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Expression and prognostic significance of doublecortin-like
kinase 1 in patients with hepatocellular carcinoma
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Abstract. Doublecortin-like kinase 1 (DCLK1), a putative
cancer stem cell marker in intestinal and pancreatic tumors,
is associated with tumor pathogenesis and progression, and
poor survival outcomes in numerous types of cancer. However,
DCLKI1 expression and its prognostic value remain unclear
in hepatocellular carcinoma (HCC). In the present study, the
expression of DCLK1 was assessed using immunohistochem-
istry in 96 resected HCC and 68 adjacent tissue specimens.
The staining intensity and the percentage of stained cells were
scored on a scale of 0-3 and 0-4, respectively. Tissue was defined
as positive for DCLKI if the composite multiple score was
>3. Cytoplasmic expression of DCLK1 was observed in HCC
and adjacent tissue specimens with an expression rate of 81%
(78/96) and 74% (50/68), respectively; the median score was 4.6
and 3.9, respectively, and no statistically significant difference
was observed between HCC and adjacent tissues (P=0.087).
DCLKI1 expression was positively associated with intrahe-
patic metastasis (P=0.035). Furthermore, univariate analysis
revealed that DCLK1 expression was significantly associated
with poor disease-free survival (DFS) and overall survival
(P=0.024 and 0.034). Multivariate analysis also demonstrated
that DCLK1 expression was an independent prognostic factor
for DFS in HCC (P=0.019; hazard ratio, 1.546; 95% confidence
interval, 1.330-1.725). Stratified Kaplan-Meier survival curves
revealed that DCLK1 expression predicted poorer DFS with
respect to positivity for three characteristics: Portal venous
metastasis, intrahepatic metastasis, and cirrhosis (P=0.020,
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P=0.007 and P=0.017, respectively). Collectively, the results
of the present study suggested that DCLKI1, functioning as a
tumor promoter, is frequently overexpressed in HCC, and that
DCLKI1 expression is associated with poor DFS in patients
with HCC. DCLK1 may represent a promising therapeutic
target in HCC and requires further study.

Introduction

According to the global cancer statistics in 2012, hepatocellular
carcinoma (HCC) is the sixth most common cancer globally,
and the survival outcomes are poor with 5-year overall survival
(OS) rates estimated at <12% (1,2). Surgery or transplantation
remain the mainstays of curative therapy for early disease.
Ablative strategies can also cure tumors. However, relatively
few patients are eligible for curative therapy due to the late
appearance of symptoms (3). Medical strategies for treating
HCC have advanced little during the past 20 years. Traditional
systemic chemotherapy represents a limited treatment option
associated with a small survival advantage (4). Therefore,
identifying novel molecular biomarkers with the potential to
evaluate tumor recurrence and progression is crucial.

The doublecortin-like kinase 1 (DCLKI) gene, located at
human chromosome 13q13.3, encodes a member of the protein
kinase superfamily and the doublecortin family (5). The
kinase encoded by this gene was first described in the context
of the nervous system, in which DCLK1 catalyzed the polym-
erization of tubulin into microtubules (6). Giannakis et al (7)
were the first to demonstrate that DCLKI1 regulated biological
processes outside of the central nervous system. This discovery
revealed that DCLK1 was associated with tumorigenesis
and its progression. Immunohistochemical analysis using a
DCLKI1 antibody revealed single cell staining in intestinal
crypt sections and gastric isthmus cells, which suggested
that DCLKI1 represented a marker of adult gastric and small
intestinal stem cells (8). Nakanishi et al (9) subsequently
demonstrated that DCLK1 marked cancer stem cells (CSCs)
rather than normal stem cells in the polyps of APC multiple
intestinal neoplasia (Min)/+ mice using lineage-tracing
experiments. In addition, DCLK1 was reported to be a puta-
tive CSC marker in pancreatic and colon cancer via the same
strategy (10,11).

CSCs were first identified in acute myeloid leukemia (12)
and subsequently revealed in breast (13) and pancreatic (14)
tumors, and in HCC (15). Accounting for 1-2% of total tumor
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cells, CSCs exhibited similar characteristics to those of normal
stem cells, including self-renewal and unlimited proliferation
and differentiation (16), and contributed to cancer progression,
metastasis and therapeutic resistance (17). CSCs may generate
more differentiated and rapidly proliferating cells, and thereby
form the majority of the tumor (18,19).

Despite the CSC marker hypothesis, multiple studies
demonstrated that DCLKI1 negatively regulated tumor
suppressor microRNAs (miRNAs/miRs) associated with tumor
initiation, progression and metastasis (20-24). Furthermore,
previous studies have demonstrated DCLK1 expression in
multiple types of solid tumor, including colon, intestinal and
pancreatic cancer, and HCC (20,25-27). In addition, it has
been revealed that patients with a high (>4) DCLK1 staining
score are associated with increased cancer-specific mortality
rates compared with those with a low (0-4) DCLK1 staining
score in colorectal neoplasia (27). To the best of our knowl-
edge, no study has been performed to assess the association
between DCLKI1 expression and survival outcome in patients
with HCC. Therefore, the present study evaluated DCLK1
expression in HCC using immunohistochemical analysis and
assessed its association with clinicopathological features and
survival outcome.

Materials and methods

Patients and tissue samples. A total of 96 HCC and 68 adja-
cent tissue samples from patients with HCC who had not
undergone chemotherapy, targeted therapy, radiotherapy
or immunotherapy were obtained from the Department of
Pathology of the Chinese People's Liberation Army General
Hospital (Beijing, China) between August 2011 and August
2012. Clinicopathological features of the patients are
provided in Table I. To analyze outcome data, the date of
surgery was defined as the beginning of disease-free survival
(DFS; time to disease progression) and overall survival (OS;
time to mortality). Follow-up ceased in November 2015 and
the median follow-up time was 30 months. The protocol of
the present study was approved by the Chinese Ministry of
Health and the Ethics Committee of the Chinese People's
Liberation Army General Hospital in accordance with the
ethical principles of the Declaration of Helsinki. Prior to the
present study, all patients provided written informed consent
to participate.

Immunohistochemistry (IHC). IHC analysis was conducted
using Image-Pro Plus 6.0 offered by Media Cybernetics, Inc.
(Rockville, MD, USA). DCLKI1 expression in the 96 HCC
and 68 adjacent tissue samples from patients with HCC was
assessed using THC and the procedures were the same (28).
Subsequent to fixing with 10% neutral formaldehyde at
room temperature for 20 min (cat. no. ZI-4002; OriGene
Technologies, Inc., Rockville, MD, USA) and paraffin embed-
ding, the tissues were cut to prepare 4-um sections that
were mounted on silane-coated glass slides. In the present
study, rabbit monoclonal anti-DCLK1 (dilution, 1:700; cat.
no.,ab109029; Abcam, Cambridge, MA, USA) was the primary
antibody. Following deparaffinization in xylene solution and
rehydration via a reduced alcohol series (concentration 100, 95,
80 and 70%), slides underwent epitope retrieval in 0.01 mol/l
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Table I. Descriptive statistics for patients with hepatocellular
carcinoma.

Characteristic Value
Age, years 51.749.5*
Tumor size, cm 4.6+£3 .4*
Sex, n (%)

Male 78 (81)

Female 18 (19)
Grade, n (%)

Well-differentiated 38 (40)

Moderately differentiated 33 (34)

Poorly differentiated 25 (26)
Portal venous metastasis, n (%)

Negative 54 (56)

Positive 42 (44)
Hepatic venous metastasis, n (%)

Negative 72 (75)

Positive 24 (25)
Bile duct invasion, n (%)

Negative 92 (96)

Positive 4 (4)
Intrahepatic metastasis, n (%)

Negative 46 (48)

Positive 50 (52)
Cirrhosis, n (%)

No 43 (45)

Yes 53 (55)
Hepatitis B virus, n (%)

Negative 85 (89)

Positive 11 (11)
Recurrence, n (%)

No 46 (48)

Yes 50 (52)
Mortality induced, n (%)

No 63 (66)

Yes 33 (34)
Tumor size, n (%)

<5cm 75 (78)

>5 cm 21 (22)
DCLKI1 expression, n (%)

No 18 (19)

Yes 78 (81)

“*Mean = standard deviation. DCLK 11, doublecortin-like kinase 1.

citrate buffer (pH 6.0) at 120°C for 4 min using a pressure
cooker. Subsequently, endogenous peroxidase activity was
blocked using 3% hydrogen peroxide at room temperature for
30 min. Goat serum (10%; BioSharp, Hefei, China) was then
used to block non-specific binding sites at room temperature
for 30 min. Sections were subsequently incubated with the
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Figure 1. Representative immunohistochemical staining of DCLK1. Immunohistochemical staining of (A) the positive control (magnification, x200) and
(B) the negative control (magnification, x200). The expression and cytoplasmic distribution of immunoreactive DCLKI1 in hepatocellular carcinoma tissue
specimens at magnification (C) x200 and (D) x400. DCLK1, doublecortin-like kinase 1.

anti-DCLK1 antibody (1:700, diluted using PBS) overnight at
4°C. Subsequent to washing with PBS and distilled water, the
sections were incubated with anti-rabbit secondary antibody
(dilution, 1:100; cat. no. PV-6001; OriGene Technologies, Inc.)
at 37°C for 30 min. Sections were then treated with 3,3'-diami-
nobenzidine (dilution, 1:20; cat. no. ZLI-9017; OriGene
Technologies, Inc.) to visualize antibody reactions and
counterstained for ~4 min at room temperature with Mayer's
hematoxylin to develop cell nuclei. Subsequently, sections
were dehydrated in an ascending alcohol series (70, 80, 95
and 100%) and mounted using neutral balsam (cat. no. GB590;
Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China). The negative control experiment was performed
according to the same IHC procedure, except the anti-DCLK1
antibody (dilution, 1:500; cat. no., EPR6085; Epitomics;
Abcam), and the same THC procedure was performed on the
positive control, which was human rectal neuroendocrine
tumor tissues from the Department of Pathology of the
Chinese People's Liberation Army General Hospital (Beijing,
China; Fig. 1) (29).

IHC scoring. The results of DCLK1 ITHC staining were
analyzed by two independent pathologists (the staff of the
Chinese People's Liberation Army General Hospital Pathology
Department) blinded to the other markers and the nature of the
samples. In total, 5 microscopic fields were randomly selected
for each slide. A microscope (BX-53; Olympus Corporation;
Japan; magnification, x400) was used to observe the staining
of the target protein on the tissues. The staining scoring was
assessed for two parameters: i) The percentage of stained
cells and ii) staining intensity (30). A score of 0, 1, 2 and 3
for non-reactive, weak, moderate and strong, respectively,
was used to evaluate the staining intensity. Similarly, the
percentage of stained cells was scored as 0 (0%), 1 (<10%),

2 (10-40%), 3 (41-60%) and 4 (>60%). The DCLK1 staining
score was the product of the two scores. The expression of
DCLKI1 was defined as positive when the composite score was
>3 and as negative when the composite score was 0-2 (31).

Statistical analysis. Data are presented as the mean + stan-
dard deviation, or as frequency. IBM SPSS Statistics 22
(IBM Corp., Armonk, NY, USA) was used for statistical
analysis. The association between different HCC pathologies
and DCLK1 expression was evaluated using the ¥’ test or
Fisher's exact test. DFS and OS curves were estimated using
the Kaplan-Meier method and the log-rank test. Multivariate
analysis was assessed using the Cox proportional hazards
model. P<0.05 was considered to indicate a statistically
significant difference.

Results

DCLK] is expressed in HCC and adjacent tissues. In the
present study, the expression of DCLK1 was analyzed using
ITHC performed on 96 resected HCC and 68 adjacent tissue
specimens. Cytoplasmic expression of DCLK1 was observed
in HCC (Fig. 1) and adjacent tissue specimens (Fig. 2); the
positive expression rate was 81% (78/96) and 74% (50/68),
respectively, while the median score was 4.6 and 3.9, respec-
tively, with no statistically significant difference observed
between the HCC and adjacent tissues (P=0.087).

Association between DCLKI expression and pathological
parameters. The present study assessed the overall clinical
characteristics of 96 patients with HCC and their association
with the DCLK1 staining results. DCLK1 expression was
positively associated with intrahepatic metastasis (P=0.035),
while no association was identified with the other clinical
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Table II. Association between DCLK1 expression and pathological parameters in patients with hepatocellular carcinoma.

DCLKI1 expression

Characteristic Total, n Negative, n Positive, n P-value®

Tumor size, cm 0.755
<5 75 15 60
>5 21 3 18

Grade 0.189
Well-differentiated 38 10 28
Moderately differentiated 33 6 27
Poorly differentiated 25 2 23

Portal venous metastasis 0.605
Negative 54 9 45
Positive 42 9 33

Hepatic venous metastasis 0.763
Negative 72 14 58
Positive 24 4 20

Bile duct invasion 0.571
Negative 92 17 75
Positive 4 1 3

Intrahepatic metastasis 0.035
Negative 46 14 38
Positive 50 4 46

Cirrhosis 0974
No 43 8 35
Yes 53 10 43

Hepatitis B virus 0.427
Negative 85 15 70
Positive 11 3 8

Recurrence 0.844
No 46 9 37
Yes 50 9 41

Sex 0.739
Male 78 14 64
Female 18 4 14

a2 test. DCLK 1, doublecortin-like kinase 1.

Figure 2. Expression of DCLK1 in hepatocellular carcinoma-adjacent tissue specimens. The expression and cytoplasmic distribution of immunoreactive
DCLK]1 at magnification (A) x200 and (B) x400. DCLK1, doublecortin-like kinase 1.

predictor variables, including sex, grade, hepatic venous cirrhosis status (P=0.739, P=0.189, P=0.763, P=0.605, P=0.571
metastasis, portal venous metastasis, bile duct invasion and  and P=0.974, respectively) (Table II).
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Table III. Univariate analysis.

Characteristic P-value®

DFS
Tumor size (<5 vs. >5 cm) <0.001
Grade (1 vs. 2 vs. 3) 0.008
Portal venous metastasis (negative vs. positive) <0.001
Hepatic venous metastasis (negative vs. positive) 0.004
Bile duct invasion (negative vs. positive) 0.245
Intrahepatic metastasis (negative vs. positive) <0.001
Cirrhosis (no vs. yes) <0.001
Hepatitis B virus (negative vs. positive) 0.176
DCLKI1 (negative vs. positive) 0.024

oS
Tumor size (<5 vs. >5 cm) <0.001
Grade (1 vs. 2 vs. 3) 0.141
Portal venous metastasis (negative vs. positive) 0.002
Hepatic venous metastasis (negative vs. positive) 0.004
Bile duct invasion (negative vs. positive) 0.270
Intrahepatic metastasis (negative vs. positive) <0.001
Cirrhosis (no vs. yes) <0.001
Hepatitis B virus (negative vs. positive) 0.277
Recurrence (no vs. yes) 0.013
DCLKI (negative vs. positive) 0.034

“Log-rank test. DFS, disease-free survival; DCLK1, doublecortin-like
kinase 1; OS, overall survival.

Prognostic value of DCLKI expression. The median
follow-up time was 30 months. Compared with DCLK1 nega-
tive expression, the survival rate in the positive expression
were significantly reduced (both P<0.00; Fig. 3). Table III
provides the univariate analysis and the potential prognostic
factors. DCLK1 expression, tumor size (>5 cm), portal venous
metastasis, intrahepatic metastasis, hepatic venous metas-
tasis, grade and cirrhosis were associated with poor DFS
(P=0.024, P<0.001, P<0.001, P<0.001, P=0.004, P=0.008 and
P<0.001, respectively). No significant association was identi-
fied between DFS and bile duct invasion, or hepatitis B virus
(Table III). Cox regression models were then constructed,
which contained the factors of DCLK1 expression, in order to
realize the role of DCLK1 expression in prognostic prediction.
The results revealed that DCLK1 expression was an indepen-
dent prognostic parameter for the DFS of patients with HCC
(P=0.019; Table IV), with an adjusted hazard ratio of 1.546
(95% confidence interval, 1.330-1.725). A significant associa-
tion was also demonstrated between DFS and portal venous
metastasis, cirrhosis, hepatic venous metastasis and tumor size
(>5 cm; P=0.021, P=0.011, P=0027 and P<0.001, respectively).

The present study also assessed the association between
DCLKI1 expression and OS. Kaplan-Meier analysis demon-
strated that patients with DCLKI1 expression were associated
with decreased OS compared with those without (P=0.034).
The significant impact of tumor size (>5 cm), portal
venous metastasis, intrahepatic metastasis, hepatic venous
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metastasis, recurrence and cirrhosis on OS was also validated
(P<0.001, P=0.002, P<0.001, P=0.004, P=0.013 and P<0.001,
respectively) (Table III). Cox regression analysis using the
aforementioned potential prognostic factors did not demon-
strate a significant association between DCLK1 expression
and OS (P=0.089), but showed the strong negative influence of
tumor size (>5 cm), hepatic venous metastasis and cirrhosis on
OS (P=0.018, P=0.002 and P=0.040, respectively).

The present study revealed that DCLK1 expression in
patients with HCC was an important independent prognostic
factor of DFS that was not associated with portal venous
metastasis, cirrhosis, hepatic venous metastasis or tumor size.
However, DCLK1 expression was not demonstrated to be an
independent predictor of OS in patients with HCC.

Status of DCLKI expression in portal venous metastasis,
intrahepatic metastasis and cirrhosis patient subgroups.
Previous studies have suggested that portal venous metas-
tasis, intrahepatic metastasis and cirrhosis may represent
critical predictors of disease recurrence, metastasis and poor
clinical outcome in patients with HCC (32-34). Therefore, the
present study conducted further subgroup survival analysis
stratified by portal venous metastasis, intrahepatic metastasis
and cirrhosis status. Kaplan-Meier survival curves (Fig. 3)
revealed that DCLK1 expression predicted poorer DFS in
the patient subgroups positive for portal venous metastasis,
intrahepatic metastasis, and cirrhosis (P=0.020, 0.007, and
0.017, respectively) compared with their respective negative
groups, which would provide evidence supporting the use of
early interventions with more aggressive therapies following
surgery in patients with HCC.

Discussion

In the present study, DCLKI1 expression was analyzed using
THC performed on 96 resected HCC and 68 adjacent tissue
specimens. DCLK1 expression was revealed in 81% (78/96)
of the HCC specimens, which was consistent with the 83%
(19/23) result of a previous study (31). Furthermore, the
clinical significance of DCLK1 expression and its associa-
tion with patient outcome were evaluated in 96 patients with
HCC. The present study identified a positive association
between DCLK1 expression and tumor intrahepatic metas-
tasis, while no association was observed between DCLK1
expression and sex, grade, hepatic venous metastasis, portal
venous metastasis, bile duct invasion or cirrhosis. Previous
studies demonstrated that DCLK1 expression was associated
with T stage and lymphatic vessel involvement in colorectal
cancer (35). Although DCLKI1 expression has been studied
in HCC, there is little data on the expression and survival
significance of DCLK1 in patients with HCC. A previous
study revealed that increased expression (staining score >3)
of DCLK1 was associated with a decreased 5-year OS rate
compared with decreased expression (staining score <3) in
patients with gastric cancer (36). Consistent with this previous
study, the present study demonstrated that DCLK1 expression
was an independent prognostic factor of DFS in patients with
HCC. To the best of our knowledge, the present study revealed
for the first time that DCLK1 expression predicts poor DFS
time in patients with HCC with portal venous metastasis,
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Table IV. Cox regression analysis of factors that could affect DFS and OS in patients with hepatocellular carcinoma.

Factor Hazard ratio 95% CI P-value®
DFS
Tumor size, cm 1.757 1.461-2.409 <0.001
Grade
Well-differentiated 1.245 0.768-3.546 0.578
Moderately differentiated 1.831 0.598-5.602 0.298
Poorly differentiated 0.875 0.322-2.375 0.793
Portal venous metastasis 1.380 1.168-1.857 0.021
Hepatic venous metastasis 0.989 0.669-1.097 0.027
Intrahepatic metastasis 0.540 0.492-0.739 0.080
Cirrhosis 1.122 1.024-1.615 0.011
DCLK1 1.546 1.330-1.725 0.019
oS
Tumor size, cm 1.401 1.188-1.856 0.018
Portal venous metastasis 0.633 0.296-1.355 0.239
Hepatic venous metastasis 2.300 2.139-2.651 0.002
Intrahepatic metastasis 0.533 0.178-1.580 0.255
Cirrhosis 0.607 0.346-0.731 0.040
DCLK1 0.278 0.062-1.215 0.089
Recurrence 1.260 0.562-2.861 0.575

*Cox regression test. DFS, disease-free survival; OS, overall survival; CI, confidence interval; DCLK1, doublecortin-like kinase 1.

intrahepatic metastasis or cirrhosis. Collectively, these results
suggested that DCLK1 expression may represent a novel
potential prognostic biomarker for patients with HCC.

Since these results suggested that DCLK1 could represent
a tumor promoter in HCC, an improved understanding of the
action of DCLK1 is required. DCLK1 possesses two N-termini
that are similar to doublecortin (DCX)-binding microtubules
and regulate neural progenitor cell migration (37). The
C-terminal domain contains a serine/threonine protein kinase.
However, lacking definitive evidence that DCLK1 resembles
a cyclic adenosine monophosphate (c(AMP) dependent kinase,
its structural homology to Ca?*/calmodulin-dependent (CAM)
kinase still warrants consideration that this protein may show
stimulation of its activity by Ca-calmodulin (38,39). DCLK1
and DCX are members of the DCX family (37). DCX expressed
in newly differentiated neurons (40) has also been implicated
in regulating neuronal migration and axon growth (41,42). A
previous mouse study revealed that DCLK1 and DCX exhibit a
compensatory function in the formation of axonal projections
across the midline, and migration of cortical neurons (39).
Another study suggested that phosphorylated DCX in vitro
and in vivo was associated with tumor invasion and progres-
sion (43). However, the underlying mechanism remains to be
fully understood.

The present study suggested that DCLK1 expression
increased the aggressiveness of HCC, which requires further
study. One previous study revealed that DCLK1-expressing
tumor cells with stemness properties were associated with
tumorigenesis and metastasis, as regulated by specific miRNA
pathways in HCC (31). miRNA, a type of non-coding RNA,

functions primarily by binding to the 3' untranslated region
of a target mRNA. miRNA serves important functions in
numerous life processes, including embryogenesis, stem cell
differentiation, tumorigenesis and tumor progression (44,45).
In HCC tumors, DCLK1-specific small interfering (si)RNA
resulted in tumor growth arrest, downregulation of DCLK1
and increased expression of multiple tumor suppressor
miRNAs, including miR-200, miR-143/145 and miRNA
let-7a (31).

The miR-200 family is a key regulator of the epithe-
lial-mesenchymal transition (EMT). EMT, the phenotypic
conversion of epithelial cells to mesenchymal cells (46), is a
highly conserved process that is essential in cancer initiation,
invasion and metastasis (47). Increasing miR-200 expression
resulted in decreased expression of EMT-inducing transcrip-
tion factors, including snail family transcriptional repressor
(SNATI)1, SNAI2, zinc finger E-box binding homeobox
(ZEB)1, ZEB2, twist family bHLH transcription factor 1 and
forkhead box C2, and increased expression of EMT-inducing
transcription factor epithelial cadherin (20,31). These
previous studies suggested that DCLK1 serves a crucial func-
tion in promoting EMT and invasion by regulating miR-200.
miR-143/145 was revealed to possess tumor suppressor prop-
erties, repressing the expression of POU class 5 homeobox 1,
SRY-box 2 and Kruppel like factor 4, and thereby repressing
pluripotency, controlling differentiation and inhibiting
metastasis (48). The downregulation of miRNA let-7a serves
an important function in liver and pancreatic tumor patho-
genesis. MYC proto-oncogene (MYC), targeted by miRNA
let-7a, revealed decreased expression following knockdown
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Figure 3. Kaplan-Meier curves of DFS and OS for patients with HCC according to DCLKI1 expression. (A) OS and (B) DFS in HCC according to posi-
tive/negative DCLK1 expression. DFS in (C) portal venous metastasis-negative and (D) -positive HCC according to positive/negative DCLK1 expression.
DEFS in (E) intrahepatic metastasis-negative and (F) -positive HCCaccording to positive/negative DCLK1 expression. DES in (G) cirrhosis-negative and
(H) -positive HCC according to positive/negative DCLK1 expression. DFS, disease-free survival; OS, overall survival; HCC, hepatocellular carcinoma;
DCLKI1, doublecortin-like kinase 1.

of DCLK1 in HCC cells (31). Furthermore, a similar mecha-
nism was detected in pancreatic and colorectal cancer (20,23).
The factors associated with EMT, pluripotency and cancer
stemness serve a multifaceted function in tumorigenesis and
metastasis in HCC, which are controlled by DCLK1 (31).

Histopathological assessment of tissues from chronic
liver diseases, in vitro experiments and murine models have
supported the existence of CSCs in HCC (15,49). A previous
study revealed that hepatitis C virus replication was posi-
tively associated with DCLK1 expression (25). By contrast,
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siRNA knockdown of DCLK1 diminished hepatitis C virus
replication and lowered the expression of EMT-promoting
factors (21,25,26). Furthermore, DCLK]1 served a crucial
function in the development of cirrhosis and HCC following
sustained hepatitis C virus infection (50). In FCA4 cell lines
(heterogeneous hepatoma cells with persistent replication of
hepatitis C virus RNAs), DCLKI1 activated the inflammatory
cascade, as detected by S100 calcium binding protein A9 and
nuclear factor kB, and then promoted tumor proliferation,
cell mortality, invasion and EMT via MYC pathways (50).
Collectively, inflammation and neoplastic transformation are
regulated by a feed-forward-like loop of the DCLK1 signaling
pathway during chronic liver diseases (50). HCC associated
with infection with HBV has become one of the fastest-rising
causes of cancer-associated mortality in China (2,51). Given
the importance of DCLK1 inflammatory and oncogenic func-
tions in virus-induced chronic diseases (25,31,50). the present
study assessed the association between DCLK1 expression
and hepatitis B virus and cirrhosis levels. The present study
observed that DCLK1 expression was a negative survival
predictor in cirrhosis subgroups. However, no association
was observed between DCLKI1 expression and hepatitis B
virus status, this may be associated with the small number of
specimens. Further study is required to assess the association
between DCLK1 expression and hepatitis B virus in patients
with HCC.

The present study revealed that DCLK1 expression was
an independent prognostic parameter for DFS, but not OS,
in patients with HCC. One of the main reasons for this was a
lack of long-term follow-up in the present study. At a median
follow-up of 30 months, 50 patients developed recurrence,
30 of who succumbed. The present study would have been
improved with extended follow-up, an increased number of
samples and consecutive survival data. Furthermore, in strati-
fied survival analysis, the present study observed that DCLK1
expression predicted early tumor recurrence and poorer DFS
rates with regard to portal venous metastasis, intrahepatic
metastasis, and cirrhosis patient subgroups, which was
consistent with the multi-functional role of DCLK1 in HCC.
These novel data revealed the potential of DCLK1-targeted
therapy. DCLK1 may serve a function in multiple types of
solid tumor. In a previous study, siRNA-mediated blockade of
DCLKI resulted in colorectal tumor xenograft growth arrest
in nude mice and a corresponding decrease in luciferase
activity (23). Furthermore, another study demonstrated that
the ablation of DCLK 1-expressing cells resulted in a decrease
in the number of intestinal polyps in APC (Min)/+ mice (9).
In addition, the stable knockdown of DCLK1 resulted in the
regression of liver metastasis lesions in pancreatic cancer
cells (52). Taken together, these data suggested a function for
DCLKI1 in regulating tumor growth and indicate that small
molecular inhibitors of DCLK1 may prove useful as anti-
tumor drugs. Furthermore, DCLK1 expression may be used
to predict early tumor recurrence and poor clinical outcome
across the three subgroups of patients with HCC described
in the present study. However, the results of the present study
require confirmation in larger patient cohorts.

To conclude, the present study together with previous
study results have underscored the importance of DCLK1
expression in HCC. Progress in HCC treatments has stagnated
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over recent decades, despite clinical trials of novel thera-
pies. Aggressive surgical therapies and early interventions
following surgery could be used to control local invasion and
early recurrence. The present study revealed that DCLK1
expression was associated with a poorer prognostic outcome
in patients with HCC, and in the portal venous metastasis,
intrahepatic metastasis and cirrhosis patient subgroups.
Therefore, DCLK1 may represent a promising therapeutic
target for HCC.
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