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CK1δ: a pharmacologically tractable Achilles’ heel of Wnt-driven 
cancers? 
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Abstract: Aberrant Wnt signaling has been widely accepted to be a key driver of a subset of human cancers and 

a heavily scrutinized molecular pathway for the development of personalized medicine. In a recently published 

issue of Science Translational Medicine, Rosenberg and coworkers reported that the delta isoform of the CK1 

family of serine/threonine kinases (CK1δ), an important mediator of intracellular Wnt signaling, is amplified 

and overexpressed in human breast tumors. They further demonstrated that pharmacological inhibition of CK1δ 

is efficacious for these cancers and implicate β-catenin signaling as a key target of CK1δ. In this perspective, we 

will discuss the salient features of this novel anti-cancer therapeutic approach and the challenges that lie ahead to 

translate it into a viable treatment option for cancer patients.
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The intimate relationship between Wnt signaling and 
cancer was first revealed by Nusse and Varmus when they 
observed that the stable overexpression of Wnt1 induces 
spontaneous mammary hyperplasia and tumors in mice 
some three decades ago (1). The oncogenic property of 
Wnt ligands is due, in part, to their involvement in the 
inhibition of the β-catenin destruction complex that leads to 
the stabilization and nuclear translocation of β-catenin for 
transactivation of growth-promoting genes (2). Since then, 
aberrant Wnt signaling has been implicated in an ever-
growing list of human cancers, including breast tumors [as 
reviewed in (3)]. Breast cancer is a clinically heterogeneous 
disease and it can be broadly classified into three major 
therapeutic groups, based on the molecular expression 
profile of the estrogen (ER), progesterone (PR), and human 
epidermal growth factor 2 (HER2/neu) receptors. While 
great strides have been made in the treatment of ER+ as 
well as HER2+ breast tumors via endocrine and targeted 
therapies, limited treatment options are available to combat 
the basal-like triple-negative breast cancers (TNBCs) (4). 
Propelled by such an unmet medical need, Rosenberg and 

colleagues pursued a study with the aim to further identify 
drivers and cell signaling networks in TNBCs and HER2+ 
breast cancers that could be targeted via pharmacological 
means.

Rosenberg et al. focused on the CK1 family of serine/
threonine kinases that consists of six human isoforms (α, 
δ, ε, γ1, γ2 and γ3). Members of this kinase family regulate 
many cellular processes that are implicated in cancer, 
including Wnt, NFAT, Hedgehog, and Hippo signaling, 
membrane trafficking, cytoskeleton maintenance, DNA 
replication, DNA damage response, RNA metabolism 
and circadian rhythm [as reviewed in (5,6)]. Rosenberg 
et al. examined transcript expression of CK1 isoforms in 
breast cancer datasets from The Cancer Genome Atlas 
(TCGA). They found that CK1δ is widely overexpressed 
within a subset of breast tumors across all major classes, 
while CK1ε overexpression is restricted to the basal-like 
subclass. Notably, both CK1δ and CK1ε transcripts are also 
highly upregulated in the unclassified breast tumors, but 
the functional implications of this finding remains to be 
elucidated. The authors attributed the upregulation of CK1δ 
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to copy number gains of the CSNK1D locus found in 36% 
of breast tumors, with increased frequencies in the basal-like 
and luminal B subtypes. They demonstrated that CK1δ, not 
CK1ε, proteins are highly expressed in a panel of human 
breast cancer cell lines and human breast tumor specimens. 
Analyses of additional TCGA cancer datasets also revealed 
CSNK1D copy number amplifications in more than 70% of 
papillary renal cell carcinoma and in approximately 50% of 
bladder tumors, and these somatic alterations of CSNK1D 
correlated with the enhanced CK1δ expression. Thus, 
CK1δ has the opportunity to be a cancer driver. 

Testing if CK1δ activity is important in these cancers, 
Rosenberg et al. found that the growth of CK1δ-high 
breast cancer cells and several tumor xenografts in mice 
are selectively blocked by SR-3029, a nanomolar dual 
inhibitor of CK1δ and CK1ε that their group previously 
developed (7). They analyzed the drug-treated cells by 
flow cytometric-based cell death assays and found that SR-
3029 selectively triggered rapid apoptosis of the CK1δ-high 
breast cancer cells. These finding were confirmed by RNA 
interference (RNAi)-mediated depletion of CK1δ/ε in the 
CK1δ-high breast cancer cells. They further showed that 
SR-3029 or inducible short hairpin RNA (shRNA)-mediated 
knockdown of CK1δ markedly suppressed the growth of 
orthotopic TNBC tumor xenografts, and this effect could 
be rescued by exogenous expression of shRNA-resistant 
CK1δ. Consistent with the breast cancer cell line models, 
SR-3029 significantly inhibited the growth of a primary 
patient-derived xenograft (PDX) model by triggering 
tumor cell apoptosis. These data suggest that the SR-3029-
induced apoptosis in these cancer cells is solely mediated 
through CK1δ. Notably, long-term daily intraperitoneal 
dosing with SR-3029 (20 mg/kg over 48 days) appeared to 
be well tolerated by mice, indicating that global inhibition 
of CK1δ is unlikely to elicit overt systemic toxicity. SR-3029 
is therefore a promising new agent that appears to be both 
effective and well tolerated in preclinical models of CK1δ-
high breast cancer.

To identify which key cancer pathways are regulated by 
CK1δ and responsible for the anti-cancer effects of SR-
3029, the authors first performed Ingenuity Pathway Analysis 
(IPA) on the TCGA datasets and identified 612 genes whose 
expression correlated with CK1δ. Several of these were 
Wnt pathway genes, although core β-catenin targets such as 
AXIN2 were not identified. Presumably other pathways were 
also enriched in the correlating genes but were not described 
further. Given the many roles of CK1δ, there may be 
additional opportunities here. While Wnt pathway-activating 

mutations typical of other cancer types are rarely found in 
breast cancer (8), increased CK1δ activity might be a driver 
of β-catenin signaling in some cases.

In contrast to CK1α, CK1δ/ε has been shown to be a 
positive regulator of β-catenin signaling by regulating the 
stability of the destruction complex (9-12). To test if CK1δ 
is a critical positive regulator of the canonical Wnt/β-catenin 
signaling in CK1δ-high breast cancer, the team studied 
whether RNAi-mediated depletion or pharmacological 
inhibition of CK1δ has a negative impact on nuclear 
β-catenin activity in multiple CK1δ-high TNBC and 
luminal B subtypes of breast cancer cell lines. Consistent 
with published reports, the loss of CK1δ or its kinase 
activity markedly reduced the total abundance of β-catenin 
proteins, particularly its nuclear pool, as well as partially 
suppressed β-catenin/TCF-dependent gene transactivation 
in these breast cancer cells. The effects of SR-3029 could 
be rescued by expression of stabilized β-catenin in vitro, 
suggesting that SR-3029 indeed acts at least in part through 
the Wnt/β-catenin pathway. Whether stabilized β-catenin 
protects cancers in more rigorous xenograft models was not 
tested. The data are consistent with the role of CK1δ in 
Wnt signaling.

Rosenberg et al. further demonstrated that depletion or 
inhibition of CK1δ is sufficient to abolish ligand-induced 
activation of canonical Wnt/β-catenin signaling in the 
TNBC cells. These cancer cells are also sensitive to the 
loss of β-catenin, suggesting that the survival signals from 
ligand-induced activation of Wnt signaling are mainly 
mediated through β-catenin, although it is important to 
keep in mind that epithelial cells also use β-catenin for 
functions unrelated to Wnt signaling (13). Similarly, the 
abundance of nuclear β-catenin and expression of β-catenin/
TCF-target genes are dramatically reduced in TNBC 
tumor xenografts derived from SR-3029-treated mice 
compared to vehicle-treated controls.

Some questions remain unanswered. Whether Wnt 
signaling drives the proliferation of human breast cancers 
in vivo remains unclear. The effects of SR-3029 on 
β-catenin appear robust, but this may not be the critical 
pathway in vivo. Furthermore, they find that CK1δ 
expression/activity correlated with WNT3 and WNT9A 
transcripts, suggesting a feed forward loop where increased 
WNT expression would lead to increased β-catenin 
activity. However, we have reported that interruption of 
Wnt secretion has no effect on proliferation of most breast 
cancer cell lines, including MDA-MB-231, in vitro or 
orthotopic mouse models (14). 



Annals of Translational Medicine, Vol 4, No 21 November 2016 Page 3 of 4

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(21):433atm.amegroups.com

Taken together, these findings suggest that the 
CK1δ-regulated signaling circuits could represent a 
pharmacologically tractable Achilles’ heel of a variety 
of human cancers, perhaps those driven by aberrant 
upregulation of Wnt ligands and/or its co-receptors. As 
CK1δ has many targets beyond Wnt signaling, it is likely 
that other effects of kinase inhibition also play a role in 
the activity of SR-3029. As always with small molecules, 
unanticipated off-target effects can always play a role (15). 
We and others have previously demonstrated that the pan-
CK1δ/ε nanomolar inhibitor PF670462 lacks potent anti-
cancer activity in a variety of tumor cell types/origin, 
including breast tumor cells (15,16). The superiority of SR-
3029 over PF670462 in cancer cell growth inhibition could 
be attributed to its lack of off-target effects that might 
hinder the anti-cancer effect of CK1δ inactivation (7), or 
the presence of other targets that combine with CK1δ 
inhibition to produce efficacy. Given that CK1δ regulates 
a myriad of protein substrates like MDM2 (17) and  
p53 (18), it would be great interest to determine how the 
dysregulation of these proteins upon the loss of CK1δ or its 
kinase activity contributes to the growth inhibition of Wnt-
driven cancer cells in future studies. 

Acknowledgements

Funding: JK Cheong is supported by a Duke-NUS-St. 
Baldrick’s Foundation Pediatric Cancer Research Grant 
(Duke-NUSSBF/2015/0004). DM Virshup is supported 
by the Singapore Agency for Science, Technology and 
Research (A*STAR) and the Singapore Ministry of Health 
(MOH) under its Duke-NUS Signature Research Program 
Grant, as well as the National Research Foundation under 
its Singapore Translational Research (STaR) Investigator 
Award and administered by the Singapore Ministry of 
Health’s National Medical Research Council (NMRC/
STaR/0017/2013).

Footnote

Provenance: This is a Guest Perspective commissioned by 
Managing Editor Bing Gu, MD (Department of Laboratory 
Medicine, the Affiliated Hospital of Xuzhou Medical 
University, Xuzhou, China).
Conflicts of Interest: The authors have no conflicts of interest 
to declare.

Comment on: Rosenberg LH, Lafitte M, Quereda V, et al. 

Therapeutic targeting of casein kinase 1δ in breast cancer. 
Sci Transl Med 2015;7:318ra202.

References

1.	 Nusse R, Varmus HE. Many tumors induced by the mouse 
mammary tumor virus contain a provirus integrated in the 
same region of the host genome. Cell 1982;31:99-109.

2.	 Papkoff J, Rubinfeld B, Schryver B, et al. Wnt-1 regulates 
free pools of catenins and stabilizes APC-catenin 
complexes. Mol Cell Biol 1996;16:2128-34.

3.	 Anastas JN, Moon RT. WNT signalling pathways 
as therapeutic targets in cancer. Nat Rev Cancer 
2013;13:11-26. 

4.	 Cancer Genome Atlas Network. Comprehensive molecular 
portraits of human breast tumours. Nature 2012;490:61-70. 

5.	 Cheong JK, Virshup DM. Casein kinase 1: Complexity in 
the family. Int J Biochem Cell Biol 2011;43:465-9. 

6.	 Knippschild U, Krüger M, Richter J, et al. The CK1 
Family: Contribution to Cellular Stress Response and Its 
Role in Carcinogenesis. Front Oncol 2014;4:96. 

7.	 Bibian M, Rahaim RJ, Choi JY, et al. Development of 
highly selective casein kinase 1δ/1ε (CK1δ/ε) inhibitors 
with potent antiproliferative properties. Bioorg Med Chem 
Lett 2013;23:4374-80. 

8.	 Geyer FC, Lacroix-Triki M, Savage K, et al. β-Catenin 
pathway activation in breast cancer is associated with 
triple-negative phenotype but not with CTNNB1 
mutation. Mod Pathol 2011;24:209-31. 

9.	 Gao ZH, Seeling JM, Hill V, et al. Casein kinase 
I phosphorylates and destabilizes the beta-catenin 
degradation complex. Proc Natl Acad Sci U S A 
2002;99:1182-7.

10.	 Peters JM, McKay RM, McKay JP, et al. Casein kinase I 
transduces Wnt signals. Nature 1999;401:345-50.

11.	 Sakanaka C, Leong P, Xu L, et al. Casein kinase iepsilon in 
the wnt pathway: regulation of beta-catenin function. Proc 
Natl Acad Sci U S A 1999;96:12548-52.

12.	 Lee E, Salic A, Kirschner MW. Physiological regulation of 
[beta]-catenin stability by Tcf3 and CK1epsilon. J Cell Biol 
2001;154:983-93.

13.	 Valenta T, Gay M, Steiner S, et al. Probing transcription-
specific outputs of β-catenin in vivo. Genes Dev 
2011;25:2631-43. 

14.	 Covey TM, Kaur S, Tan Ong T, et al. PORCN moonlights 
in a Wnt-independent pathway that regulates cancer cell 
proliferation. PLoS One 2012;7:e34532.

15.	 Cheong JK, Nguyen TH, Wang H, et al. IC261 induces 



© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2016;4(21):433atm.amegroups.com

Cheong and Virshup. Targeting CK1δ in Wnt-driven cancersPage 4 of 4

cell cycle arrest and apoptosis of human cancer cells via 
CK1δ/ɛ and Wnt/β-catenin independent inhibition of 
mitotic spindle formation. Oncogene 2011;30:2558-69.

16.	 Kim SY, Dunn IF, Firestein R, et al. CK1epsilon is 
required for breast cancers dependent on beta-catenin 
activity. PLoS One 2010;5:e8979. 

17.	 Inuzuka H, Tseng A, Gao D, et al. Phosphorylation 

by casein kinase I promotes the turnover of the Mdm2 
oncoprotein via the SCF(beta-TRCP) ubiquitin ligase. 
Cancer Cell 2010;18:147-59.

18.	 Dumaz N, Milne DM, Meek DW. Protein kinase 
CK1 is a p53-threonine 18 kinase which requires prior 
phosphorylation of serine 15. FEBS Lett 1999;463:312-6.

Cite this article as: Cheong JK, Virshup DM. CK1δ: a 
pharmacologically tractable Achilles’ heel of Wnt-driven 
cancers?  Ann Transl Med 2016;4(21):433. doi: 10.21037/
atm.2016.11.07


