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BRAF inhibitors as immune 

sensitizing agents 
• BRAF inhibitors could sensitize the immune system by: 

• Increase tumor antigen and MHC expression  

• Increase tumor infiltrating lymphocytes 

• Improve immune effector cell function by inducing paradoxical 

MAPK activation on T cells 

• Improve the tumor microenviroment by decreasing expression of 

immune suppressive cytokines and immune regulatory ligands 
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Tumor infiltration by CD8 cells with BRAF inhibitors 

Early post-dosing dense 

intra-tumor infiltrates 

with CD8+ CTLs 



RNASeq analysis of baseline, on BRAFi therapy 

and progressive melanoma metastases 

RNASeq analysis of 31 baseline 

biopsies, 15 on-treatment biopsies, 

and 57 disease progression (DP) 

biopsies. 
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SM1: A BRAFV600E-driven melanoma syngeneic to 

immunocompetent C57BL/6 mice 
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CNV comparing SM1 with 108 human melanomas 

SM1 has genomic alterations similar to human melanoma 
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Role of CD8 on BRAFi responses alone or in 

combination with anti-CD137 



Paradoxical activation of pERK with  

exposure of lymphocytes to vemurafenib 
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exposure of lymphocytes to vemurafenib 

pERK 

ERK  

VC 1 15 5 

Tubulin 

PLX4032 (µM) 

VC 

PLX (µM) 

1 5 15 

MEK1/2 

ERK 

P 

P 

BRAFV600 

BRAFi 

MAPK signaling 

CRAF CRAF 

MEK1/2 

ERK 

P 

P 

BRAF 

BRAFi 

MAPK signaling 

pErk 

Erk 

SM1 pmel-1 

Koya, Mok et al. Cancer Res 2012 

MEKi MEKi 

? 



MEK inhibitors are detrimental BRAF inhibitors are fine 

May increase antigen presentation 



Enhanced in vivo antitumor activity 

pmel-1 ACT + dabrafenib and/or trametinib 

Dabrafenib and trametinib were kindly provided by Drs. Tona Gilmer, 

Li Liu and Jeff Legos through an MTA with GSK 

C57 BL/6 mouse 

ACT i.v.  
activated T cells 
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Ongoing clinical trials combining  

targeted therapy + immunotherapy for melanoma 
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Combined anti-tumor activity of adoptive cell transfer (ACT) 

immunotherapy and PLX3397  
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Changes in intratumoral macrophages in responses to PLX3397  
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Vehicle PLX3397 
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Effects of PLX3397 on expansion, distribution and cytokine 

production by adoptively transferred lymphocytes 

T cell expansion and distribution 

OT-1 ACT model 

pmel-1 ACT model 

T cell cytokine production 

by TIL 

By depleting macrophages in tumors, PLX3397 increases the 

expansion and function of T cells 



Melanoma 

T Cell 

TCR 

MHC I 

LY
S

IS
 

TIM 
(MDSC, 

M2-MΦ) 

CSF-1 

CSF-1R 

S
T
IM

U
LA

T
E
 

INHIBIT 

iNOS, ROS, Arg 

PLX3397 

T Cell 

T Cell 

T Cell 



Conclusions 

• There is a strong scientific rationale for combining oncogenic 
BRAFV600E blockade and  immunotherapy: 
– Improving direct antigen presentation by tumor cells 

– Sensitizing cancer cells to apoptotic death resulting in antigen cross-
presentation 

– Inhibiting suppressive factors in the tumor 

– Improving lymphocyte function 

 

• Paradoxical MAPK activation needs to be considered with these 
combinations to interpret combined efficacy and toxicities 

 

• MEK inhibitors may block paradoxical MAPK activation by BRAF 
inhibitors, their effects on immune cells in vivo need to be further 
explored 

 

• Inhibiting intratumoral macrophages with CSF-1R inhibitors 
improves the antitumor activity of tumor-specific T cells 
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