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Lecture 20 Chronic Myelogenous Leukemia 

Chronic Myelogenous Leukemia 
- myeloproliferative disorder:  diagnosable by looking under a microscope at the 

blood 
- Philadelphia chromosome – balanced translocation between chromosomes 9 and 

22 – first discovered in Philadelphia, hence the name 

Clinical aspects of CML 
- chronic phase: mild symptoms (early satiety, left upper quadrant pain), marked 

granuloctyosis (presence in peripheral blood of an increased number of 
granulocytes), splenomegaly 

- acute phase (“blast crisis”):  progression to acute leukemia without intervention, 
AML, ALL, refractory to therapy 

Can arise from one hematopoietic cell 

ABL oncogene in chromosome 9, translocated to 22 and fused with BCR gene on 22. 
There’s a variant breakpoint in BCR that creates a variant BCR/ABL fusion. 

Retroviral model of murine CML in mouse:  show splenomegaly and leukocytosis 

Koch’s postulates 
- germ* must be observed in all cases 
- germ* must be cultured in purified form 
- germ* re-inoculation must recapitulate disease 
- germ* must be re-isolated from diseased state 

* Just replace “germ” with “gene” and this all applies to CML with the BCR/ABL fusion. 

It flies in the face of what we know about cancer to be able to induce cancer with a single 
mutation. 

- polyclonal disease: strong evidence that this one gene is both necessary and 
sufficient to induce CML 

- colon cancer, for example, requires at least 4 hits 
- drugs we have against this disease are pretty effective, due to its single-gene 

nature 

Acute Leukemia:  another gene fusion implicated, involving a HOX gene.  2-hit 
hypothesis; combining this with the BCR/ABL mutation models the “blast crisis” phase. 
BCR/ABL (CML) combined with: 

- NUP98/HoxA9 
- AML1/EVI1 

…induces AML 
- Another combination: TEL/PDGF(beta)R, combined with AML1/ETO, induces 

AML 
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Specific kinase blockade: Gleevec™ 
-	 competitive inhibitor of ATP-binding (significant selective activity, though; 

doesn’t bind *all* ATP) 
-	 binds, traps kinase in inactive conformation 
-	 good news: induces complete remission in 98% of patients 
-	 bad news: residual leukemia seen in PCR done on patient genes 

o	 indicates that patients will have to be on this drug for life, unless we can 
figure out how to eradicate all of the mutant clones 

If you wait to get treatment with Gleevec until after onset of acute leukemia, some will 
respond well to the treatment, and some will relapse, with a treatment-resistant form of 
the disease. 

-	 reactivation of BCR/ABL signaling 
-	 amplification of protein expression 
-	 point mutation in kinase domain – makes cells resistant to drug by destroying 

drug/protein binding capability with one amino acid substitution in the kinase 

Resistance is suppressed with drug combinations 

Mutation of T315I leads to high-grade resistance, however; activates kinase AND has 
steric effects. The frontier of treating CML/AML is figuring out how to combat this 
mutation. The mutant is present in all kinds of kinases. 

Nilotinib is super-Gleevec; binds with huge potency to imatinib-resistant mutants – so it 
gets most, but not all mutants, and not T315I. 

We’ve evolved the need for combination chemotherapy, due to resistant mutations. 
-	 Sprycel, Tasigna, Gleevec 
-	 Need to target other pathways; need to target resistant mutations 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


