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Rational targeting of BRAF and PI3-Kinase signaling for melanoma therapy
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ABSTRACT
Although mitogen-activated protein kinase (MAPK) inhibitors elicit initial regression of BRAF-mutated
melanoma, drug resistance is an inevitable and fatal event. We recently reported that in genetically
engineered mouse models of BRAF-mutated melanoma, isoform-selective phosphatidylinositol 3-kinase
inhibition cooperates with MAPK pathway inhibition to forestall the onset of MAPK pathway inhibitor
resistance.
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The development of therapeutics that inhibit signaling initiated
by mutationally activated BRAF (BRAFV600E/K) has dramati-
cally improved the clinical landscape for a significant subset of
melanoma patients. However, the majority of patients with
BRAF-mutated melanoma who are treated with mitogen-acti-
vated protein kinase (MAPK) pathway inhibitors inevitably
develop lethal drug-resistant disease.1 Consequently, there is a
pressing need to identify new MAPK-independent pathways
that can be targeted therapeutically to extend the duration of
melanoma responses to inhibitors of BRAFV600E/K signaling.

The phosphatidylinositol 3-kinase (PI3K) signaling pathway
has emerged as a compelling melanoma drug target for several
reasons. First, the majority of BRAF-mutated melanomas dis-
play dysregulation of PI3K signaling, often through silencing of
the PI3-lipid phosphatase PTEN.2,3 Second, PI3K pathway acti-
vation has been implicated as a mediator of resistance to
BRAFV600E-pathway targeted therapeutics.4,5 Genome sequence
analysis of matched melanoma samples obtained prior to and
after the onset of BRAF inhibitor resistance revealed that 22%
of resistant tumors displayed PI3K signaling alterations.5 Thus,
there is a compelling rationale for testing whether combined
pharmacologic targeting of BRAF and PI3K signaling might
prolong the durability of response of BRAF-mutated melanoma
patients.

To test this hypothesis in a preclinical setting, we used
genetically engineered mouse (GEM) models of BRAF-mutated
melanoma in which PI3K signaling was activated either by
silencing the expression of Pten or by mutational activation of
Pik3ca, encoding PI3Ka.6,7 We previously demonstrated that
both of these genetic lesions cooperate with BRAFV600E to elicit
melanoma;7 however, BRAFV600E/PTENNull melanomas grew
more rapidly than BRAFV600E/PIK3CAH1047R melanomas.
Moreover, treatment with a pan-class I PI3K inhibitor
(BKM120) lacked single agent efficacy in either GEM

melanoma model. Therefore, in our recent paper we sought to
further explore PI3K signaling in melanoma progression and
maintenance, as well as the therapeutic implications of target-
ing this pathway using PI3K isoform-selective inhibitors.

Intriguingly, we found that BRAFV600E mice expressing 2
alleles of mutationally activated PI3KCA developed melanoma
at a rate that significantly exceeded that of BRAFV600E-express-
ing melanomas in which PTEN was silenced. These data sug-
gested a correlation between flux through the PI3K pathway
and the rate of melanoma growth. As a corollary, these data
also suggested that inhibition of PI3K signaling might exert
antitumor effects against melanoma. To test this, BRAFV600E/
PIK3CAH1047R melanoma cell lines were generated from GEM
models and treated with BYL719, a selective PI3Ka inhibitor.
BRAFV600E/PIK3CAH1047R melanoma cells displayed a reduc-
tion in both cell proliferation and PI3 lipid signaling upon
BYL719 treatment, whereas similarly generated BRAFV600E/
PTENNull mouse melanoma cells were largely BYL719 insensi-
tive. These data further supported our hypothesis that
BRAFV600E/PIK3CAH1047R melanoma cells selectively rely on
PI3Ka activity for sustained PI3-lipid signaling and cellular
proliferation.

To interrogate the PI3K isoform dependence of BRAFV600E/
PTENNull melanoma, the more clinically relevant subset of the
disease, we treated BRAFV600E/PTENNull melanoma cell lines
with inhibitors of PI3Kb. Previous reports suggested that
PTENNull solid tumors relied on PI3Kb for PI3-lipid produc-
tion and sustained proliferation.8,9 However, the PTENNull mel-
anoma cell lines tested were insensitive to treatment with
PI3Kb inhibitors, as well as to combined inhibition of PI3Ka
and PI3Kb. To further interrogate the PI3K isoform depen-
dence of BRAFV600E/PTENNull melanoma cells, we compared
the antiproliferative effect of a pan-class I PI3K inhibitor
(GDC-0941) to that of a PI3Kb-sparing inhibitor (GDC-0032).
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Surprisingly, we noted that the PI3Kb sparing inhibitor was
equipotent to the pan-class I PI3K inhibitor in inhibiting cellu-
lar proliferation and PI3-lipid signaling. Together, these results
indicate that PI3Kb has no role in promoting PI3-lipid signal-
ing leading to the proliferation of BRAFV600E/PTENNull mela-
noma cell lines; instead, this activity is promoted by the
combined activities of PI3Ka plus PI3Kd and/or PI3Kg.

We explored the relevance of these findings in vivo using our
GEM models (Fig. 1). First, mice bearing BRAFV600E/PIK3-
CAH1047R melanomas were treated with a BRAF inhibitor
(LGX818) and a PI3Ka inhibitor (BYL719), either alone or in
combination. Whereas the BRAFV600E inhibitor promoted pro-
found melanoma regression, the PI3Ka selective inhibitor eli-
cited only a cytostatic effect. Further, although PI3Ka
inhibition augmented melanoma regression elicited by
BRAFV600E inhibition, the overall effect was modest. Concor-
dant results were obtained when BRAFV600E/PTENNull melano-
mas were treated with a MEK1/2 inhibitor (GDC-0973) and
the PI3Kb-sparing inhibitor (GDC-00032) either alone or in
combination.

Finally, we explored whether PI3K inhibition would influ-
ence the development of resistance to MAPK pathway-targeted
therapy. Cohorts of mice bearing either BRAFV600E/PIK3-
CAH1047R or BRAFV600E/PTENNull melanomas were treated
with single agent MEK1/2 inhibitor therapy in the absence or
presence of the relevant PI3K inhibitor (Fig. 1). Over the course
of more than 100 days of treatment, we found that the vast
majority of mice receiving MEK1/2 inhibitor monotherapy
developed drug-resistant melanoma. In contrast, all of the mice
receiving MEK1/2 inhibitor plus PI3K inhibitor therapy
remained in a durable state of melanoma regression. These
results suggest that the combined deployment of MAPK path-
way inhibitors plus PI3K inhibitors may forestall the onset of
drug resistance for a subset of patients with BRAF-mutated
melanoma.

The implications of these studies remain to be tested clini-
cally. The fact that blockade of PI3Ka in a PIK3CAH1047R

addicted melanoma elicited only cytostatic effects may indicate
that initial clinical expectations for PI3K inhibitors were overly
enthusiastic. The capacity for PI3-lipid signaling to shift PI3K
isoform dependency in the face of pharmacologic blockade
demonstrates the complex dynamics of this signaling system.10

Finally, PI3K signaling is crucial for a range of normal physio-
logic functions, such that there may be unacceptable toxicity
associated with combined inhibition of both MAPK and PI3K
signaling in patients. Therefore, translating preclinical studies
into the world of clinical trials remains a challenge.
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