
Aggressive and recurrent glioblastomas have been shown to 
contain a fraction of multipotent cells with extensive self-
renewing properties that are likely to drive tumour growth. 
Angelo Vescovi and colleagues now show that bone 
morphogenetic proteins (BMPs) can block the growth of these 
brain-tumour-initiating cells (BTICs) and inhibit their ability to 
establish glioblastomas after transplantation.

BMPs direct normal brain stem cells towards an astroglial 
commitment, so the authors investigated whether they could 
also affect BTIC fate. They found that BMP4 and its cognate 
receptor are both expressed in glioblastoma cells, including 
the CD133+ subpopulation that is enriched in BTICs, and that 
the signalling pathway is functional, shown by the activation of 
the Smad signalling cascade. In vitro, BMP4 had a cytostatic 
effect on glioblastoma cells, reducing both their clonogenic 
index and growth rate, and inducing differentiation, as 
assessed by the detection of astroglial and neuronal markers. 
Remarkably, BMP4 reduced the subpopulation of glioblastoma 
cells that express CD133+ by almost 50%, indicating that it 
targets the BTIC compartment by inducing these cells to 
differentiate.

The authors then tested whether BMP4 could also affect 
the tumorigenic BTIC pool in vivo. They pre-treated CD133+ 
glioblastoma cells with BMP4 and injected them into 
immunodeficient mice. Strikingly, BMP4-treated cells did not 
form invasive tumours, but only small delimited lesions, 
whereas all mice injected with untreated cells developed large 
tumours and died after just a few months. BMP4 was also 
delivered either during or after the injection of glioblastoma 
cells, and in both cases it blocked tumour development and 
significantly increased survival compared with control mice.

Therefore, BMP4 is a promising candidate for new 
strategies against malignant glioblastomas — inducing 
differentiation rather than killing the tumour-initiating cells.
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Although several mutations and 
chromosomal aberrations typically 
contribute to the transformation of 
a cell, the inactivation of a single 
oncoprotein is sometimes enough 
to cause rapid apoptosis — it is as 
though the cancer cell has become 
dependent on a single oncogenic 
pathway that is not required in 
its noncancerous counterpart. 
Although such ‘oncogene addiction’ 
is important (and useful) for the 
development of targeted therapies, 
the underlying mechanism is not 
clear. Now, Jeffrey Settleman and 
colleagues propose a new mecha-
nism to explain the phenomenon, 
which they feel is more accurately 
described as ‘oncogenic shock’.

The researchers propose (as 
published in Clinical Cancer 
Research) that the oncoproteins 
that maintain a cancer cell have 
both pro-survival and pro-apoptotic 
effects on a cell. They suggest that 
when the activity of a single onco-
protein is disrupted, the pro-survival 
signals are attenuated faster than 
pro-apoptotic signals, and that this 
is enough to temporarily shift the 
balance in favour of apoptosis.

Now, in Cancer Cell, the authors 
have empirical evidence to sup-
port this idea. They measured the 
pro-apoptotic and pro-survival 
factors in several cell culture 
models — a cell line dependent 
on the BCR-ABL oncoprotein, a 
cell line dependent on mutation-
ally activated epidermal growth 
factor receptor (EGFR), and 
a non-small cell lung cancer 
cell line with an activating 
mutation within EGFR. 
When the oncogenes 
were inactivated, the 
levels of pro-survival 
factors (Akt, signal 
transducer and activa-
tor of transcription 5 
and extracellular-signal 
regulated kinase 1 and 2) 
quickly fell, whereas the levels of a 
pro-apoptotic factor (the activated 
form of the p38 mitogen-activated 
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protein kinase (phospho-p38)) 
accumulated, followed by rapid 
apoptosis.

The authors then delved more 
deeply into why phospho-p38 lin-
gers for longer than the pro-survival 
factors. Their results indicate that 
the accumulation of phospho-p38 
could be delayed owing to the need 
for a reduction of phosphatase activ-
ity before phosphorylation of p38 
can occur, leading the researchers to 
suggest that it is these phosphatases 
that might orchestrate the timing of 
signal attenuation.

Understanding the mechanisms 
of oncogenic shock has important 
clinical implications. Therapies 
that target oncoproteins might be 
augmented by additional down-
stream factors that further shift 
the phosphatase-mediated balance 
towards apoptosis. The authors also 
discuss ways of providing more 
opportunities to produce this tran-
sient imbalance in pro-survival and 
pro-apoptotic signals during treat-
ment, and they suggest that several 
‘on-off ’ cycles of kinase inhibitors 
might be effective.

Jenny Bangham

ORIGINAL RESEARCH PAPER Sharma, S. 
V. et al. A common signalling cascade may 
underlie ‘addiction’ to the Src, BCR-ABL, and EGF 
receptor oncogenes. Cancer Cell 10, 425–435 
(2006)
FURTHER READING Sharma, S. V, Fischbach, M. 
A., Haber, D. A. & Settleman, J. ‘Oncogenic shock’: 
explaining oncogene addiction through 
differential signal attenuation. Clin. Cancer Res. 

 C A N C E R  S T E M  C E L L S

BMPs on the brain

R E S E A R C H  H I G H L I G H T S

4 | JANUARY 2007 | VOLUME 7  www.nature.com/reviews/cancer

© 2007 Nature Publishing Group 


	Mysteries of addiction
	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




