decreased in size
after treatment (top). The 13 genes in the signature are all regulated by p53, which suggests that there is least
some 'leaky’ p53 activity (indicated by the dotted line) in the cells of sensitive tumors before the drug treatment (top
left). The other 36 tumor samples—most of which lacked the gene signature—continued to grow after the drug
treatment (bottom), although the reasons for this are not fully understood.
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questions will both advance our understanding of
the biology of p53, and also help us to harness
the remarkable power of p53 for therapeutic use.

As more targeted therapies are developed, it
is absolutely essential that biomarkers accom-
pany them to the market. The Novartis team
describes an elegant, yet straightforward method
for determining gene expression signatures that
can predict the responses of cells to drug
treatments, and medical researchers should
consider using similar methods during the pre-
clinical phase of the development of all new
drugs. Gene expression signatures may also lead
to more effective therapies that use combina-
tions of drugs. Hopefully, the discovery of this
signature will accelerate the deployment of
MDM2 inhibitors into the clinic, which will benefit
millions of cancer patients carrying tumors with
normal p53 that has been deactivated by MDM2.

Joaquin M Espinosa is in the Howard Hughes Medical
Institute and Department of Molecular, Cellular and
Developmental Biology, University of Colorado at
Boulder, Boulder, United States
joaquin.espinosa@colorado.edu

Kelly D Sullivan is in the Howard Hughes Medical
Institute and Department of Molecular, Cellular and

Developmental Biology, University of Colorado at
Boulder, Boulder, United States

Competing interests: The authors declare that no
competing interests exist.

Published 16 June 2015

References

Bieging KT, Mello SS, Attardi LD. 2014. Unravelling
mechanisms of p53-mediated tumour suppression.
Nature Reviews Cancer 14:359-370. doi: 10.1038/
nrc3711.

Garnett MJ, Edelman EJ, Heidorn SJ, Greenman CD,
Dastur A, Lau KW, Greninger P, Thompson IR, Luo X,
Soares J, et al. 2012. Systematic identification of
genomic markers of drug sensitivity in cancer cells.
Nature 483:570-575. doi: 10.1038/nature11005.
Jeay S, Gaulis S, Ferretti S, Bitter H, Ito M, Valat T,
Murakami M, Ruetz S, Guthy DA, Rynn C, et al. 2015.
A distinct p53 target gene set predicts for response
to the selective p53-HDM2 inhibitor NVP-CGMO097.
eLife 4:e06498. doi: 10.7554/eLife.06498.

Khoo KH, Verma CS, Lane DP. 2014. Drugging the p53
pathway: understanding the route to clinical efficacy.
Nature Reviews Drug Discovery 13:217-236. doi: 10.
1038/nrd4236.

Tovar C, Rosinski J, Filipovic Z, Higgins B, Kolinsky K,
Hilton H, Zhao X, Vu BT, Qing W, Packman K, et al.
2006. Small-molecule MDM2 antagonists reveal
aberrant p53 signaling in cancer: implications for
therapy. Proceedings of the National Academy of
Sciences of USA 103:1888-1893.

Espinosa and Sullivan. eLife 2015;4:08773. DOI: 10.7554/eLife.08773

3of3


mailto:joaquin.espinosa@colorado.edu
http://dx.doi.org/10.1038/nrc3711
http://dx.doi.org/10.1038/nrc3711
http://dx.doi.org/10.1038/nature11005
http://dx.doi.org/10.7554/eLife.06498
http://dx.doi.org/10.1038/nrd4236
http://dx.doi.org/10.1038/nrd4236
http://dx.doi.org/10.7554/eLife.08773


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'eLife'] 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


