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1. Introduction

  Hepatocellular carcinoma (HCC), the sixth most common cancer 
and the third most common cause of cancer mortality worldwide[1], 
is a major problem worldwide, had more than 748 000 new 
cases and responsible for more than 695 000 deaths in 2008[2]. 
Appropriate markers for early diagnosis of this tumor are still 
lacking and liver transplant, interventional radiology treatment, 
and chemoembolization for unresectable HCC remain the main 
choices for HCC therapy today, even if the survival probability 
is limited[3]. Most patients with resection have a high tendency 

to have recurrent diseases, particularly those with larger tumors 
or tumors displaying vascular invasion[4]. High recurrence rate 
and low long-term survival rate are still common in patients with 
unresectable HCC, so more effective and safer treatments are 
urgently needed[5]. Many patients with HCC suffer from severe 
prognosis because of the lack of early specific diagnosis[6]. Alpha 
fetoprotein is the most commonly used to diagnose liver cancer. 
Similarly, descarboxyprothrombin, also known as prothrombin 
induced by vitamin K absence栻levels promote in most patients 
with HCC[7]. The screening of more biomarkers for progression and 
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recurrence of HCC in targeted therapy is urgently demanded. As a 
highly angiogenic cancer and with the display of marked vascular 
abnormalities[8], its aggressiveness and poor prognosis is conduced 
to tumor angiogenesis[9]. As a result, a potential therapeutic 
treatment can be achieved by the targeting of angiogenesis.
  Tumor necrosis factor receptor-associated factor 4 (TRAF4), 
formerly known as CART1 (cysteinerich motif associated with 
RING and TRAF domains), was found by an including lymph node 
that contained metastatic tumor cells from breast cancer[10]. Data 
analysis from TCGA database shows that TRAF4 gene is amplified 
in many other types of cancer, such as ovarian cancer and bladder 
cancer, which indicates that TRAF4 is carcinogenic and its role is 
not limited to breast cancer[11]. Further studies have shown that 
TRAF4 high expression is a tumor but has a common feature. In vivo 
experiment involves establishing animal metastasis models, and it 
has a crucial role, which is further confirmed by the sample analysis 
of human patients, but it is associated with poor prognosis[12]. Tumor 
angiogenesis contributes to the invasiveness and poor prognosis 
of liver cancer. The mechanism of TRAF4 in the angiogenesis of 
HCC is still unclear. Vascular endothelial growth factor (VEGF) is 
one of the earliest angiogenic peptides found and the most widely 
studied angiogenic factors. Immunohistochemical method was used 
to observe the expression of TRAF4, VEGF and CD34 labeled 
microvessel density (MVD) in hepatocellular carcinoma tissues and 
adjacent tumor tissues. In addition, survival analysis was performed 
by Kaplan Mayer and Cox regression. All the above mentioned 
purposes were to prove the relationship between the expression of 
TRAF4 in HCC and prognosis and clinicopathological factors. 

2.Materials and methods

2.1. Tissue samples 

  There were 90 consecutive cases of locally advanced HCC 
(Karnofsky曒60%/Child-Pugh曑12) and paired adjacent normal 
hepatic tissues were collected from patients undergoing curative liver 
resection during August 2006 to November 2009 at Anhui Provincial 
Hospital in our single-center retrospective study. Locally advanced 
HCC were defined as one nodule was larger than 5 cm or more than 
3 nodules were larger than 3 cm in diameter. All the patients had 
neither other malignant tumors nor any anticancer therapies before 
surgery. The tumor differentiation degree is defined based on the 
Edmondson classification system[13]. All cases had complete clinical 
data including disease-free survival time (DFS) and overall survival 
time (OS). The pathological diagnosis was squamous cell carcinoma 
and the double blind method was applied. The duration of follow-up 
was from surgery to death or deadline (September 20th, 2013). All 
patients detected by TRAF4 signed informed consent. The study was 
approved by the ethics committee of Provincial Hospital of Anhui 
Medical University.

2.2. Immunohistochemistry 

  The detection of the expression levels of TRAF4 protein was 
achieved by immunohistochemistry staining using Envision 
kit method. A primary rabbit polyclonal anti-TRAF4 antibody, 
bought from Abcam Ltd, Shanghai, China, was used at a working 
concentration of 1:300. In short, 4 microns thick slices were divided 

from all formalin fixed paraffin embedded specimens. Dewaxing, 
after rinsing by heating the specimen of incubated antigen repair 
in pH 6 citrate buffer, was completed with a microwave oven. 
The sections, washed three times in a buffer, were then incubated 
with primary antibody above room temperature for 2 h following 
blocking endogenous peroxidases. Then the coloring of the sections 
was completed after incubating with secondary antibody (mouse 
antirabbit IgG, Zhongshan Jinqiao Co., Beijing, China) at room 
temperature for 30 min. The positive tissue slices and glass slides 
treated with phosphate buffer saline were positively and negatively 
controlled. 

2.3. Result evaluation

  An independent and blind estimation of the stained section was 
fulfilled by two experienced pathologists. The staining intensity 
grading were negative, 0; light yellow, 1; brownish yellow, 2; brown, 
3. Staining positive tumor cells were classified into positive cells 
<5%, 0; positive cells 5%-25%, 1; positive cells were 25%-50%, 2; 
positive cells >50%, 3. The score=grade in stain intensity暳grade in 
percentage of positive cell. Scores more than 4 was regarded as high 
expressions; On the other hand, low and even no expressive slices 
were contained in low expression groups. 

2.4. MVD assessment

  The staining of vascular endothelial cells with CD34 antibody 
and the calculation of CD34 positive MVD were achieved. Five 
distinctly prominent vascular (hot) regions were selected, and the 
number of ships is at a high multiple (400暳). An average count was 
calculated by average measurements. An independent evaluation of 
all the biopsies was done by two pathologists who did not have the 
same pathology, and the differences were resolved by consensus.

2.5. Statistical analysis

  SPSS software (version 13.0) was used to analyze the data. 
The expression of TRAF4 was correlated with clinicopathologic 
characteristics by氈2 or Kruskal-Wallis analysis. The detection of 
TRAF4 expression was performed by Spearman rank correlation 
test and the comparison of the correlation between survival records 
and the expression of proteins was conducted by Kaplan-Meier 
curve and log-rank test. The assessment of Multivariate analysis was 
realized by using the Cox regression model. All P < 0.05 was viewed 
as being full of statistical significances.

3. Results 

3.1. TRAF4 expression in HCC and its relationship with 
clinical pathological factors

  In this study, TRAF4 expression was mainly found in tumor 
cytoplasm around HCC cells (Figure 1), only a weak or no TRAF4 
expression was shown in healthy hepatic tissues according to 
immunohistochemitry detection. The positive rate of TRAF4 
expression  was 57.8% (52/90) in HCC cancer tissues and 22.2% 
(20/90) in adjacent non-tumoral hepatic tissues showing significant 
difference between  cancer tissues and cancer adjacent hepatic 
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tissues (P<0.001) (Table 1). Besides, significant relationship was 
found between the positive expression of TRAF4 in HCC and tumor 
size (P=0.001) and tumor stage (P<0.05). However, no significant 
relationship was found between TRAF4 expression and gender, age, 
differentiation of grade, venous invasion (P>0.05, Table 2).

Figure 1. Expression of TRAF4 in HCC tissues by immunohistochemistry. 

TRAF4 expression showed diffuse cytoplasmic staining in tumor cells. 

A. ++TRAF4 staining(200伊); B. +TRAF4 staining (200伊); C. Negative 

expression of TRAF4 (200伊).

Table 1 
Expression of TRAF4 in HCC tissues and corresponding paracarcinomatous 

tissues.

Tissues n
TRAF4 expression Positive rate 

(%)– +

HCC tissues 90 38 52       57.8***

Paracarcinomatous 

tissues
90 70 20       22.2

***: P<0.001, compared with paracarcinomatous tissues.	

Table 2
Relationship between TRAF4 and clinicopathological characteristics in 90 

locally advanced HCC patients.	

Characteristics Cases (n)
TRAF4 

氈
2 P

Positive Negative
52 38

Gender
Male 78 45 33   0.002 0.967 
Female 12   7   5
Age (years)

曑50 25 14 11   0.045 0.832 

斁50 65 38 27
Tumor size (cm)

曑5 36 13 23 11.546 0.001 

斁5 54 39 15
Differentiation 

grade
well+moderate 57 32 25   0.171 0.679 
poor 33 20 13
Venous invasion
Yes   6   4   2   0.001 0.977 
No 84 48 36
Tumor stage

栺+栻 44 19 25   7.518 0.006 

   栿 46 33 13
			 

3.2. Correlation between TRAF4 and VEGF protein expression 
in HCC tissues

  Immunohistochemical method was applied to detect expression 
rate of VEGF and CD34 in patients with HCC in order to confirm 
whether TRAF4 is indeed associated with aniogenesis in HCC 
tissues or not. The results showed stained VEGF was mainly 
localized in cytoplasm. A total of 56 out of the 90 HCC samples 

showed VEGF positivity (62.2%; Figure 2B); and 42.2% (38/90) 
of the samples were positive for both TRAF4 and VEGF. A total 
of 22.2% (20/90) samples were negative for both TRAF4 and 
VEGF expressins. A total of 64.4% (58/90) showed consistency and 
35.6% (32/90) showed the discrepancy between TRAF4 and VEGF 
expression. There was a positive correlation between TRAF4 and 
VEGF over-expression (r=0.262; P=0.013, Table 3).  

Figure 2. Expression of TRAF4 ,VEGF and CD34 in HCC tissues by 
immunohistochemistry.

A. Positive for TRAF4 staining (200伊) TRAF4 expression showed diffuse 
cytoplasmic staining in tumor cells; B. Positive for VEGF staining (200伊); C. 
Positive for CD34 staining (200伊).

Table 3 
The expression correlation bewteen TRAF4 and VEGF cases.

TRAF4 r P
Positive (n=52) Negative (n=38)

VEGF

Posi t ive 

(n=56)
38 18 0.262 0.013 

Negative 

(n=34)
14 20

3.3. Relationship between TRAF4 expression and MVD in 
HCC tissues

  A measuring of MVD by CD34 immunohistochemical staining of 
the endothelial cells  is conducted in order to explore the relationship 
between TRAF4 expression and angiogenesis (Figure 3). The MVD 
in HCC tissues ranged from 0 to 138/200 per field (median, 64/200 
per field). Immunohistochemical staining detection of CD34 for 
MVD in HCC tissues showed tumor tissues with positive TRAF4 
expression had a significantly higher MVD compared to tumors with 
negative TRAF4 expression (41.6±6.3 vs. 24.5±6.7, P<0.001, Figure 
3).

P=0.000

        TRAF4-positive                TRAF4-negative

60

40

20

  0

M
VD

Figure 3.  Immunohistochemical staining of CD34 for MVD in HCC tissues. 

Tumors with positive TRAF4 expression had a significantly higher MVD 

compared to tumors with negative TRAF4 expression (P<0.001). Data are 

expressed as the number of CD34-positive microvessels per field.
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3.4. Survival analysis of TRAF4

  Kaplan Meier analysis showed that DFS time in locally advanced 

HCC patients with positive expression of TRAF4 was shorter than 

those with negative expression rate of TRAF4 (median: 23.0 months 

vs. 49.6 months,  P=0.001; Figure 4A). Similarly, OS time of patients 

with positive TRAF4 expression was shorter than that with negative 

TRAF4 expression (29.0 vs. 53.3 months, P<0.001; Figure 4B). 

  What’s more, a significant relation between the prognosis and 

TRAF4 expression (P=0.001), tumor size (P=0.001) and tumor 

stage (P<0.05) (Table 4) according to univariate analysis. It was 

shown that TRAF4 was an independent prognostic factor for HCC 

according to multivariate Cox regression analysis (Table 5).
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Figure 4.  Kaplan-Meier analysis of DFS and OS curves of patients with 

HCC based on TRAF4 expression as positive or negative. A. DFS curve of 

patients with HCC based on TRAF4 expression. B. OS curve of patients with 

HCC based on TRAF4 expression.

Table 4
Univariate analysis of clinicopathologic features associated with survival 

time. 

Characteristics n 
DFS OS

95% CI P 95% CI P
TRAF4 
Positive 52 15.948-29.986 0.001 22.405-35.652 0.000 
Negaive 38 38.772-60.445 42.860-63.703
Gender
Male 78 27.735-42.350 0.775 33.246-47.183 0.737 
Female 12 12.930-47.570 18.175-50.325
Age (years)

曑50 25 19.177-44.233 0.655 24.327-47.593 0.589 

斁50 65 27.670-43.766 33.339-48.697
Tumor size (cm)

曑5 36 37.581-58.444 0.002 42.855-62.970 0.002 

斁5 15 17.588-33.600 23.402-38.413
Differentiation 

grade
well+moderate 57 29.564-46.964 0.185 34.458-50.742 0.179 
poor 33 17.813-38.678 24.118-44.610
Venous invasion
Yes 6   0.845-22.488 0.080    3.406-32.594 0.066 
No 84 28.827-42.942 34.371-47.797
Tumor stage

栺+栻 44 37.342-56.890 0.000 42.125-60.249 0.000 

   栿 46 14.110-28.799 20.798-36.705

CI: confidence interval.

Table 5 
Multivariate analysis of characteristics associated with OS and DFS.  

Factor OS DFS
HR 95% CI P HR 95% CI P

TRAF4 

(positive vs. negative)
2.127 1.149-3.939 0.016 2.026 1.095-3.749 0.024 

Tumor length 

(斁5 vs. 曑5)
1.439 0.730-2.836 0.067 1.437 0.726-2.843 0.298 

Tumor stage 

(栿 vs.栺+栻)
1.813 0.959-3.427 0.293 1.771 0.937-3.345 0.078 

HR: hazard ratio; CI: confidence interval.

4. Discussion

  TRAF4, commonly over-expressed in cancer and initially identified 

as a gene amplified and over-expressed in breast carcinoma, 

located at 17q11.2 which was a region of amplification devoid of 

known oncogenes[14], might be involved in the development and 

progression of primary breast cancer and metastasis. TRAF4 protein 

high expression was limited to cancer cells and the subcellular 

localization was consistently cytoplasmic in a large majority of 

cases. It is considered that TRAF4 is the only traffic regulator 

and regulated by tumor suppressor p53, which is analyzed in p53 
regulated gene microarrays[15]. TRAF4 may play a role in the p53 
mediated apoptotic signaling of cellular stress responses. In response 

to TGF-毬manner, TRAF4 was observed to be recruited to the TGF-

毬receptor complex[11]. TRAF4 increases NF-毷B activation through 

the glucocorticoid-induced TNF-R (GITR), a receptor expressed 

on T cells, B cells and macrophages[16]. Immunohistochemical 

experiments showed a strong cytoplasmic TRAF4 staining, but 

mainly localized in the basal epithelial cells[17]. The analyses have 

suggested that high TRAF4 expression is an indicator of poor 

outcomes in cancer patients. No extensive studies have yet been 

carried out to establish the significance of TRAF4 expression in 

diagnosis or prognosis.  

  HCC, a most common human malignancy, makes up for 70%-85% 

of the primary liver tumors and contributes to cancer-related death 

as a third leading cause worldwide[18,19]. Because HCC are highly 

vascular tissues and angiogenesis matters a lot in its development, 

progression, and metastasis, angiogenesis is a key process to 

tumor progression[8]. Accordingly, the prevention or delay of the 

development of HCC can be accomplished by the interference 

with angiogenesis. Tumor angiogenesis is a complex process of 

multi-factor regulation[20]. Kinds of important roles are played by 

angiogenesis in many cancers, including HCC by VEGF, which, 

highly expressed in HCC, was the most studied angiogenic factor 

in vascular endothelial cell carcinoma. Besides, VEGF imposes 

key effects in stimulating angiogenesis and in enhancing vascular 

permeability[21]. MVD is a commonly used parameter to evaluate 

tumor neovascularization formation level number. MVD is usually 

quantized by immunohistochemical staining of endothelial cell 

marker. CD34 is a commonly used marker of endothelial cells[22], 
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and it might stand for MVD in HCC more accurately due to the fact 

that MVD by CD34 staining is an independent prognostic factor of 

patient survival after resection of HCC[23]. 

  To examine the involvement of TRAF4 in tumor angiogenesis in 

HCC, the association between the expression of TRAF4, VEGF, 

CD34 and the expression of MVD in HCC tissues was studied. The 

expression of VEGF showed a significantly positive correlation. In 

addition, HCC cases with high TRAF4 expression had a significantly 

greater MVD than those with low TRAF4 expression. These results 

indicate the expression of TRAF4 in the angiogenesis in HCC may 

be associated with VEGF . 

  TRAF4 as an independent prognostic factor for advanced HCC 

is the most important finding of my study. Survival analysis also 

showed significantly shorter DFS and OS on patients with TRAF4-

high expression than those with TRAF4-low expression. That 

TRAF4 was an independent poor predictor of DFS and OS was 

confirmed in univariate and multivariate analyses in following 

surgical resection of HCC patients.

  Our present findings provide evidence that the detection of 

TRAF4 as a positive prognostic marker in the expression of liver 

cancer is very important. We believe that TRAF4 protein, by 

immunohistochemical examination, the diagnosis of liver cancer 

markers can improve the early detection of HCC and the detection 

rate and prognosis of patients with HCC. 

  Overall, the occurrence and development of advanced HCC is 

displayed in our research, which shows that TRAF4 is closely 

related to the abnormal tumor. Therefore, the prognostic value of 

combined detection of TRAF4 may provide a potential malignant 

tumor strategy. 
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