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Within the past several years, there
have been major advances in cancer treat-
ment through the use of molecularly tar-
geted therapy, though resistance to
therapy remains a significant issue. The
clinical success of driver oncogene targeted
therapy is limited by both innate and
acquired resistance that occurs in most
patients.1,2 Understanding the molecular
basis of resistance is a cardinal goal of
modern molecular oncology because the
knowledge gained offers insight into can-
cer cell signaling and therapeutic strategies
to suppress resistance and improve patient
survival.

We recently investigated the biological
basis of resistance to targeted therapies
against aberrant RAS-RAF-MEK-ERK
(MAPK, mitogen activated protein
kinase) signaling in human cancer,3,4 as
RAF-MEK targeted therapy resistance is a
major clinical problem. RAF-MEK inhib-
itor treatment is initially (but only tempo-
rarily) effective in some but not all BRAF-
mutant patients, and is largely ineffective
in RAS-mutant patients.5 Through a
genetic screen in human BRAFV600E

mutant NSCLC cells, we defined genes
that when suppressed enhanced response
to the BRAF inhibitor vemurafenib, the
first mutant BRAF targeted therapy clini-
cally approved.5 Our studies showed that
the Hippo pathway effector YAP1 (yes-
associated protein 1) functioned as a paral-
lel survival input to promote resistance to
RAF-MEK inhibitor therapy (Fig. 1).3

Co-inhibition of YAP and RAF or MEK
was synthetically lethal in several BRAF
mutant tumor types (melanoma, lung,

colon, thyroid) and also in RAS mutant
tumors (lung, melanoma, pancreas). YAP
mediated resistance by regulating the lev-
els of the anti-apoptotic protein BCL-xL
(BCL2L1) together with MAPK signaling.
BCL-xL levels were suppressed to a degree
sufficient to trigger apoptosis only upon
combined YAP and RAF-MEK inhibi-
tion, establishing the importance of this
dual regulation of BCL-xL. Additionally,
we found that increased YAP protein
expression in BRAFV600E patient tumors
was a biomarker of worse initial response
and also of acquired resistance to RAF
and MEK inhibition in patients, establish-
ing the clinical relevance of our findings.
The findings uncover the synthetic lethal-
ity of YAP and RAF-MEK co-inhibition
as a potentially effective approach to
improve response and patient survival.

The findings in our study prompt addi-
tional areas for future investigation. The
data raise the possibility that YAP may
enable survival and escape from other tar-
geted therapies against oncogenic drivers
that promote MAPK pathway activation.
For example, YAP might regulate response
to inhibition of mutant receptor tyrosine
kinases (RTKs) such as the epidermal
growth factor receptor (EGFR) or ana-
plastic lymphoma kinase (ALK) that drive
the growth of many lung adenocarcino-
mas and that are targeted with approved
EGFR and ALK kinase inhibitors,
respectively.1

The findings further suggest that inves-
tigation of the molecular basis of the cross-
talk between YAP and MAPK pathway
signaling is warranted. Our data indicate

that many signaling components, includ-
ing BCL-xL, are co-regulated by these
pathways in BRAF mutant cancer cells.
The underlying molecular events that
control this co-regulation and the extent
to which tissue- or genetic driver-spe-
cific regulatory processes modulate this
crosstalk are unclear and avenues for
future studies.

As YAP is a potential target across
many tumor types,6 pharmacologically
blocking YAP is an important and ongo-
ing challenge. YAP inhibitors have been
reported,6 but whether these agents sup-
press the pathway potently and selectively
to enable a sufficient therapeutic window
in patients remains unclear. The develop-
ment of more specific drugs that inhibit
YAP may be necessary for clinical transla-
tion to test the emerging hypothesis that
YAP blockade may have therapeutic effi-
cacy in selected cancer patients, including
(but not limited to) those with BRAF and
RAS mutant cancers.

Several mechanisms of resistance to
RAF and/or MEK inhibition have been
identified.7 In melanoma, most mecha-
nisms uncovered to date have been impli-
cated primarily in the setting of acquired
resistance.7 These resistance mechanisms
fall into two broad classes: (1) alterations
that re-activate MAPK pathway compo-
nents during RAF inhibitor therapy, such
as alternatively spliced forms of mutant
BRAF, BRAF amplification, and activat-
ing mutations in MEK or NRAS; and (2)
upstream RTK activation via receptor or
ligand upregulation (for example, EGFR)
that bypasss the effects of RAF (or MEK)
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inhibitor therapy by activating multiple
downstream survival pathways. Our find-
ings have implications for combating each
of these molecular roads to resistance, as

YAP may play a broad contributory role
to resistance across both molecular classes
(Fig. 1). Additional studies in patient-
derived cell lines with these other

resistance mechanisms present would help
elucidate the role of YAP in each.

As YAP can limit response even with
maximal MAPK pathway suppression,
combined YAP and RAF-MEK-ERK inhi-
bition may be necessary to achieve defini-
tive therapeutic efficacy. Further, many
YAP target genes include receptors and
their ligands (for example, epidermal
growth factor).3 YAP might therefore
additionally contribute to RTK bypass sig-
naling. Hence, we propose synthetic lethal
upfront co-inhibition of YAP and MAPK
pathway signaling is an attractive potential
solution to more definitively combat resis-
tance, particularly since upfront co-inhibi-
tion of RAF plus MEK or RAF plus RTK
(EGFR) inhibitor treatment remains
plagued by acquired clinical resistance.
Integrative basic and translational studies
will further define the role of YAP in can-
cer biology and therapy, with important
implications for improving cancer patient
outcomes.
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Figure 1. YAP promotes cancer cell survival and resistance to RAF-MEK-targeting agents. Shown is
schematic of the role of YAP in BRAF- and RAS-mutant tumor cells and the potential integrative
function of YAP in resistance to MAPK pathway inhibitors. YAP inhibition along with MAPK pathway
inhibition enables complete anti-tumor response, in contrast to either YAP inhibition or MAPK path-
way inhibition alone. MAPK, mitogen activated protein kinase; YAP, yes-associated protein.
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