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Abstract. Regulated intramembrane proteolysis of epithelial 
cell adhesion molecule (EpCAM) results in shedding of the 
extracellular domain (EpEX) and release of the intra cellular 
domain (EpICD) into the cytoplasm. Released EpICD asso-
ciates with FHL2, β-catenin and Lef-1 to form a nuclear 
complex and triggers oncogenic signaling. This study was 
conducted to examine the nuclear expression of EpICD in 
hepatocellular carcinoma (HCC) and to assess the role of 
EpICD in HCC. EpICD immunoexpression was examined in 
100 cases of HCC using tissue microarrays and correlated with 
clinicopathological parameters. We also examined the role of 
EpICD in HCC using EpICD cDNA transfected HCC cell line 
and EpCAM silenced HCC cell line by small interfering RNA 
(siRNA). Nuclear expression of EpICD was observed in 19 of 
100 (19%) cases. Nuclear expression of EpICD significantly 
correlated with nuclear expression of β-catenin, and Ki-67 
labeling index. In addition, nuclear expression of EpICD 
was associated with higher histologic grade and advanced 
T category. Forced overexpression of EpICD in the HCC cell 
significantly increased the cell proliferation, migration and 
invasion. The overexpression of EpICD also increased the 
expression levels of the active form of β-catenin and c-myc 
and cyclin D1. In contrast, downregulation of EpCAM by 
siRNA decreased the cell proliferation, migration, invasion 
and the expression of active form of β-catenin, c-myc and 
cyclin D1. Our present data suggest that EpICD plays impor-
tant roles in HCC progression by modulating expression of 
target genes of EpCAM.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer and the second leading cause of cancer-related death 
worldwide (1). Even though the clinical diagnosis and manage-
ment of HCC have improved significantly during the last few 
decades, HCC is still associated with a poor prognosis (2). 
Therefore, considering the current limited therapy options for 
HCC, finding a new therapeutic target molecule has become 
very important.

Epithelial cell adhesion molecule (EpCAM) is a trans-
membrane glycoprotein that functions as a hemophilic, 
epithelial-specific intercellular cell-adhesion molecule (3). 
EpCAM consists of an extracellular domain (EpEX), a single 
transmembrane domain, and a short 26-amino acid intracel-
lular domain (EpICD) (4). EpCAM is expressed in several 
human epithelial tissues and cancers, including HCC and 
progenitor and stem cells (4,5). The presence of a high amount 
of membranous EpCAM in various cancers has rendered 
EpCAM an ideal target for immunotherapy (4,6). However, 
despite the broad distribution of EpCAM in human malignan-
cies, results from recent clinical trials of EpCAM-specific 
monoclonal antibodies have shown limited efficacy (7,8).

Maetzel et al reported that regulated intramembrane 
proteolysis (RIP)-mediated loss of EpCAM from the tumor 
cell surface might be one of the reasons for the limited effi-
cacy of EpCAM-based cancer therapies (9). The cleavage of 
the EpCAM ectodomain, EpEx, by protease tumor necrosis 
factor α converting enzyme (TACE) and presenilin-2 (PS-2) 
and its shedding have been shown to release its intracellular 
domain (EpICD), which then translocates to the nucleus and 
results in the activation of oncogenic signaling (9). The asso-
ciation of EpICD with the FHL2 and Wnt pathway components 
β-catenin and Lef-1 forms a nuclear complex that binds DNA 
at Lef-1 consensus sites and induces gene transcription, leading 
to increased cell proliferation (9).

EpICD is frequently detected in various cancers, including 
breast, prostate, colon, bladder, thyroid, and ovarian (10,11). A 
recent study revealed that the nuclear expression of EpICD is 
correlated with cell growth and proliferation via RIP-mediated 
cell signaling in extrahepatic cholangiocarcinoma (12). Nuclear 
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expression of EpICD is also associated with a poor prognosis 
in thyroid and breast cancers (10,13). However, RIP-mediated 
cell signaling of EpCAM in HCC has not yet been studied.

Given the above background, we conducted this study to 
evaluate the nuclear EpICD expression in HCC and clarify the 
role of EpICD in the progression and prognosis of HCC.

Materials and methods

Patients and tissue samples. Formalin-fixed, paraffin-
embedded HCC blocks were retrieved from the archive 
maintained at the Department of Pathology at Chonbuk 
National university Hospital and also at Konyang university 
Hospital from 2002-2009. A total of 100 patients who 
underwent surgical resection were eligible, according to the 
following criteria: availability of hematoxylin and eosin-
stained glass slides and paraffin blocks for construction of a 
tissue microarray, no preoperative treatment, such as transar-
terial chemo embolization or radiation.

The clinical and pathological characteristics of the patients 
regarding age, gender, tumor size, histologic differentiation 
according to the Edmonson-Steiner grade, multiplicity, under-
lying etiology, presence of vascular invasion, and recurrence 
were obtained by a review of medical records. Patients were 
36-75 years of age (mean age: 56) and consisted of 80 males 
and 20 females. Sixty-five cases were associated with hepa-
titis B, 4 were hepatitis C-related, 14 were alcohol related, and 
18 had an unknown etiology. Overall survival was calculated 
from the date of surgery to the date of death or last follow-up 
visit. The follow-up period ranged from one to 134 months 
(median, 68 months). This study was approved by the 
Institutional Review Board of Konyang university Hospital 
(KYuH 2015-05-011).

Tissue microarray and immunohistochemical analysis. Tissue 
microarrays were constructed for immunohistochemical 
staining. At least two tissue cores (3.0 mm in diameter) were 
obtained from the most representative area in all individual 
cases. Additionally, normal liver tissues from each matched 
HCC were included as the negative controls.

Immunohistochemistry was performed on 4-µm sections 
of tissue microarray blocks that included 100 surgically 
removed samples. Tissue sections were deparaffinized and 
rehydrated following standard procedure. Heat-induced 
antigen retrieval was carried out, and the sections were incu-
bated for 30 min along with primary antibodies. Antibodies 
were used for EpCAM (Clone Vu-1D9, Calbiochem, La Jolla, 
CA, uSA) for the extracellular domain of EpCAM (EpEX), 
EpICD (Clone E144, Abcam, Cambridge, uK) and β-catenin 
(Clone 14, Ventana Medical Systems, Tucson, AZ, uSA). 
Ki-67 (Clone 30-9, Ventana Medical Systems) was performed 
on whole tissue sections. All immunohistochemical staining 
was carried out using a BenchMark XT autostainer (Ventana 
Medical Systems).

Immunohistochemical scoring was performed by two 
pathologists who were blinded to the clinical outcome. For all 
antibodies studied except Ki-67, the results of the immuno-
staining were scored based on the size of the positive area and 
the intensity. The proportion score was defined as follows: 
0, <10% cells; 1, 10-30% cells; 2, 31-60% cells; 3, >60% 

cells. The intensity score was interpreted as follows: 0, none; 
1, mild; 2, moderate; 3, strong. A total score (range: 0-6) was 
obtained by adding the scores of proportion and intensity. 
EpICD, EpEX, and β-catenin positive staining was defined as 
a staining score ≥2. Ki-67 positivity was defined as an expres-
sion in ≥10% of tumor cells. The cut-off score for determining 
positive expression was determined by receiver-operating 
characteristic curve analysis.

HCC cell lines. Human HCC cell lines HLE, HLF, and Huh-7 
were purchased from the Health Science Research Resources 
Bank (Osaka, Japan). The HepG2 cell line was obtained 
from the American Type Culture Collection (Manassas, VA, 
uSA). In addition, sarcomatoid HCC cell line (SH-J1) was 
also used (14). All HCC cell lines were cultured in Dulbecco's 
modified Eagle medium supplemented with 10% fetal bovine 
serum (FBS), 100 U/ml penicillin, and 100 µg/ml streptomycin 
in a 5% CO2 humidified incubator.

Nuclear fractionation. To generate nuclear and cytoplasmic 
lysates, the Subcellular Protein Fractionation kit (Thermo 
Scientific, Rockford, IL, USA) was used. Stepwise lysis of 
cells generated both functional cytoplasmic and nuclear 
protein extracts. The protocol was performed according to the 
manufacturer's instructions.

Plasmid cDNA and small interfering RNA transfection. For 
EpICD plasmid cDNA transfection, EpICD cDNA (NCBI 
accession number: NM_002354.2; EpCAM cytoplasmic 
domain) was synthesized by CosmoGeneteck Co., Ltd. 
(Seoul, Korea) and inserted into the XhoI and BamHI sites 
of the pEGFP-NI vector (Clontech, Palo Alto, CA, uSA). 
Transfection of EpICD plasmid DNA was performed using 
Lipofectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, CA, uSA) following the manufacturer's protocol. At 
48 h after transfection, the cells were collected and used for 
further experiments.

Small interfering RNA (siRNA) sequences were employed 
to silence EpCAM expression. EpCAM siRNA and nega-
tive controls were purchased from Bioneer Corp. (Daejeon, 
Korea). Sequences for EpCAM-specific siRNA and negative 
control siRNA were as follows: EpCAM: sense 5'-GuGAG
AACCuACuGGAuCA(dTdT)-3', antisense 5'-uGAuCCA
GuAGGuuCuCAC(dTdT)-3', and negative control: sense 
5'-CCuACGCCACCAAuuuCGu (dTdT)-3', antisense 
5'-ACGAAAuuGGuGGCGuA GG(dTdT)-3'. Transfection 
of siRNA was performed with Lipofectamine RNAiMAX 
transfection reagent (Invitrogen) following the manufacturer's 
instructions.

Western blot analysis. Western blot was carried out in order to 
determine the effect of forced expression of EpICD and silencing 
EpCAM on the protein expression related to proliferation of the 
HCC cell lines. Cell lysates were resolved using a 10% polyacryl-
amide gel in a sodium dodecyl sulfate buffer and electrophoresis. 
After transfer onto a polyvinylidene difluoride membrane, the 
blots were incubated with anti-EpCAM (Calbiochem), EpICD 
(Abcam), active β-catenin (Merck Millipore, Billerica, MA, 
uSA), c-myc (Abcam), cyclin D1 (Santa Cruz Biotechnology, 
Santa Cruz, CA, uSA), β-catenin (BD Biosciences), and 
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E-cadherin (BD Biosciences). The blots were developed using 
secondary antibody, and immune complexes were visualized 
using an enhanced chemiluminescence detection system 
(Amersham Biosciences, Buckinghamshire, uK). They were 
then analyzed with a LAS-3000 luminescent image analyzer 
(FujiFilm, Tokyo, Japan).

Cell proliferation assay. To evaluate the effect of EpICD gene 
transfection and silencing of EpCAM on the proliferation of 

HCC cell lines, an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) assay was conducted. Briefly, the 
cells of each group were seeded into 96-well plates at 3000 cells 
per well. After 24 and 48 h of incubation, the MTT substrate 
(Sigma, St. Louis, MO, uSA) was added to each well, and the 
cells were incubated at 37˚C for 4 h. Following elimination 
of the culture medium, the cells were dissolved in 0.2 ml of 
dimethyl sulfoxide. The optical density was measured using 
a microplate reader (Bio-Rad, Hercules, CA, uSA) at a wave-
length of 560 nm. Each experiment was repeated three times.

In vitro migration and invasion assays. The cell migration 
assay was performed using a 24-Transwell migration chamber 
(Corning Life Sciences, Acton, MA, uSA), and the cell inva-
sion assay was performed in a 24-Transwell BioCoat Matrigel 
invasion chamber (BD Biosciences) according to the manu-
facturer's instructions. For migration assay, 2x105 HepG2 and 
HLE cells were seeded in serum-free medium in the upper 
chamber. For migration assay, 2x103 HepG2 and HLE cells 
were seeded. The cells, which either migrated to or invaded 
the lower surface of the membrane, were fixed with methanol 
and stained with a dye for 10 min. Their numbers were counted 
from 10 random microscopic fields at x100 magnification.

Statistical analysis. Statistical analysis was performed using 
the Statistical Package for the Social Sciences (SPSS) and 
assessed using the Chi-square test and Student's t-test. Overall 
survival was calculated using the Kaplan-Meier method. 
Statistical significance was assumed at p<0.05.

Results

EpEx, EpICD, and β-catenin expression in HCC and clini-
copathologic correlations. EpEx expression was detected in 

Figure 1. Immunohistochemical expression of EpEx, EpICD and β-catenin in hepatocellular carcinoma. (A) EpEx is predominantly expressed on membrane 
(x200). (B and C) EpICD is observed as membranous, cytoplasmic and nuclear immunostaining (x400). (D) β-catenin expressed on membrane, cytoplasm and 
nucleus (x400).

Figure 2. Western blot analysis of EpCAM and nuclear EpICD in whole cell 
lysate (WCL) and nuclear fraction from hepatocellular carcinoma cell lines. 
Actin and proliferating cell nuclear antigen (PCNA) were used as markers 
of the cytoplasmic and nuclear fractions, respectively. The expression level 
of EpCAM was higher in HepG2 and Huh-7 cell lines than in other cell 
lines. Nuclear translocation of EpICD was detected in the nuclear fraction of 
HepG2, SH-J1 and Huh-7 cell lines.
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37 out of 100 HCC cases (37%), showing predominantly 
membrane staining. EpICD immunoreactivity was observed 
as nuclear, cytoplasmic, and membranous immunostaining. 
Nuclear EpICD expression was seen in 19 of 100 (19%) cases; 
cytoplasmic and membranous expression were observed in 
49% (49/100) and 17% (17/100) of cases, respectively. No 
nuclear EpICD expression was present in non-neoplastic hepa-
tocytes. Nuclear expression of β-catenin was noted in 10% 
(10/100) of HCC cases (Fig. 1).

The correlations between nuclear translocation of EpICD 
and clinicopathological variables are summarized in Table I. 
The nuclear translocation of EpICD was significantly higher 
in grades 3-4 (Edmondson-Steiner's grade) as compared 
with grades 1-2 (p=0.030). There was a significant correla-
tion between the nuclear translocation of EpICD and a high 
T category (T1-2 vs. T3-4, p=0.044). The nuclear translocation 
of EpICD was significantly correlated with the expression of 
nuclear β-catenin (p=0.02), and Ki-67 (p=0.027). Moreover, 
it was also correlated with a loss of E-cadherin expression 

(p<0.001). No significant correlation was found between the 
nuclear translocation of EpICD and other clinicopathological 
variables, including tumor size (p=0.161), tumor recurrence 
(p=0.249), vascular invasion (p=0.395), and EpCAM expres-
sion (p=0.309).

In addition, we also analyzed the correlation between 
EpCAM and clinicopathologic variables. However, none of 
the clinicopathologic variables had a statistically significant 
correlation with the EpCAM expression. The overall survival 
analysis showed no significant difference in survival based on 
the nuclear expression of EpICD (p=0.586).

EpCAM expression in HCC cell lines. The expression level of 
the EpCAM protein was higher in the HepG2 and Huh-7 cell 
lines than in other cell lines. To demonstrate the presence of 
EpICD in the nuclei, we performed a western blot analysis of 
the nuclear fraction of HCC cell lines. Nuclear translocation 
of EpICD was detected in the nuclear fraction of the HepG2, 
SH-J1, and Huh-7 cell lines (Fig. 2).

Table I. Correlation between nuclear expression of EpICD or EpCAM and clinicopathological factors.

 EpICD nuclear expression EpCAM
 ---------------------------------------------------------------------- ----------------------------------------------------------------------
Factors Total Negative Positive p-value Negative Positive p-value

Differentiation
  G1-2 52 48 (92.3) 4 (7.7) 0.03 30 (57.7) 22 (42.3) 0.174
  G3-4 48 33 (68.8) 15 (31.2)  33 (68.8) 15 (31.3)
Tumor size
  <5 cm 65 55 (84.6) 10 (14.4) 0.161 41 (63.1) 24 (36.9) 0.575
  ≥5 cm 35 26 (74.3) 9 (25.7)  22 (62.9) 13 (37.1)
T classification
  T1,2 76 65 (85.5) 11 (14.5) 0.044 61 (80.3) 15 (19.7) 0.136
  T3,4 24 16 (66.7) 8 (33.3)  16 (66.7)   8 (33.3)
Recurrence
  Negative 67 56 (83.6) 11 (16.4) 0.249 42 (62.7) 25 (37.3) 0.553
  Positive 33 25 (75.8) 8 (24.2)  21 (63.6) 12 (36.4)
Vascular invasion
  Negative 37 31 (83.8) 6 (16.2) 0.395 25 (67.6) 12 (32.4) 0.306
  Positive 63 50 (79.4) 13 (20.6)  38 (60.3) 25 (39.7)
β-catenin nuclear expression
  Negative 90 76 (84.4) 14 (15.6) 0.02 55 (61.1) 35 (38.9) 0.207
  Positive 10 5 (50) 5 (50)    8 (80.0)   2 (20.0)
Ki-67
  Negative 54 48 (88.9) 6 (11.1) 0.027 34 (63.0) 20 (37.0) 0.580
  Positive 46 33 (71.7) 13 (28.3)  29 (63.0) 17 (37.0)
E-cadherin
  Loss 22 11 (50) 11 (50) <0.001 16 (72.7)   6 (27.3) 0.208
  Preserved 78 70 (89.7) 8 (10.3)  47 (60.3) 31 (39.7)
EpCAM
  Negative 77 61 (79.2) 16 (20.8) 0.309
  Positive 23 20 (87.0) 3 (13.0)
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Influence of EpICD silencing and overexpression on expres-
sion of nuclear β-catenin, c-myc and cyclin D1. EpCAM 
siRNA was used to silence EpCAM, and the results showed 
that EpCAM siRNA lead to a marked decrease in EPCAM 
expression. Western blot analysis revealed that the down-
regulation of EpCAM decreased the expression of the active 
form β-catenin in HepG2 cells. Downregulation of EpCAM 
also induced a diminished expression level of EpCAM target 
genes, such as c-myc and cyclin D1. In contrast, E-cadherin 
was significantly increased in the EpCAM siRNA group 
compared to the controls (Fig. 3A).

To investigate the mechanism by which the overexpres-
sion of EpICD induces cell proliferation, the expression of 
nuclear β-catenin and EpCAM target genes was analyzed 

using western blot. The result revealed that the overexpres-
sion of EpICD increases the expression of the active form of 
β-catenin in HLE cells. In addition, c-myc and cyclin D1 were 
also highly expressed in the EpICD-transfected HLE cells, 
while the expression of E-cadherin was decreased (Fig. 3B).

Effect of EpICD silencing and overexpression on cell prolif-
eration, migration, and invasion. To investigate the effect of 
silencing EpCAM on the proliferation of the HepG2 cell line, 
MTT assay was performed. After 24 and 48 h, the absorbance  
of the silencing EpCAM group was significantly lower than 
those of the controls (p<0.05, p<0.01, Fig. 4A). Silencing 
EpCAM gene expression inhibited the migration and invasion 
capacity of both the HepG2 and HLE cell lines. These results 

Figure 3. Downregulated EpCAM and overexpressed EpICD regulates the expression of active β-catenin, EpCAM target genes. Downregulation of EpCAM 
decreases the expression of the active form β-catenin, c-myc and cyclin D1. E-cadherin was significantly increased in the HepG2 cells (A). Overexpression 
of EpICD increases the expression of the active form β-catenin, c-myc and cyclin D1 in HLE cells, while the expression of E-cadherin was decreased (B).

Figure 4. In vitro proliferation assay. Downregulation of EpCAM by siRNA decreased the cell proliferation when compared to that of the control (A). 
Proliferation of HLE cells that transfected with EpICD cDNA was significantly higher than that of the controls (B) (*p<0.05, **p<0.01).
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indicated that the downregulation of EpCAM expression 
inhibited the proliferation, migration, and invasion of tumor 
cells (Fig. 5).

EpICD overexpression in HLE cells by EpICD cDNA 
resulted in significantly increased cell proliferation when 
compared to that of the control (p<0.01, p<0.01, Fig. 4B). 
Overexpression of EpICD in HLE cells leads to a significant 
increase in cell migration and invasion when compared to 
control cells (p<0.001, p<0.05, Fig. 5).

Discussion

We determined the role of EpICD and the clinical significance 
of nuclear expression of EpICD in HCC. The main findings of 
this study were: i) nuclear expression of EpICD and β-catenin 
was detected in 19% and 10% of HCC patients, respectively; 
ii) nuclear expression of EpICD was significantly correlated 
with the nuclear expression of β-catenin, high tumor grade, 
high T category, and high Ki-67 index; iii) forced overexpres-
sion of EpICD in HCC cells increased the expression levels 
of the active form of β-catenin, c-myc and cyclin D1, whereas 
silencing EpCAM decreased the expression of the active form 
of β-catenin, c-myc, and cyclin D1; iv) EpICD overexpression 
increased cell proliferation, migration, and invasion. Silencing 
EpCAM gene expression inhibited proliferation, migration, 
and invasion in HCC cells.

EpCAM is a transmembrane glycoprotein that plays an 
important role in cell adhesion, proliferation, differentiation, 
migration, cell cycle regulation, and stem cell signaling (15). 
In HCC, EpCAM is known as a stemness marker, which is 
associated with aggressive behavior, chemoresistance, and 
poor prognosis (16). Although several studies have inves-
tigated the expression of the full length of EpCAM, the 
expression of EpICD and its role in tumorigenesis have not 
been studied in HCC.

EpCAM predominantly contributes to proliferation, 
invasion, and metastasis by regulating β-catenin signaling 
and E-cadherin mediated-adhesion (9,17). Maetzel et al (9) 
revealed that signaling by EpCAM requires regulated intra-
membrane proteolysis to release its intracellular domain 
EpICD. The sequential proteolysis of EpCAM by TACE and 
PS-2 produces EpEX and EpICD. The released EpICD forms 
a nuclear complex with β-catenin, Lef-1, and FHL2, and this 
transcription complex binds the DNA to activate the target 
genes (9). Expression of EpCAM is associated with upregu-
lation of target genes, including c-myc and cyclins, which 
enhance proliferation (18,19). We observed that overexpression 
of EpICD in HCC cells increased the expression of the active 
form of β-catenin, c-myc, and cyclin D1 and significantly 
increased the rate of cell proliferation. We found that nuclear 
EpICD expression was significantly correlated with a high 
Ki-67 proliferation index. These findings suggest that EpICD 
may be acting as an oncogenic signal transducer in HCC by 
activating β-catenin to promote proliferation.

EpCAM can inhibit E-cadherin-mediated cell-to-cell adhe-
sion by disrupting the link between α-catenin and F-actin (17). 
It is known that the cytoplasmic domain of EpCAM is 
required for its negative effect on cadherins (20). In addition, 
dissociation of cadherin adhesion leads to the accumulation 
of intracellular β-catenin and enhances cell proliferation (21). 
The results of this study are in agreement with these find-
ings. Overexpression of EpICD decreased the expression of 
E-cadherin, whereas downregulation of EpCAM increased the 
expression of E-cadherin in HCC cells. The loss of E-cadherin 
function is a crucial step in epithelial-mesenchymal transition 
(EMT) (22). EMT is a biologic process in which polarized 
epithelial cells acquire the motile and invasive characteristics 
of mesenchymal cells, resulting in invasion and metastasis (22). 
EpICD regulates reprogramming and EMT genes, including 
c-Myc, Oct4, SOX2 and Nanog (21). Downregulation of EpICD 

Figure 5. Migration and invasion assay. The migration and invasive potential were significantly reduced in EpCAM downregulated cell lines compared to 
control cells. Migration and invasion capacities increased with EpICD overexpression (*p<0.05, **p<0.01, #p<0.001).
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suppresses the expression of EMT-related transcription factors 
Snail, Slug, Twist, and TCF4, thus reducing tumor invasive-
ness (21,23). These transcriptional factors are well-known 
repressors of E-cadherin expression (24,25). Jachin et al (12) 
demonstrated that the nuclear expression of EpICD, which 
paralleled the nuclear expression of β-catenin, was increased 
in tumor buds in invasive front extrahepatic cholangiocar-
cinoma. Forced overexpression of EpICD enhanced the cell 
motility and invasiveness of cholangiocarcinoma cells (12). 
These findings were consistent with the results of our study 
in that forced EpICD overexpression increased migration 
and invasion, while silencing EpCAM expression suppressed 
migration and invasion in HCC cells.

Recently, there is increasing interest in the role of 
EpICD in cancer progression, aggressive behavior, and 
poor prognosis. Nuclear EpICD staining was observed in 
undifferentiated and poorly differentiated thyroid cancer, 
but not in well-differentiated thyroid cancer (10). It has also 
been demonstrated that the expression of nuclear EpICD 
is associated with a high tumor grade in colon cancer and 
extrahepatic cholangiocarcinoma (12,21). Our results showed 
that the nuclear expression of EpICD was correlated with 
a high tumor grade and a high T category in HCC. This 
finding suggests that EpICD might be associated with HCC 
progression. There were no significant relationships between 
survival and nuclear EpICD expression in our study. However, 
nuclear EpICD expression has been correlated with a poor 
prognosis in thyroid and breast cancers and is significantly 
associated with tumor recurrence in breast cancer (10,13). 
Further studies with a larger number of cases will be needed 
to confirm the prognostic significance of nuclear EpICD 
expression in HCC.

EpCAM is a well-known therapeutic target antibody 
against epithelial tumors. The European Medicines Agency 
approved the use of catumaxomab (Removab®), a trifunctional 
bispecific antibody targeting EpCAM, for the intraperitoneal 
treatment of malignant ascites (26). Clinical trials of EpCAM 
have already been performed in head and neck squamous cell 
carcinoma and bladder cancer patients (27,28). A recent study 
attempted to verify the usefulness of EpCAM inhibitors for 
the treatment of HCC (29). Based on our results, EpCAM 
signaling pathway-associated RIP and EpICD can be consid-
ered a therapeutic target in HCC. Extensive further studies and 
verification will be necessary in order to confirm the potential 
of the EpICD inhibitor for use in the treatment of patients with 
HCC.

In conclusion, this study demonstrated an association 
between the nuclear expression of EpICD and β-catenin in 
HCC. The overexpression of EpICD in HCC cells induced a 
concomitant nuclear expression of the β-catenin and EpCAM 
target genes. The overexpression of EpICD significantly 
enhanced cell proliferation, migration, and invasion, while 
silenced EpCAM suppressed the proliferation, migration, and 
invasion in HCC cells in vitro. These findings support that 
the RIP-mediated EpCAM signaling pathway is involved in 
HCC, and EpICD plays important roles in HCC progression 
by modulating the expression of target genes of EpCAM. 
Therefore, the RIP-mediated EpCAM signaling pathway, 
including EpICD, may be a possible candidate for molecular 
targeting in future treatments of HCC.
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