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RAF- and MEK-targeted therapies are approved for patients with BRAFV600E melanoma and under investigation in a
several other tumor types, but resistance remains a major challenge. We uncovered yes-associated protein 1 (YAP1) as a
mechanism of resistance to RAF-MEK inhibition in BRAF- and RAS-mutant cancers, providing a rationale for co-targeting
YAP and RAF-MEK to enhance patient outcomes.

The identification of oncogenic
driver mutations that promote tumor
growth and the development of specific
targeted therapies that act against these
mutations has revolutionized the treat-
ment of patients suffering from a wide
spectrum of advanced-stage tumors.1,2

However, the clinical success of driver
oncogene targeted therapy is limited by
both primary and acquired drug resis-
tance that frequently occurs in patients
and is often lethal.3 The molecular
events that mediate this resistance
remain incompletely defined. Improving
our understanding of the molecular
basis of resistance is a central theme of
molecular oncology because the knowl-
edge gained not only provides funda-
mental biological insight into cancer cell
signaling but also reveals novel thera-
peutic strategies to overcome resistance
and increase patient survival.

Our recent work has focused on
resistance to targeted therapies acting
against aberrant RAS-RAF-MEK-ERK
mitogen-activated protein kinase
(MAPK) signaling in cancers.4,5 Resis-
tance to RAF-MEK targeted therapy is
a major clinical challenge. RAF-MEK
inhibitors are initially, but only tran-
siently, effective in some, but not all,
patients with BRAF-mutant disease, and
largely ineffective in patients with RAS-
mutant disease because of resistance.6

We used a pooled small hairpin RNA

screen in human BRAFV600E mutant
lung cancer cells to identify genes that
when silenced enhanced the response to
the approved BRAF inhibitor vemurafe-
nib.4 Through this genetic screen, we
found that the Hippo pathway effector
yes-associated protein 1 (YAP1) acts as
a parallel survival input to promote
resistance to RAF-MEK inhibitor ther-
apy (Fig. 1). Combined YAP and RAF-
MEK inhibition was synthetically lethal
not only in several BRAF-mutant tumor
types (melanoma, lung, colon, thyroid),
but also in RAS-mutant tumors (lung,
melanoma, pancreas). We found that
YAP acted as a parallel survival factor
by regulating expression of the antia-
poptotic protein BCL-xL (BCL2L1) in
concert with MAPK signaling, such that
BCL-xL levels were suppressed to a
degree sufficient to trigger apoptosis
only upon combined YAP and RAF-
MEK inhibition. We found that
increased YAP expression in patients
with BRAFV600E tumors was a bio-
marker of worse initial response and
acquired resistance to RAF-MEK inhi-
bition, establishing the clinical relevance
of our findings. These data reveal YAP
as a novel mechanism of resistance to
RAF-MEK targeted therapy and unveil
the synthetic lethality of YAP and RAF-
MEK co-suppression as a promising
strategy to enhance response and patient
survival.

Open Questions

Our study raised several new questions.
First, the findings raise the possibility that
YAP may enable survival and escape from
other therapies targeting proteins that can
activate MAPK pathway signaling. Such
signaling components include mutant
receptor tyrosine kinases (RTKs) such as
epidermal growth factor receptor (EGFR)
or anaplastic lymphoma kinase (ALK),
which drive the growth of many lung
adenocarcinomas and are targeted with
approved EGFR and ALK kinase inhibi-
tors, respectively.1 This represents an
interesting area of ongoing research with
potential implications for the treatment of
many additional cancer patients.

Second, on a fundamental level the
findings provide a rationale to investigate
the molecular basis of the newly discov-
ered crosstalk between YAP and MAPK
pathway signaling. We found that the
expression of many signaling components,
including BCL-xL, is co-regulated by
these 2 pathways in BRAF-mutant cancer
cells. The factors underlying this co-regu-
lation, and whether tissue- or genetic
driver-specific regulatory events are critical
aspects of this crosstalk, are currently
unknown and a focus of ongoing efforts.

Third, pharmacologically blocking
YAP remains a clinical challenge.
Although YAP inhibitors have been
reported,7 whether these agents are
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potent and selective enough to suppress
the pathway with acceptable toxicity in
patients is unclear. Therefore, the

design and development of novel, more
specific drugs that inhibit YAP may be
warranted.

Implications

RAF and MEK inhibitors are effec-
tive in many, but not all, cancer
patients. Furthermore, the efficacy of
these targeted therapies is limited by
the almost invariable development of
acquired resistance in patients. Our
study indicates that YAP can promote
both primary and acquired resistance to
RAF-MEK targeted therapies in cancer
patients. The data provide a rational
basis for the development and testing of
a YAP inhibitor together with a RAF-
MEK inhibitor to enhance the magni-
tude and duration of response to
MAPK pathway blockade in patients.
Furthermore, the findings augment an
emerging body of literature on the role
of YAP in cancer progression, with
important implications for understand-
ing the function of YAP in cell survival
and growth.8,9 Dual basic and transla-
tional investigations promise to shed
light on the emerging role of YAP in
cancer biology and therapy.
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Figure 1. YAP promotes cancer cell survival and resistance to RAF-MEK-targeting agents. The figure
shows a schematic of the role of YAP in BRAF- and RAS-mutant tumor cells and areas for future
exploration, such as the basis of molecular crosstalk and co-regulation of target genes between
YAP and the RAS-RAF-MEK-ERK (MAPK) pathway. MAPK, mitogen activated protein kinase; YAP,
yes-associated protein.
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