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Half of all human melanomas harbor acti-
vating mutations in the serine-threonine 
protein kinase BRAF, most commonly at 
position V600 (BRAFV600). BRAF inhibi-
tors kill melanoma cells harboring BRAF 
mutations by interrupting oncogenic 
BRAFV600 signaling through the mitogen-
activated protein kinase pathway, which 
generally supports cell survival and prolif-
eration. The BRAF inhibitors vemurafenib 
and dabrafenib induce tumor regression 
in a high proportion of patients bearing 
BRAFV600 mutant metastatic melanoma, 
and vemurafenib improves overall survival 
as compared with standard of care chemo-
therapy.1 The emergence of drug resistance 
upon BRAF inhibition was predicted even 
before oncologists observed disappoint-
ing relapses. This has been a common 
issue with previous targeted agents against 
chronic myelogenous leukemia (with ima-
tinib, used as an inhibitor of BCR-ABL), 
gastrointestinal stromal tumors (with 
imatinib, used to inhibit mutant KIT), 
non-small-cell lung cancer (with gefitinib, 
used to inhibit mutant EGFR) and breast 
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cancer (with trastuzumab or lapatinib, 
used to inhibit amplified ERBB2/HER2). 
Multiple mechanisms of resistance to 
BRAF inhibitors have been discovered, 
including NRAS mutations, BRAF ampli-
fication, the emergence of BRAF splice 
variants and downstream alterations in 
MEK. These have directed the next steps 
in melanoma research, including the 
development of approaches to concur-
rently inhibit BRAF and MEK.2

The contribution of the host to the anti-
neoplastic effects of BRAF inhibitors was 
poorly understood since—until recently—
no murine model of transplantable, syn-
geneic BRAFV600E-driven melanoma was 
available. Some patients treated with BRAF 
inhibitors exhibit increased intratumoral 
CD8+ T cells soon after therapy. This and 
other data reviewed in ref. 3 suggested that 
BRAF inhibitors could engage the host 
immune response to mediate tumor regres-
sion. We have now took advantage of two 
relatively resistant syngeneic variants of 
BRAFV600E-driven mouse melanoma xeno-
grafts and a transgenic mouse model of 

melanoma to illustrate the ability of a Type 
I BRAF inhibitor, PLX4720, to reduce the 
local production of C-C chemokine ligand 
2 (CCL2).4 With these models, we demon-
strated a key role for host C-C chemokine 
receptor type 2 (CCR2, the main CCL2 
receptor), but not for host CCL2, in the 
antitumor activity of PLX4720 (Fig. 1). 
Notably, our melanoma models did not 
express CCR2, yet clearly some hetero-
geneity exists with respect to CCL2 pro-
duction and response to BRAF inhibition 
across a spectrum of human melanomas 
(unpublished data). Evidently, multiple 
host mechanisms might be at play, depend-
ing (at least in part) upon the genetic 
diversity of the tumor. In this light, our 
data were complementary to recent find-
ings demonstrating the role of oncogenic 
BRAFV600E in stromal immunosuppression 
upon the induction of interleukin (IL)-1 
secretion by melanoma cells.5

A robust increase in the ratio between 
tumor-infiltrating CD8+ T cells and 
FOXP3+ regulatory T cells (Tregs) as well 
as CD8+ T-cell functions were partially 

type I BrAF inhibitors and immunotherapy constitute two new exciting approaches for the treatment of advanced 
malignant melanoma. we have recently elucidated a role for host C-C chemokine receptor type 2 (CCr2) in the 
antineoplastic effects of type I BrAF inhibitors in mice, supporting the therapeutic potential of combining BrAF inhibitors 
with immunotherapy.
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Based on natural immune responses to 
melanomas and on the ability of PLX4720 
to reduce CCL2 expression by mela-
noma cells, there is no strong theoretical 
argument to disregard agents that pro-
mote intratumoral CD8+ T-cell function. 
Certainly, anti-CTLA4 (ipilimumab) and 
anti-PD1/PD-L1 antibodies are making 
a significant impact in the treatment of 
malignant melanoma, and these agents are 
nowadays being evaluated in clinical tri-
als in combination with BRAF inhibitors. 
The resistance to BRAF inhibitors often 
leads to increased PD-L1 expression by 
melanoma cells, providing a strong ratio-
nale for combinatorial regimens including 
anti-PD-L1 antibodies.10 Adoptive T-cell 
transfer (ACT) should also be considered 
in this setting,11,12 as BRAF inhibitors have 
been shown to limit vascular endothelial 
growth factor (VEGF) production by can-
cer cells. Unfortunately, the use of ACT is 
now rather restricted because of the special 
expertise needed for this type of therapeu-
tic approach. BRAF inhibitors efficiently 
combine with immunotherapies that medi-
ate antitumor effects via CD8+ T cells, and 
current data support the clinical testing of 
combinatorial regimens including BRAF-
targeted agents and immunotherapy in 

To our surprise, no obvious combinatorial 
activity was noted when BRAF inhibitor 
was combined with antibodies targeting 
the cytotoxic T-lymphocyte antigen 4 
(CTLA4), programmed death 1 (PD1) or 
T-cell immunoglobulin mucin 3 (TIM3). 
Whether these checkpoint inhibitors 
require different therapeutic schedules 
or are efficient in other models of mela-
noma remains to be elucidated. The 
schedules and doses of PLX4720 were 
important for the efficacy of the combi-
natorial regimen involving anti-CD137 
antibodies, with PLX4720 to be given 
preferably first or concurrently. Our data 
with BrafCATyr-creERT2Ptenfl/fl mice are the 
first to demonstrate a single agent activ-
ity for an immunotherapeutic approach 
in this model of de novo melanomagen-
esis.4 Still, the mechanisms underlying the 
improved therapeutic effects of PLX4720 
combined with PLX4720 may be dif-
ferent in BRAFV600 mutant tumors that 
exhibit a high sensitivity to BRAF inhibi-
tors.9 Given the low frequency of lym-
phocytes that infiltrate the melanomas of 
BrafCATyr-creERT2Ptenfl/fl mice, this trans-
genic model may be not especially suitable 
to mimic patients that naturally mount 
antitumor immune responses.

required for the therapeutic activity of 
PLX4720 (Fig. 1).4 A high CD8+/FOXP3+ 
T-cell ratio is widely recognized as an 
indicator of an effective cell-mediated 
immune response. Although we showed 
that CCR2 was expressed predominantly 
on a proportion of tumor-infiltrating 
CD11b+ cells and CD4+ Tregs, and that 
only intratumoral Tregs decreased upon 
the administration of PLX4720, identify-
ing the exact nature of the host CCR2+ 
cell compartment that underpins the 
therapeutic efficacy of PLX4720 requires 
a complex genetic approach involving 
the specific deletion of CCR2 in CD11b+ 
myeloid cells or FOXP3+ T cells.

These findings, conceptual advances 
and emerging experiences,6–8 and the fact 
that BRAF inhibitors meet most of the crite-
ria of immunomodulatory agents, warrants 
the evaluation of combining immuno-
therapy with BRAF inhibitors, like vemu-
rafenib or dabrafenib, in preclinical mouse 
models and clinical trials. Therefore, we 
have progressed to show that the combi-
nation of PLX4720 with agonistic anti-
CD137 or anti-CCL2 antibodies exerted 
significant antitumor activity against 
transplanted and de novo melanomas, in 
a dose- and schedule-dependent fashion.4 

Figure 1. BrAF inhibitors and agonistic CD137-targeting monoclonal antibodies suppress BrAFV600e-expressing melanoma. (A) C-C chemokine ligand 
2 (CCL2) produced by BrAFV600e-expressing melanoma promotes the accumulation of C-C chemokine receptor type 2 (CCr2)+ regulatory t cells (tregs), 
limiting the expansion of antitumor CD8+ t cells. (B) BrAF inhibitors decreased the amount of CCL2 produced by BrAFV600e-expressing melanomas, in 
turn reducing the local abundance of CCr2+ tregs and increasing the recruitment and/or expansion of antitumor CD8+ t cells. such an expansion of 
antitumor CD8+ t cells can be further enhanced by the administration of agonistic anti-CD137 monoclonal antibodies.



www.landesbioscience.com OncoImmunology e24462-3

Disclosure of Potential Conflicts of Interest

GAM declares financial research support 
from Pfizer, Novartis and Millenium. This 
work was supported by the National Health 
and Medical Research Council of Australia 
(NH&MRC) Program Grant (1013667), 

advanced melanoma patients. These com-
binations might be considered as a first line 
therapy for patients affected by early stage 
BRAF-mutant melanoma, to potentially 
achieve a higher proportion of long-term 
tumor regressions.2

Project Grant (1002655) and the Victorian 
Cancer Agency. MJS received support from 
a NH&MRC Australia Fellowship. SN was 
supported by a Cancer Research Institute 
PhD scholarship. GM received support 
from a NH&MRC Practitioner Fellowship.

References
1. Chapman PB, Hauschild A, Robert C, Haanen JB, 

Ascierto P, Larkin J, et al.; BRIM-3 Study Group. 
Improved survival with vemurafenib in melanoma 
with BRAF V600E mutation. N Engl J Med 2011; 
364:2507-16; PMID:21639808; http://dx.doi.
org/10.1056/NEJMoa1103782

2. McArthur GA, Ribas A. Targeting oncogenic drivers 
and the immune system in melanoma. J Clin Oncol 
2013; 31:499-506; PMID:23248252; http://dx.doi.
org/10.1200/JCO.2012.45.5568

3. Wilmott JS, Scolyer RA, Long GV, Hersey P. Combined 
targeted therapy and immunotherapy in the treat-
ment of advanced melanoma. Oncoimmunology 2012; 
1:997-9; PMID:23189245; http://dx.doi.org/10.4161/
onci.19865

4. Knight DA, Ngiow SF, Li M, Parmenter T, Mok S, 
Cass A, et al. Host immunity contributes to the anti-
melanoma activity of BRAF inhibitors. J Clin Invest 
2013; 123:1371-81; PMID:23454771; http://dx.doi.
org/10.1172/JCI66236

5. Khalili JS, Liu S, Rodríguez-Cruz TG, Whittington 
M, Wardell S, Liu C, et al. Oncogenic BRAF(V600E) 
promotes stromal cell-mediated immunosuppression 
via induction of interleukin-1 in melanoma. Clin 
Cancer Res 2012; 18:5329-40; PMID:22850568; 
http://dx.doi.org/10.1158/1078-0432.CCR-12-1632

6. Boni A, Cogdill AP, Dang P, Udayakumar D, Njauw 
CN, Sloss CM, et al. Selective BRAFV600E inhi-
bition enhances T-cell recognition of melanoma 
without affecting lymphocyte function. Cancer Res 
2010; 70:5213-9; PMID:20551059; http://dx.doi.
org/10.1158/0008-5472.CAN-10-0118

7. Comin-Anduix B, Chodon T, Sazegar H, Matsunaga 
D, Mock S, Jalil J, et al. The oncogenic BRAF 
kinase inhibitor PLX4032/RG7204 does not affect 
the viability or function of human lymphocytes across 
a wide range of concentrations. Clin Cancer Res 
2010; 16:6040-8; PMID:21169256; http://dx.doi.
org/10.1158/1078-0432.CCR-10-1911

8. Wilmott JS, Long GV, Howle JR, Haydu LE, Sharma 
RN, Thompson JF, et al. Selective BRAF inhibitors 
induce marked T-cell infiltration into human meta-
static melanoma. Clin Cancer Res 2012; 18:1386-94; 
PMID:22156613; http://dx.doi.org/10.1158/1078-
0432.CCR-11-2479

9. Das Thakur M, Salangsang F, Landman AS, Sellers 
WR, Pryer NK, Levesque MP, et al. Modelling vemu-
rafenib resistance in melanoma reveals a strategy to 
forestall drug resistance. Nature 2013; 494:251-5; 
PMID:23302800; http://dx.doi.org/10.1038/
nature11814

10. Jiang X, Zhou J, Giobbie-Hurder A, Wargo J, Hodi FS. 
The activation of MAPK in melanoma cells resistant to 
BRAF inhibition promotes PD-L1 expression that is 
reversible by MEK and PI3K inhibition. Clin Cancer 
Res 2013; 19:598-609; PMID:23095323; http://
dx.doi.org/10.1158/1078-0432.CCR-12-2731

11. Koya RC, Mok S, Otte N, Blacketor KJ, Comin-
Anduix B, Tumeh PC, et al. BRAF inhibitor vemu-
rafenib improves the antitumor activity of adoptive 
cell immunotherapy. Cancer Res 2012; 72:3928-37; 
PMID:22693252; http://dx.doi.org/10.1158/0008-
5472.CAN-11-2837

12. Liu C, Peng W, Xu C, Lou Y, Zhang M, Wargo JA, 
et al. BRAF inhibition increases tumor infiltration 
by T cells and enhances the antitumor activity of 
adoptive immunotherapy in mice. Clin Cancer Res 
2013; 19:393-403; PMID:23204132; http://dx.doi.
org/10.1158/1078-0432.CCR-12-1626




