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Figure 2: CK1ε expression in human mammary tumors. A. Representative images of CK1ε in human mammary tumors. B. Inset 
amplification of tumor staining. C. Graph showing the percentage of tumors with high (score >1.5) or low (score <1.5) levels of CK1ε. 
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Figure 3: CK1Ɛ expression according to: A. molecular subtypes, B. estrogen receptors, and C. progesterone receptors; D. T 
classification, E. N status, and F. tumor stage.
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Table 2: Univariate and multivariate analyses of associations between clinicopathologic factors and disease-free 
survival (DFS) in patients with significant/marginal association found between CK1Ɛ and DFS in the univariate 
analysis. *Number of patients carrying the category/ number of patients with relapse. †Variables shown are those that had 
statistical significance. ††Multivariate analyses in this table were adjusted for those variables that had statistical significance 
by univariate analysis.
       
Subset Characteristic Univariate Analysis† Multivariate Analysis††
       
    No.* HR CI P HR CI P
Patients with 
negative p53 

Histologic 
differentiation              

   Well/Moderate 63/6            
   Poor 53/12 2.67 1.01-7.12 0.049 2.65 0.97-7.19 0.056
  Pathologic Stage              
    I/II 96/10            
    III/IV 20/8 4.44 1.74-11.28 0.002 2.94 1.11-7.80 0.030
  Surgical procedure              
   Lumpectomy 67/6            
   Mastectomy 49/12 2.95 1.11-7.87 0.031 2.03 0.73-5.59 0.170

  CK1Ɛ               

    <1,5 48/12            
    ≥1,5 68/6 0,32 0,12-0,86 0,025 0.32 0.12-0.91 0.032

Patients with 
age ≥median 

Pathologic Stage              
  I/II 68/8            
  III/IV 16/6 3.07 1.09-8.65 0.033 1.45 0.49-4.30 0.499
Surgical procedure              
 Lumpectomy 47/3            
 Mastectomy 37/12 5.83 1.64-20.72 0.006 5.22 1.39-19.54 0.014

CK1Ɛ               

  <1,5 40/11            
  ≥1,5 44/4 0.32 0.10-1.01 0.050 0.33 0.10-1.05 0.060

Patients 
with poor 
histologic 
differentiation

Pathologic Stage              
  I/II 62/7            
  III/IV 24/10 4.09 1.55-10.75 0.004 2.78 1.00-7.74 0.50
Surgical procedure              
 Lumpectomy 42/4            
 Mastectomy 44/13 3.39 1.10-10.42 0.033 2.75 0.83-9.06 0.095

CK1Ɛ               

  <1,5 36/11            
  ≥1,5 50/6 0.36 0.13-0.98 0.048 0.34 0.12-0.94 0.038
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We also analyzed the DFS according to CK1ε 
expression and age. For patients who had an age > 60 
years, those with a higher CK1ε expression had a lower 
incidence of relapse than those patients with lower 
expression (P = 0.039) (Figure 6B). However, this 
difference was not significant in younger patients (Figure 
6A). Finally, we evaluated the association between CK1ε 
expression and BC patients treated with or without 
adjuvant chemotherapy. Strikingly, those patients who 
did not undergo adjuvant chemotherapy and had a higher 
CK1ε expression had a higher DFS in the multivariate 
analyses (P = 0.006). However, this difference was not 
significant in patients who underwent chemotherapy 
(Figures 6C and 6D). 

DISCUSSION

Our study demonstrates that some subsets of BC 

patients with high CK1ε expression levels have a lower 
risk of relapse andhigher DFS. Therefore, increased CK1ε 
expression is greatly associated with better outcome 
and might be considered a good survival factor. This is 
consistent with reports showing that oral squamous cell 
carcinoma [15] and BC [16] patients who had an increase 
in CK1ε expression had a considerably better outcome 
than patients who had lower CK1ε expression. Our data 
are also in agreement with those of Richter et al [17] for 
colorectal cancer patients, where high expression of CK1ε 
was significantly correlated with survival in a cohort of 
122 patients. On the contrary, in ovarian cancer, it has been 
shown that expression of CK1ε is related to poor survival 
[10]. Fuja et al [16] showed that CK1ε levels were reduced 
in poorly differentiated tumors and overexpressed in more 
benign ductal cell carcinoma in situ, thus correlating 
decreased levels of CK1ε with more aggressive tumors. 
They hypothesized that the poor prognosis of low levels 

Patients with 
Ki67 ≥median 

Pathologic Stage              
  I/II 50/7            
  III/IV 20/8 3.09 1.12-8.54 0.029 2.88 1.04-7.98 0.041

CK1Ɛ               

  <1,5 27/9            
  ≥1,5 43/6 0.36 0.13-1.03 0.057 0.39 0.14-1.11 0.080

Patients 
without 
chemotherapy 

Pathologic Stage              

  I/II 57/4            
  III/IV 10/5 8.01 2.13-30.03 0.002 4.05 1.01-16.19 0.0437
Ki67 (%)              
 <median 45/3            
 ≥median 20/6 5.21 1.30-20.85 0.020 4.45 1.06-18.61 0.041

CK1Ɛ               

  <1,5 30/8            
  ≥1,5 37/1 0.09 0.01-0.77 0.028 0.12 0.01-0.97 0.048

Patients 
without triple-
negative 
breast cancer

Histologic 
differentiation              

 Well/Moderate 79/6            
 Poor 65/13 2.99 1.13-7.87 0.027 2.51 0.93-6.75 0.068
Pathologic Stage              
  I/II 110/10            
  III/IV 34/9 3.17 1.29-7.82 0.012 1.52 0.58-3.97 0.388
Surgical procedure              
 Lumpectomy 84/4            
 Mastectomy 61/15 5.65 1.87-17.04 0.002 4.36 1.36-13.95 0.013

CK1Ɛ               

  <1,5 63/12            
  ≥1,5 81/7 0.42 0.16-1.08 0.075 0.39 0.15-1.01 0.051
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of CK1ε was more related to the downregulation of 
CK1ε in tumor tissue, which was also observed in head 
and neck squamous tumors. We also observed higher 
levels of CK1ε in noninvasive BC than in infiltrating 
BC (Figure 3A); however, the levels are similar among 
invasive BC of different T stages. The fact that CK1ε is a 
predictive marker independent from tumor differentiation, 
stage, molecular type, hormone receptors, p53 and Ki67 
indicates that the better prognosis of high CK1ε levels is 
not related to its tumor suppressor properties. We suggest 
that higher levels of CK1ε activity may sensitize tumors to 
radiation therapy, perhaps by increasing the proliferation 
rate, which will correlate with our data (Figure 1) and 
those reporting CK1ε as an oncogene [5, 6, 14, 17, 18]. 
The latter is also supported by the development of CK1ε 
inhibitors that reduced the proliferation index and tumor 
burden [14, 17, 18] and may sensitize tumor cells to other 
therapies [4-6]. However, in light of our results of better 
prognosis in the absence of chemotherapy (Figure 6D), 
these CK1ε inhibitors should be used very cautiously for 
treating different tumors and with the different therapeutic 
modalities.

Additionally, we were able to identify subgroups 
of BC patients with marginal statistically significant 
association between higher CK1ε expression and an 
increase in DFS, which are those having an age ≥ median, 
Ki67 ≥ median, or wild-type p53 or those without triple-
negative breast cancer. Of particular interest were the 
highly significant differences in DFS according to the 
CK1ε expression when patients were stratified according 
to treatment with adjuvant chemotherapy. This observation 
implies that while BC patients receiving adjuvant 

chemotherapy have similar outcomes regardless of the 
CK1ε expression, the absence of this complementary 
therapy could significantly affect the DFS if the tumor 
has high levels of CK1ε, and therefore, we can expect 
a prevalence of relapses for patients with low CK1ε 
expression. Because this information could be obtained 
before the initiation of chemotherapy, this additional 
information could potentially be used as a predictive 
biomarker to tailor therapy when attempting to devise 
chemotherapy for an individual patient who has low CK1ε 
expression. Additional functional studies are required to 
understand this association. 

CK1ε has been shown to be a positive regulator of 
both the canonical Wnt/β-catenin pathway [5, 19-21] and 
noncanonical Wnt pathways [22, 23]. WNT, fibroblast 
growth factor, Notch, Hedgehog, transforming growth 
factor and the bone morphogenetic protein signaling 
network are implicated in the maintenance of tissue 
homeostasis by regulating the self-renewal of normal 
stem cells as well as the proliferation or differentiation 
of progenitor cells [24-26]. Disruption of the stem cell 
signaling network leads to carcinogenesis. In addition, 
CK1 also suppressed Forkhead O transcription factor 
(FOXO) activity [27]. Inactivation of FOXO proteins is 
associated with tumorigenesis, including BC, prostate 
cancer, glioblastoma, rhabdomyosarcoma and leukemia 
[28]. Shin et al [29] showed that CK1ε plays a critical 
role in cancer cell proliferation by controlling mRNA 
translation. CK1e interacted with and phosphorylated 4E-
BP1 at two novel sites, T41 and T50, which were essential 
for 4E-BP1 inactivation along with increased mRNA 
translation and cell proliferation. In summary, it has been 

Figure 4: Kaplan-Meier survival curves for breast cancer patients who were classified with either low or high CK1Ɛ 
expression. High CK1Ɛ expression was associated (log-rank) with better A. disease-free survival and B. overall survival. 



Oncotarget30352www.impactjournals.com/oncotarget

shown that CK1ε plays a role as a tumor suppressor or 
oncogene in carcinogenesis. Divergences in pathological 
diagnosis, tumor size, histologic grade, stage, anatomic 
location of the tumor, neoadjuvant therapy, etc. among 
studies may in part explain this apparently contradictory 
result. CK1ε triggers a diverse array of responses, 
depending on the genetic makeup and environment of the 
target cells. 

Besides the constraints inherent in any retrospective 
analysis, our study had several limitations. First, to limit 

the scope and thus increase the feasibility of this analysis, 
we selected and analyzed CK1ε expression alone, and we 
did not find a significant correlation with relapse for the 
entire group. Occurrence of relapse is likely to involve 
a complex interplay between several molecular processes 
that were not analyzed in this study. Second, although 
we were able to establish strong statistical associations 
between clinical/pathological factors and the risk of 
relapse, we did not explore the biological mechanism by 
which the selected protein led to recurrence in patients 

Figure 5: Kaplan-Meier survival curves for breast cancer patients who were classified with either low or high CK1Ɛ 
expression. High CK1Ɛ expression was associated (log-rank) with better prognosis as measured by disease-free survival in patients with 
A. negative p53, B. poor histologic differentiation, C. Ki67 ≥median, or D. triple-negative breast cancer.
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with BC. This issue is the topic of ongoing assessment 
at our institution. In summary, our goal was to identify 
a biomarker that predicts relapse risk for patients with 
BC prior to the initiation of therapy. The results from 
this study demonstrated that low CK1ε expression was 
associated with poor DFS in patients with BC with 
negative p53 or poor histologic differentiation or without 
adjuvant chemotherapy, suggesting the possibility of using 
this biomarker as a predictive factor for relapse. However, 
to fully evaluate the significance of the expression of these 

protein kinases, we will need to both validate the results 
of this study in a prospective cohort of patients and to 
understand the effect of this protein on tumor relapse, both 
of which are currently under investigation. 

Figure 6: Kaplan-Meier survival curves for breast cancer patients who were classified with either low or high CK1Ɛ 
expression. High CK1Ɛ expression was associated (log-rank) with prognosis as measured by disease-free survival in patients according 
to age, A. below the median, or B. equal to or above the median .C. adjuvant chemotherapy given or D. no adjuvant chemotherapy.



Oncotarget30354www.impactjournals.com/oncotarget

MATERIALS AND METHODS

Patient population

This study was performed in accordance with 
standard ethical procedures dictated by Spanish law (Ley 
de Investigación Orgánica Biomédica, 14 July 2007) and 
was approved by the ethics committee of the Hospital 
Virgen del Rocío and the Fundación Pública Andaluza 
para la Gestión de la Investigación en Salud de Sevilla 
(FISEVI), Spain. Written informed consent was obtained 
from all patients, and all clinical analyses were conducted 
in accordance with the principles of the Helsinki 
Declaration.

Beginning in 2006, 339 patients with a diagnosis of 
BC were treated with surgery +/- chemo(radio)therapy at 
our institution. The inclusion criteria were tumor tissue 
available, no prior thoracic surgery or chemo(radio)
therapy, no prior or concurrent other malignancy and 
no bilateral disease. Ultimately, 168 patients met these 
criteria. Disease in all cases was staged according to the 
2009 (7th) edition of the American Joint Committee on 
Cancer staging system [30]. The patient data are described 
in Table 1.

Patients were evaluated at 2 and 6 months and then 
every year after the completion of treatment. At each 
visit, a history was taken and a physical examination 
was performed. Mammography and/or computed axial 
tomography/magnetic resonance imaging (i.e., after 
mastectomy) were performed at 6 months after therapy and 
then yearly. Bone scans or positron emission tomography 
(PET) scans were performed if clinically indicated.

Tissue microarray immunohistochemistry

Immunohistochemical studies were performed on 
breast tumor specimens in a tissue microarray (TMA). The 
TMA was constructed as previously described [31, 32] 
and was processed for immunostaining and development 
according to the vendor’s instructions. Two cores per 
tumor sample were included in the TMA. Incubations 
with primary antibodies (Anti-CK1epsilon: ab70110 
from Abcam; anti-p53: p53 FL 393 (sc-6243) from 
Santa Cruz) were performed for 40 min. We quantified 
the levels of CK1ε by immunostaining and by double-
blind observation (two independent observers without 
knowledge of the clinical features of the samples) where 
the following discrete values were assigned: 0, no CK1ε 
expression; 1, weak expression; 2, clear strong expression, 
and 3, very strong expression. Both blind values were 
averaged for each core sample, and both core sample 
values were averaged. CK1ε expression determined by the 
immunohistochemical method was scored as high (≥1.5) 
or low (<1.5). 

Cell lines and experiments

The T47D cell line was obtained from the ECACC 
commercial repository at the beginning of this work. No 
further authentication was conducted by the authors.

For the myristoylated version of the CK1ε protein, 
the human Src myristoylation sequence was introduced at 
the 5’ end of the CSNK1E cDNA (in a manner similar to 
that described in [33]).

Cells were cultured by following the experimental 
procedures in the ATCC cell line data sheet. Retroviral 
vectors and gene transfers were performed as previously 
described [32, 34]. Growth curves and colony formation 
assays were conducted as previously described [32, 34]. 

Statistical analysis

Data were analyzed using SPSS (version 19.0) 
statistical software. Potential risk factors were assessed 
in univariate analyses using the Cox proportional hazards 
model. Because of the possible confounding effects 
of clinical factors on survival, associations found to be 
statistically significant (P < 0.05) or with a marginal trend 
(P < 0.1) in the univariate analysis were adjusted for those 
variables that had statistical significance on the univariate 
analysis. The time to end point development was 
calculated from the surgery date; patients not experiencing 
the end point were censored at the date of last contact. 
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