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Abstract

Background: Colorectal cancer (CRQ) is the fourth leading cause of cancer related deaths worldwide and prognosis
in advanced tumor stage still remains poor. Since CK1 isoforms have been reported to be deregulated in several
tumor entities CK1 has emerged as a novel drug target in cancer therapy. In this study we set out to investigate
whether CK1a might have the potential to serve as prognostic marker.

Methods: CK1a RNA and protein expression levels in healthy and tumor tissue of CRC patients were analyzed using
quantitative real-time PCR and Western Blot analysis, respectively. Prognostic relevance was investigated by
correlating obtained CK1a expression levels with patients’ survival rate generating Kaplan-Meier survival plots.

Results: It could be shown that CK1a is overexpressed in colorectal tumor tissue compared to normal tissue and
CK1a overexpression in tumor tissue correlates with poor survival in CRC patients. Results become more significant
when only considering patients with high-grade tumors, as well as patients assigned to UICC Il and UICC Il stage.
Furthermore, Cox regression analysis revealed that CK1a is an independent prognostic factor. In addition, tumors
expressing decreased levels of the kinase reveal positive effects on overall survival when localized in the right colon

compared to those in the left side.

Conclusion: In summary, this study provides evidence for the first time that CK1a RNA levels might serve as

prognostic marker for CRC.
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Background

According to the GLOBOCAN statistics an incidence of
1,360,000 estimated cases of colorectal cancer (CRC)
globally occurred in 2012, thereby representing the third
most common cancer in men (746,000 cases, 10% of
total) after lung and prostate cancer and the second in
women (614,000 cases, 9.2% of total) following breast
cancer. Almost 55% of the CRC cases have been
accounted in developed regions with most cases
depicted in Australia and New Zealand, followed by
Western and Southern Europe [1]. In fact, CRC is the
fourth leading cause of cancer related deaths resulting
largely from the inefficiency of early detection and
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resistance to chemotherapy [2]. Older age, lifestyle, diet-
ary, and the gut microbiota influence lifetime risk of
CRC (reviewed in [3]). Colorectal carcinogenesis is a
process over several years usually arising from benign
adenomatous polyps of the colonic mucosa which even-
tually develop malignancy. CRC can infiltrate into other
intestinal layers and might invade lymph or blood
vessels, giving rise to metastasis in lymph nodes or dis-
tant organs [4]. Despite extensive research in CRC, its
pathogenesis is still not fully understood. However,
based on Fearon and Vogelstein’s findings, the adenoma-
carcinoma sequence describes a multi-step process for
CRC development, promoted by specific and well-de-
fined genetic aberrations of the genes APC
(adenomatous polyposis coli), KRAS (GTPase KRas),
DCC (Deleted in Colorectal Cancer) and TP53 (Tumor
protein 53) [5]. However, up to 30% of the CRC cases
are described as an inherited variant including hereditary

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-018-4019-0&domain=pdf
mailto:uwe.knippschild@uniklinik-ulm.de
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Richter et al. BMC Cancer (2018) 18:140

non-polyposis colon cancer (HNPCC/Lynch syndrome)
and familial adenomatous polyposis coli (FAP) as the most
common forms of hereditary CRC (reviewed in [6, 7]).
Approximately 15% of CRC development is based on
microsatellite instability (MSI-H) due to either germline
mutations in one of the mismatch repair genes MLH]I,
MSH2, MSH6, and pMSM2 (Lynch Syndrome), or to
sporadic mutations in the DNA mismatch repair pathway
which predominantly occurs through hypermethylation of
the MLH1 promotor region and is often associated with
the BRAFV600E mutation (reviewed in [8, 9]).

The standard therapy for CRC is surgical resection
combined with adjuvant chemotherapy for patients with
high risk stage II or IIl. Recent improvement of the che-
motherapeutic regimes supplemented with biological re-
agents such as EGFR (epidermal growth factor receptor)
antagonists have been shown to significantly improve
patients’ overall survival [10]. Despite these advances in
systemic therapy, the 5-year-survival of metastatic CRC
patients remained a mere 12.5% and the main reason for
therapy failure seems to be due to acquired treatment
resistance occurring in 90% of the patients [11, 12].
Mechanisms described to circumvent the drug delivery
include upregulation, mutations or activation of down-
stream signaling molecules being involved in oncogenic
pathways, as well as pathway bypass mechanisms or in-
creased networking between cancer promoting pathways
(reviewed in [13]). With respect to the high mortality
rate of advanced CRC identification of new biomarkers
for prognosis paving the way for new and possibly indi-
vidual therapeutic approaches are urgently needed.

So far, the general role of CK1 isoforms in cancer de-
velopment and progression has been revealed (reviewed
in [14, 15]) and several reports indicate a potential role
of CK1 in digestive cancer screening (reviewed in [16]).
However, the prognostic relevance of CKla in CRC as
well as its potential as a therapeutic target has not yet
been addressed in detail. Recently, we reported that low
CK18 expression is associated with increased survival
rates in CRC patients, especially in patients with highly
differentiated tumors [17]. The aim of this study was to
investigate whether CKla is overexpressed in CRC tissue
and whether CK1a RNA levels correlate with the overall
survival of CRC patients. Furthermore, we wondered if
CKla expression levels and survival of patients correlate
with tumor localization. The results presented in this
study indicate that CKla RNA levels might serve as
prognostic biomarker for CRC as increased kinase levels
correlate with poor survival.

Methods

Human tumor tissue

In summary, 283 patients suffering from CRC, who
underwent curative tumor resection between 2003 and
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2014 at the Department of General and Visceral Surgery
at the University of Ulm, Germany, a Certified Intestinal
Cancer Center, were included in the study. Informed
consent was obtained prior to surgery. Exclusion criteria
were age < 18 years, pregnancy, or viral infections like
HIV or hepatitis B infection. Moreover, in cases
without sufficient amounts of tumor and healthy tis-
sue for processing, patients were not included in the
analyses. None of the patients received neoadjuvant
treatment prior to the surgery. Tissue samples were
collected during operation and specimens were
subjected to routine pathological analysis. Thereafter,
pathologists provided tumor tissue as well as normal
large intestinal mucosa, with at least 3 cm distance to
the tumor interface for our tissue data bank.
Retrospectively, clinical data were reviewed based
on the departmental records including medical history
and on histopathological results from contributing
pathologists. The following variables were considered:
gender, histologic differentiation, T classification,
lymph node invasion, distant metastasis, tumor stage
(according to the Union for International Cancer
Control, UICC [18, 19]), tumor localization (proximal
(right) and distal (left) to the splenic flexure), age,
disease free survival and overall survival. The study
was performed with the permission of the independ-
ent local ethics committee of the University of Ulm
(approvals 112/2003, 268/2008, and 235/2015).

Quantification of gene expression by quantitative real-time PCR
RNeasy Mini Kit (Qiagen, Hilden, Germany) was used to
isolate total RNA from frozen tumor tissue sections of
CRC patients and 1 pg of total RNA was transcribed
into cDNA using the AffinityScript cDNA Synthesis Kit
(Agilent Technologies, Santa Clara, USA). PCR amplifi-
cation of the B-actin housekeeping gene verified RNA
integrity and fidelity of cDNA synthesis by using the
exon/exon spanning B-actin primer pair p-actin_for (5'-
GGC ATC CTC ACC CTG AAG TA-3’) and B-actin_-
rev (5-‘GTC AGG CAG CTC GTA GCT CT-3’), while
the P-actin intron/exon spanning primer pair B-actin_I
(5'-cga gca gga gat ggc cac tgC-3) and P-actin_E (5'-
GTG AGC TCT CTG GGT GCT GGG-3’) was used to
detect contaminations with genomic DNA. Quantitative
gene expression of CKla (EC 2.7.11.1) was analyzed
using the LC480 cycler (Roche, Mannheim, Germany),
QuantiFast SYBR Green PCR Kit (Qiagen, Hilden,
Germany), and validated QuantiTect Primer Assay
(Hs_CSNK1A1_1_SG QT00999138, Qiagen, Hilden,
Germany) guaranteeing highly specific and sensitive re-
sults in RT-PCR. An interval of Ct values from 18 to 35
was accepted. In order to exclude primer dimers and to
guarantee reaction specificity, melting points were ana-
lyzed after amplification.
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Primers for HPRT (Hs_HPRT1_1_SG QT00059066)
were used as endogenous control for all target genes. All
experiments were done in duplicates. Results are shown
as ACt values.

Western blot analysis

To detect CKla protein levels in normal and tumor tis-
sue of CRC patients, samples were lysed in NP40 lysis
buffer containing 50 mM Tris-HCl, pH 8.0, 120 mM
NaCl, 10% glycerol, 0.5% NP-40, 1 mM EGTA, 5 mM
DTT, 200 mM PMSE, 1 mM benzamidine, and 25 pg/ml
aprotinin. After clearing of lysates by centrifugation at
15,000 g for 30 min, protein concentrations were deter-
mined using the ‘BCA Protein Assay Kit’ (Pierce Bio-
technology, Rockford, USA). In each case 20 pg protein
lysate were separated on SDS gels, transferred to nitro-
cellulose membranes (Amersham™ Protran®, GE Health-
care, Munich, Germany) and probed with anti CKla
(C19, 1:1000) (SantaCruz Biotechnology, Heidelberg,
Germany) or anti GAPDH (Glyceraldehyde-3-phosphate
dehydrogenase; 1:5,000) (HighTest Ltd., Turku, Finland)
specific primary antibodies overnight. Detection was per-
formed by using horseradish peroxidase-conjugated
anti-goat (1:10,000) (abcam, ab6741, Cambrigde, UK) or
anti-mouse IgG (1:10,000) (GE Healthcare, UK) as
secondary antibodies, followed by chemiluminescence
detection on films. Densitometric analysis was per-
formed by the use of Image] software. After back-
ground subtraction, density was calculated in
comparison to the loading control. Difference between
relative density of tumor tissue and normal tissue was
calculated and the entirety of values separated by the
median in protein expression of tumor tissue lower/
equal and higher, respectively, to normal tissue.

Statistical analysis

SPSS 24 (SPSS Inc., USA) was used performing explora-
tory data analysis for investigation of the obtained data
(raw data is supplied as Additional file 1). Kaplan-Meier
estimation was created for statistical analysis of overall
survival and significance was tested using log-rank test.
Independent prognostic factors were identified by fitting
Cox proportional hazards regression models. Inclusion
of covariates into the model was based on the forward
stepwise likelihood-ratio procedure of the COXREG
command in SPSS. The variable with the smallest p-
value was included into the model of the next step. The
inclusion procedure was stopped if no variable had a p-
value smaller than 0.05. Covariates under consideration
were UICC score, patient gender and age, risk factors
smoking and alcohol consumption, categorical indicator
variables for post-surgery chemotherapy, tumor location
(left, right colon or transverse colon) and tumor recur-
rence. The CKla expression level was encoded as an
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indicator variable with a value of 1 if the expression
value was above a threshold. The threshold was set to
2.6, a value at which there was a significant difference
in the survival rate between the separated groups in
the study population (see Additional file 2). Group
comparisons were performed by applying Wilcoxon
test. p-values <0.05 were considered statistically
significant (a=0.05). No correction for multiple
testing was done.

Results

Study population

The clinical and histopathological parameters of the
CRC patient cohort are listed in Table 1. Tumor tissue
of 283 CRC patients (160 male, 123 female), with a me-
dian age of 70.13 years (range 29.81-89.68 years) was
analyzed in the study. The classification by tumor grade
results in dissimilar groups of 209 patients with low-
grade (Grade 1, Grade 2; 73.9%) and 71 patients with
high-grade (Grade 3, Grade 4; 25.1%) tumors. Among
these cases, 74 patients had T1 or T2 status (26.1%), and
205 patients exhibited T3 or T4 status (72.5%). In 135
patients lymph node metastases were evident (47.7%)
but only 71 patients had distant metastasis (25.1%). In
summary, 62 patients were diagnosed at stage I accord-
ing to the UICC classification (21.9%), 68 patients at
stage II (24.0%), 78 patients at stage III (27.6%), and 71
patients in stage IV (25.1%). Furthermore, distinction
into right- and left-sided colon cancer splits groups
into 119 patients with tumors localized in right colon
(42.1%) and 160 patients with tumors grown in left
colon (56.5%). The median overall survival was
28.19 months ranging from 0.13 to 141.38 months.
The 5-year survival was 52.9%.

CK1a is overexpressed in colorectal tumor tissue

Evidence has been provided in the last decade emphasiz-
ing the crucial role of CK1 isoforms in cancer develop-
ment in different tumor entities. For instance,
microarray data-base analyses from tumor cell lines and
tissues indicate that CKla is overexpressed on RNA
level in many tumor types, including CRC (CellMiner™
database [20]). Initially, to investigate if CK1la could be a
potential biomarker in colorectal cancer expression
levels in healthy and carcinogenic colorectal tissue were
compared in a randomly chosen subset of 68 CRC pa-
tients performing quantitative real-time PCR. Results re-
vealed significantly increased CKla RNA expression
levels in tumor tissue compared to healthy samples (p =
0.013; Fig. 1A). Furthermore, to confirm a correlation
between CKla RNA and protein expression levels, sev-
eral patients of the cohort were chosen on a random
basis for the detection of CKla protein levels in West-
ern Blot analysis (Fig. 1D). Indeed, we found equal or
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Table 1 CRC patients’ characteristics

Variable N=283 %
Gender Male 160 56.5
Female 123 435
Differentiation Grade 1 18 64
Grade 2 191 67.5
Grade 3 64 226
Grade 4 7 25
nd. 3 1.1
T classification T1 19 6.7
T2 55 194
T3 159 56.2
T4 46 163
cis 4 14
Lymph node invasion No 148 523
Yes 135 477
Distant metastasis No 212 749
Yes 71 251
Stage (UICQ) 0 4 14
| 62 219
Il 68 240
Il 78 276
[\ 71 25.1
Tumor localization Left colon 160 56.5
Right colon 119 42.1
nd. 4 14
5-year survival 529
Age (years) Median 70.13
Range 29.81-89.68
Overall survival (months) Median 28.16
Range 0.13-141.38

Abbreviations: n.d not determined, cis carcinoma in situ

lower CKla expression levels in tumors compared to
normal tissue in patients with low CKla RNA levels
(RQ <2.6; Fig. 1B) as well as strong CKla immunoreac-
tivity in patients with high CKla RNA levels (RQ > =2.6;
Fig. 1B).

CK1a is a negative prognostic marker in CRC

In order to investigate CKla transcript expression as a
prognostic factor of CRC, Kaplan-Meier survival plots
were generated by correlating low (RQ <2.6) and high
(RQ>= 2.6) CKla RNA expression levels with 283 pa-
tients’ overall survival rates. This threshold separates the
study population into two groups with significant differ-
ent hazard rates. There is no linear dose-response rela-
tionship between CKla expression and survival rate
(data not shown) but a tendency for an increasing
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hazard with expression values up to 1.6 (Additional file 3).
Firstly, CKla RNA expression levels in tumors of the
whole patient cohort were investigated, relinquishing
significantly increased survival rates of patients suffering
from tumors expressing low levels of CKla (p =0.044,
Fig. 1B). After 10-year follow up disease free survival
(DES) was better in CRC patients with low CKla levels
(Fig. 1C).

Next, possible gender-specific differences were ana-
lyzed by correlating the survival rates for males and fe-
males to the expression levels of the kinase. Neither in
females, nor in males results revealed a significant
correlation of CKla RNA expression with overall sur-
vival rates (p=0.185 and p=0.128, respectively;
Additional file 4). Furthermore, within the subgroup of
gender no significant differences in median CKla ex-
pression could be observed (p = 0.364; Table 2). Differen-
tiating the cohort into two subgroups of low (Grade 1,
Grade 2)- and high-grade (Grade 3, Grade 4) classified
tumors revealed significantly increased CKla expression
levels in high-grade tumors (p<0.001; Fig. 2A). In
addition, as shown in Fig. 2B, patients within the
high-grade tumor-subgroup had significantly pro-
longed survival rates when CKla expression is
decreased (p=0.042). In contrast, in patients with
low-grade neoplasms overall survival did not correlate
with the level of CKla RNA expression (p=0.393;
Additional file 5).

Summarizing the subgroups of patients assigned to
UICC 1II and UICC III stage revealed significantly de-
creased overall survival rates when CKla RNA expres-
sion levels are elevated (p =0.031; Fig. 3A). Subdividing
patients according to tumor localization in right colon
cancer (RCC) and left colon cancer (LCC) patients
exhibited significantly increased survival rates in RCC
patients with tumors expressing low CKla RNA levels
(p =0.033; Fig. 3B). In contrast, no significant correlation
between overall survival rates and CKla expression
levels could be observed in LCC patients (p=0.470;
Additional file 6). Within this subgroup of tumor
localization no significant differences in median CKla
expression occurred (p = 0.523; Table 2).

Correlations between CK1a RNA expression and survival
analysis

The results of Cox univariate and multivariate analyses
(UVA and MVA, respectively) (Table 3) revealed that
low survival rates significantly correlate with high CKla
RNA expression levels (UVA p =0.045, hazard ratio HR
=1.46 and MVA p=0.010, HR=1.63) and UICC stage
(UVA p<10°% HR=1.70 and MVA p<10™° HR=1.78).
Furthermore, female sex (UVA p =0.037, HR = 0.82 and
MVA p =0.025, HR = 0.65) significantly decreases risk of
CRC related death. Additionally, older age (UVA p=
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Fig. 1 Investigation of CK1a RNA expression as a prognostic marker in CRC. a Box plot representing group comparison of relative CK1a RNA
expression in normal and tumor tissue of CRC patients. b Kaplan-Meier plot displaying the overall survival of whole cohort, divided according to
relative CK1a RNA expression in tumor tissue. *p < 0.05. CK1a RNA expression in colorectal tumor tissue of whole cohort was relatively quantified
by gPCR using specific primers. HPRT gene served as reference gene. Graphs were created using IBM SPSS Statistics 20. ¢ Analysis of disease-free
survival (DFS) of CRC patients. Kaplan-Meier plot mapping DSF of whole cohort according to relative CK1a RNA expression in tumor tissue.

*p < 0.05. CK1a RNA expression in colorectal tumor tissue of whole cohort was relatively quantified by gPCR using specific primers. HPRT gene
served as reference gene. Graphs were created using IBM SPSS Statistics 20. d Western Blot Analysis of CK1a protein expression in colorectal
normal and tumor tissue. CRC patients of the described cohort were randomly chosen and their normal and tumor tissue subjected to Western
Blot analysis. Chemiluminescent blots were visualized on films and densitometry of bands analyzed using ImageJ software. Difference between

relative density of tumor tissue and normal tissue was calculated and the entirety of values separated by the median in protein expression of
tumor tissue lower/equal and higher/equal, respectively, to normal tissue. Data was drawn as a graph using GraphPad Prism 6 software

0.002, HR = 1.02 and MVA p <10~ >, HR = 1.03) is a sig-
nificant predictor of a low overall survival rate. Other
variables (anamnestic raised indications for smoking or
excessive alcohol consumption, tumor localization, oc-
currence of relapses and treatment with chemotherapy)
did not contribute significantly according to forward and
backward stepwise likelihood-ratio procedures for model
comparison (see supplemental Fig. 2).

Discussion

Colorectal cancer (CRC) is the fourth most common
cancer globally and the third leading cause of cancer re-
lated deaths [1]. An increasing age can elevate the prob-
ability of developing CRC as well as polyps,
inflammatory bowel diseases, and hereditary factors in
the patients’ anamnesis. The best chance for cure is pro-
vided by complete surgical resection of the tumor.

However, despite the fact that novel diagnostic tools as
well as improved treatment strategies have been
emerged in the past years, prognosis of CRC patients
with advanced and metastatic tumor stage still remains
poor with an average survival of less than 30 months
[21]. Consequently, novel targeted therapeutic ap-
proaches are urgently needed. Therefore, it is essential
to understand molecular mechanisms of CRC. Uncover-
ing disease associated pathways as well as their regula-
tion and interaction, and identifying prognostic
biomarkers might provide starting points for targeted
therapy with increased selectivity, efficiency and reduced
toxicity. Research in CRC reveals potential target mole-
cules including members of the CK1 family. CK1 family
members have been described to influence the activity of
key regulatory proteins and signal integration molecules
including B-catenin, p53, and MDM2, thereby regulating
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Fig. 2 Tumor differentiation-dependent investigation of CK1a RNA expression. a Box plot representing group comparison of relative CK1a RNA
expression in low-grade and high-grade CRC patients. b Kaplan-Meier plot displaying the overall survival of Grade 3 and Grade 4 tumors of CRC
patients, divided according to relative CK1a RNA expression. *** p < 0.001. CK1a RNA expression in colorectal tumor tissue of all grades was
relatively quantified by qPCR using specific primers. HPRT gene served as reference gene. Graphs were created using IBM SPSS Statistics 20
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Wnt-signaling, cell cycle progression, and apoptosis in-
duction. Importantly, all these pathways are well known
for their role in tumor development and progression.
Accordingly, deregulation of CK1 expression and/or ac-
tivity is directly linked to tumor development and pro-
gression and has already been reported in various tumor
entities, highlighting CK1 isoforms as attractive targets
in tumor therapy (reviewed in [15]).

Microarray data analyses from different cancer cell
lines using CellMiner™ database indicate high-level ex-
pression of CKla in various colon and rectum cancer
cell lines [20]. However, so far, the role of CKla as a
prognostic marker in CRC has not been reported. In this
study, we investigated CKla RNA expression in CRC as
a potential prognostic biomarker by comparing RNA

Table 3 Multivariate and univariate analysis of survival rate in CRC

expression levels in colorectal tumor tissue and healthy
bowel tissue. Our results revealed that CKla expression
levels are significantly increased in tumor tissue com-
pared to normal tissue, consequently indicating that
CKla is involved in developing and/or proceeding ma-
lignant characteristics of tumor cells. Since we found
low expression levels in surviving individuals, it might
be hypothesized that increased CKla expression levels
correlate with poor prognosis of CRC patients. Survival
analyses, including Kaplan-Meier estimations and Cox
regression analyses revealed that high CKla expression
levels in tumors are significantly associated with poor
overall survival rates of CRC patients, indicating that
CKla is an independent negative prognostic factor in
CRC. Interestingly, CKla expression levels appear to

Multivariate Univariate
Variable HR 95% Cl p value HR 95% Cl p value
CKla expression
Low 1.00 1.123-2.351 0.010* 1.00 1.008-2.105 0.045%
High 1.63 1.46
UICC Stage
I<li<ll <V 1.78 1.480-2.145 < 107 Oxxx 1.70 1.417-2.046 <1070k
Gender
Male 1.00 0.442-0.946 0.025% 1.00 0.679-0.988 0.037*
Female 0.65 0.82
Age
Ratio scale 1.03 1.016-1.050 <107 1.02 1.009-1.040 0.002**

p value was determined using Cox proportional hazards model. * p < 0.05; **p < 0.01; ***p < 0.001

Abbreviations: HR hazard ratio, 95% Cl 95% confidence interval
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vary in different cancer entities. Therefore, it remains to
be shown whether our finding may be transferable to
other cancers and if so, to which cancers. For example
melanoma cells or lung cancer cells possess low-level ex-
pression [14]. Additionally, despite availability of com-
parable survival information a link between prognosis
and CKla expression levels cannot be transferred to
every tumor entity. A significant influence of CKla ex-
pression levels on survival rates is demonstrated
amongst others in breast cancer, leukemia, multiple
myeloma, lung cancer, and diffuse large B cell lymph-
oma. For instance, in diffuse large B cell lymphoma a
prolonged survival is connected with low CKla expres-
sion levels, whereas in lung cancer high-level expression
of CKla is linked to better outcome [14]. This indicates
that CKla expression levels cannot be used as a general
prognostic marker and have to be determined individu-
ally in every tumor entity. Our study identifies that
CKla expression influences the overall survival of colo-
rectal cancer patients since patients with short survival
times show a statistically significant higher CKla
expression. Thus, we have identified CK1a expression as
potential diagnostic or therapeutic applicability for colo-
rectal cancer. However, our data do not provide evidence
that CKla expression may influence the outcome of a
certain therapy and can therefore not be used as a
predictive marker.

We previously reported a prognostic relevance of
CK18 expression in CRC patients, especially for those
with low-grade tumors (Grade 1, Grade 2) [17]. In the
present study we could show that high CKla expression
levels strongly correlate with poor survival in high-grade
(Grade 3, Grade 4) CRC patients, indicating that CKla
might be used as a biomarker in poorly differentiated

cancers, whereas CK18 represents a prognostic marker
in highly differentiated CRC.

Interestingly, we found lower levels of both CK1 iso-
forms in surviving patients, indicating an involvement of
CKla and CKI18 in malignancy-associated pathways
resulting in poor prognosis. Since the APC/Wnt/p-ca-
tenin pathway is known to play a major role in colorec-
tal carcinogenesis and since both CK1 isoforms play
regulatory roles in Wnt signaling it can be speculated
that overexpression of CKla and § leads to a Wnt/p-ca-
tenin-dependent malignant phenotype of colorectal
tumor cells [15, 22, 23]. However, this hypothesis has to
be investigated in future experiments unraveling the
molecular mechanisms behind CK1a/$ related colorectal
carcinogenesis.

Since increased expression levels are associated with
poor survival rates, CKla might represent an attractive
drug target in new CRC therapy concepts. Intriguingly,
the prognostic relevance of high CKla expression was
explicitly high in UICC II and UICC III stage CRC. This
patient cohort usually undergoes surgical resection with
a curative intent. However, these patients exhibit a high
risk of tumor recurrence due to large primary tumors
and/or lymph node metastases at time of diagnosis.
Therefore, these patients usually received adjuvant treat-
ment upon surgical resection to decrease risk of recur-
rence and prolong overall survival. Interestingly, within
the cohort patients with poorer survival show higher
CKla expression. Consequently, patients with high
CKla expression are less likely to benefit from conven-
tional adjuvant chemotherapy to prevent recurrence pro-
viding the chance for cure. Moreover, based on our
findings it is important to characterize the effects of
CKla downregulation by CKla specific inhibitors or
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biological tools to receive information whether these
patients would benefit from a CKla targeting therapy
in regard to long-term survival, in particular in che-
moresistant cancers. Recently, D4476 has been de-
scribed as a potent inhibitor of CKla [24-26],
although previously having been described as CK16/e
specific inhibitor [27, 28]. Furthermore, the effects of
the anticancer drug lenalidomide are partially due to
the initiation of proteasomal degradation of CKla
[29, 30]. Nevertheless, additional pre-clinical and clin-
ical testing of CKla inhibitors or agents inducing
CKla degradation or inhibiting the interaction of
CKla with cellular proteins [31] are urgently needed
to further investigate their therapeutic potential.

In accordance with the published data a tumor
localization-dependent correlation between survival
and kinase expression was detected [17]. High-level
CKla expressing tumors of the right colon (right
colon cancer, RCC) correlate with poor outcome of
the patients, whereas overall survival is not affected
by CKla expression of left-sided tumors (left colon
cancer, LCC). Several reports distinguish right and left
colon by differences in their biological properties. It
has been demonstrated that embryologic origin, vas-
cular supply, as well as composition and density of
immune cells and microbiota differ in right and in
left colon [32]. Furthermore, genes involved in
tumorigenesis-associated  signaling pathways, cell
cycle, proliferation, cell death, stress response, DNA
replication, and damage repair have been reported to
be differentially expressed, consequently leading to
different oncogenic patterns [33]. According to Vogel-
stein’s adenoma-carcinoma sequence a stepwise pat-
tern of mutational inactivation of tumor suppressors
and activation of oncogenes initiates and proceeds to
colorectal carcinogenesis [5]. So far, the role of CK1
isoforms within this sequence is unknown but several
reports suggest a role of CK1 in regulating p53 activ-
ity, which in turn is inactivated in the majority of
high-grade colorectal cancers [15, 34]. Furthermore,
differences in the microenvironment, especially the re-
lease of pro-inflammatory cytokines, mainly released by im-
mune cells (e.g. neutrophils and M1 macrophages), pro-
inflammatory adipocytokines (e.g. leptin, visfatin) and fatty
acids secreted by adipocytes accelerate adenoma carcinoma
transition and can significantly promote migration and in-
vasion of CRC cells via induction of epithelial mesenchymal
transition [35—38]. In this respect, it can be speculated that
CKla expression might be involved in regulating micro-
environment and oncogenic pathways in particular import-
ant in right-sided colon carcinogenesis, especially against
the background that CKla expression is similar in LCC
and RCC. In order to investigate the impact of CKla on
RCC tumorigenesis further studies are crucial.
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Conclusion

In summary, we could show that CKla RNA overexpres-
sion in colorectal tumor tissue significantly correlates with
poor outcome. Especially in patients with poorly differenti-
ated tumors CKla might have prognostic relevance. Inter-
estingly, UICC II and UICC III patients, a subset of patients
that usually receive adjuvant chemotherapy upon surgical
resection, did also show impaired survival when CKla was
elevated. Therefore, these patients might benefit from com-
bining adjuvant chemotherapy with a CKla inhibitor.
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