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Targeting HER2+ breast cancer: the TBK1/IKKε axis
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ABSTRACT:
HER2+ breast cancer (BC) is a highly aggressive subtype, affecting ~20% of BC
patients. Current treatments include adjuvant or neoadjuvant chemotherapy plus
anti-HER2 agents such as trastuzumab, a monoclonal antibody directed against HER2.
Despite improvement in disease free survival, most patients eventually succumb to
metastatic disease, which is largely incurable. Consequently, there is an urgent need
to identify novel drugs that can efficiently kill HER2+ BC and/or potentiate the effect
of existing anti-HER2 therapies. We performed a lenti-viral shRNA kinome screen on
non-adherent mouse Her2/Neu tumorspheres and identified TBK1, a non-canonical
IκB kinase (IKK), as the most potent target [1]. TBK1 knock-down, or treatment with
TBK1-II, a drug that efficiently inhibits TBK1 and its close relative IKKε (IKBKE),
suppressed growth of human HER2+ BC cells and induced cellular senescence.
Senescence was associated with inhibition of phosphorylated/active p65-NFkB and
induction of the cell cycle inhibitor, p16ink4a. In addition, TBK1-II cooperated with
lapatinib, a EGFR/HER2 inhibitor, to accelerate apoptosis in vitro and suppress tumor
growth in a xenograft model of HER2+ BC. Thus, TBK1/IKKε inhibitors may improve
treatment of HER2+ BC in cooperation with anti-HER2 therapy.

HER2+ breast cancer (BC) is a highly aggressive
subtype, affecting ~20% of BC patients. Current
treatments include adjuvant or neoadjuvant chemotherapy
plus anti-HER2 agents such as trastuzumab, a monoclonal
antibody directed against HER2. Despite improvement in
disease free survival, most patients eventually succumb
to metastatic disease, which is largely incurable.
Consequently, there is an urgent need to identify novel
drugs that can efficiently kill HER2+ BC and/or potentiate
the effect of existing anti-HER2 therapies. We performed
a lenti-viral shRNA kinome screen on non-adherent
mouse Her2/Neu tumorspheres and identified TBK1, a
non-canonical IκB kinase (IKK), as the most potent target
[1]. TBK1 knock-down, or treatment with TBK1-II, a
drug that efficiently inhibits TBK1 and its close relative
IKKε (IKBKE), suppressed growth of human HER2+ BC
cells and induced cellular senescence. Senescence was
associated with inhibition of phosphorylated/active p65NF-κB and induction of the cell cycle inhibitor, p16ink4a.
In addition, TBK1-II cooperated with lapatinib, a EGFR/
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HER2 inhibitor, to accelerate apoptosis in vitro and
suppress tumor growth in a xenograft model of HER2+
BC. Thus, TBK1/IKKε inhibitors may improve treatment
of HER2+ BC in cooperation with anti-HER2 therapy.
Many cancers including HER2+ BCs are organized
in a hierarchy with tumor initiating cells (TICs) at its
apex, and non-TICs, which descend from TICs but
have lost tumorigenic potential as the tumor bulk. We
previously identified TICs from MMTV-Her2/Neu tumor
cells; by multiple criteria, cells that gave rise to nonadherent tumorspheres in ultra-low attachment plates were
indistinguishable from TICs [2, 3]. We have now shown
that the non-adherent Her2/Neu tumorspheres retain high
TIC frequency, whereas adherent monolayer cells quickly
lose the TIC fraction [1]. We also found that after three
passages, both adherent and non-adherent cultures become
enriched for cells with spontaneous p53-mutations that
occur in about half of primary MMTV-Her2/Neu tumors.
These p53-mutant/Her2+ mouse mammary tumor cells
better resemble human HER2+ BC where p53 is mutated
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in ~70% of cases.
To identify new targets for HER2+ BC, we
performed a lenti-virus shRNA kinome screen on the
adherent and non-adherent p53-mutant/Her2+ tumor cells
using ~5 independent shRNAs per gene for 520 individual
kinases. shRNAs that preferentially suppressed sphere
growth, or both sphere and monolayer, but not monolayer
growth only were studied further. We also selected genes
for which at least two independent shRNAs (of the 5
tested) scored positive, and that their knockdown did not
suppress growth of immortalized mammary epithelial
cells by more than 25%. After validation, essential genes
for growth of sphere or sphere plus monolayer cells
included those on the MAP kinase pathway (A-Raf, Raf1,
mapkapk3) and TGFβ-receptor superfamily, which were
previously linked to HER2+ BC. In addition, we identified
Camk2d, Cask and Stk25 as well as the pro-autophagy
related factor/unc-51-like kinase (Atg1/Ulk1). Consistent
with the latter, we showed that mouse and human HER2+
BC cells are highly sensitive to autophagy inhibitors.
Finally, our screen identified Map3k14 (NF-κB inducing
kinase - NIK) and the non-canonical IκB Kinase (IKK)
TANK-binding kinase 1 (TBK1). Map3k14/NIK and
TBK1 induce NF-κB through different signaling pathways
[4]. Their identification in our screen suggests that NFκB activation is essential for growth or survival of HER2driven BC cells.
TBK1 and the related kinase IKKε (IKBKE)
play important roles in innate immunity by regulating
interferon and NF-κB signaling [4, 5]. In addition, TBK1
was identified in a synthetic lethal screen for genes that

could kill lung cancer cells driven by activated K-RAS.
IKKε is amplified and overexpressed in ~30% of BC and
can transform breast epithelial cells through activation of
NF-κB [4]. We found that shRNA-mediated knockdown
of TBK1 efficiently suppressed growth of both mouse
and human HER2+ BC cells. Moreover, TBK1-II, a
specific inhibitor for both TBK1 and IKKε, dramatically
suppressed growth of HER2+ BC cells. As expression
of TBK1 and IKKε varies in different BC cells, their
contribution to TBK1-II inhibition is expected to vary
accordingly. Importantly, TBK1-II cooperated with
lapatinib to kill HER2+ BC cells in xenograft assays
in vivo. Although TBK1-II is potent and specific, our
pharmacokinetic analysis revealed that it has a relatively
short half-life in vivo. Thus, an immediate objective
is to identify a selective, potent and stable TBK1/IKKε
inhibitor.
Several reports have indicated that TBK1 maintains
cell survival by directly phosphorylating and activating
AKT/PKB, or by inducing BCL-xL through NF-κB [4, 6].
Surprisingly, in HER2+ BC cells, we found that genetic
or pharmacological inhibition of TBK1, or TBK1 plus
IKKε, did not induce apoptotic cell death or necrosis.
Accordingly, TBK1/IKKε-inhibition did not affect AKT
phosphorylation or BCL-xL expression. Instead, inhibition
of these non-canonical IKKs led to enlarged cells with
>8N DNA content, and suppression of p65-NF-κB (RelA)
phosphorylation on serine 536, ultimately inducing
cellular senescence.
NF-κB proteins exert pro- or anti-senescence
effects in different contexts. In HER2+ BC, we showed
that TBK1/IKKε maintains p65-NF-κB in an active state,
thereby putting the brakes on cellular senescence (Fig.
1). We also observed a dramatic increase in expression of
p16ink4a, a CDK4/6-inhibitor that prevents phosphorylation/
inactivation of the tumor suppressor pRb and its relatives,
p107 and p130. The epistatic interaction between TBK1/

Fig 1: A model for TBK1/IKKε-dependent inhibition
of cellular senescence in HER2+ BC cells. The TBK/

IKKε axis maintains p65-NF-κB active/phosphorylated
thereby inhibiting cellular senescence. Knock-down of TBK1
or pharmacological inhibition TBK/IKKε blocks p65-NF-κB
phosphorylation and induces p16ink4a expression, causing cell
senescence.
www.impactjournals.com/oncoscience

Fig 2: A TBK1/IKKε inhibitor (TBK1-II) cooperates
with the EGFR/HER2 inhibitor (lapatinib) to
further promote apoptotic cell death, but not cellular
senescence.
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IKKε, p16ink4a and NF-κB is yet to be established. The
most parsimonious model is that phosphorylated/active
p65-NFκB actively suppresses the p16ink4a promoter, and
that this suppression is relieved in response to TBK1/
IKKε-inhibition and p65-NF-κB dephosphorylation.
Importantly, TBK1-II plus lapatinib treatment
did not increase cell senescence but instead accelerated
apoptotic cell death relative to lapatinib treatment alone
(Fig. 2). Thus, in the context of combination therapy,
inhibition of TBK1/IKKε may potentiate the effect of
anti-HER2 inhibitors and improve clinical outcome. TBK1
has recently been shown to control the response of ER+
BC cells to anti-estrogen therapy [7, 8], and to ameliorate
experimentally-induced obesity in mice [9]. These other
applications may help speed up the development of TBK1/
IKKε therapeutics and their use for treatment of HER2+
BC.

REFERENCES
1.

Deng T, Liu JC, Chung PE, Uehling D, Aman A, Joseph B,
Ketela T, Jiang Z, Schachter NF, Rottapel R, Egan SE, AlAwar R, Moffat J and Zacksenhaus E. Cancer Res. 2014;
74(7):2119–30.

2.

Liu JC, Deng T, Lehal RS, Kim J and Zacksenhaus E.
Cancer Res. 2007; 67(18):8671-8681.

3.

Liu JC, Voisin V, Bader GD, Deng T, Pusztai L, Symmans
WF, Esteva FJ, Egan SE and Zacksenhaus E. Proc Natl
Acad Sci U S A. 2012; 109(15):5832-5837.

4.

Shen RR and Hahn WC. Oncogene. 2011; 30(6):631-641.

5.

Mulero MC, Bigas A and Espinosa L. Oncotarget. 2013;
4(10):1550-1551.

6.

Ou YH, Torres M, Ram R, Formstecher E, Roland C, Cheng
T, Brekken R, Wurz R, Tasker A, Polverino T, Tan SL and
White MA. Mol Cell. 2011; 41(4):458-470.

7.

Wei C, Cao Y, Yang X, Zheng Z, Guan K, Wang Q, Tai
Y, Zhang Y, Ma S, Cao Y, Ge X, Xu C, Li J, Yan H,
Ling Y, Song T, et al. Proc Natl Acad Sci U S A. 2014;
111(5):E601-610.

8.

Yang KM, Jung Y, Lee JM, Kim W, Cho JK, Jeong J and
Kim SJ. Cancer Res. 2013; 73(22):6679-6689.

9.

Reilly SM, Chiang SH, Decker SJ, Chang L, Uhm M,
Larsen MJ, Rubin JR, Mowers J, White NM, Hochberg I,
Downes M, Yu RT, Liddle C, Evans RM, Oh D, Li P, et al.
Nat Med. 2013; 19(3):313-321.

www.impactjournals.com/oncoscience

182

Oncoscience

