
Abstract. Background/Aim: Cyclin-dependent kinase 8
(CDK8) is known to play an important role in the early
development and progression of various cancers, and the
Wnt/β-catenin pathway is also involved in cancer progression.
Nevertheless, relatively little is known about the regulatory
mechanisms of the β-catenin pathway in hepatocellular
carcinoma (HCC). Materials and Methods: The complete
clinicopathological features of 122 pairs of HCC and adjacent
non-tumor tissues were analyzed and immunohistochemistry
was used to detect the aberrant expression of CDK8 and β-
catenin. Overall survival rates (OSRs) were evaluated using
the Kaplan-Meier method and Cox multivariate analysis was
used to assess the prognostic values. Results: Aberrant
expression of nuclear β-catenin and CDK8 are independent
prognostic variables that negatively affect the OSR. The
aberrant expression of CDK8 was associated with the
dysregulated expression of β-catenin and correlated with a
poor prognosis. Conclusion: Inhibition of CDK8 and/or
nuclear β-catenin expression pattern could serve as a
promising therapeutic strategy for the treatment of HCC.  

Cyclin-dependent kinase 8 (CDK8), a member of CDK
family of proteins, is a ubiquitously expressed transcription
regulating serine/threonine kinase. CDK8 is located on
chromosome 13 and has been implicated in transcriptional
regulation of various cancers such as melanoma, colorectal,
breast, prostate, and pancreatic cancer (1-5). The activation
of CDK8 is essential for β-catenin-dependent transcription
and oncogenesis (6, 7). Philip et al. (4) reported an important

role for CDK8 in gene-specific transcription either through
its association with the mediator complex or by
phosphorylation of transcription factors. These properties
laid the foundation for the discovery of CDK8 inhibitors and
for attempts to develop strategies for CDK8-targeted cancer
therapies. The Wnt/β-catenin, estrogen receptor-responsive
genes, and drosophila mothers against decapentaplegic are
CDK8-modulated transcriptional signaling pathways that
have been implicated in the regulation of oncogenesis in
various cancers (1, 4, 5, 8, 9).

β-catenin was originally reported as a membrane adhesion
protein of the cadherin-mediated cell-cell adhesion system.
It is the pivotal nuclear effector in the Wnt signal cascade
(10). In the absence of Wnt signaling, β-catenin localizes to
the cell membrane and functions in E-cadherin-mediated
cell-cell adhesion. Aberrant degradation of β-catenin results
in an increase of cytoplasmic β-catenin and leads to its
nuclear translocation. Nuclear β-catenin is significantly
associated with the invasion and metastasis of various human
cancers such as carcinomas of the esophagus, stomach,
colon, and melanomas (11, 12).

The suppression of CDK8 with a small-interfering RNA
(siRNA) or short-hairpin RNA (shRNA) was shown to
inhibit the proliferation of cancer cells of the colon, prostate,
and breast based on preclinical data (1, 3, 5). Moreover,
CDK8-mediated phosphorylation inhibits the cytotoxic
activity of natural killer (NK) cells, however, CDK8 deletion
in NK cells promotes their antitumor cytotoxicity (13, 14).
These data suggest that the specific modulation of CDK8
could control its tumorigenic activity.

Primary hepatocellular carcinoma (HCC) is an aggressive
tumor frequently associated with chronic viral hepatitis and
subsequent liver cirrhosis. According to Globocan 2018
(International Agency for Research on Cancer, IARC), HCC
is the most common primary cancer of the liver and the
second leading cause of cancer-related death (14.6%) in the
world (15). Treatment of HCC has improved considerably,
but the overall survival (OS) remains unsatisfactory. The
number of HCC and HCC-associated deaths has increased,
especially in the developing countries over the past few
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decades. An estimated 30,610 new liver cancer cases and
30,200 liver cancer deaths were reported in the United States
in 2018 (16). Early-stage invasion is the main obstacle in
improving patient survival. Early diagnosis and
interventional treatments such as surgical resection,
radiofrequency ablation (RFA), chemotherapy, radiotherapy,
or transplantation are essential for the treatment of HCC
(17). However, many patients do not have the opportunity to
undergo early diagnosis and treatment.

Despite the remarkable developments in genomics and
technology, the molecular mechanisms underlying the
pathogenesis of HCC remain unclear. The diagnosis of HCC
is often delayed due to poor prognostic factors, including
drug resistance, metastasis, and tumor recurrence and these
contribute to poor prognosis. Therefore, the discovery of
promising biomarkers is warranted to improve prognosis and
provide better personalized therapy.

Although the functions of CDK8 and β-catenin have been
correlated with poor prognosis in a variety of cancers, the
correlation between CDK8 and β-catenin expression, and the
relevance of their co-expression to clinical parameters in
HCC remain unclear. Thus, studies on CDK8 and β-catenin
expression in human HCC tissues would provide an
inspiration to tailor therapeutic modalities. 

In the present study, we evaluated the expression of CDK8
and β-catenin immunohistochemically and analyzed the
relevance to the clinicopathological parameters in 122 HCC
tissues. Furthermore, the prognostic values of CDK8 and β-
catenin in HCC were analyzed using the Kaplan-Meier and
Cox regression analyses.

Materials and Methods
Case selection and tissue sampling. From the patients that
underwent HCC operation at the Chosun University Hospital
(Gwangju, Republic of Korea) between January 2003 and
February 2019, 122 non-consecutive patients with complete
medical records, and good clinical follow-up status were selected.
A total of 122 pairs of HCC and adjacent non-tumor liver tissue
blocks were selected for immunohistochemical staining. The cases
were selected from the archives of the Pathology at the Chosun
University Hospital. The final diagnosis of all HCC cases was
histopathologically confirmed.

All of the clinicopathological parameters of the patients used in
the present study were confirmed from the patient charts and
pathology reports. The patients were followed-up by telephone calls
and or medical insurance inquiry. The total follow-up was 5-122
months (median: 38.5 months). The endpoint was OS, defined as
the time lapsing from the initial surgery until death or last follow-
up. By July 2019, 91 patients had reached the end events. Patients
that underwent preoperative therapy (chemotherapy, radiotherapy,
transarterial embolization, or RFA) and emergency surgery were
excluded from the study. The study was conducted in accordance
with the Declaration of Helsinki.

Histopathological analysis
Microscopic examination. Every case was re-assessed by a
retrospective analysis of the medical records and the pathology slide
file. The gender, age, tumor size, TNM stage, and tumor
differentiation (Edmondson-Steiner grade) (18) were assessed. The
tumor stage was defined according to the TNM staging system of
the American Joint Committee on Cancer (19). 

The tissues were fixed with 10% neutral formalin, and the
paraffin-embedded tissues were sectioned and stained with
hematoxylin and eosin. The tissue slides were evaluated under a
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Table I. Relationship between the expression of CDK8 or β-catenin and the clinicopathological parameters of hepatocellular carcinoma.

Clinicopathologic CDK8 p-Value β-catenin N p-Value β-catenin M p-Value CDK8 & p-Value CDK8 & p-Value
parameters β-catenin N β-catenin M

– + – + NL AB OTH AB OTH AB

Tissue type
HCC 62 60 <0.001 60 62 <0.001 55 67 <0.05 102 20 <0.005 88 34 <0.005
Adjacent liver 122 0 122 0 111 11 122 0 122 0 

Gender
Male   52 48 50 50 45 55 84 16 72 28
Female 10 12 10 12 9 13 18 4 16 6

Tumor size (cm)
≤5 58 26 <0.005 58 26 <0.001 48 36 <0.05 75 9 <0.05 66 18 <0.05
>5 4 34 2 36 7 31 27 11 22 16

TNM stage
I-II 51 19 <0.01 43 27 <0.05 45 25 <0.01 62 8 <0.05 55 15 <0.05
III-IV    11 41 17 35 10 42 40 12 33 19

Differentiation†
I-II 44 41 43 42 38 47 72 13 62 23
III-IV 18 19 17 20 17 20 30 7 26 11

NL: Normal expression, AB: aberrant expression, OTH: others, β-catenin N: nuclear β-catenin, β-catenin M: membranous β-catenin, HCC:
hepatocellular carcinoma. Only significant p-values are shown. †Major differentiation by Edmondson grading system.



light microscope, and representative areas suitable for the study
purpose were selected. The slides were then prepared for
immunohistochemical analysis. 

Immunohistochemical staining. In brief, the 4-μm thick tissue
sections were prepared and immunohistochemical staining was
performed using a BenchMark XT autostainer (Ventana Medical
Systems, Tucson, AZ, USA). The primary antibodies used
included mouse monoclonal CDK8 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA, 1:50 dilution) and mouse monoclonal β-
catenin (1:200 dilution, Santa Cruz Biotechnology).
Counterstaining was performed with Mayer's hematoxylin. Tris-
buffered saline was used as the negative control, instead of the
primary antibody.

Analysis and interpretation of staining. Brown nuclear staining for
CDK8 was considered as positive expression. The intensity for
positive staining was scored as 0 (no staining), 1 (weak staining), 2
(moderate staining), and 3 (strong staining). The percentage of
positive staining was decided on a scale of 0 to 5 as follows: 0
(<10%); 1 (10% to 25%); 2 (26% to 50%); 3 (51% to 75%); and 4

(>75%). The final score was the sum of the intensity and the
percentage scores. Final score ≥5 was considered as aberrant
(positive) expression for statistical reasons. 

β-catenin showed both nuclear and membranous staining
patterns. Hence, the nuclear and membranous β-catenin staining
patterns were evaluated independently. Nuclear staining of more
than 5% was considered as aberrant nuclear expression. A staining
pattern that was stronger than the membranous staining of the
normal hepatocytes and/or diffuse cytoplasmic staining were
considered as aberrant membranous expression. The percentage of
positive staining was calculated from an average of 100 tumor cells
counted in more than five high-power fields (×400).

Statistical analysis. The SPSS software (SPSS version 24.0 SPSS,
Inc., Chicago, IL, USA) was used for the statistical analysis. We used
the χ2 test, t-test, and Spearman’s rank test to determine the
correlation between the clinicopathological parameters and expression
patterns of CDK8 and β-catenin. The log-rank test was used for the
Kaplan-Meier survival analysis. The 95% confidence interval (CI)
was evaluated for each variable using the Cox multivariate model.
Statistical significance was determined at p<0.05.
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Figure 1. (A) Immunohistochemical staining of HCC for CDK8. Tumor cells showed diffuse strong positive nuclear staining. (B)
Immunohistochemical staining of HCC for β-catenin. Tumor cells showed positive nuclear staining and some cytoplasmic staining. 



Results

Clinicopathological findings. The patients comprised of 100
males and 22 females, all in the age range of 31-83 years
(males: 31-83 years, mean: 61.0 years; females: 33-75 years,
mean: 58.6 years).

Clinicopathological significance of CDK8 and β-catenin
(Table I). Immunoreactivity of CDK8 and β-catenin in HCCs
and adjacent liver tissues. Sixty cases (49%) of HCC showed
positive CDK8 expression in the nucleus (Figure 1a).
However, we failed to observe any CDK8 expression in the
adjacent liver tissues (p<0.001). A significant number of HCC
cases (51%) showed nuclear β-catenin staining (Figure 1b),
while CDK8 and nuclear β-catenin staining was undetected
in the adjacent liver tissues (p<0.001). Aberrant membranous

expression of β-catenin was detected in 55% of HCCs (Figure
2) and some adjacent liver tissues (9%, p<0.05).

The positive expression of CDK8 directly correlated with
the aberrant nuclear β-catenin (p<0.005) and membranous β-
catenin (p<0.05) expression in HCCs (Table II). We failed to
observe any difference between genders with respect to the
aberrant expression of CDK8 and β-catenin. 

Interrelation between CDK8 and tumor size. The aberrant
expression of CDK8 (p<0.005), nuclear β-catenin (p<0.001),
and membranous β-catenin (p<0.05) was significantly higher in
tumors larger than 5 cm in diameter than in the smaller tumors.

Interrelation between CDK8 and TNM stage. The aberrant
expression of CDK8 (p<0.01), nuclear β-catenin (p<0.05),
and membranous β-catenin (p<0.05) increased significantly
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Figure 2. (A) Immunohistochemical staining of HCC for β-catenin. Tumor cells showed strong positive membranous staining and diffuse cytoplasmic
staining, but the adjacent normal liver (NL) showed weak membranous staining. Insets showed the higher magnification of the normal liver (left)
and HCC (right).



in the late stages (stages III-IV) compared to early stages
(stages I-II).

Interrelation between CDK8 expression and tumor
differentiation. The aberrant expression of CDK8, nuclear β-
catenin, and membranous β-catenin showed no statistically
significant difference between high- (grades III-IV) and low-
grade tumors (grades I-II).

Overall survival analysis with CDK8 and β-catenin
expression. We analyzed the HCC cases with Kaplan-Meier
curves (Figure 3) and found that the aberrant expression of
nuclear β-catenin, membranous β-catenin, and
CDK8/membranous β-catenin significantly affected the
overall survival rate (OSR) of patients with HCC (p<0.05 for
all). However, the aberrant expression of CDK8 and
CDK8/nuclear β-catenin had no significant effect on the
OSR (p>0.05 for all). Further, patients with aberrant
expression of both CDK8 and β-catenin (nuclear and
membranous) exhibited the worst OSR. On the contrary,
those with normal CDK8 and β-catenin expression
demonstrated the best OSR (p<0.05 for all). Multivariate
analysis revealed aberrant expression of nuclear β-catenin
[95% confidence interval (CI)=1.029-4.496, p=0.042] and
CDK8 (95% CI=1.111-2.720, p=0.015) as independent
negative prognostic variables affecting the OSR.

Discussion

Aberrant expression of both CDK8 and β-catenin is known
to correlate with tumor invasion, metastasis, and poor
prognosis in humans (11, 12, 20, 21). However, little is
known about the regulatory mechanism of CDK8 expression
by β-catenin and the interrelation of their expression to the
clinicopathological parameters in HCC. 

In the present study, we examined the expression of CDK8
and β-catenin in 122 HCC specimens using immunohisto-
chemical staining, and compared the levels to that in the
adjacent non-neoplastic liver tissues. HCC tissues showed
aberrant expression of CDK8 (49%), nuclear β-catenin (51%),
and membranous β-catenin (55%). On the contrary, the
adjacent non-cancerous liver tissues had no aberrant expression
of CDK8 or nuclear β-catenin. Although aberrant expression
of membranous β-catenin was detected in some adjacent liver
tissues (9%). We found that the aberrant expression of CDK8
was significant in HCC, suggestive of its valuable role in the
diagnosis of HCC. High CDK8 expression may be associated
with the occurrence, development, and prognosis of HCC, and
play a significant clinical role in HCC pathogenesis. Evaluation
of the relationship between CDK8 and the clinicopathological
parameters showed that aberrant expression of CDK8 was
related to HCC tumor stage. Tumors larger than 5 cm in
diameter showed a significant increase in the aberrant

expression of CDK8, nuclear β-catenin, and membranous β-
catenin compared to the smaller tumors. The aberrant
expression of CDK8, nuclear β-catenin, and membranous β-
catenin increased significantly in late-stage tumors (stages III-
IV) as compared to early-stage tumors (stages I-II).

The results of the survival analysis revealed the absence
of any correlation between aberrant expression of CDK8 and
OSR of patients with HCC. Thus, the aberrant expression of
CDK8 may play an important role in the oncogenesis and
early progression of HCC. Aberrant expression of CDK8
directly correlated with the dysregulated expression of
nuclear and membranous β-catenin in HCC, consistent with
the results of previous studies (22-24).

Around 40-70% HCCs showed aberrant expression of
nuclear β-catenin, thereby accentuating Wnt/β-catenin
signaling activity (25-28). Key mutations are involved in this
process (29-31). In the early stages, β-catenin is primarily
located at the cell membrane, in the form of a complex with
cadherin, whereby it induces tumor cell survival by
augmenting the growth factor receptor signaling molecules,
such as epidermal growth factor receptor (EGFR). However,
aberrant nuclear β-catenin was recently reported to be
limited to late-stage HCC (32). 

In addition, increased β-catenin immunohistochemical
expression in HCC patients treated with transcatheter arterial
chemoembolization (TACE) has been reported to have a poor
prognosis with a lower survival rate (33).

In the present study, we revealed an unexpected function
of β-catenin in the early stages of HCC and suggest some
role for β-catenin during HCC progression. Furthermore, the
aberrant expression of nuclear β-catenin and CDK8 served
as independent negative prognostic variables influencing
OSR. The Kaplan-Meier survival analysis revealed worse
OSR for patients with aberrant expression of CDK8 or β-
catenin (nuclear or membranous) than for those with normal
CDK8 or β-catenin expression. Moreover, those with
aberrant expression of both CDK8 and β-catenin (nuclear
and membranous) exhibited the worst OSR. On the contrary,
patients with normal CDK8 and β-catenin levels showed the
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Table II. Relationship between the expression of CDK8 and β-catenin
in hepatocellular carcinoma.

CDK8 β-catenin N β-catenin M     

– + NL AB

Negative 20 42 29 33
Positive 40 20 26 34
p-Value <0.005 <0.05 

NL: Normal expression, AB: aberrant expression, β-catenin N: nuclear
β-catenin, β-catenin M: membranous β-catenin.



best survival. These results indicate that the combination of
CDK8 and β-catenin could predict worse survival and may
use as the important molecular prognostic indicators of
survival in patients with HCC.

Thus, the aberrant expression of CDK8 and β-catenin,
especially nuclear β-catenin, correlated with
tumorigenesis, tumor progression, and poor prognosis.
These findings suggest that CDK8 may play an important
role by suppressing the degradation of β-catenin and
promoting its entry into the nucleus. The aberrant
expression of CDK8 or β-catenin in tumor cells facilitates
tumor cell migration and metastasis. The present study
suggests the role of CDK8 and β-catenin as promising
diagnostic biomarkers and prognostic indicators of survival
in patients with HCC. 

The results described herein improve our understanding of
the biological functions of CDK8 and β-catenin in HCC. The
regulatory role of CDK8 on β-catenin expression highlights

a new molecular mechanism underlying CDK8-mediated
initiation and progression of HCC, and suggests a novel
therapeutic strategy to inhibit HCC metastasis through the
targeting of CDK8 and β-catenin.
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Figure 3. Kaplan-Meier analysis of overall survival rates in 122 HCC patients. β-catenin N, Nuclear expression of β-catenin; NL, normal expression;
AB, aberrant expression; OTH, others.
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