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ABSTRACT
Mutations in KRAS and BRAF genes are commonly found in several types of cancer associated with poor
prognosis and therapy resistance. We have identified phosphorylated p45-IKKa as an essential mediator of
BRAF-induced tumorigenesis. Importantly, endosomal acidification inhibitors preclude phosphorylation of
p45-IKKa and abolish the metastatic capacity of BRAF mutant cancer cells. KEYWORDS

Anti-cancer therapy; BRAK;
colorectal cancer;
endosomes; IKK

Colorectal Cancer (CRC) is the second leading cause of death
by cancer in industrialized countries. Approximately 40% of
these tumors carry mutation in the guanosine triphosphatase
KRAS gene and an additional 15% are mutated in its down-
stream effector BRAF kinase, leading to stimulus-independent

activation of the mitogen-activated protein/extracellular signal-
regulated kinase (MAPK) pathway. Thus, it is not surprising
that the occurrence of KRAS or BRAF mutations is predictive
of non-response of patients to therapies based on antibodies
against the epidermal growth factor receptor (EGFR).1 Many

Figure 1. Mechanism of activation of p45-IKKa in the endosomal compartment. Phosphorylation of p45-IKKa takes place associated with the endosomes and requires
activity of the TGFb-associated kinase 1 (TAK1) complex. Activated p45-IKKa, together with full-length IKKa and the NF-kB essential modulator (NEMO), promotes specific
gene transcription by direct binding to histone H3 (H3), which is precluded by endosomal acidification inhibitors such as chloroquine or bafilomycin A1.
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efforts are currently focused on circumventing this impediment
through the development of novel BRAF and MEK inhibitors
that could be used alone or in combination to treat not only
patients with CRC, but also those with other malignancies such
as melanoma, pancreatic cancer, or lung cancer. Although these
inhibitors have already demonstrated an apparent therapeutic
effect on different BRAF mutant tumors (such as melanoma, in
which the prevalence of BRAF gene mutations is approximately
80%) their efficacy has been limited by the acquisition of multi-
ple drug resistance.2-5 In this scenario there is a clear need to
identify novel therapeutic targets in the KRAS-BRAF pathway
for the treatment of particular types of advanced/resistant
cancer.

Recently, we identified a truncated form of the activated I
kappa B kinase (IKK) a (p45-IKKa) that was specifically local-
ized in the nucleus of CRC cells.6 We have now demonstrated7

that p45-IKKa is activated downstream of mutant KRAS and
BRAF proteins and is absolutely required for CRC cell growth
and invasion. Activation of p45-IKKa is independent of the
nuclear factor kappa B (NF-kB) pathway and is associated with
the endosomal compartment. Accordingly, inhibitors of endoso-
mal acidification such as chloroquine or bafilomycin A1
completely blocked p45-IKKa phosphorylation (Fig. 1) without
affecting activity of the NF-kB pathway, which is essential for
most physiologic cellular functions. Using orthotopic xenografts
as an in vivo model of CRC, we found that bafilomycin A1 and
chloroquine enhanced the antitumoral effect of conventional
chemotherapy (i.e., irinotecan or 5-azacytidine). Most notably,
these agents totally suppressed the metastatic capacity of CRC
cells with combined treatment. Our results highlight the thera-
peutic potential of drugs targeting specific NF-kB-independent
IKK functions such as endosomal acidification inhibitors that
exhibit a selective effect on BRAF mutated cells, thus explaining
their reduced in vivo toxicity even in combined therapies. Our
view is that chloroquine or chloroquine-derivatives could be rap-
idly translated into clinical practice in combination with stan-
dard chemotherapy for the treatment of BRAF mutated tumors
including specific subtypes of CRC or metastatic melanoma.
Moreover, inhibiting endosomal function could also limit the
activity of other endosomal-dependent pathways such as Notch8

and Wnt,9 which constitute the driving force for several tumors
by regulating cancer-initiating cell activity.

Finally, identifying the specific substrates of p45-IKKa activ-
ity in BRAF mutant cells (either phosphorylated proteins or
genomic regions that directly interact with this kinase) should
provide additional therapeutic targets for specific subsets of
tumor, which will be explored in the near future.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

Acknowledgements

This work has been supported by Fundaci�o La Marat�o de TV3 with grant #
20131210 and Instituto de Salud Carlos III-FEDER with grant # PI13/
00448

References

1. Lievre A, Bachet JB, Boige V, Cayre A, Le Corre D, Buc E, Ychou M,
Bouche O, Landi B, Louvet C, et al. KRAS mutations as an independent
prognostic factor in patients with advanced colorectal cancer treated
with cetuximab. J Clin Oncol 2008; 26:374-9; http://dx.doi.org/10.1200/
JCO.2007.12.5906

2. Chapman PB, Solit DB, Rosen N. Combination of RAF and MEK inhi-
bition for the treatment of BRAF-mutated melanoma: feedback is not
encouraged. Cancer Cell 2014; 26:603-4; PMID:25517746; http://dx.
doi.org/10.1016/j.ccell.2014.10.017

3. Goetz EM, Ghandi M, Treacy DJ, Wagle N, Garraway LA. ERK muta-
tions confer resistance to mitogen-activated protein kinase pathway
inhibitors. Cancer Res 2014; 74:7079-89; PMID:25320010; http://dx.
doi.org/10.1158/0008-5472.CAN-14-2073

4. Lin L, Sabnis AJ, Chan E, Olivas V, Cade L, Pazarentzos E, Asthana S,
Neel D, Yan JJ, Lu X, et al. The Hippo effector YAP promotes resistance
to RAF- and MEK-targeted cancer therapies. Nat Genet 2015:47; 250-6;
PMID:25665005; http://dx.doi.org/10.1038/ng.3218

5. Moriceau G, Hugo W, Hong A, Shi H, Kong X, Yu CC, Koya RC,
Samatar AA, Khanlou N, Braun J, et al. Tunable-combinatorial
mechanisms of acquired resistance limit the efficacy of BRAF/MEK
cotargeting but result in melanoma drug addiction. Cancer Cell
2015; 27:240-56; PMID:25600339; http://dx.doi.org/10.1016/j.
ccell.2014.11.018

6. Margalef P, Fernandez-Majada V, Villanueva A, Garcia-Carbonell
R, Iglesias M, Lopez L, Martinez-Iniesta M, Villa-Freixa J, Mulero
MC, Andreu M, et al. A truncated form of IKKalpha is responsible
for specific nuclear IKK activity in colorectal cancer. Cell Rep
2012; 2:840-54; PMID:23041317; http://dx.doi.org/10.1016/j.
celrep.2012.08.028

7. Margalef P, Colomer C, Villanueva A, Montagut C, Iglesias M, Bello-
sillo B, Salazar R, Martinez-Iniesta M, Bigas A, Espinosa L. BRAF-
induced tumorigenesis is IKKalpha-dependent but NF-kappaB-inde-
pendent. Sci Signal 2015; 8:ra38; PMID:25900832; http://dx.doi.org/
10.1126/scisignal.2005886

8. Vaccari T, Duchi S, Cortese K, Tacchetti C, Bilder D. The vacuolar
ATPase is required for physiological as well as pathological activa-
tion of the Notch receptor. Development 2010; 137:1825-32;
PMID:20460366; http://dx.doi.org/10.1242/dev.045484

9. Taelman VF, Dobrowolski R, Plouhinec JL, Fuentealba LC, Vorwald
PP, Gumper I, Sabatini DD, De Robertis EM. Wnt signaling requires
sequestration of glycogen synthase kinase 3 inside multivesicular endo-
somes. Cell 2010; 143:1136-48; PMID:21183076; http://dx.doi.org/
10.1016/j.cell.2010.11.034

e1062073-2 L. ESPINOSA

D
ow

nl
oa

de
d 

by
 [

19
3.

14
5.

24
4.

25
4]

 a
t 0

4:
02

 1
7 

Ju
ne

 2
01

6 

http://dx.doi.org/10.1200/JCO.2007.12.5906
http://dx.doi.org/10.1200/JCO.2007.12.5906
http://dx.doi.org/25517746
http://dx.doi.org/10.1016/j.ccell.2014.10.017
http://dx.doi.org/25320010
http://dx.doi.org/10.1158/0008-5472.CAN-14-2073
http://dx.doi.org/10.1038/ng.3218
http://dx.doi.org/10.1016/j.ccell.2014.11.018
http://dx.doi.org/10.1016/j.ccell.2014.11.018
http://dx.doi.org/10.1016/j.celrep.2012.08.028
http://dx.doi.org/10.1016/j.celrep.2012.08.028
http://dx.doi.org/25900832
http://dx.doi.org/10.1126/scisignal.2005886
http://dx.doi.org/10.1242/dev.045484
http://dx.doi.org/21183076
http://dx.doi.org/10.1016/j.cell.2010.11.034

	Abstract
	Disclosure of potential conflicts of interest
	Acknowledgements
	References

