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Tumor cells with KRAS or BRAFmutations or ERK5/MAPK7 amplification are not
addicted to ERK5 activity for cell proliferation
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ABSTRACT
ERK5, encoded by MAPK7, has been proposed to play a role in cell proliferation, thus attracting interest as a
cancer therapeutic target. While oncogenic RAS or BRAF cause sustained activation of the MEK1/2-ERK1/2
pathway, ERK5 is directly activated by MEK5. It has been proposed that RAS and RAF proteins can also
promote ERK5 activation. Here we investigated the interplay between RAS-RAF-MEK-ERK and ERK5
signaling and studied the role of ERK5 in tumor cell proliferation in 2 disease-relevant cell models. We
demonstrate that although an inducible form of CRAF (CRAF:ER*) can activate ERK5 in fibroblasts, the
response is delayed and reflects feed-forward signaling. Additionally, oncogenic KRAS and BRAF do not
activate ERK5 in epithelial cells. Although KRAS and BRAF do not couple directly to MEK5-ERK5, ERK5
signaling might still be permissive for proliferation. However, neither the selective MEK5 inhibitor
BIX02189 or ERK5 siRNA inhibited proliferation of colorectal cancer cells harbouring KRASG12C/G13D or
BRAFV600E. Furthermore, there was no additive or synergistic effect observed when BIX02189 was
combined with the MEK1/2 inhibitor Selumetinib (AZD6244), suggesting that ERK5 was neither required
for proliferation nor a driver of innate resistance to MEK1/2 inhibitors. Finally, even cancer cells with
MAPK7 amplification were resistant to BIX02189 and ERK5 siRNA, showing that ERK5 amplification does
not confer addiction to ERK5 for cell proliferation. Thus ERK5 signaling is unlikely to play a role in tumor
cell proliferation downstream of KRAS or BRAF or in tumor cells with ERK5 amplification. These results
have important implications for the role of ERK5 as an anti-cancer drug target.
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Introduction

The mitogen-activated protein kinase (MAPK) signaling cas-
cades transduce extracellular signals within the cell, regulating
cytosolic and nuclear factors to im
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inhibited the ERK1/2 phosphorylation induced by KRASG12V,
BRAFV600E or co-expression of BRAFD594A and KRASG12V.
However, even when ERK1/2 signaling was inhibited, the onco-
genic forms of KRAS and BRAF did not stimulate ERK5
phosphorylation (Fig. 2C). Furthermore, the presence of selu-
metinib failed to increase ERK5-dependent activation of the
MEF2D luciferase reporter (Fig. 2B). Thus the failure of onco-
genic KRAS and BRAF to activate ERK5 was not due to chronic
inhibition of the ERK5 pathway by ERK1/2 signaling.

MEK5-ERK5 signaling is dispensable for cell proliferation
of colorectal cancer cells

ERK5 has been proposed to play a role in the proliferation and
survival of many cancer cells lines.13,14,21,27,28 Thus, although
KRAS and BRAF failed to activate ERK5 it remained possible
that basal ERK5 signaling was permissive for proliferation in
tumor cells harbouring these oncogenes. We therefore

investigated the role of MEK5-ERK5 signaling in a panel of
CRC cells. We approached this both chemically, using the
MEK5 selective small molecule inhibitor BIX0218929 and
genetically, using siRNA mediated knock-down of ERK5. We
previously showed that BIX02189 selectively inhibits ERK5
activation in HEK293 cells and fibroblasts with no effect on
ERK1/2 activity.30 We first defined the effective concentration
range for inhibition of ERK5 signaling by BIX02189 in the
CRC cell lines HCT116 (KRASG13D) and HT29 (BRAFV600E)
using the MEK5D-driven MEF2D reporter system. BIX02189
caused a dose-dependent complete inhibition of ERK5 signal-
ing with IC50 values of 0.3–1mM (Fig. 3A and 3B), as previously
reported.29 When we assayed the effect of BIX02189 on cell
proliferation we observed a substantial right shift in the dose
response curves so that inhibition of cell proliferation was only
observed at doses of 10m



(Fig. 3A and 3B





ERK5 protein expression, including that arising from MAPK7
gene amplifi



be a driver of innate resistance to MEK1/2 inhibitors. For
example, Mulloy et al49 demonstrated that expression of the G1
cyclin, CCND1, was stimulated by the MEK5-ERK5 pathway
independently of the MEK1/2-ERK1/2 pathway. Since expres-
sion of CCND1 can confer resistance to ERK1/2 pathway
inhibitors50 this might be a plausible role for ERK5 signaling. It
is also consistent with the observation that constitutively active
MEK5 can drive the proliferation of HEK293 and LNCaP
cells.21 However, in colon cancer cells harbouring KRAS or
BRAF mutations chemical or genetic inhibition of the MEK5-
ERK5 pathway did not inhibit proliferation (Figs. 3, 4 and 5)
demonstrating that this pathway was not important for prolif-
eration in these tumor cells. MEK1/2-ERK1/2 signaling is
known to inhibit ERK5 signaling in some cells,17,18 thus it was
possible that treatment of KRAS- or BRAF-driven tumor cells
with MEK1/2 inhibitors might activate the MEK5-ERK5

pathway and reveal a dependency on this pathway for cell pro-
liferation. Indeed, not all KRAS and BRAF driven tumor cells
undergo cell cycle inhibition upon MEK1/2 inhibitor treat-
ment.31 However, we did not observe ERK5 activation in tran-
sient transfection experiments with oncogenic KRAS or BRAF
when we inhibited the canonical ERK1/2 pathway (Fig. 2) and
there were no synergistic or additive effects of combining selu-
metinib with BIX02189 to inhibit both MEK1/2 and MEK5 in
selumetinib-resistant KRAS- or BRAF-driven colorectal cancer
cell lines (Fig. 6).

Finally, many driving oncogenes are overexpressed as a
result of gene amplifications e.g. the receptor tyrosine kinase
EGFR.51 Cancer cells become addicted to the amplified onco-
protein and this provides a therapeutic window in which
the cancer cells are hypersensitive to inhibition of the elevated
protein. MAPK7, the gene encoding ERK5, is amplified in

Figure 7. The hetatocellular carcinoma cell line SNU449 expresses high levels of ERK5 but is not dependent on MEK5-ERK5 signaling for proliferation. (A) Subconfluent
cultures of BT474 and the liver hepatocellular carcinoma cell line SNU449 harbouring an amplification containing the ERK5 gene were maintained in 10% FBS. Cells were
lysed, whole cell lysates were separated by SDS-PAGE and immunoblotted with the antibodies indicated. (B) Subconfluent cultures of SNU449 cells were maintained in
10% FBS then treated with increasing concentrations of BIX02189 (100 nM to 30 mM) for 24 or 48 hours, and DNA synthesis was assayed by [3H]thymidine incorporation;
the results are presented as an average of 3 experiments § SD. Alternatively, cells were transfected as in Fig. 2(C), 6h post-transfection cell were treated with increasing



approximately 50% of hepatocellular carcinomas.22 Neverthe-
less, inhibition of the MEK5-ERK5 pathway either chemically
or genetically in SNU449 cells – a hepatocellular cancer cell
line with an ERK5 amplification – or in a panel of cancer cell
lines with MAPK7 copy number gain and elevated ERK5 pro-
tein levels did not reduce cell proliferation (Figs. 7 and 8) sug-
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10nM, and 25ml of lipofectamine2000 was added to 1.25 ml
opti-MEM, these were then mixed and incubated at room tem-
perature for 20min. 510 ml aliquots of mix were added/ well
and the media replaced after 6h. The following day the
cells split into 96 well plates containing 3 £ 103 cells/ well
and the remaining cells were seeded into 6 cm plates for
immunoblotting.
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