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Abstract. The incidence of intrahepatic cholangiocarci-
noma (ICC) is progressively increasing worldwide, and its 
prognosis remains poor. Accumulating evidence has demon-
strated that tumor necrosis factor receptor-associated factor 4 
(TRAF4), an adaptor protein, is involved in the carcinogen-
esis and progression of several tumor types. However, the 
function of TRAF4 in predicting prognosis, and mediating 

migration and invasion of ICC remains to be elucidated. In 
the present study, immunohistochemistry, western blotting 
and reverse transcription-quantitative polymerase chain 
reaction assays were used to determine that the expression of 
TRAF4 at the mRNA and protein levels in ICC tissues was 
significantly higher compared with that in non‑tumor tissues. 
The overexpression of TRAF4 was positively correlated with 
poor differentiation, regional lymphatic metastasis, and high 
tumor-node-metastasis staging. Inhibiting the expression of 
TRAF4 using small interfering RNA decreased the migra-
tion and invasion of ICC cells in vitro. In addition, the AKT 
inhibitor perifosine eliminated the effect of TRAF4 on the 
invasion and migration of ICC cells in vitro. Clinically, the 
overexpression of TRAF4 was correlated with shorter overall 
survival rate and elevated recurrence rate in patients with 
ICC. Furthermore, patients with ICC with a high expression 
of TRAF4 and lymphatic metastasis were closely associated 
with a poorer prognosis compared with the other groups. 
Multivariate analysis indicated that the overexpression of 
TRAF4 was an independent prognostic indicator for patients 
with ICC. It was identified that a high level of TRAF4 facili-
tated the invasiveness of ICC cells via the activation of AKT 
signaling. The overexpression of TRAF4 may be a prognostic 
biomarker and candidate therapeutic target for patients with 
ICC.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary malignant liver tumor following hepatocel-
lular carcinoma (HCC) and accounts for ~10% of all liver 
neoplasms (1,2). The incidence and mortality rates of patients 
with ICC have gradually increased in the last several decades 
worldwide (2-4). Curative resection is the most effective 
treatment approach for patients with ICC, although the resec-
tion rate remains low due to local invasion and distant organ 
metastasis. Previous studies have indicated that ICC exhibits 
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aggressive malignancy and has a higher malignancy than 
HCC (5,6). The prognosis of patients with ICC remains poor, 
with a 30% 5-year overall survival (OS) rate, according to 
previous studies (1,7,8). Therefore, more effective prognostic 
factors are required to improve the overall prognosis and to 
guide treatment approaches for patients with ICC.

The tumor necrosis factor receptor (TNFR)-associated 
factor (TRAF) family is comprised of TRAF1, 2, 3, 4, 5, 6 
and 7, and is part of the signal adaptor proteins in the cyto-
plasm (9). The TRAF proteins share a common structural 
organization in the C-terminal region, with the exception of 
TRAF7, in which this domain is replaced by seven WD40 
repeats. In addition, TRAF proteins, with the exception of 
TRAF1, contain a RING domain in the N-terminal region 
that is involved in the ubiquitination pathway of protein degra-
dation (10,11). TRAFs can activate the p38, Janus kinase and 
nuclear factor (NF)-κB signaling pathways by joining between 
the receptors of TNFR interleukin-1/Toll-like receptor 
family and signal cascades, and serve as regulators of these 
signaling pathways (9). Several studies have demonstrated that 
TRAFs are involved in a broad range of biological processes, 
including the metabolism of osteoblasts and osteoclasts, 
stress responses, embryonic development, and regulation of 
the normal immune system (12,13). However, TRAF4, unlike 
other TRAF members, has not been found to be involved in 
immune progression and development, as no marked immuno-
logical defects or lymphocyte changes have been observed in 
TRAF4‑deficient mice (14). Previous studies have revealed the 
importance of TRAF4 in embryogenesis and central nervous 
system myelin homeostasis (15,16). During embryogenesis, the 
lack of expression of TRAF4 in TRAF4‑deficient mice was 
shown to lead to embryonic developmental or life-threatening 
defects, including abnormal neural tube closure, axial skeleton 
malformations and tracheal abnormalities (17). The overex-
pression of TRAF4 has been verified in numerous types of 
cancer, including breast cancer, hepatocellular carcinoma, 
lung cancer and colon cancer (18-21). Several studies have 
reported that TRAT4 is crucial in a number of signaling path-
ways involved in tumorigenesis and progression, including 
phosphatidylinositol-3-kinase (PI3K)/AKT, transforming 
growth factor-β (TGF-β), NF-κB and Wnt-β-catenin (21-24). 
However, the role of TRAF4 in the progression of ICC remains 
to be elucidated. Therefore, examining whether TRAF4 is 
overexpressed in ICC, and whether it is correlated with the 
prognosis of ICC, were the objectives of the present study.

In the present study, the expression of TRAF4 was detected 
in ICC tissues with immunohistochemistry, and the associations 
between the expression of TRAF4 and the clinicopathological 
features of patients with ICC were determined. The effects 
of TRAF4 on the migration and invasion of the human RBE 
and HCCC9810 ICC cell lines were examined. Subsequently, 
whether the overexpression of TRAF4 was correlated with 
the Akt pathway was examined in vitro. Finally, the clinical 
prognostic implications of TRAF4 in patients with ICC were 
investigated.

Materials and methods

Patients and follow-up. A total of 98 paraffin-embedded 
ICC tumor and 22 non-tumor tissues were obtained from the 

Second Affiliated Hospital of Kunming Medical University 
(Kunming, China; 85 with ICC and 22 with non-tumor tissues) 
and Shanghai Outdo Biotech Co., Ltd. (Shanghai, China; 13 with 
ICC), between January 2005 and December 2010 for immuno-
histochemical staining. The detailed clinicopathological 
features of the 98 patients with ICC recruited in the present 
study are listed in Table I. A total of 16 paired fresh tumor 
tissues and corresponding non-tumor tissues were collected for 
western blot and reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) analyses. Patients had not received 
preoperative antitumor treatment, including chemotherapy, 
radiotherapy, interventional therapy or anticancer drugs. The 
Child-Pugh scoring system was used to evaluate liver func-
tion (25). ICC histopathological diagnosis was conducted 
according to the World Health Organization criteria (26). 
Tumor differentiation was based on the Edmondson grading 
system (26). Tumor-node-metastasis (TNM) staging was 
based on the sixth edition of the TNM classification of the 
International Union Against Cancer (27). The present study 
was approved by the Medical Ethics Committee of the Second 
Affiliated Hospital of Kunming Medical University, and each 
patient signed an informed consent form. The exclusion criteria 
for patients with ICC were as follows: Presence of distant 
organ metastasis, possessing surgical contraindications, lymph 
node invasion exceeding hilar or hepatoduodenal ligament or 
the caval lymph nodes. The inclusion criteria for the patients 
with ICC were as follows: Age range 18‑90 years old, first 
diagnosis of ICC, without other malignant tumors, confirmed 
R0 resection following surgery, uninterrupted clinical record, 
and whole pathological and histological data. The follow-up 
processes for the patients with ICC following surgery were as 
follows: Physical examination, epigastric ultrasonography and 
biochemical tests (used to monitor recurrence, when recur-
rence was suspected). Computed tomography or magnetic 
resonance imaging techniques were used to determine the 
presence of recurrence. The postoperative follow-up time was 
defined as follows: Every 2‑6 weeks during the first 2 years, 
every 3-4 months between 2 and 5 years, and every 6 months 
thereafter. Patients with recurrence may be treated with 
minimally invasive therapy (radiofrequency ablation, arterial 
chemoembolization and percutaneous ethanol injection) or 
repeated hepatectomy based on the stage of tumor recurrence 
(size, number, site, lymph nodes and distant metastasis). The 
method of calculating the overall survival (OS) rate and the 
recurrence time was as described in an earlier study (28). 
The follow-up deadline was January 2017, and the median 
follow-up time of the 98 patients with ICC involved was 
29.5 months (range, 4-120 months).

Tissue microarrays and immunohistochemistry. Tissue 
microarrays were constructed and immunohistochemistry was 
performed, as described in an earlier study (28,29). A rabbit 
anti-human TRAF4 polyclonal antibody (cat. no. ab190986; 
1:100; Abcam, Cambridge, UK) was used to detect the 
expression of TRAF4. The immunohistochemical staining 
of each section was assessed by two independent patholo-
gists in a double-blinded manner. Images were analyzed 
using Image-Pro Plus 6.0 software (Media Cybernetics, Inc., 
Rockville, MD, USA). The standards for staining intensity 
were as follows: 0, staining absent; 1, weak brown; 2, moderate 
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brown; 3, strong brown staining. The score for the mean area of 
staining was based on the percentage of positive staining cells 
that were judged as being moderately and strongly stained in 
tumor cells; (0, <5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; 4, >75%). 
The total scores were calculated by combining the staining 
intensity and the mean area. Patients with total scores of <4 
were allocated to the low expression group (TRAF4low), and 
those with scores of ≥4 were placed in the high expression 
(TRAF4high) group.

Cell lines and transfection. The RBE and HCCC9810 ICC cell 
lines were purchased from the Cell Bank of Chinese Academy 
of Sciences Shanghai Branch (Shanghai, China), and validated 
by short tandem repeat determination prior to the commence-
ment of the study. The cells were cultured in RPMI-1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 10% heat-inactivated fetal bovine 
serum (FBS; Gibco; Fisher Scientific, Inc.) and incubated in 
a humidified atmosphere with 5% CO2 at 37˚C. The AKT 
inhibitor perifosine (Beyotime Institute of Biotechnology, 
Shanghai, China) was used at a concentration of 45 µM for 
48 h to inhibit the activation of AKT in ICC cells. Small inter-
fering (si)RNA transfection of the RBE and HCCC9810 cells 
was performed using Lipofectamine® 3000 transfection 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocols. The TRAF4 siRNA and 
control siRNA negative control (si-nc) were constructed by 
Shanghai Genomeditech Co, Ltd. (Shanghai, China). The 
siRNA sequences were as follows: siRNA-nc forward, 5'-UUC 
UCCGAACGUGUCACGUTT-3' and reverse, 5'-ACGUGACA 
CCGGAGAATT-3'; siRNA-TRAF4-1 forward, 5'-GCCCUAU 
CUUACAAUGGAUTT-3' and reverse, 5'-AUCCAUUGUAAG 
AUAGGGCTT-3'; and siRNA-TRAF4-2 forward, 5'-GUCUCU 
GGGUAUUGAAACUTT-3' and reverse, 5'-AGUUUCAAUA 
CCCAGAGACTT-3'. The mRNA and protein expression 
levels of TRAF4 were detected by RT-qPCR and western blot 
analyses, respectively.

RNA extraction and RT-qPCR. Total RNAs were extracted 
from 16 cases of fresh ICC tissues and ICC cells using TRIzol 
reagent (Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocols. Total RNAs (1 µg) were reverse 
transcribed into cDNA using the BeyoRT™ II cDNA synthesis 
kit (Beyotime Institute of Biotechnology) on the CFX96™ 
Real-time system (Bio-Rad Laboratories, Inc. Hercules, CA, 
USA), with the temperature conditions as follows: 42˚C for 
60 min, 80˚C for 12 min. The qPCR analysis was then 
performed using Bestar® Sybr Green qPCR master mix 
(DBI Bioscience, Shanghai, China) on the CFX96 Real-Time 
system (Bio-Rad Laboratories, Inc.). The quantity of sample 
components were as follows: cDNA (2 µl); Bestar® Sybr Green 
qPCR master mix (10 µl); forward primer (0.6 µl); reverse 
primer (0.6 µl); DEPC water (6.8 µl; Beyotime Institute of 
Biotechnology). The thermocycling conditions for the 
RT‑qPCR were as follows: Initial denaturation at 95˚C for 
5 min; followed by 40 cycles of denaturation at 95˚C for 10 sec; 
annealing at 53˚C for 10 sec; and elongation at 73˚C for 20 sec. 
The method of quantification was calculated with the 
2-∆∆Cq method (30). All assays were repeated three times. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 
B661104, Sangon Biotech Co., Ltd., Shanghai, China) was 
selected as an internal standard, the primer sequences for 
GAPDH were as follows: Forward, 5'-CAGGAGGCATTGCT 
GATGAT-3' and reverse, 5'-GAAGGCTGGGGCTCATTT-3'. 
The primers of TRAF4 (Sangon Biotech Co., Ltd.) were as 
follows: Forward, 5'-CTGGAAGATT GGCAGCTATGG-3' 
and reverse, 5'-GCCATTGAGGAATGCAGACA-3'.

Protein extraction and western blot analysis. A total of 16 cases 
of fresh ICC tissues and ICC cells were lysed in RIPA lysis 

Table I. Clinical characteristics of 98 patients with intrahepatic cholangiocar-
cinoma and expression of TRAF4.

 TRAF4 staining
 --------------------------------------------------------------
 High Low 
Variable expression expression P-value

Age (years)
  ≥53 22 19 0.920
  <53 30 27
Sex
  Male (30-79 years old) 27 20 0.404
  Female (31-81 years old) 25 26
CEA (ng/ml)
  ≥5 16 19 0.227
  <5 36 27
CA199 (ng/ml)
  ≥37 21 25 0.167
  <37 31 21
Tumor encapsulation
  Absent 13 15 0.405
  Present 39 31
Maximal tumor diameter
  ≥5 cm 37 28 0.282
  <5 cm 15 18
Microvascular invasion
  No 10 10 0.758
  Yes 42 36
Tumor number
  Multiple   9   4 0.210
  Solitary 43 42
Tumor differentiation
  III/IV 37 18 0.001
  I/II 15 28
TNM stage
  III/IV 23 11 0.035
  I/II 29 35
Lymphatic metastasis
  Yes 17   6 0.022
  No 35 40

TRAF4, tumor necrosis factor receptor-associated factor 4; CEA, 
carcinoembryonic antigen; CA, carbohydrate antigen; TNM, tumor-
node-metastasis.
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buffer (Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China). The total protein concentration was detected 
using the BCA (Beyotime Institute of Biotechnology) method. 
The proteins were then mixed with sample loading buffer 
(Beyotime Institute of Biotechnology), and denatured for 5 min 
at 100˚C prior to the commencement of electrophoresis. The 
proteins (80 µg) were separated via 10% SDS-PAGE (Beijing 
Solarbio Science & Technology Co., Ltd.) for 2 h at 80 V and 
then transferred onto polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA) for 90 min at 350 mA. 
Following blocking with 5% skimmed milk for 1 h at room 
temperature, the membranes were incubated with a rabbit 
anti-human TRAF4 polyclonal antibody (cat. no. ab190986; 
1:1,000; Abcam), a mouse anti-human monoclonal Akt (pan) 
antibody (cat. no. 2920; 1:1,000; Cell Signaling Technology, 
Inc., Danvers, MA, USA), a rabbit anti-human phosphorylated 
(p)-Akt (Ser473) monoclonal antibody (cat. no. 4060, 1:1,000; 
Cell Signaling Technology, Inc.) and a mouse anti-human 
GAPDH monoclonal antibody (cat. no. AF0006; 1:1,000; 
Beyotime Institute of Biotechnology) overnight (beyond 
16 h) at 4˚C. Subsequently, the membranes were incubated 
with horseradish peroxidase (HRP)-labeled goat anti-rabbit 
(cat. no. A0208; 1:1,000; Beyotime Institute of Biotechnology) 
and anti-mouse (cat. no. A0216; 1:1,000; Beyotime Institute 
of Biotechnology) secondary antibodies for 60 min at 
room temperature. Finally, the membranes were visualized 
using a Novex™ ECL substrate reagent kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) with the BioImaging system 
(Bio-Rad Laboratories, Inc.) and analyzed using Gel-Pro 
analyzer software (Media Cybernetics, Inc.). All assays were 
performed in triplicate.

Immunof luorescence (IF) and immunocytochemical 
staining. The IF staining was performed as described in an 
earlier study (28,29), with minor modification. The ICC 
cells (1x104) were seeded into 24-well plates on coverslips. 
After 24 h, the coverslips were fixed in 95% ethanol for 
20 min, permeabilized for 15 min with 0.5% Triton X-100, 
had endogenous peroxidase depleted with 3% hydrogen 
peroxide for 20 min, and were blocked for 30 min at room 
temperature in 5% normal goat serum (Beyotime Institute of 
Biotechnology). The coverslips were incubated with primary 
antibodies [TRAF4: cat. no. ab190986; 1:50; Abcam; Akt 
(pan): cat. no. 2920; 1:50; Cell Signaling Technology, Inc.; 
p-Akt (Ser473): cat. no. 4060; 1:50; Cell Signaling Technology, 
Inc.] at 4˚C overnight. Subsequently, the coverslips were 
incubated with FITC-labeled goat anti-mouse (cat. no. SF131; 
1:30; Alexa 525; Beijing Solarbio Science & Technology Co., 
Ltd.) and anti-rabbit (cat. no. SF134; 1:30; Alexa 525; Beijing 
Solarbio Science & Technology Co., Ltd.) secondary anti-
bodies at room temperature in the dark for 1 h and the nucleus 
counterstained for 5 min with DAPI (Beijing Solarbio Science 
& Technology Co., Ltd.). Images of the IF-stained coverslips 
were captured by confocal laser scanning microscopy (A1R; 
Nikon, Corporation, Tokyo, Japan). For the immunocytochem-
istry staining, the coverslips were incubated with HRP-labeled 
goat anti-rabbit and anti-mouse secondary antibodies 
(cat. no. K5007; undiluted; 100 µl/cell sample; Dako, Glostrup, 
Denmark) at room temperature for 30 min, stained with DAB, 
and the nuclei counterstained with hematoxylin, prior to being 

mounted in neutral balsam. Images were captured using Leica 
Application Suite version 4.8.0 software (Leica Microsystems, 
Ltd., Milton Keynes, UK). The remaining procedures were 
consistent with the IF steps. All assays were performed in 
triplicate.

Invasion and migration assays. For the migration assay, 
20,000 cells suspended in 200 µl of serum-free RPMI-1640 
medium were seeded into the top compartment (8-µm pore 
size; Corning Incorporated, Corning, NY, USA). Subsequently, 
600 µl of RPMI-1640 medium supplemented with 10% FBS 
was added to the lower compartment. Following 48 h of 
incubation at 37˚C, the remaining cells on the upper side of 
the membrane were carefully removed using a cotton swab. 
The migrated cells on the lower side of the membrane were 
fixed with 4% paraformaldehyde (Beyotime Institute of 
Biotechnology) for 20 min, stained with 0.1% crystal violet 
(Beijing Solarbio Science & Technology Co., Ltd.) for 10 min 
and counted under a light microscope (IX83, Olympus 
Corporation, Tokyo, Japan). For the invasion assay, the upper 
Transwell chambers were pre-coated with Matrigel (BD 
Biosciences) and seeded with 40,000 cells. The subsequent 
procedures were as in the migration assay. All assays were 
repeated three times.

Wound-healing assays. The ICC cells were seeded into 24-well 
culture plates in RPMI-1640 medium containing 10% FBS 
and grown to 90% confluence. A scratch wound was created 
using a 200-µl pipette tip. The cells were washed with PBS 
three times to remove cell debris, and then cultured in RPMI-
1640 medium containing low FBS (0.5%) for 36 h. Images 
were captured at 0 and 36 h with a phase-contrast microscope 
(IX83, Olympus Corporation). The cell migration areas were 
measured using Image-Pro Plus software version 6.0 (Media 
Cybernetics, Inc.). The wound-healing assays were performed 
in triplicate.

Statistical analysis. Statistical analyses were performed 
with SPSS software for windows version 21.0 (IBM, SPSS, 
Armonk, NY, USA). Data are presented as the mean ± stan-
dard deviation. Differences between groups were compared 
using the χ2 test, Student's t-test, or one-way analysis of vari-
ance with the Least‑Significant Difference correction. The 
OS and cumulative recurrence rates were assessed using the 
Kaplan-Meier method and the log-rank test. Cox's proportional 
hazards regression model was used to evaluate the indepen-
dent prognostic factors. P<0.05 was considered to indicate a 
statistically significant difference.

Results

TRAF4 is significantly upregulated in ICC tissues. To evaluate 
the expression of TRAF4 in patients with ICC, the expression 
of TRAF4 was examined in tumor tissues from 16 cases 
of ICC and corresponding non-tumor tissues by RT-qPCR 
and western blot analyses. The results demonstrated that 
the expression of TRAF4 in tumors was higher compared 
with that in corresponding non-tumor tissues at the mRNA 
(Fig. 1A, 0.357±0.106, vs. 0.077±0.029, P<0.001) and protein 
(Fig. 1B, 1.151±0.572, vs. 0.235±0.139, P<0.001) levels. The 
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expression of TRAF4 in 98 ICC tumor and 22 non-tumor 
tissues was further examined by IHC, and it was found that 
TRAF4 protein was mainly located in the cytoplasm of tumor 
cells (Fig. 1C), and that the protein level of TRAF4 in the 
tumor tissues was significantly higher compared with that in 
the non-tumor tissues (Fig. 1C and D). The overexpression of 
TRAF4 was observed in 53.1% (52/98) of the tumor tissue 
samples and 18.2% (4/22) of the non-tumor tissue samples 
(Fig. 1E). Furthermore, when the patients were divided into 
two groups based on the presence of lymphatic metastasis, the 
results revealed that patients with lymphatic metastasis had 
higher expression of TRAF4 (Fig. 1F and G, 3.655±0.792, vs. 
2.360±0.509, P=0.001).

Association between the expression of TRAF4 and the 
clinicopathological features of ICC. To assess the correlations 
between the level of TRAF4 and clinicopathological features, 
all patients with ICC were divided into high (TRAF4high) and 
low (TRAF4low) TRAF4 level groups according to the IHC 

staining. The results demonstrated that a high expression of 
TRAF4 was significantly correlated with malignant pheno-
type, including tumor differentiation (P=0.001), lymphatic 
metastasis (P=0.022) and TNM stage (P=0.035) (Table I). 
However, no significant correlations were observed between 
other clinicopathological features, including sex, age, carcino-
embryonic antigen, serum carbohydrate antigen 19-9, tumor 
encapsulation, microvascular invasion, tumor size and number, 
and the expression of TRAF4 (Table I).

TRAF4 regulates mobility and invasiveness in ICC via 
activating AKT signaling. Transient transfection of the RBE 
and HCCC9810 cells with downregulation of the expres-
sion of TRAF4 was verified by RT-qPCR (Fig. 2A) and 
western blot (Fig. 2B) analyses. Between the two candidate 
siRNAs, the transfection efficiency of siRNA‑TRAF4‑2 was 
higher compared with that of siRNA-TRAF4-1, and was 
selected for subsequent experiments. The Matrigel invasion 
and Transwell migration assays showed that the migration 

Figure 1. Expression of TRAF4 in tumor and non-tumor tissues of patients with ICC. (A) Reverse transcription-quantitative polymerase chain reaction and 
(B) western blot analyses of the expression of TRAF4 in 16 pairs of ICC tumor tissues and non-tumor tissues. (C) Representative images of H&E and TRAF4 
staining in ICC and non-tumor tissues. (D) Histogram showing that TRAF4 staining in ICC was more marked compared with non-tumor tissues (P<0.001). 
(E) Histogram of the percentages of differing staining intensity for TRAF4 in 98 patients with ICC. (F) Representative images of H&E and TRAF4 staining 
in ICC and non-tumor tissues. (G) Histogram showing that the expression of TRAF4 in the tumor tissues of patients with ICC and lymphatic metastasis was 
higher compared with those without lymphatic metastasis. TRAF4, tumor necrosis factor receptor-associated factor 4; ICC, intrahepatic cholangiocarcinoma; 
T, tumor tissue; N, non-tumor tissue; H&E, hematoxylin and eosin; LM, lymph node metastasis; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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(Fig. 2C and D) and invasion (Fig. 2E and F) of ICC cells 
transfected with siRNA‑TRAF4‑2 were significantly inhib-
ited compared with their corresponding controls. Similarly, 
the results of the wound-healing assays demonstrated that the 
downregulation of TRAF4 in ICC cells markedly reduced 
their migratory capacities (Fig. 2G and H). Furthermore, the 
level of AKT phosphorylation was downregulated in the ICC 
cells following TRAF4 interference (Fig. 3A-D). The ICC 
cells were treated with perifosine to inhibit the activation of 
AKT. The ICC cells with AKT inactivation showed weaker 
migration and invasion abilities compared with those in the 
ICC cell control (si‑nc) groups (Fig. 4A‑D). No significant 
differences were identified between the perifosine and 
si-TRAF4 groups (Fig. 4A-D).

Overexpression of TRAF4 is an independent marker for 
predicting prognosis in patients with ICC. The 2- and 5-year 
OS rates for the 98 patients with ICC were 77.5 and 25.6%, 
respectively, and the cumulative recurrence rates were 

63.3 and 79.1%, respectively. The prognostic significance of 
the expression of TRAF4 in ICC patients was investigated. 
As shown in Fig. 5A, the expression of TRAF4 in ICC tumor 
tissues demonstrated considerable heterogeneity. The whole 
cohort was divided into TRAF4high and TRAF4low expression 
groups. The 2-year and 5-year OS rates in the TRAF4high group 
were markedly lower compared with those in the TRAF4low 

group (32.7, vs. 54.3% and 13.0, vs. 34.6%, respectively; 
Fig. 5B). The cumulative recurrence rates in the TRAF4high 
group were significantly higher compared with those in 
the TRAF4low group (77.0 vs. 50.3% and 86.2 vs. 66.1%, 
respectively; Fig. 5C). Univariate analysis demonstrated that 
tumor differentiation, tumor number, TNM stage, lymphatic 
metastasis, and expression of TRAF4 were predictors for 
OS and cumulative recurrence rates. The multivariate Cox 
proportional hazards model demonstrated that the expression 
of TRAF4 was an independent prognostic factor for the OS 
and cumulative recurrence rates (Table II). In addition, it was 
found that patients with lymphatic metastasis and positive 

Figure 2. TRAF4 enhances ICC migration and invasion in vitro. (A) Reverse transcription-quantitative polymerase chain reaction and (B) western blot analyses 
demonstrated that the expression of TRAF4 in RBE and HCCC9810 cells were effectively inhibited. Transwell assays of the (C) staining and (D) quantification 
of cell migration, and (E) staining and (F) quantification of the invasion patterns of ICC cells with differing expression of TRAF4. (G) A wound‑healing assay 
was used to measure the migratory abilities of ICC cells with differing expression patterns of TRAF4. (H) Migration areas. **P<0.001. TRAF4, tumor necrosis 
factor receptor-associated factor 4; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ICC, intrahepatic cholangiocarcinoma; si-, small interfering RNA; 
nc, negative control.
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Figure 3. Downregulation of TRAF4 inhibits the phosphorylation of AKT of ICC cells in vitro. Western blot analysis indicated the downregulated expression 
of p-AKT (Ser473) in (A) RBE and (B) HCCC9810 cells with inhibited expression of TRAF4 (**P<0.001). Representative (C) immunocytochemical (magnifica-
tion, x200) and (D) immunofluorescence images (magnification, x400) of TRAF4, p‑AKT (Ser473) and pan‑AKT in ICC cells with downregulated TRAF4 
are shown. TRAF4, tumor necrosis factor receptor-associated factor 4; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; p-AKT, phosphorylated AKT; 
ICC, intrahepatic cholangiocarcinoma; si-, small interfering RNA; nc, negative control.

Figure 4. Effect of AKT inhibitor on the migration and invasion in ICC cells in vitro. Perifosine, the AKT inhibitor, markedly decreased (A) RBE cell migration 
and invasion, and (B) HCCC9810 cell migration and invasion, compared with the si‑nc groups (magnification, x100). *P<0.05, **P<0.001 vs. the si-nc group. No 
significant difference was observed between the perifosine and si‑TRAF4 groups. The AKT inhibitor perifosine eliminated the TRAF4‑induced activation of 
AKT in RBE (C) and HCCC9810 (D) cells. For TRAF4 protein expression, **P<0.001 vs. the si-nc + perifosine and si-nc groups; for p-AKT (Ser473) protein 
expression, **P<0.001 vs. the si-nc groups. TRAF4, tumor necrosis factor receptor-associated factor 4; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; 
p-AKT, phosphorylated AKT; ICC, intrahepatic cholangiocarcinoma; si-, small interfering RNA; nc, negative control.
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TRAF4 staining had a significantly poorer OS rate and 
increased cumulative recurrence rate (Fig. 5D and E; both 
P<0.001).

Discussion

TRAF4 is one of the TRAF superfamily members. Functions 
of the TRAF4 protein are reportedly closely associated with 
developmental processes, producing reactive oxygen species, 
glucose metabolism, maintaining myelin homeostasis, 
autoimmune disease, cellular tight junctions, proliferation, 
polarity and metastasis. TRAF4 has been identified as over-
expressed in several tumor types (20,22,23). In the present 
study, it was consistently found that the expression of TRAF4 
was markedly overexpressed at the protein and mRNA levels 

in ICC tissues compared with those in adjacent non-tumor 
tissues. Previous studies have demonstrated that TRAF4, a 
pivotal adapter in several signaling pathways which facilitates 
carcinogenesis and tumor progression, can bind to different 
downstream and upstream signaling proteins, and is also 
regulated by certain microRNAs (20,31,32). In addition, 
Kim et al (33) demonstrated that inducing the expression of 
TRAF4 via irradiation in normal lung fibroblasts promoted the 
proliferation and epithelial-mesenchymal transition (EMT) of 
lung cancer cells via mediation of the tumor microenviron-
ment. Clinically, the overexpression of TRAF4 is reported to 
be an important factor closely associated with vascular inva-
sion, tumor numbers, maximum tumor size and histological 
type in patients with HCC and breast cancer (21,34,35). 
These findings indicated a close association between TRAF4 

Figure 5. High levels of TRAF4 are significantly correlated with the poor prognosis of patients with ICC. (A) Representative immunohistochemical images 
of TRAF4 in ICC tissues. Patients with ICC and TRAF4high had (B) poorer OS and (C) higher cumulative recurrence rates. Patients with ICC, TRAF4high and 
lymphatic metastasis had (D) poorer OS and (E) higher cumulative recurrence rates in comparison with other subgroups. ICC, intrahepatic cholangiocarci-
noma; TRAF4, tumor necrosis factor receptor-associated factor 4; TRAF4high, high expression of TRAF4; H&E, hematoxylin and eosin; OS, overall survival; 
TNM, tumor-node-metastasis.
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and unfavorable prognoses in patients with breast cancer. 
Currently, it is generally accepted that TRAF4 serves as an 
oncogene. The present study further demonstrated that the 
overexpression of TRAF4 was significantly correlated with 
low differentiation, lymphatic metastasis and high TNM stage 
in patients with ICC. Notably, tumor tissues from patients 
with ICC who had lymphatic metastasis exhibited a higher 
expression level of TRAF4 compared with tissues from 
those without lymphatic metastasis. Notably, the results of 
the present study demonstrated that patients with ICC with 
TRAF4high had a poorer prognosis compared with those with 
TRAF4low. The patients with ICC with TRAF4high and a high 
TNM stage had the poorest prognosis. These data provided 
sufficient clinical evidence that TRAF4 is involved in tumor 
progression and metastasis in patients with ICC, and that it 
may be a potential prognostic biomarker for ICC.

The results of the present study demonstrated that inhibi-
tion of the expression of TRAF4 using siRNA in RBE and 
HCCC9810 cells impaired their motility and invasiveness 
of capabilities. Mechanistically, it was found that the down-
regulation of TRAF4 in ICC cells significantly inhibited the 
activation of AKT signaling in vitro, similarly consistent with 
previous studies (21,24). Furthermore, the AKT inhibitor peri-
fosine eradicated the effect of TRAF4 on the ICC cells. It was 
previously reported that the upregulation of TRAF4 increased 
the mobility and invasiveness of HCC cells in vivo and in vitro, 

and increased the level of the transcription factor slug, which 
acts as a key inducer of the EMT process, via activation of the 
PI3K/AKT signaling pathway (21). Yao et al (24) showed that 
TRAF4 fosters AKT membrane recruitment and, crucially, 
binds directly to AKT to promote the proliferation and invasion 
of breast cancer cells. In addition, TRAF4 directly interacts 
with TGF-β protein, and enhances TGF-β-induced small 
mothers against decapentaplegic (SMAD) and non-SMAD 
signaling to drive breast cancer metastasis (22). The PI3K/Akt 
signaling pathway is known to belong to one of the important 
branches of non-SMAD pathways (36). These data indicate 
that TRAF4 is involved in tumor progression by directly and 
indirectly modulating the AKT signaling pathway. Taken 
together, the above data support the hypothesis that TRAF4 
contributes to the progression of ICC through the activation 
of AKT signaling. However, there were several limitations 
in the present study. Firstly, the overexpression of TRAF4 in 
ICC cell lines is required for further verification of the role of 
TRAF4. Secondly, additional experiments in vivo are required 
to confirm these results.

In conclusion, the results of the present study demonstrated 
that the overexpression of TRAF4 enhanced the migration 
and invasion of ICC cells in vitro through the activation of 
AKT signaling, and that TRAF4 may serve as a novel prog-
nostic indicator and potential molecular therapeutic target for 
patients with ICC.

Table II. Univariate and multivariate analyses of factors associated with OS and cumulative recurrence rates in 98 patients with 
intrahepatic cholangiocarcinoma.

 OS rate Cumulative recurrence rate
 ------------------------------------------------------------------- --------------------------------------------------------------------
Factor HR (95%CI) P-value HR (95%CI) P-value

Univariate analysis
Sex (male, vs. female) 0.965 (0.605-1.539) 0.880 1.036 (0.652-1.648) 0.880
Age (<53, vs. ≥53 years) 1.090 (0.679‑1.751) 0.721 1.249 (0.776‑2.010) 0.359
Serum CA19‑9 (<37, vs. ≥37 ng/ml) 1.158 (0.724‑1.852) 0.541 0.919 (0.578‑1.460) 0.721
CEA (<5, vs. ≥5 ng/m) 1.091 (0.672‑1.770) 0.725 1.435 (0.872‑2.361) 0.155
Tumor encapsulation (absent, vs. present) 1.386 (0.802-2.394) 0.242 0.845 (0.632-1.752) 0.845
Tumor differentiation (I/II, vs. III/IV) 0.330 (0.193-0.565) <0.001 0.397 (0.235-0.668) 0.001
TNM stage (I/II, vs. III/IV) 3.828 (2.349-6.239) <0.001 3.095 (1.882-5.089) <0.001
Maximal tumor size (≤5, vs. >5 cm) 0.780 (0.483‑1.261) 0.311 0.717 (0.442‑1.161) 0.175
Microvascular invasion (no, vs. yes) 1.169 (0.660-2.071) 0.592 1.061 (0.591-1.904) 0.843
Lymphatic metastasis (no, vs. yes) 2.589 (1.529-4.385) <0.001 1.853 (1.081-3.176) 0.025
Tumor number (single, vs. multiple) 2.604 (1.417-4.786) <0.001 2.726 (1.463-5.077) 0.002
TRAF4 staining (high, vs. low) 1.910 (1.181-3.090) 0.008 1.870 (1.162-3.011) 0.010
Multivariate analysis
Tumor differentiation (I/II, vs. III/IV) 0.302 (0.172-0.530) <0.001 0.389 (0.225-0.671) 0.001
TNM stage (I/II, vs. III/IV) 5.919 (2.722-12.871) <0.001 4.721 (2.219-10.045) <0.001
Lymphatic metastasis (no, vs. yes) 0.522 (0.233-1.170) 0.115 0.419 (0.419-3.229) 0.033
Tumor number (single, vs. multiple) 1.671 (0.847-3.297) 0.139 1.605 (0.798-3.229) 0.185
TRAF4 staining (high, vs. low) 1.941 (1.133-3.324) 0.016 1.833 (1.085-3.096) 0.023

Statistical analysis was performed using Cox's proportional hazards regression model. CEA, carcinoembryonic antigen; CA, carbohydrate 
antigen; OS, overall survival; TNM, tumor‑node‑metastasis; TRAF4, tumor necrosis factor receptor‑associated factor 4; CI, confidence 
interval; HR, hazard ratio.
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