
Abstract. Background/Aim: To evaluate the impact of
DEPDC1 expression on patient prognosis after hepatic
resection for hepatocellular carcinoma (HCC). Patients and
Methods: We reviewed data from 75 patients who underwent
hepatic resection for HCC between 2004 and 2013.
Recurrence at 2 years following resection, which mainly
included metastatic recurrence, was defined as late
recurrence. Results: DEPDC1 was up-regulated in HCC
tissue and in non-tumor tissue of patients with HCC
compared to normal liver (p<0.01 and p<0.01, respectively).
High expression of DEPDC1 was associated with poor
overall, disease-specific, and disease-free survival (p=0.02,
p<0.01, and p<0.01, respectively). High DEPDC1
expression was an independent predictor of death and
recurrence (p=0.03 and p<0.01, respectively). High
expression of DEPDC1 in non-tumor liver was an
independent risk factor for late recurrence (p=0.04).
Conclusion: High expression of DEPDC1 in tumor tissue
appears to be associated with tumor progression and poor
prognosis.

Hepatocellular carcinoma (HCC) is one of the most common
cancers globally, and the third most common cause of
cancer-related death (1, 2). Hepatic resection is a curative
therapeutic option for patients with HCC (3, 4), although
high tumor recurrence is observed in 60-70% of cases within
5 years after surgery, resulting in poor patient prognosis (5-
7). Therefore, the identification of novel factors for
prevention of recurrence of HCC may lead to improved
therapeutic approaches and patient prognosis.

The DEP domain containing 1 (DEPDC1) protein has been
shown to be up-regulated in several malignancies, including
HCC (8-10). Furthermore, the DEPDC1-ZNF224 complex has
been shown to repress the transcription of the A20 gene,
resulting in translocation of the NF-kB protein into the nucleus
where it suppresses apoptosis in cancer cells (11). A recent
study by Qu et al. using The Cancer Genome Atlas (TCGA)
gene expression dataset (cancergenome.nih.gov/) showed that
high expression of DEPDC1 in patients with HCC was
associated with a poor prognosis (12). Furthermore, we
discovered that DEPDC1 could be detected not only in tumor
tissues, but also slightly in non-tumor liver of some HCC
patients as shown in our preliminary data of immuno-
histochemistry staining using anti-DEPDC1 antibody (Figure
1). Since HCC can arise in non-tumor liver with some degree
of damage, we hypothesized that DEPDC1 is related not only
to tumor malignancy, but also to tumorigenesis of HCC. In the
present study, we analyzed the prognostic value of DEPDC1
expression in tumor and non-tumor liver using quantitative
real-time PCR (qPCR) data from tissue samples of patients
with HCC.

Patients and Methods

Patients. Liver specimens from 75 patients with HCC and 10
patients with benign liver tumors were obtained at the Tottori
University Hospital between 2004 and 2013, and immediately
stored in RNAlater ICE (Thermo Fisher Scientific, Waltham, MA,
USA) at −80˚C. Patient clinical data including survival were
collected from medical records. Disease recurrence was identified
by either computed tomography or magnetic resonance imaging.
Patients with histologically diagnosed HCC who underwent initial
and curative resection were included in this study. Criteria for
surgery included the following factors: Eastern Cooperative
Oncology Group (ECOG) performance status <3, preserved liver
function estimated from both indocyanine green test and
volumetric computed tomography, and good general condition
without serious organ failure. Non-anatomical resection was
performed in patients estimated to have insufficient volume of
remnant liver or who had tumors located peripherally.
Intraoperative temporary inflow clump and transfusion were
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performed on demand according to the decision of the consulting
surgeon and/or anesthesiologist. 

The use of tissue samples for immunohistochemistry and reverse
transcription-polymerase chain reaction (RT-PCR) and the reviewing
of medical records were approved by the Institutional Review Board
of our institution in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments
(Institutional Review Board approval number: 1606A029,
1610A118, and 18A071).

Immunohistochemistry staining. For immunohistochemical staining
(Figure 1), samples of two patients different from the cohort for
real-time PCR were used. Formalin-fixed paraffin-embedded tissue
specimens were cut into 4-μm sections. After dewaxing in xylene,
tissue sections were autoclaved for 10 min in citrate buffer, pre-
incubated in 0.3% H2O2, and blocked for 20 min using diluted
normal blocking serum from a VECTASTAIN Elite ABC HRP kit
(Vector Laboratories, Inc., Burlingame, CA, USA). Sections were
incubated with 1:100 diluted anti-DEPDC1 antibody (ab197246,
Abcam, Cambridge, UK) as a primary antibody followed by a HRP-
conjugated secondary antibody (Vector Laboratories). DEPDC1
protein was visualized using ImmPACT DAB substrate (Vector
Laboratories) with a reaction time of 4.5 min. 

RNA extraction and quantitative RT-PCR. RNA from frozen
specimens was recovered and purified using TRIzol reagent Thermo
Fisher Scientific) and a RNeasy Plus Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions. Total RNA
was converted into complementary DNA (cDNA) using Super
Script II reverse transcriptase (Thermo Fisher Scientific) with
random 6-mer primers. cDNA was then subjected to RT-PCR
analysis with Universal Probe Library probes using a FastStar PCR
Master Mix premixed with ROX (Roche, Basel, Switzerland) on a
ViiA7 system (Thermo Fisher Scientific) under the following
conditions: 50˚C for 2 min, 95˚C for 10 min, and 40 cycles of 95˚C
for 15 sec and 60˚C for 1 min. The primers and probes used were
as follows: DEPDC1-forward, cctatggagagtcagggtgtg; DEPDC1-
reverse, cgaaaagatgtggtaacttcattc; probe for DEPDC1, probe #49;
beta-actin (ACTB)-forward, attggcaatgagcggttc; ACTB-reverse,
ggatgccacaggactcca; probe for ACTB, probe #11; 18 ribosomal
RNA (18rRNA)-forward, ccgattggatggtttagtgag; 18rRNA-reverse,
agttcgaccgtcttctcagc; probe for 18rRNA, probe #81. Relative mRNA
expression levels were represented as fold changes and normalized
against the expression of the ACTB housekeeping gene, except for
mRNA from tumor tissue in which ACTB is de-regulated and
18rRNA is used as a housekeeping gene (13).

Other variables. Data collected included patient characteristics (age,
sex, BMI, comorbidity, cause of hepatitis, Child–Pugh score, Model
for End-Stage Liver Disease (MELD) score, retention rate of
injected indocyanine green at 15 min (ICG-R15), serum creatinine,
and albumin); tumor characteristics (number of tumors and
maximum tumor diameter); intraoperative data (extent of resection,
usage of intermittent total hepatic inflow clumping, duration of
surgery, intraoperative hemorrhage volume, volume of
intraoperative blood transfusion, length of hospital stay after
surgical resection, and postoperative complications); and
pathological findings [stage of fibrosis in adjacent liver according
to the Histological Activity Index (14)]. Comorbidity of
cardiovascular disease was identified when patients had a history of

angina pectoris or chronic heart failure. Major resection was defined
as hepatectomy of more than two Couinaud segments.

Statistical analysis. All quantitative values are presented as median
and interquartile range (Table I). Statistical analysis was conducted
using a chi-square test and Fisher’s exact test (<5 variables) for
categorical variables. Welch’s two-sample t-test and multiple
comparison adjusted with Holm’s method were used for continuous
variables in unpaired and pairwise tests, respectively. Overall and
recurrence-free survival periods were analyzed by Kaplan–Meier
analysis. Values of p<0.05 were considered statistically significant.
For multivariate analysis excluding analysis of late recurrence of
HCC, factors with p<0.05 in univariate analysis were analyzed
(Tables Ⅱ and Ⅲ). In the multivariate analysis of late recurrence of
HCC (Table IV) in which only one factor was p<0.05, factors with
p<0.10 were exceptionally included. R version 3.1.3 software
(www.r-project.org/) was used for all statistical analyses.

Results

Seventy-five patients were included in the study. Expression
of DEPDC1 in HCC tumors was higher than that in non-
tumor liver of HCC patients and in normal liver (Figure 2).
Patients were divided into two groups according to average
DEPDC1 expression levels, and the characteristics of the two
groups are shown in Table I. High DEPDC1 expression was
associated with high capsular invasion, high portal vein
invasion, and advanced tumor stage, indicating that DEPDC1
may be associated with tumor malignancy (Table I). Overall,
disease-specific, and recurrence-free survival rates were
worse in the DEPDC1-high group than in the DEPDC1-low
group; 5-year overall survival (OS) rates were 50.0% and
79.0% (p=0.016), 5-year disease-specific survival rates were
60.0% and 88.6% (p=0.002), and 5-year recurrence -free
survival rates were 26.0% and 43.7% (p<0.001) in
DEPDC1-high and -low group, respectively (Figure 3).
Multivariate analysis revealed that high expression of
DEPDC1 in HCC was independently associated with poor
OS (HR=3.007, 95%CI=1.092-8.282, p=0.033; Table Ⅱ) and
poor recurrence-free survival (HR=3.374, 95%CI=1.632-
6.979, p=0.004; Table Ⅲ), with statistical significance.

We subsequently analyzed the expression of DEPDC1 in
non-tumor liver of HCC patients and found that it was highly
expressed compared with that in the liver of non-HCC
patients (Figure 2). We therefore hypothesized that DEPDC1
may promote tumorigenesis in the residual liver of HCC
patients following curative resection. Next, patients were
divided into two groups according to DEPDC1 expression in
non-tumor liver tissue, using a cutoff value of 6.87 as
determined by the mean +2*SD expression of DEPDC1 in
normal liver. DEPDC1 overexpression in non-tumor liver
correlated with high ICG-R15 and MELD score (Figure 4A
and 4B), indicating that DEPDC1 was highly expressed in
damaged and cirrhotic liver. Given that HCC recurrence
within 2 years after hepatic resection is primarily attributable
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to intrahepatic metastasis from resected HCC (15), we
focused on late recurrence that occurred more than 2 years
after resection to determine the impact of DEPDC1
expression on de novo recurrence of HCC from residual
liver. As demonstrated in Figure 5A, compared with normal
expression of DEPDC1, up-regulated expression of DEPDC1
was associated with a lower recurrence-free survival rate in
patients with HCC (HR=2.575, 95%CI=1.036-6.403,
p=0.042 for the Cox proportional hazards model; p=0.030
for Kaplan–Meier analysis). Overall recurrence-free survival
rates were not affected by DEPDC1 expression status in non-
tumor liver (Figure 5B). Furthermore, with the exception of
DEPDC1, other clinical factors had no influence on late
recurrence of HCC (Table IV).

Discussion

Our findings confirmed that DEPDC1 was up-regulated in
patients’ HCC tissue compared to their own non-tumor liver,
and patients whose HCC tissue had higher expression of
DEPDC1 had poorer prognosis after curative resection.
Furthermore, DEPDC1 expression was slightly elevated in
non-tumor liver tissue of HCC patients compared with
normal liver tissue. Overexpression of DEPDC1 in residual
liver may therefore lead to late recurrence of HCC, which
was previously thought to arise primarily de novo.

Recent studies have shown that DEPDC1 plays an
important role in the development of several malignancies. For
example, DEPDC1 has been shown to activate NF-kB and
E2F signaling pathways to accelerate cell cycle progression
(10, 16), and to promote the K-RAS and WNT/b-catenin
signalling pathways in gene set enrichment analysis of RNA
sequence data (12). These results show that DEPDC1
promotes cell-cycle progression and cell proliferation via
multiple pathways related to cancer, indicating that cancer
cells with a high expression of DEPDC1 may have high
malignancy, resulting in poor patient prognosis. In support of
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Figure 1. Representative immunohistochemistry images of tissue
samples from HCC patients stained using an anti-DEPDC1 antibody.
Case #1: HCC tumor moderately expressed DEPDC1 and non-tumor
liver was negative for DEPDC1 expression. Case #2: weak DEPDC1
expression observed in non-tumor liver and tumor. †More than 90% of
tumor tissue in case #2 was necrotic. Scale bar: 50 μm.

Table I. Patient characteristics.

                                                     High                     Low            p-Value
                                                  DEPDC1               DEPDC1

Number of patients                       21                          54                    
Age (y)                                     68 [65-73]           72 [63.3-75]       0.267 
Gender
   Male/ Female                             17/4                       46/8              0.922 
BMI                                               21.1                      22.4              0.100 
                                                [20.0-23.1]            [21.2-24.6]
Etiology
   HBV/HCV/NBNC                  26/9/20                    8/7/6              0.285 
Bilirubin (mg/dl)                 0.60 [0.50-0.90]   0.60 [0.50-0.78]    0.711 
Albumin (g/dl)                       3.8 [3.5-4.1]         4.0 [3.7-4.3]       0.579 
AFP (ng/ml)                        60.0 [6.4-467.3]     5.6 [3.0-16.8]      0.018 
Child–Pugh score
   5/6/7/8                                     14/6/0/1                43/8/3/0           0.136 
MELD score                               8 [7-8]                   7 [7-8]            0.041 
Extent of resection
   Major                                            5                           18               0.579 
   Non-anatomical                            9                           15               0.272 
Operative duration (min)       368 [278-555]      400 [331-489]      0.521 
Intraoperative blood                     360                      432.5             0.641
loss (ml)                                  [220-695]            [220-913.8] 

Number of tumors 
   1/2/≥3                                       14/6/1                    46/8/0             0.064 
Tumor size (cm)                    3.0 [2.2-5.0]         3.8 [2.5-6.0]       0.460 
Capsular invasion
   +/–                                            20/1/0                   34/14/4            0.027 
Septum formation
   +/–                                              14/6                      31/18             0.782 
Serosal invasion 
   +/–                                              8/13                      12/37             0.263 
Portal vein invasion
   +/–                                              15/6                      17/32             0.008 
Hepatic vein invasion
   +/–                                              1/20                       2/47              1.000 
TNM stage
   IA/IB/II/IIIA/IIIB/IVA        3/3/11/3/0/1         2/23/21/3/3/0       0.046 
Fibrosis stage
   0/1/2/3/4                                 3/6/3/3/6            13/5/6/16/11       0.931

BMI: Body mass index; AFP: alfa-fetoprotein; MELD: Model for End-
Stage Liver Disease; TNM: TNM Classification of Malignant Tumors;
HBV: hepatitis B; HCV: hepatitis C; NBNC: negative for HCV and
HBsAg.



this, increased expression of DEPDC1 was shown to be
related to poor prognosis of HCC patients in a study using
TCGA data (12). In the present study, we demonstrated a
relationship between high DEPDC1 expression and poor
prognosis in patients with HCC. Moreover, we identified
DEPDC1 as a prognostic marker of HCC independent of other
known clinical factors, using multivariate analysis. As
expected, DEPDC1 was shown to potentially promote HCC
progression, thus representing a promising therapeutic target.

As our preliminary immunohistochemistry data implied the
presence of DEPDC1 in non-tumor liver, we analyzed the

expression of DEPDC1 in non-tumor liver tissue samples. ICG-
R15 is widely used to measure liver function (17), and the
MELD score is used to assess the severity of chronic liver
disease (18). In the present study, high ICG-R15 levels and high
MELD score were associated with high expression of DEPDC1
in non-tumor liver, indicating that the expression levels of
DEPDC1 in non-tumor liver correlated with the degree of liver
damage. Therefore, liver damage may up-regulate DEPDC1
expression, even in non-malignant or pre-malignant lesions. 

It is widely accepted that carcinogenesis is a multistep
process accelerated by the accumulation of genetic alterations
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Table II. Cox proportional hazards model for death from all causes.

                                            Univariate                         Multivariate    

                                              p-Value             HR (95%CI)            p-Value

Age (y)
  ≥75 y                                    0.370                                                     
Gender
  Male                                     0.770                                                     
BMI
  ≥25                                       0.037         0.101 (0.012-0.808)       0.031 
Etiology
  HBV                                     0.810                                                     
  HCV                                     0.190                                                     
  NBNC                                  0.140                                                     
AFP
  ≥20 ng/ml                             0.002         3.122 (1.171-8.319)       0.023 
Child–Pugh score
  B                                           0.100                                                     
MELD score
  ≥10                                       0.990                                                     
Extent of resection
  Major                                    0.260                                                     
  Non-anatomical                   0.630                                                     
Operative duration
  ≥8 h                                      0.260                                                     
Intraoperative blood loss
  ≥1,000 l                                0.045         3.125 (1.206-8.095)       0.019 
Number of tumors 
  Multiple                                0.006         2.848 (0.699-11.596)     0.144 
Tumor size
  ≥ 5 cm                                  0.230                                                     
Portal vein invasion
  +/–                                        0.007         1.019 (0.153-6.768)       0.985 
TNM stage
  ≥II                                         0.025         2.101 (0.243-18.132)     0.500 
Fibrosis stage
  ≥3                                         0.504                                                     
DEPDC1
  High                                     0.032         3.007(1.092-8.282)        0.033 

BMI: Body mass index; AFP: alfa-fetoprotein; MELD: Model for End-
Stage Liver Disease; TNM: TNM Classification of Malignant Tumors;
HBV: hepatitis B; HCV: hepatitis C; NBNC: negative for HCV and
HBsAg.

Table III. Cox proportional hazards model for recurrence.

                                            Univariate                         Multivariate    

                                             p-Value             HR (95%CI)            p-Value

Age (y)
  ≥75 y                                    0.475                                                     
Gender
  Male                                     0.151                                                     
BMI
  ≥25                                       0.790                                                     
Etiology
  HBV                                     0.736                                                     
  HCV                                     0.045         3.917 (1.700-9.024)       0.001 
  NBNC                                  0.146                                                     
AFP
  ≥20 ng/ml                             0.001         3.034 (1.553-5.929)       0.001 
Child–Pugh score
  B                                           0.710                                                     
MELD score
  ≥10                                       0.682                                                     
Extent of resection
  Major                                    0.542                                                     
  Non-anatomical                   0.881                                                     
Operative duration
  ≥8 h                                      0.493                                                     
Intraoperative blood loss
  ≥1,000 l                                0.970                                                     
Number of tumors 
  Multiple                                0.000         3.358 (1.588-7.103)       0.002 
Tumor size
  ≥5 cm                                   0.020         5.165 (2.251-11.809)     0.000 
Portal vein invasion
  +/–                                        0.088                                                     
TNM stage
  ≥II                                         0.135                                                     
Fibrosis stage
  ≥3                                         0.069         2.710 (1.283-5.725)       0.009 
DEPDC1
  High                                     0.003         3.224 (1.588-6.543)       0.001 
  High in non-tumor liver      0.464                                                      

BMI: Body mass index; AFP: alfa-fetoprotein; MELD: Model for End-
Stage Liver Disease; TNM: TNM Classification of Malignant Tumors;
HBV: hepatitis B; HCV: hepatitis C; NBNC: negative for HCV and
HBsAg.



and activated signaling pathways to form malignant cells (19,
20) . Prior to the development of HCC, premalignant lesions
or regenerative nodules undergo changes such as promoter
mutation of telomerase reverse transcriptase for telomere
maintenance, the most common gene alteration in HCC (21).
HCC after curative resection frequently recurs by metastasis
from the primary site as well as from de novo tumorigenesis in
the remnant liver (15, 22). It is therefore likely that damaged
liver tissue at risk for carcinogenesis contains activated
signaling pathways to drive the development of HCC.
Therefore, therapeutic targets in the remnant liver should be

identified to enable the development of preventative therapy
after curative resection. To date, adjuvant usage of sorafenib,
a promising molecular-targeting therapy for HCC, has been
shown to be insufficient to prevent recurrence of HCC after
curative resection (23). Moreover, although patients with low
serum albumin, viral etiology, or high elevated hepatic venous
pressure have been shown to be at risk of de novo development
of HCC after surgery (24), few factors contributing to late
recurrence have been identified. Remarkably, we found that the
expression of DEPDC1 in non-tumor adjacent liver correlated
with late-phase recurrence of HCC. Taken together with the
correlation between DEPDC1 and liver disease, these results
are consistent with the clinical observation that patients with
cirrhosis have an increased risk of developing HCC (22). Thus,
DEPDC1 may represent a therapeutic target to prevent
recurrence of HCC after curative resection.

In addition, multivariate analysis for the prediction of
recurrence showed that high DEPDC1 expression in tumor
tissue was related to overall recurrence of HCC, whereas
high DEPDC1 in non-tumor tissue was related to late
recurrence. This result clearly indicates that early recurrence
was attributable to tumor factors while late recurrence was
attributable to host factors such as the remnant liver. These
results were consistent with clinical evidence.
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Table IV. Cox proportional hazards model for late recurrence.

                                            Univariate                         Multivariate    

                                              p-Value             HR (95%CI)            p-Value

Age (y)
  ≥75 y                                    0.955                                                     
Gender
  Male                                     0.548                                                     
BMI
  ≥25                                       0.537                                                     
Etiology
  HBV                                     0.756                                                     
  HCV                                     0.866                                                     
  NBNC                                  0.901                                                     
AFP
  ≥20 ng/ml                             0.263                                                     
Child–Pugh score
  B                                           0.936                                                     
MELD score
  ≥10                                       0.956                                                     
Extent of resection
  Major                                    0.720                                                     
  Non-anatomical                   0.758                                                     
Operative duration
  ≥8 h                                      0.421                                                     
Intraoperative blood loss
  ≥1,000 l                                0.736                                                     
Number of tumors 
  Multiple                                0.125                                                     
Tumor size
  ≥5 cm                                   0.296                                                     
Portal vein invasion
  +/–                                        0.095                                                     
TNM stage
  ≥II                                         0.292                                                     
Fibrosis stage
  ≥3                                         0.071         2.315 (0.931-5.757)       0.071 
DEPDC1
  High                                     0.428                                                     
  High in non-tumor liver      0.042         2.570 (1.038-6.364)       0.041 

BMI: Body mass index; AFP: alfa-fetoprotein; MELD: Model for End-
Stage Liver Disease; TNM: TNM Classification of Malignant Tumors;
HBV: hepatitis B; HCV: hepatitis C; NBNC: negative for HCV and
HBsAg.

Figure 2. Relative expression level of DEPDC1 in normal liver of non-
HCC patients and in non-tumor liver and tumor of HCC patients.
***p<0.001.



This study had several limitations. First, the study was
retrospective in design and enrolled patients were not
consecutive because tissue samples were unavailable for
some potential participants. Additionally, the small number
of enrolled patients may have contributed to selection bias.
However, the study cohort had similar characteristics to
those in our previous research, in which all patients were
enrolled consecutively, and to those in other previous clinical
studies conducted in the same geographical region (15, 25,
26). Furthermore, a cutoff value for DEPDC1 in non-tumor
liver was not established. In the present study, we used a
value calculated from the upper 95%CI of the expression
level in normal liver to determine the high expression level
in non-tumor liver. Further studies to evaluate and validate
this cutoff value for the detection of up-regulation of
DEPDC1 in non-tumor liver are, therefore, needed.

In conclusion, we demonstrated that DEPDC1 was up-
regulated in tumor and non-tumor liver tissue of patients

with HCC. Tumor DEPDC1 expression correlated with
tumor malignancy and poor OS, whereas expression in non-
tumor liver may be related to liver damage and de novo
recurrence. Our findings showed that DEPDC1 appears to be
involved in the regulation of carcinogenesis and progression
of HCC and thus represents a potential therapeutic and
preventive target of HCC. 
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Figure 3. Effects of DEPDC1 expression in tumor tissue on HCC
prognosis. (A) Overall survival curves, (B) disease-specific survival
curves, and (C) recurrence-free survival curves by DEPDC1 expression.
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