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Limitations of Tumor Immunotherapy

1. Suboptimal antigen presentation 
2. Low frequency of tumor antigen-

specific T cells 

3. Limited CD8+ CTL 
activation and expansion
(CTLA4, PD1)

4. Lack of antigen 
recognition (Low TAP, 
MHC)

5. Immune suppressive 
tumor milieu (Treg, 
MDSC, IDO, VEGF, IL-
10, PgE2, TGF-)

6. Insensitivity to pro-apoptotic 
signals from immune cells

Cancer Immunotherapy

Immunosensitization



Immunosensitization 
with Targeted Therapies

• Desired features for an immune sensitizing agent:
– On tumor cells:

• Target a key oncogenic pathway
• Inhibit anti-apoptotic molecules
• Increase pro-apoptotic molecules
• Increase ligands for immune cells (tumor antigen, MHC, 

NK activating receptors)

– On immune system cells:
• Not kill immune cells
• No interference on key signaling events in immune 

system cells (TCR, NK receptor)



Testing of the Concept of 
Immunosensitization in Animal Models

• Bortezomib (proteasome inhibitor) to 
sensitize to NK cells
– Schumacher et al. JI 2005

• ABT-737 (Bcl-2 inhibitor) to sensitize to T 
cells
– Begley et al. CII 2008

• LAQ824 (HDAC inhibitor) to sensitize to T 
cells
– Vo et al. CR 2009
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Testing of the Concept of 
Immunosensitization in Animal Models

• Bortezomib (proteasome inhibitor) to 
sensitize to NK cells
– Schumacher et al. JI 2005

• ABT-737 (Bcl-2 inhibitor) to sensitize to T 
cells
– Begley et al. CII 2008

• LAQ824 (HDAC inhibitor) to sensitize to T 
cells
– Vo et al. CR 2009

• PLX4032 (BRAF inhibitor) to sensitize to T 
cells
– Comin-Anduix et al. CCR 2010
– Koya et al. CR 2012



Pre-clinical evidence supporting the feasibility of 
combinations of BRAFi + immunotherapy

Clin Cancer Res 2010 Dec 15; 16 (24): 6040-8. 

Cancer Res 2010 Jul 1; 70 (13): 5213-9. 

Human T cells exposed to 
vemurafenib are fully functional

Vemurafenib increases melanosomal 
antigen expression and T cell recognition

J Exp Med 2006 June 26; 203 (7): 1651-6. 

Oncogenic BRAF-induced production of 
immune suppressive factors (IL-6, IL-10, 
VEGF) is inhibited with a MEK inhibitor



Pre-clinical evidence against the feasibility of 
combinations of BRAFi + immunotherapy

PLX4720 treatment leads to a decreased frequency of 
immune cells in BRAFV600E/PTEN-/- melanomas and this 
cannot be restored by CTLA-4 blockade

Addition of anti-CTLA-4 mAb treatment 
to PLX4720 treatment does not further 
improve tumor growth control



Clinical evidence supporting the feasibility of 
combinations of BRAFi + immunotherapy

Clin Cancer Res 2012 March 1; 18 (5). 

Clin Cancer Res 2012 April 15; 18 (8): 2326-35. 

CD8+ T cell infiltration in 
regressing melanoma lesions 
after BRAFi therapy

T cells from patients treated with 
dabrafenib are fully functional



Decreased immune 
suppressive factor release

Activation of T cells and 
increased homing

DC

Increased antigen 
Cross-presentation

Increased direct 
antigen presentation

How can BRAF targeted therapy increase 
the activity of tumor immunotherapy?

BRAF BRAFi



SM1: A BRAFV600E-driven Melanoma 
Syngeneic to Immunocompetent Mice

Goel, Haluska et al. Melanocytic nevus-like 
hyperplasia and melanoma in transgenic 
BRAFV600E mice. Oncogene. 2009; 28 (23): 
2289-98. 

BRAFV600E mutation

Richard Koya, 
MD, PhD

Stephen Mok

Koya et al. Cancer Res 2012
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Cdkn2a Braf Mitf

Gene copy number variations (CNV) in SM1 is similar to human melanomas

CDKN2A BRAF MITF

CNV comparing SM1 with 108 human melanomas



pmel-1 ACT immunotherapy+BRAF targeted therapy 
against SM1 (murine melanoma driven by BRAFV600E)

Vehicle PLX4032 Alone PLX4032 + Pmel-1 ACTPmel-1 ACT Alone

P<0.00000008

P<0.00008Days
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Vehicle Control (n = 14)

PLX4032 (n = 14)

pmel-1 ACT (n = 19)

pmel-1 ACT+PLX4032 (n = 19)

3 replicate experiments, p < 0.0001 by log rank test 



How can BRAF targeted therapy increase 
the activity of tumor immunotherapy?

Decreased immune 
suppressive factor release

Activation of T cells 
and/or increased homing

DC

Increased antigen 
Cross-presentation

Increased direct 
antigen presentation

BRAF BRAFi

Koya et al. CR 2012:
- No change in gp100 or MHC expression by SM1 exposed to vemurafenib
- No change in adoptively transferred T cell distribution by BLI
- No increase in intratumoral infiltrates by adoptively transferred T cells



Differential effects of BRAF inhibition in BRAFV600

mutant melanoma and activated T cells

CRAF

MEK1/2

ERK

P

P

BRAFV600

BRAFV600 mutant melanoma Activated T cells

Modeled from Hatzivassiliou et al. Nature 2010, Heidorn et al. Cell 2010, Poulikakos et al. Nature 2010  
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Paradoxical activation of pERK with 
exposure of lymphocytes to vemurafenib

pERK
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Koya et al. Cancer Res 2012  
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Conclusions
• Novel targeted therapies may synergize with 

immunotherapy:
– Improve antigen presentation
– Sensitize cancer cells to apoptotic death
– Inhibit suppressive factors in the tumor
– Improve lymphocyte function

• In a mouse model, increased benefit of a BRAF 
inhibitor with ACT immunotherapy is mediated 
by:
– Increased immune cell functionality (paradoxical 

MAPK activation)
– Modulation of the tumor microenvironment?



Acknowledgements

Richard Koya, 
MD, PhD

Begonya 
Comin-Anduix, PhD

Thinle Chodon, 
MD, PhD

Stephen Mok

Tom Graeber, PhD
Ashley Cass
Aspram Minasyan
Nick Graham, PhDRibas lab



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




