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Pharmacologic inhibition of the mutant BRAFV600E protein in advanced BRAFV600E melanoma results in a high
proportion of patients that respond, but few with durable responses. We have recently revealed that Natural Killer (NK)
cells play an essential role in the BRAFV600E inhibitor control of melanoma metastases in mice that may be
therapeutically exploited to help overcome drug resistance.

The discovery of the gain-of-function
BRAFV600E mutation in half of all human
melanoma diagnosed was followed by the
development of selective inhibitors for the
mutant BRAF. Vemurafenib (PLX4032)
and its research analog PLX4720 are
BRAFV600E inhibitors capable of prevent-
ing tumor cell proliferation by inhibiting
the mitogen activated protein kinase
(MAPK) pathway. In phase III clinical tri-
als, the treatment of melanoma patients
with Vemurafenib substantially increased
overall survival; however, durable
responses or complete remissions were
rarely observed.1 This is due to the drug
resistance, and thus strategies to either
overcome resistance with additional drugs
or by boosting the patient’s antitumor
immune response have become fashion-
able. 2

Vemurafenib and PLX4720 were
developed in vitro using human mela-
noma cell lines or in vivo using human
melanomas inoculated in the severe com-
bined immune-deficient (SCID) mice. 3,4

SCID mice do not allow assessment of the
potential role of the immune system in
the therapeutic response, nor the effect of
T regulatory (Treg) cells in promoting
tumor growth.3-5 More recently, several
immune competent mouse models of
BRAFV600E-mutated melanoma have been
developed and the role of the host
immune system and potential for

combination cancer immunotherapy
explored.6 We have previously used a
transplantable BRAFV600E mutant mela-
noma cell line, SM1WT1, to show that
PLX4720 anti-melanoma effect is depen-
dent on CD8C T cells, consistent with the
changes of intratumoral CD8C T cells,
NK cells, and Treg cells.6 The primary
SM1WT1 tumor did not overtly metasta-
size. However, we recently developed a
metastatic SM1WT1 variant through in
vivo passage in the lungs of C57BL/6
mice.7 This technique was firstly used
many years ago for the generation of the
B16F10 melanoma, a mouse melanoma
cell line sensitive to NK cell recognition
and therefore suitable for studies focused
on NK cell anti-metastatic function.8

The variant of SM1WT1 we created,
named LWT1, produces consistent metas-
tases in the lungs of C57BL/6 mice and
these are naturally controlled by host NK
cells through DNAM-1 receptor, and
interferon (IFN)g and perforin effector
pathways. Given the importance of mela-
noma metastasis in the death of patients,
these features of LWT1 allowed us to
investigate the role of NK cells in the ther-
apeutic control of BRAFV600E mutant mel-
anoma metastases by PLX4720. Although
PLX4720 controlled the lung metastasis
of LWT1, by contrast, when NK cells
were depleted, the BRAF inhibitor was
ineffective.7 This revealed that NK cells

were critical for PLX4720 to have thera-
peutic effects in vivo against a mouse
BRAF mutant melanoma cell line.

The mechanism by which the
BRAFV600E inhibitor activates BRAFwild
type NK cells is not entirely clear. We
showed that PLX4720 increases the phos-
phorylation of ERK1/2, CD69 expres-
sion, and proliferation of mouse NK cells
in vitro. NK cell frequencies were signifi-
cantly enhanced by PLX4720 specifically
in the lungs of mice with BRAFV600E

lung metastases. Furthermore, PLX4720
also increased human NK cell pERK1/2,
CD69 expression, and IFNg release in
the context of anti-NKp30 and Interleu-
kin-2 (IL-2) stimulation. However, trans-
lation of these findings into humans is
cautioned, and proper analysis of NK
cells in patients undergoing BRAF inhibi-
tor therapy is a must. Now that MEK
inhibitors are used clinically in combina-
tion with BRAF inhibitors, any stimula-
tory effect of BRAF inhibitors on NK
cells may be lost and thus patients receiv-
ing BRAF inhibitor alone or BRAF inhib-
itor plus MEK inhibitor might be
compared.

Much evidence shows the immune sys-
tem plays a critical role in cancer therapy.9

It is not known why only a small propor-
tion of advanced melanoma patients on
BRAF inhibitors have survived long-term
thus far, but one simple hypothesis is that
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these patients have an effective and active
immune surveillance of their disease.
Analysis of the innate NK cell activity of
these patients pre- and post-BRAF inhibi-
tor treatment may be an interesting com-
parator with the majority that ultimately
fails therapy. Despite the promise of com-
bination of BRAF inhibitors with the
immunotherapies that block the T-cell
checkpoint inhibitors, such as CTLA-4,

these initial combinations tested in
humans produced severe toxicity to mela-
noma patients and further studies were
discouraged. 10 Safer immune checkpoint
inhibitors, such as anti-PD-L1, may well
be worthy of examination in combination
with BRAF inhibitors. Now, with the dis-
covery that NK cells are also essential for
the therapeutic activity of PLX4720,
future strategies to overcome drug

resistance might be designed based on a
combination therapy of the BRAF inhibi-
tor with NK cell activating
immunotherapies.

Indeed, we showed that IL-2 activation
of NK cells combined with PLX4720 to
more powerfully suppress LWT1 mela-
noma metastases in mice (Fig. 1).7 The
scheduling of NK cell based immunother-
apy with BRAF inhibitors needs to be

Figure 1. The combination of PLX4720 with a NK cell activator (IL-2) results in better pre-clinical outcome for melanoma metastases suppression. (A)
BRAFV600E mutant melanoma tumors are naturally controlled by NK cells through DNAM-1 pathway. (B) PLX4720 reduces tumor growth through inhibi-
tion of MAPK pathway and promotes NK cell cytotoxic function in the tumors. (C) But tumors became PLX4720 resistant and develop an immunosup-
pressive environment through recruitment of Treg cells. (D) Synergistic effects by the combination of PLX4720 with IL-2 promotes both effective control
of tumor metastases by the BRAF inhibitor and clearance of any remaining or potentially drug resistant tumor cells by NK cells7.
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examined pre-clinically in more detail
since thus far only concurrent therapy has
been evaluated. These results should stim-
ulate further pre-clinical and clinical stud-
ies with different NK cell activators (e.g.
type I IFN, IL-15, TLR agonists, anti-
CD137, anti-KIR antibodies) in combina-
tion with BRAFV600E inhibition. The
combination of BRAF inhibitor and anti-
CD137 was already demonstrated as very

effective in pre-clinical models of primary
BRAF mutant melanomas, but metastases
have not yet been evaluated.6 In particular
early phase trials with immune checkpoint
blocking anti-KIR antibodies (Lirilumab),
which activate human NK cells, have been
promising and safe in hematological
malignancies. The examination of anti-
KIR with anti-PD-1 in advanced solid
cancers is also underway in clinical trials.

Our work indicates that BRAF inhibitor
and anti-KIR therapy may be an interest-
ing combination to test in earlier stage
BRAF mutant melanoma where metasta-
ses may be preventable.
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