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Relationship between TRAF6 @
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Abstract

Objective: To explore the relationship between tumor necrosis factor receptor-associated factor 6 (TRAF6) and the
clinicopathological features in HCC as well as its biological function.

Methods: Totally, 412 liver tissues were collected, including 171 hepatocellular carcinoma (HCC) and their corre-
sponding non-tumor tissues, 37 cirrhosis and 33 normal liver tissues. The expression of TRAF6 was assessed by immu-
nohistochemistry. Then, analysis of the correlations between TRAF6 expression and clinicopathological parameters

in HCC was conducted. Furtherer, in vitro experiments on HepG2 and Hep3B cells were performed to validate the
biological function of TRAF6 on HCC cells. TRAF6 siRNA was transfected into HepG2 and Hep3B cell lines and TRAF6
expression was evaluated with RT-gPCR and western blot. The assays of cell viability, proliferation, apoptosis and cas-
pase-3/7 activity were carried out to investigate the effects of TRAF6 on HCC cells with RNA interference. Cell viability
was assessed with Cell Titer-Blue kit. Cell proliferation was tested with MTS kit. Cell apoptosis was checked through
morphologic detection with fluorescence microscope, as well as caspase-3/7 activity was measured with fluorogenic
substrate detection.

Results: The positive expression rate of TRAF6 protein was 49.7 % in HCGC, significantly higher than that of normal
liver (12.1 %), cirrhosis (21.6 %) and adjacent non-cancerous tissues (36.3 %, all P < 0.05). Upregulated TRAF6 was
detected in groups with metastasis (Z = —2.058, P = 0.04) and with low micro-vessel density (MVD) expression

(Z =—2.813, P =0.005). Spearman correlation analysis further showed that the expression of TRAF6 was positively
correlated with distant metastasis (r = 0.158, P = 0.039) and negatively associated with MVD (r = —0.249, P = 0.004).
Besides, knock-down of TRAF6 mRNA in HCC cell lines HepG2 and Hep3B both resulted in cell viability and prolifera-
tion inhibition, also cell apoptosis induction and caspase-3/7 activity activation.

Conclusions: TRAF6 may contribute to metastasis and deterioration of the HCC via influencing cell growth and
apoptosis. Thus, TRAF6 might become a predictive and therapeutic biomarker for HCC.
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Background

Hepatocellular carcinoma (HCC) is the fifth most fre-
quent malignancy in the world [1]. With a mortality rate
of about one million per year, it ranks the third leading
cause of cancer deaths worldwide [2]. Roughly, 80 % HCC
patients, among all cases, live in the Asia—Pacific region
and Sub-Saharan Africa area while the incidence has also
increased markedly in Europe and the United States [3—
5]. It has been estimated that there would be 35,660 new
cases with liver cancer in America in 2015 [6]. Several
environmental factors are considered to be contributed
to the main causes of HCC, such as long-time exposure
to aflatoxin B1, hepatitis B and C viral infections and
alcohol abuse [7-9]. Despite great progress has been
made in diagnosis and therapy for HCC, there are limi-
tations in early detection, and the patients in advanced
stage, when diagnosed, generally face a dismal prognosis
and a high incidence of recurrence [10, 11]. At present,
a-fetoprotein (AFP) is the common clinical diagnostic
criteria for HCC [12], especially in Asia. However, its
specificity and sensitivity are not satisfied [13]. Therefore,
identifying reliable novel biomarkers for the early screen-
ing and prediction of HCC arouses our interest.

Tumor necrosis factor receptor-associated factors
(TRAFs) are a group of cytoplasmic adapter proteins
which link a wide range of cell surface receptors. TRAFs
mediate intracellular signal transduction, including
tumor necrosis factor (TNF), toll-like receptor (TLR),
interleukin-1 receptor (IL-1R) and superfamily trans-
forming growth factor-p (TGE-P) [14, 15]. As a result,
TRAFs lead to the activation of mitogen-activated pro-
tein and nuclear factor kappa B (NF-kB) kinases [16].
Additionally, TRAFs also interact with varieties of pro-
teins which regulate receptor-induced cell death and
survival [16]. Therefore, TRAF-mediated signal cascades
may directly cause the receptor-induced apoptosis and
interfere with cell survival.

Among the six TRAF family members, TRAF6 is
unique. TRAF6 is involved in a variety of physiologi-
cal processes, including congenital immunity, adap-
tive immunity, and inflammation [17-19]. TRAF6,
functioning as a signal transducer, is a key activator of
NE-kB pathway which activates inhibitor of IkB kinase
in response to proinflammatory cytokines [20, 21]. In
recent years TRAF6 has been found to play some roles
in carcinogenesis in some cancers, such as lung cancer
[22], glioblastoma [23], and squamous cell carcinoma
[24]. However, none of the studies have cast light upon
the expression and function of TRAF6 and its association
with HCC. Thus, in order to investigate the relationship
between TRAF6 and clinicopathological parameters of
HCC, whether TRAF6 plays a role in the proliferation
and apoptosis process of HCC or not, we carried out the
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current study, quantifying the TRAF6 differential expres-
sion in liver tissues with continuous pathological states,
which could lead to potential development of HCC using
immunohistochemistry (IHC) technique, and testing the
effects of silencing TRAF6 in HCC HepG2 and Hep3B
cell lines with in vitro experiments.

Methods

Study design and experimental grouping design

The study was concentrated on the following three parts.
Firstly, the expression of TRAF6 was compared between
group of HCC and non-HCC liver tissues. Groups of non-
HCC liver tissues included group of para-tumor liver tissue,
group of cirrhosis liver tissue and group of normal liver tis-
sue. Secondly, the relationship between TRAF6 and clinico-
pathological data of HCC patients was analyzed. Subgroup
classification was based on different status of each clinico-
pathological data, including age, gender, tumor differen-
tiation, tumor size, number of tumor nodes, metastasis,
clinical TNM stages, status of portal vein tumor embolus,
vaso-invasion condition, capsular infiltration, hepatitis C
virus (HCV) and hepatitis B virus (HBV) infection status,
AFP expression, cirrhosis, as well as nm23, p53, p21, vas-
cular endothelial growth factor (VEGF), Ki-67 expression
and micro-vessel density (MVD) level as stained by CD34.
Thirdly, in vitro experiments on HCC cell lines, including
HepG2 and Hep3B, were performed to validate the biologi-
cal function of TRAF6 on HCC cells. The cell viability, cell
proliferation, cell apoptosis and Caspase-3/7 activity were
compared between the group of negative controls and the
group transfected with TRAF6 siRNA.

Tissue samples

HCC tissues (n = 171) and their corresponding para-
cancer tissues, 37 cirrhosis liver tissues and 33 normal
liver tissues were collected from patients or autopsies
admitted to the First Affiliated Hospital, Guangxi Medi-
cal University from March 2010 to December 2012. All
these HCC tissues were taken from patients with primary
HCC, who had not received any other treatment before
surgery. The clinicopathological data of 171 HCC patients
were listed above. All the formalin-fixed, paraffin embed-
ded (FFPE) liver tissues were evaluated retrospectively,
and their diagnoses were confirmed by two experienced
pathologists independently. Besides, enzyme-linked
immunosorbent assay (ELISA) was used to measure AFP
level in sera and IHC was applied to detect nm23, p53,
p21, VEGE, Ki-67 and MVD. All the features above were
recorded. The study was approved by the Ethical Com-
mittee of the First Affiliated Hospital of Guangxi Medi-
cal University. Informed consent was signed by all of the
patients who participated in the study. Related research
procedure complied with the Helsinki Declaration.
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Immunohistochemistry

Immunohistochemical technique was used to detect the
expression of TRAF6. The TRAF6 antibody obtained
from Santa Cruz Biotechnology, Inc. (D-10, sc-8409,
1:300 dilution, Heidelberg, Germany) was applied to
antigen—antibody interaction. TRAF6 Antibody (D-10)
is a mouse monoclonal IgG1 provided at 200 pg/ml and
it is raised against amino acids 1-274 mapping at the
N-terminus of TRAF6 of human origin. All the experi-
mental operations were completed strictly according fol-
lowing instructions. Two pathologists reviewed the H&E
sections and scored the staining independently, without
knowing the status of the samples. The scoring standards
were defined as follows [25]: (1) the staining intensity
was marked from 0 to 3 points, 0 for no staining, 1 for
weak, 2 for moderate and 3 for strong. (2) The positive
expression rate ranged from 0 to 4 points, 0 stands for no
staining, 1 for <25 %; 2 for 26 to 50 %, 3 for 51 to 75 %,
and 4 for >75 %. (3) The points of staining intensity plus
the points of positive expression rate resulted in the final
expression score.

Culture and transfection of the cell lines

Human HCC cell lines HepG2 and Hep3B were pur-
chased from Shanghai Institute of Cell Biology of Chi-
nese Academy of Sciences. Cells were cultured in the
RPMI1640 medium with 10 % fetal bovine serum at 37 “C
in a 5 % CO, incubator. HepG2 and Hep3B cells were
inoculated in 96 or 24-well plates and cultured for 24 h.
Cell confluence was controlled at 50 to 60 % when cells
were transfected with TRAF6 siRNA with Lipofectamine
2000 reagent (Invitrogen). After the transfection, we
chose 0, 5 and 10 days as time points to detect the effects
of TRAF6 siRNA on the malignant phenotypes of HCC
cells.

Real time RT-qPCR and Western blot

TRAF6 expression of the HepG2 and Hep3B cell lines
transfected with TRAF6 siRNA was measured with real
time RT-qPCR and western blot.

The TRAF6 mRNA level was determined after 5
and 10 days post-transfection by RT-qPCR. Briefly,
total cellular RNA isolation was performed with
RNeasy Mini kit (Qiagen, Hilden, Germany). RNA
concentrations were evaluated with a ND-2000 Nan-
oDrop (Thermo Fisher Scientific, Wilmington, Dela-
ware USA). Two hundred nanogram of cellular RNA
was converted to cDNA with a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems) in a
total volume of 10 pl. The primers for TRAF6 were:
forward 5- AGGGACCCAGCTTTCTTTGT-3’ and
reverse 5- GCCAAGTGATTCCTCTGCAT-3. The
primers for GAPDH were: forward 5-TGAAGGTC
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GGAGTCAACGGATTTGGT-3' and reverse 5'-CATGT
GGGCCAT GAGGTCCACCAC-3. RT-qPCR analysis
was carried out on a LightCycler 1.5 using the Faststart
DNA master SYBR green mastermix. Quantitative values
were obtained from the PCR quantification cycle num-
ber (Cq) at which point the increase in signal for the PCR
product was exponential. The target mRNA abundance
in each sample was normalized to its GAPDH mRNA
level as ACq = Cqrrars—Cdgappn- The value AACq was
defined as the difference with a mock transfected control.
Experiments were performed in triplicate. The knock-
down ratio of TRAF6 mRNA expression was calculated
with the formula: (1—1/2%4¢9) x 100 %.

For western blot, totally, 25 pg proteins obtained from
the cell lines were added in 8 % SDS-PAGE separation
gel. Then the mixture was transferred to nitrocellulose
membranes and probed with primary antibodies against
TRAF6 (D-10, sc-8409, dilution: 1:500, Santa Cruz Bio-
technology). After incubating with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (D-3004),
enhanced chemiluminescence detection was performed
to identify the expression levels of TRAF6 protein.

Cell viability assay

The assay was conducted with Cell Titer-Blue kit (G8080,
Promega, USA). The detection time points were set on
Oth, 5th and 10th day after transfection. The cell viabil-
ity was determined with FL600 fluorescent detector (Bio-
Tek, USA) at 560 nm or 590 nm.

Cell proliferation assay

Cell proliferation was measured with MTS kit accord-
ing to manufacturer’s instructions on Oth, 5th and 10th
day post transfection. The medium was cleared out and
washed with phosphate-buffered saline twice. Fetal
bovine serum of 10 % and MTS reagents were added to
subset of wells. After the cells were incubated for 2 h,
absorbance at 490 nm was measured with a microplate
reader (Thermo).

Apoptosis assay

Cells were washed with cold phosphate-buffered saline
and stained with 1 mg/ml Hoechst 33342 and 1 mg/ml PI
for 15 min, fluorescence microscope (ZEISS Axiovert 25)
was then used to observe the cellular morphology and
staining changes. Ten different photos were taken under
200 times visual sight. The judging criterion was as fol-
lows: (1) Positive Hoechst 33342 staining and negative PI
staining was found in living cells with complete shape. (2)
Early apoptotic cells were stained with positive Hoechst
and negative PI, containing blue apoptotic bodies, while
apoptotic cells in the late phase were stained with nega-
tive Hoechst and positive PI, containing red apoptotic
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bodies. (3) Necrotic cells were those cells with negative
PI staining but with none apoptotic bodies.

Caspase-3/7 activity assay

After the cell viability assay was completed, we carried
out the experiments on the same 96-well were to detect
caspase-3/7 activity by adding caspase-3/7 reagents.
Then the cells were incubated for an hour. Fluorescence
intensity was measured at 499 nm or 512 nm with FL600
fluorescent detector (Bio-Tek, USA).

Statistical analysis

SPSS21.0 was employed for statistical analysis. Kruskal—
Wallis H tests were applied to analyze the status of
TRAF6 protein expression among normal, cirrhosis,
para-cancer and HCC tissues as well as their pathologi-
cal grades. Mann—Whitney U tests were performed to
identify the expression of TRAF6 in different subgroups
with other clinicopathological features, including age,
gender, tumor size, tumor nodes, metastasis, clinical
TNM staging and so on. Correlation between the TRAF6
expression and clinicopathological features was detected
with Spearman analysis. Furthermore, we performed
receiver operating characteristic (ROC) curve to analyze
the diagnostic ability of TRAF6 expression. Compari-
sons among groups of blank control, siRNA control and
TRAF6 siRNA were performed with One-Way ANOVA
or Kruskal-Wallis H tests. A P value less than 0.05 was
considered statistically significant.

Results

TRAF6 expression in HCC tissues and non-cancer tissues
The positive expression rate of TRAF6 protein was 49.7 %
(85/171) in HCC tissues, significantly higher than para-
carcinoma liver tissues (36.3 %, P = 0.012), cirrhosis tis-
sues (21.6 %, P = 0.002), and normal liver tissues (12.1 %,
P < 0.001, Table 1, Fig. 1). Difference was also found
between para-carcinoma liver tissues and normal liver

Table 1 Expression of TRAF6 Protein in different tissues
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tissues (Z = —2.707, P = 0.007). However, no statistical
significance was observed when comparing cirrhotic liver
tissues with para-carcinoma tissues or with normal tis-
sues (P > 0.05).

Relationships between TRAF6 expression

and clinicopathological parameters in HCC

Correlations between the expression of TRAF6 pro-
tein and clinicopathological features were analyzed.
The TRAEFG6 level was higher in patients with metastasis
than those without. Increasing positive expression rate
of TRAF6 was discovered in the cases with low level of
MVD (Table 2). The area under ROC curve (AUC) of
TRAF6 expression to predict metastasis and MVD were
0.579 (95 % CI 0.493-0.665) and 0.624 (95 % CI 0.527-
0.721, Fig. 2), respectively. Moreover, Spearman cor-
relation results showed that the expression of TRAF6
was significantly associated with distant metastasis
(r =0.158, P = 0.039) and MVD (r = —0.249, P = 0.004).
However, no significant correlation was found between
the expression of TRAF6 and other parameters.

Inhibitory effect of TRAF6 on cell growth

The knock-down efficiency was satisfactory (70-90 %) as
assessed by real time RT-qPCR (data not shown) and west-
ern blot on the 5th and 10th day post transfection (Fig. 3).
To evaluate the effects of TRAF6 on cell viability in the
HepG2 and Hep3B cell lines, we conducted Cell Titer-Blue
kit and Hoechst/PI analysis. The cell Titer-Blue kit results
showed that cell viability was suppressed on the 5th day
and 10th day after TRAF6 siRNA transfection on both
two cell lines. Moreover, as shown in Fig. 4, cell viability
was significantly inhibited on the 5th day and 10th day for
both cell lines (HepG2: P = 0.004 on the 5th day, P < 0.001
on the 10th day; Hep3B: P < 0.001 on 5th, 10th day).
The results with Hoechst/PI method were in line with
results with Cell Titer-Blue kit, however, a bit different.
In the HepG2 cells, the statistical difference among blank,

Tissue Patients(N) TRAF6 negative N (%) TRAF®6 positive N (%) V4 P
HCC VS

HCC tissue 171 86 (50.3) 85 (49.7) _ _
Para-carcinoma tissue 171 109 (63.7) 62 (36.3) —2.509 0.012
Cirrhotic tissue 37 29 (784) 8(21.6) —3.108 0.002
Normal liver tissue 33 29 (87.9) 4(12.1) —3.976 0.001
Para VS

Cirrhotic tissue 37 29 (784) 8(21.6) —1.704 0.088
Normal liver tissue 33 29 (87.9) 4(12.1) —2.707 0.007
Cirrhosis VS

Normal liver tissue 33 29 (87.9) 4(12.1) —1.045 0.296
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Fig. 1 Expression pattern of TRAF6 in different liver tissues. Immuno-
histochemistry was performed to detect the TRAF6 expression in nor-
mal liver tissues (a), cirrhosis (b), para-tumor liver tissues (c, left side),
and hepatocellular carcinoma tissues (¢, right side, d and e). x400

negative siRNA control and TRAF6 siRNA groups was
only found on the 10th day after transfection (P < 0.001)
(Fig. 4). In addition, the cell viability after TRAF6 siRNA
transfection was obviously reduced on the 5th, 10th day in
Hep3B cells (both P < 0.001). The effects of TRAF6 on cell
proliferation were further analyzed by MTS assay tech-
nique, a common technology to confirm cell proliferation
status. The MTS assay data revealed that cell proliferation
was inactive after being treated with TRAF6 siRNA on the
5th day and 10th day in HepG2 cells as well as Hep3B cells
(Fig. 4), with P value less than 0.001. Thus, these results
suggested that the suppression of TRAF6 reduced the cell
growth of HCC HepG2 and Hep3B cells.

TRAF6 siRNA transfection enhanced the cell apoptosis

and caspase activity

The Hoechst/PI assay was used to investigate the effects
of TRAF6 on the cell apoptosis. Cell apoptosis was
enhanced after being transfected with TRAF6 on the 5th
day (P = 0.021) and 10th day (P = 0.039) in the HepG2
cell lines, compared with groups of negative siRNA,
and blank control (Figs. 5, 6). Similar significant differ-
ence of cell apoptosis was seen among groups of TRAF6
siRNA, negative siRNA, and blank control on the 5th day
(P = 0.019) and 10th day (P = 0.045) in the Hep3B cell
lines (Figs. 5, 6). Considering the caspase-3/7 activity as
reflection of cellular apoptosis, we quantitated the cas-
pase-3/7 activity in both HepG2 and Hep3B cell lines. As
shown in the Fig. 5, the activity of caspase-3/7 was signif-
icantly higher in HepG2 cells treated with TRAF6 siRNA
than groups of blank control and negative siRNA control
on the 5th day (P = 0.035) and 10th day (P = 0.022). Con-
sistent statistical significance was found in the Hep3B
cell lines (Fig. 5). The results indicated that TRAF6 could
inhibit cell apoptosis and caspase-3/7 activity in HCC
HepG2 and Hep3B cells.

Discussion

HCC is one of the most common, aggressive and lethal
cancers in the world [26]. Owing to its burden to human
health, early and effective diagnosis is of vital importance.
As the genomic researches develop, increasing num-
bers of novel molecular biomarkers have been regarded
as specific diagnosis predictor and targeted therapeutic
agents for HCC [27-30]. However, most of those molec-
ular biomarkers for diagnosis and treatment have not
been clearly clarified. Additionally, the carcinogenesis of
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Table 2 Relationship between the expression of TRAF6 and clinicopathological features in HCC

Clinicopathological n TRAF6 negative n (%) TRAF6 positive n (%) V4 P Correlation
parameters

r p
Age
<50 67 37(55.2) 30 (44.8) —1.032 0.302
>50 104 49 (47.1) 55(52.9)
Gender
Male 153 76 (49.7) 77 (50.3) —0471 0.638 —0.036 0.639
Female 18 10 (55.6) 8 (44.4)
Differentiation
High 20 14 (70.0) 6 (30.0) 3.685% 0.158 0.116 0.130
Moderate 98 48 (49.0) 50(51.0)
Low 53 24 (45.3) 29 (54.7)
Size
<5cm 58 34 (58.6) 24 (41.4) —1.556 0.120 0.119 0.120
>5cm 113 52 (46.0) 61 (54.0)
Tumor nodes
Single 68 29 (42.6) 39 (57.4) —0.370 0.711 —0.033 0.713
Multiple 61 28 (45.9) 33(54.1)
Metastasis
- 90 52(57.8) 38(42.2) —2.058 0.040 0.158 0.039
+ 81 34 (42.0) 47 (58.0)
Clinical TNM stage
[~ 48 29 (60.4) 19 (39.6) —1.649 0.099 0.126 0.099
e~V 123 57 (46.3) 66 (53.7)
Portal vein tumor embolus
- 84 37 (44.0) 47 (56.0) —0.043 0.966 —0.004 0.966
+ 45 20 (44.4) 25 (55.6)
Vaso-invasion
- 77 34 (44.2) 43 (55.8) —0.008 0.993 0.000 0.993
+ 52 23(44.2) 29 (55.8)
Tumor capsular infiltration
Yes 61 27 (44.3) 34 (55.7) —0.016 0.987 0.001 0.987
No 68 30 (44.1) 38(55.9)
HCV
- 87 40 (46.0) 47 (54.0) —0.587 0.557 0.052 0.559
+ 42 17 (40.5) 25(59.5)
HBYV
- 24 9(37.5) 15 (62.5) —0.728 0.466 —0.064 0.469
+ 105 48 (45.7) 57 (54.3)
AFP
- 56 24 (42.9) 32(57.1) —0.748 0455 0.072 0457
+ 54 27 (50.0) 27 (50.0)
Cirrhosis
- 74 33 (44.6) 41 (55.4) —1.298 0.194 0.100 0.195
+ 97 53 (54.6) 44 (45.4)
nm23
- 25 7(28.0) 18(72.0) —1.808 0.071 —0.160 0.070
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Table 2 continued
Clinicopathological n TRAF6 negative n (%) TRAF6 positive n (%) V4 P Correlation
parameters
r 4
P53
- 54 25 (46.3) 29 (53.7) —0.408 0.683 0.036 0.685
+ 75 32(427) 43 (57.3)
P21
- 84 36 (42.9) 48 (57.1) —0414 0.679 —0.037 0.681
+ 45 21(46.7) 24 (53.3)
VEGF
- 33 13(394) 20 (60.6) —0.640 0.522 —0.057 0.524
+ 96 44 (45.8) 52 (54.2)
Ki-67 LI
Low 62 26 (41.9) 36 (58.1) —0.803 0422 —0.073 0424
High 61 30 (49.2) 31(50.8)
MVD
Low 61 19 (31.1) 42 (68.9) —2.813 0.005 —0.249 0.004
High 68 38(55.9) 30 (44.1)
*Kruskal-Wallis H test; — Negative; + Positive; L/ label index; MVD micro-vessel density
a 10 b 10
Metastasis Micro-vessel density
(MVD)
0.8 0.8
2 067 > 067
= =
= =
w w
S G
N 041 » 047
P=0.044 P=0.049
027 AUC=0.579 027 AUC=0.624
(95%Cl: 0.493~0.665) (95%Cl: 0.527~0.721)
0.0 T T T T 0.0 T T T T
0.0 02 04 06 0.8 1.0 00 02 04 06 08 1.0
1 - Specificity 1 - Specificity
Fig. 2 Receiver operating characteristic (ROC) curve of TRAF6 expression in hepatocellular carcinoma (HCC) tissues. The area under ROC curve
(AUCQ) of TRAF6 was calculated to to predict the metastatic status and micro-vessel density (MVD) in HCC tissues

HCC is a multistep process and the mechanism of tum-
origenesis and deterioration of HCC has not been fully
confirmed. Therefore, we devoted great efforts to look for
novel biomarkers of HCC and cast light on the potential
role that TRAF6 might play in the genesis and progres-
sion of HCC.

Several studies have paid close attention on the
role of TRAF6. For instance, Liu et al. proposed that
TRAF6 might be considered as a potential target for

the treatment of Multiple myeloma (MM) as the recep-
tor activator of nuclear factor-kappaB/receptor activator
of nuclear factor-kappa B ligand/tumor necrosis fac-
tor receptor-associated factor (RANK/RANKL-TRAF6)
signal pathway mediated osteolytic bone lesions [22].
Our previous study got the conclusion that TRAF6 may
become a target for diagnosis and gene treatment for
lung cancer patients as the TRAF6 had a higher level of
expression in lung cancer tissues than in normal lung
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HepG2 Hep3B

1 2 3

B -Actin(45KDa)

control, 3: TRAF6 siRNA). *P < 0.01

Fig. 3 Knock-down effeciency of TRAF6 siRNA in hepatocellular carcinoma HepG2 and Hep3B cells. HepG2 and Hep3B cells were transfected with
TRAF6 siRNA and corresponding controls for 10 days. The protein level of TRAF6 was assessed by Western blot (7: Blank control, 2: Negative siRNA
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tissues [31]. Chiu et al. suggested that TRAF6 inhibi-
tion might represent a new therapeutic strategy for
pancreatic cancer as the down-regulation of TRAF6
led to a remarkable increase in autophagy and apopto-
sis [32]. However, only Xu Z et al. focused on the rela-
tionship between TRAF6 and HCC. They indicated that
Cezanne2 interacted with TRAF6 and cleaved the poly-
ubiquitin from TRAF6 substrates whose suppression
might have a key role in the HCC malignancy transfor-
mation [33]. However, the study was lack of in vivo and
in vitro verification.

In the current study, different from previous experi-
ment methods comparing only normal liver tissues and
HCC tissues, we examined TRAF6 expression in contin-
uous liver tissues, including normal liver, cirrhosis, para-
cancer liver and HCC tissues, which gave us a chance to
observe a relatively continuous expressional change of
TRAF6 in the genesis of HCC. Positive TRAF6 expres-
sion rates were 12.1, 21.6, 36.3, 49.7 % in the normal, cir-
rhosis, para-cancer and HCC tissues, respectively. The
results showed an increasing expression trend in the
process of carcinogenesis. Moreover, we performed ROC
curve to analyze its diagnostic ability. That we found the
AUC of TRAF6 was 0. 595 in HCC, lower than that in
lung cancer which was 0.663, indicated the diagnosis
value of TRAF6 was moderate for HCC or lung cancer
[31]. However, coexistent significant statistical differ-
ences were not observed in the dynamic development
of liver cancer. Namely, significant differences were only
found apart between normal and HCC tissues (P < 0.001),
cirrhosis and HCC tissues (P = 0.002), para-cancer and
HCC tissues (P = 0.012), normal and para-cancer tis-
sues (P = 0.007). This may be due to the limitation of case
number. Further larger cirrhosis and normal samples

should be enrolled to investigate the differential expres-
sion in the dynamic development of HCC.

In order to explain the role of TRAF6 in the HCC
angiogenesis, we quantified the expression of VEGF
and MVD in this study. No correlation was found
between TRAF6 and VEGF, while TRAF6 was associ-
ated with MVD closely (r = —0.249, P = 0.004). This
indicated that TRAF6 might act as a repressor in the
angiogenesis of HCC. However, the AUC of MVD was
0.624, lacking high accuracy in predicting the status
of micro-vessels. Besides, TRAF6 was connected with
metastasis (r = 0.158, P = 0.039). Although VEGF and
MVD were able to predict vascular metastasis and
invasion of HCC [34], the role of TRAF6 in contribut-
ing to metastasis did not lie in the aspect of angiogen-
esis, as indicated above.

To confirm the biological function of TRAF6 in HCC
cells, we focused on the application of siRNA interference
technology with in vitro experiments, using HepG2 and
Hep3B cell lines. We found that cell growth was inhibited
in both two cell lines after TRAF6 was knocked-down
with siRNA. Since good cell viability is important for cel-
lular material transporting, high expression of TRAF6
might promote cancer growth by keeping cancer cells
alive. As is known, cell proliferation and apoptosis play
important roles in cancers, we also explored the effects of
TRAF6 on cell proliferation and apoptosis by its knock-
down, and results showed that the ability of cell prolifera-
tion was reduced while the action of cell apoptosis and
caspase activity was enhanced after TRAF6 was silenced.
Peng et al. reported that knock-down of TRAF6 could
suppress cell proliferation and promote cell apoptosis in
the glioma cell [35], and Sun and his colleagues found
that the TRAF6 level was increased in the colon cancer
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Fig. 4 Effect of TRAF6 siRNA on the cell growth of HCC cells. HepG2 and Hep3B cells were transfected with TRAF6 siRNA and corresponding con-
trols for 5 and 10 days. Cell viability was assessed by Cell Titer-Blue kit (@ HepG2, b Hep3B); Proliferation was evaluated with MTS assay (¢ HepG2, d
Hep3BY); Cell viability was also verified by Hoechst/PI double staining (e HepG2, f Hep3B). *P < 0.01, **P < 0.001
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and its knockdown inhibited cell proliferation but did not
improve the survival time [36]. In general, TRAF6 may
participate in the cell growth and apoptosis in HCC as
well as other cancers being reported.

As for the role that TRAF6 played in cancer invasion
and metastasis, a study on esophageal squamous cell car-
cinoma revealed that TRAF6 promoted migration and
metastasis by regulating the RAS pathway [37]. In the
analysis of correlations between TRAF6 expression and
clinicopathological features, we found that high expres-
sion of TRAF6 was associated with metastasis. Although
there was no in vitro experiment on the metastasis in
this study, based on existing literatures, HCC may be

similar with esophageal squamous cell carcinoma where
TRAF6 influences cell migration and metastasis, which
we will perform experiments to verify.

In summary, our study revealed that the level of TRAF6
was higher in the HCC tissues compared to normal, cir-
rhosis and para-cancer liver tissues. Meanwhile, TRAF6
expression was related to metastasis and MVD. Most
importantly, experiments in vitro showed that TRAF6
could increase the cell viability, promote cell prolifera-
tion, and inhibit cell apoptosis and caspase-3/7 activity.
All these results elucidated that overexpression of TRAF6
might promote HCC progression. TRAF6 may be a key
biomarker in the HCC carcinogenesis and development.
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Fig. 6 Effect of TRAF6 siRNA on the cell apoptosis of HCC cells assessed by Hoechst/Pl double staining. HepG2 and Hep3B cells were transfected
with TRAF6 siRNA and corresponding controls for 10 days. Cell apoptosis was detected by Hoechst/Pl double staining. x400

It would be beneficial to pay more attention on exploring
the regulation mechanisms of TRAF6 in the HCC dete-
rioration in the future.

Authors’ contributions

JJL, JL, HD, HY and GC conceived and designed the study, JNL, XNL, YHL, YRL,
JY, GHQ, LHY and YWD performed the experiments and analyzed the data, and
contributed to the writing of the manuscript, JY, JJL, JL, HD, HY and GC cor-
rected the manuscript. All authors read and approved the final manuscript.

Author details

! Department of General Surgery, Western Branch, First Affiliated Hos-

pital of Guangxi Medical University, Nanning 530021, Guangxi Zhuang
Autonomous Region, People’s Republic of China. 2 Department of Medi-

cal Oncology, First Affiliated Hospital of Guangxi Medical University, 6
Shuangyong Road, Nanning 530021, Guangxi Zhuang Autonomous Region,
People’s Republic of China. * Department of Hepatobiliary Surgery, First
Affiliated Hospital of Guangxi Medical University, 6 Shuangyong Road,
Nanning 530021, Guangxi Zhuang Autonomous Region, People’s Republic
of China. * Department of Pathology, First Affiliated Hospital of Guangxi

Medical University, 6 Shuangyong Road, Nanning 530021, Guangxi Zhuang
Autonomous Region, People’s Republic of China. ° Department of Pharma-
cology, School of Pharmacy, Guangxi Medical University, Nanning 530021,
Guangxi Zhuang Autonomous Region, People’s Republic of China. ® Depart-
ment of Radiotherapy, First Affiliated Hospital of Guangxi Medical University,
6 Shuangyong Road, Nanning 530021, Guangxi Zhuang Autonomous
Region, People’s Republic of China. ” Department of Ultrasonography, First
Affiliated Hospital of Guangxi Medical University, 6 Shuangyong Road,
Nanning 530021, Guangxi Zhuang Autonomous Region, People’s Republic
of China.

Acknowledgements
The authors thank all the funds supporting the current study and thank Dr.
Ying Chen for correcting the paper.

Competing interests
The authors declare that they have no competing interests.

Availability of data and material
All the data supporting our findings can be found in the “Results”section of
the paper.




Li et al. Cancer Cell Int (2016) 16:76

Ethics approval and consent to participate

This study was conducted with the approval of the Ethics Committee at First
Affiliated Hospital of Guangxi Medical University. Written informed consent
was obtained from all patients. Research carried out is in compliance with the
Helsinki Declaration.

Funding

We would like to thank the Fund of Future Academic Star of Guangxi Medical
University (WLXSZX1558) and the Fund of National Natural Science Founda-
tion of China (NSFC 81260222, NSFC81560489). The funders had no role in
study design, data collection and analysis, preparation of the manuscript, or
decision to publish.

Received: 5 February 2016 Accepted: 23 September 2016
Published online: 29 September 2016

References

1.

LiuL, LiL, Zhou S, Jiang Q, Chen S, Gao Y, Chen Y. Familial correlations of
onset age of hepatocellular carcinoma a population-based case-control
family study. PLoS One. 2014,9(9):e108391.

Wang RC, Huang CY, Pan TL, Chen WY, Ho CT, Liu TZ, Chang YJ. Proteomic
characterization of annexin | (ANX1) and heat shock protein 27 (HSP27)
as biomarkers for invasive hepatocellular carcinoma cells. PLoS One.
2015;10(10):e0139232.

Zhao X, Hu S, Wang L, Zhang Q, Zhu X, Zhao H, Wang C,Tao R, Guo S,
Wang J, et al. Functional short tandem repeat polymorphism of PTPNT1
and susceptibility to hepatocellular carcinoma in Chinese populations.
PLoS One. 2014,9(9):e106841.

Fong ZV, Tanabe KK. The clinical management of hepatocellular
carcinoma in the United States, Europe, and Asia: a comprehensive and
evidence-based comparison and review. Cancer. 2014;120(18):2824-38.
Perrillo R. Invited commentary: screening for hepatitis b in the immigrant
population and individuals who are in need of immunosuppres-

sive drug therapy. Proceedings (Baylor University Medical Center).
2015,28(4):443-4.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin.
2015;65(1):5-29.

LiuY,Ren F, Rong M, Luo Y, Dang Y, Chen G. Association between
underexpression of microrna-203 and clinicopathological significance in
hepatocellular carcinoma tissues. Cancer cell international. 2015;15:62.
Hai H, Tamori A, Kawada N. Role of hepatitis B virus DNA integra-

tion in human hepatocarcinogenesis. World J Gastroenterol.
2014,20(20):6236-43.

Papatheodoridis GV, Dalekos GN, Yurdaydin C, Buti M, Goulis J, Arends

P, Sypsa V, Manolakopoulos S, Mangia G, Gatselis N, et al. Incidence and
predictors of hepatocellular carcinoma in Caucasian chronic hepatitis B
patients receiving entecavir or tenofovir. J Hepatol. 2015;62(2):363-70.
MaL, JiL, YuY, Wang J. Novel molecular targets for diagnosis and treat-
ment of hepatocellular carcinoma. Discov Med. 2015;19(102):7-14.

. Fang P, Hu JH, Cheng ZG, Liu ZF, Wang JL, Jiao SC. Efficacy and safety of

bevacizumab for the treatment of advanced hepatocellular carcinoma: a
systematic review of phase Il trials. PLoS One. 2012;7(12):e49717.

Dai M, Chen X, Liu X, Peng Z, Meng J, Dai S. Diagnostic value of the
combination of golgi protein 73 and alpha-fetoprotein in hepatocellular
carcinoma: a meta-analysis. PLoS One. 2015;10(10):e0140067.

ZhaoYJ, Ju Q, Li GC. Tumor markers for hepatocellular carcinoma. Mol
Clin Oncol. 2013;1(4):593-8.

Bradley JR, Pober JS. Tumor necrosis factor receptor-associated factors
(TRAFs). Oncogene. 2001,20(44):6482-91.

Shen J, Qiao Y, Ran Z, Wang T. Different activation of TRAF4 and TRAF6 in
inflammatory bowel disease. Mediators Inflamm. 2013;2013:647936.

Lee NK, Lee SY. Modulation of life and death by the tumor necrosis factor
receptor-associated factors (TRAFs). J Biochem Mol Biol. 2002;35(1):61-6.
Konno H, Yamamoto T, Yamazaki K, Gohda J, Akiyama T, Semba K, Goto H,
Kato A, Yujiri T, Imai T, et al. TRAF6 establishes innate immune responses
by activating NF-kappaB and IRF7 upon sensing cytosolic viral RNA and
DNA. PLoS One. 2009;4(5):e5674.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

Page 12 of 12

Wu H, Arron JR. TRAF6, a molecular bridge spanning adaptive
immunity, innate immunity and osteoimmunology. BioEssays.
2003;25(11):1096~105.

Huang L, Liu Q, Zhang L, Zhang Q, Hu L, Li C, Wang S, Li J, Zhang Y, Yu H,
et al. Encephalomyocarditis virus 3C protease relieves TANK inhibitory
effect on TRAF6-mediated NF-kappaB signaling through cleavage of
TANK. J Biol Chem. 2015. doi:10.1074/jbc.M115.660761.

Sun H, Li XB, Meng Y, Fan L, Li M, Fang J. TRAF6 upregulates expres-
sion of HIF-1alpha and promotes tumor angiogenesis. Cancer Res.
2013;73(15):4950-9.

. Bartuzi P, Hofker MH, van de Sluis B. Tuning NF-kappaB activity: a touch of

COMMD proteins. Biochim Biophys Acta. 2013;1832(12):2315-21.
Starczynowski Daniel T, Lockwood William W, Deléhouzée Sophie, Chari
Raj, Wegrzyn Joanna, Fuller Megan, Tsao Ming-Sound, Lam Stephen,
Gazdar Adi F, Lam Wan L, Karsan Aly. TRAF6 is an amplified oncogene
bridging the RAS and NF-kB pathways in human lung cancer. J Clin
Invest. 2011;121(10):4095-105.

Feng H, Lopez GY, Kim CK, Alvarez A, Duncan CG, Nishikawa R, Nagane M,
Su AJ, Auron PE, Hedberg ML, Wang L, Raizer JJ, Kessler JA, Parsa AT, Gao
WQ, Kim SH, Minata M, Nakano |, Grandis RJ, McLendon RE, Bigner DD, Lin
HK, Furnari FB, Cavenee WK, Yan HB, Cheng SY. EGFR phosphorylation of
DCBLD2 recruits TRAF6 and stimulates AKT-promoted tumorigenesis. J
Clin Invest. 2014;124(9):3741-56.

Chaudhry Shahid I, Hooper Steven, Nye Emma, Williamson Peter, Har-
rington Kevin, Sahai Erik. Autocrine IL-13-TRAF6 signalling promotes
squamous cell carcinoma invasion through paracrine TNFa signalling to
carcinoma-associated fibroblasts. Oncogene. 2013;32(6):747-58.

Zhang XL, Dang YW, Li P, Rong MH, Hou XX, Luo DZ, Chen G. Expression
of tumor necrosis factor receptor-associated factor 6 in lung cancer tis-
sues. Asian Pac J Cancer Prev. 2014;15(24):10591-6.

Zhang L, Han J,Wu H, Liang X, Zhang J, Li J, Xie L, Xie Y, Sheng X, Yu J. The
association of HMGB1 expression with clinicopathological significance
and prognosis in hepatocellular carcinoma: a meta-analysis and literature
review. PLoS One. 2014:9(10):e110626.

Hong Y, Huang J. Autoantibodies against tumor-associated anti-

gens for detection of hepatocellular carcinoma. World J Hepatol.
2015;7(11):1581-5.

Anwar SL, Lehmann U. MicroRNAs: emerging novel clinical bio-

markers for hepatocellular carcinomas. Journal of clinical medicine.
2015;4(8):1631-50.

Yao M, Wang L, Yao Y, Gu HB, Yao DF. Biomarker-based MicroRNA
therapeutic strategies for hepatocellular carcinoma. J Clin Trans Hepatol.
2014;2(4):253-8.

Shao YY, Hsu CH, Cheng AL. Predictive biomarkers of sorafenib efficacy
in advanced hepatocellular carcinoma: Are we getting there? World J
Gastroenterol. 2015;21(36):10336-47.

. Zhang XL, Dang YW, Li P, Rong MH, Hou XX, Luo DZ, Chen G. Expression

of tumor necrosis factor receptor-associated factor 6 in lung cancer tis-
sues. Asian Pacific J Cancer Prev. 2014;15(24):10591-6.

Chiu HW, Lin SW, Lin LC, Hsu YH, Lin YF, Ho SY, Wu YH, Wang YJ. Synergistic
antitumor effects of radiation and proteasome inhibitor treatment in
pancreatic cancer through the induction of autophagy and the down-
regulation of TRAF6. Cancer Lett. 2015;365(2):229-39.

Xu Z, Pei L, Wang L, Zhang F, Hu X, Gui Y. Snail1-dependent transcrip-
tional repression of Cezanne2 in hepatocellular carcinoma. Oncogene.
2014,33(22):2836-45.

Zhu JY, Sun QK, Wang W, Jia WD. High-level expression of HOXB13 is
closely associated with tumor angiogenesis and poor prognosis of hepa-
tocellular carcinoma. Int J Clin Exp Pathol. 2014;7(6):2925-33.

Peng Z, Shuangzhu Y, Yongjie J, Xinjun Z, Ying L. TNF receptor-associated
factor 6 regulates proliferation, apoptosis, and invasion of glioma cells.
Mol Cell Biochem. 2013;377(1-2):87-96.

Sun H, Li X, Fan L, Wu G, Li M, Fang J. TRAF6 is upregulated in colon can-
cer and promotes proliferation of colon cancer cells. Int J Biochem Cell
Biol. 2014;53:195-201.

Han Q Yao F, Zhong C, Zhao H. TRAF6 promoted the metastasis of esoph-
ageal squamous cell carcinoma. Tumour biology. 2014;35(1):715-21.


http://dx.doi.org/10.1074/jbc.M115.660761

	Relationship between TRAF6 and deterioration of HCC: an immunohistochemical and in vitro study
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and experimental grouping design
	Tissue samples
	Immunohistochemistry
	Culture and transfection of the cell lines
	Real time RT-qPCR and Western blot
	Cell viability assay
	Cell proliferation assay
	Apoptosis assay
	Caspase-37 activity assay
	Statistical analysis

	Results
	TRAF6 expression in HCC tissues and non-cancer tissues
	Relationships between TRAF6 expression and clinicopathological parameters in HCC
	Inhibitory effect of TRAF6 on cell growth
	TRAF6 siRNA transfection enhanced the cell apoptosis and caspase activity

	Discussion
	Authors’ contributions
	References




