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Abstract
AIM: To assess the expression of nuclear hepatoma-
derived growth factor (HDGF) in benign and malignant 
gallbladder lesions and to determine its clinicopatho-
logical significance.

METHODS: We studied 40 patients with gallbladder 
cancer (GBC) and a control group of 40 patients with 
cholelithiasis. All diagnoses of GBC and cholelithiasis 
were confirmed by histopathological examination after 
surgery. None of the patients received chemotherapy 
or radiotherapy before surgery. All tissue samples were 
fixed in 4% formalin immediately after removal and 
embedded in paraffin for immunohistochemical stain-
ing. The HDGF expression in the GBC and cholelithiasis 
specimens was examined by immunohistochemical 
staining. The relationship between the HDGF expres-
sion and the clinicopathological parameters of GBC was 
analyzed.

RESULTS: Nuclear HDGF expression was significantly 
higher (77.5%) in GBC than in chronic cholelithiasis 
(21.5%, P  < 0.001). High nuclear HDGF levels were 
associated with histopathological subtype (P  < 0.05), 
clinical stage (P  < 0.01), and perineural invasion (P  
< 0.01) but not with sex, age, history of gallstones, 
or lymph node metastasis. A univariate Kaplan-Meier 
analysis showed that positive nuclear HDGF expression 
was associated with decreased overall survival (P  < 
0.01). Multivariate Cox regression analysis showed that 
nuclear HDGF expression and lymph node metastasis 
were independent risk factors for disease-free survival.

CONCLUSION: The expression of nuclear HDGF might 
be closely related to the carcinogenesis, clinical biologi-
cal behaviors, and prognosis of gallbladder adenocarci-
noma.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Gallbladder cancer (GBC) is a highly invasive, 
rapidly proliferating tumor. Unfortunately, most con-
ventional treatments for this tumor remain associated 
with poor survival. Therefore, it is necessary to identify 
prognostic biomarkers that are independently corre-
lated with tumor aggressiveness. This study documents 
hepatoma-derived growth factor (HDGF) immunostain-
ing in gallbladder carcinomas for the first time and 
shows that the expression of nuclear HDGF is closely 
related to the carcinogenesis, clinical biological behav-
iors, and prognosis of GBC.
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INTRODUCTION
Gallbladder cancer (GBC) is the most common biliary 
tract malignancy and the seventh most common gas-
trointestinal cancer[1-3]. According to the data from the 
SEER Program, the incidence of  GBC is estimated at 
2.5 per 100000 persons. Despite its comparatively lower 
incidence rate, GBC-associated mortality is higher than 
the mortality of  other cancers[4]. The median survival of  
GBC patients is less than 1 year due to the early spread 
of  tumors via lymphatic, perineural, and hematogenous 
routes as well as direct invasion of  the liver[5,6]. Therefore, 
the development of  novel and effective therapeutic strat-
egies for GBC, as well as an increased understanding of  
biomarkers and their effects on therapeutic responses, 
may improve patient prognosis. 

Hepatoma-derived growth factor (HDGF), a heparin-
binding growth factor, has a wide range of  biological 
functions, including roles in mitogenic activity and vas-
cular development[7]. Consistent with these critical roles, 
HDGF has been characterized as an oncogene. Thus, it 
plays important roles in promoting cancer cell prolifera-
tion, angiogenesis, invasion, and migration in several 
malignancies, including oral squamous cell carcinoma as 
well as gastric, colonic, lung, and esophageal cancers[8-12]. 
Furthermore, clinicopathological analysis has shown that 
a high level of  HDGF expression is associated with poor 
prognosis in several types of  cancers, such as breast can-
cer and pancreatic ductal carcinoma[13,14], and that HDGF 
overexpression is correlated with an increasing rate of  
lymph node metastasis in gastric cancer[15]. However, the 
significance of  HDGF expression in the prognosis of  
GBC has not been fully evaluated. 

In this study, using immunohistochemistry (IHC), 
we investigated the HDGF expression levels in benign 
and malignant lesions of  the gallbladder and studied the 
clinicopathological significance of  its expression in the 
prognosis of  GBC.

MATERIALS AND METHODS
Patients and clinicopathological data 
Samples from 40 patients with GBC pathologically con-
firmed after surgery were collected at the Shaoxing Hos-
pital of  Zhejiang University, China. None of  the patients 
received chemotherapy or radiotherapy before surgery. 
The patients included 11 males and 29 females with an 
average age of  70.6 years. According to the Union for 
International Cancer Control staging system, 2 (5.0%), 3 
(7.5%), 12 (30.0%), 12 (30.0%), and 11 (27.5%) patients 
were diagnosed with stage 0, Ⅰ, Ⅱ, Ⅲ, and Ⅳ disease, 
respectively. Additionally, 21 cases were diagnosed with 
lymph node metastases. A total of  40 patients with cho-
lelithiasis who had undergone simple cholecystectomy 

were included as controls. All diagnoses of  GBC, cho-
lelithiasis, and lymph node metastasis were confirmed 
by histopathological examination, and all tissue samples 
were fixed in 4% formalin immediately after removal and 
embedded in paraffin for immunohistochemical staining. 
The survival information for the 40 GBC patients was 
obtained through phone calls. This study was approved 
by the Ethics Committee of  Shaoxing Hospital of  Zhe-
jiang University. Written informed consent was obtained 
from each participant.

Immunohistochemical analysis and evaluation of HDGF 
expression
Immunohistochemical staining was performed using 
the standard immunoperoxidase staining procedure, and 
HDGF expression in the specimens was evaluated ac-
cording to the methods described by Pinheiro et al[16]. The 
sections were semi-quantitatively scored according to the 
extent of  immunoreactivity as follows: 0, 0% immuno-
reactive cells; 1, < 5% immunoreactive cells; 2, 5%-50% 
immunoreactive cells; and 3, > 50% immunoreactive 
cells. The staining intensity was scored semi-quantitatively 
as follows: 0, negative; 1, weak; 2, intermediate; and 3, 
strong. The final immunoreaction score was defined as 
the sum of  the two parameters (extent and intensity), 
and the samples were classified as negative (0), weakly 
stained (1-2), moderately stained (3), or strongly stained 
(4-6). For statistical purposes, only moderate and strong 
final immunoreaction scores were considered positive; 
negative and weakly stained final scores were considered 
negative.

Statistical analysis
The data were analyzed using SPSS 19.0 (Statistical Pack-
age for the Social Sciences version 19.0). The relation-
ship between HDGF expression and histology or clinical 
factors was analyzed using the χ 2 independence test or 
Fisher’s exact test. The Kaplan-Meier test was used for 
univariate survival analysis. The Cox proportional hazard 
model was used for multivariate analysis and to determine 
the 95%CI. P < 0.05 was considered statistically signifi-
cant.

RESULTS
Nuclear HDGF expression in benign and malignant 
lesions of the gallbladder 
To determine the potential role of  HDGF in GBC pro-
gression, we evaluated HDGF expression in GBC and 
cholelithiasis tissues by IHC (Figure 1A-E). HDGF was 
mainly located in the nuclei, which was consistent with 
the known cellular function of  HDGF protein as a nu-
clear-targeted mitogen that exhibits mitogenic activity in 
various cells after translocation to the nucleus[17]. Approx-
imately 77.5% (31/40) of  the GBC cases had positive 
nuclear HDGF staining in the tumor cells. In contrast, 
only 21.5% (11/40) of  the cases had positive staining in 
the cholelithiasis tissues (Table 1, Figure 1D, P < 0.001). 
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However, the incidence of  cytoplasmic HDGF was 
comparable between the tumor and cholelithiasis tissues: 
positive staining was observed in tumor cells in 32.5% 
(13/40) of  cases and in cholelithiasis tissues in 22.5% 
(9/40) of  cases (Table 1, Figure 1E, P > 0.05). Thus, the 
differences in HDGF protein levels between the tumor 
and cholelithiasis tissues were much more significant in 
the nuclei than in the cytoplasm.

Association of HDGF expression with the 
clinicopathological characteristics of gallbladder 
adenocarcinoma
As shown in Table 2, HDGF overexpression was found 
to be significantly correlated with histopathological sub-
types (P < 0.05), TNM stage (P < 0.01), and perineural 
invasion (P < 0.01), indicating a potential role for HDGF 
in promoting aggressive phenotypes in GBC. However, 
HDGF expression was not significantly associated with 
the presence of  lymph node metastasis or other clinico-

pathological characteristics, such as gender, age, or his-
tory of  gallstones (P > 0.05).

Correlation between HDGF expression and survival 
in patients with gallbladder cancer. 

A total of  12 patients survived at least 1 year, and 28 
patients survived less than 1 year, with an average survival 
time of  9.7 mo. The patients who survived less than 1 
year were found to have significantly higher HDGF ex-
pression than the patients who survived over 1 year (Table 
3). The Kaplan-Meier survival analysis revealed that the 
histopathological subtype (P < 0.01), the TNM stage (P 
< 0.05), the presence of  lymph node metastasis (P < 0.01), 
and the presence of  perineural invasion (P < 0.05) were 
significantly associated with the average survival time. 
The average survival time for HDGF-negative patients 
was significantly higher than for patients with positive 
HDGF expression (P < 0.01) (Table 4, Figure 1F). To 
obtain a more precise estimate of  prognosis, the Cox 
proportional hazard regression model was applied. The 
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Figure 1  Enhanced expression of hepatoma-derived growth factor in gallbladder cancer and its negative association with prognosis. A: Negative staining in 
normal glandular epithelium (× 200); B: Moderate staining predominantly localized in the cell nuclei in an adenocarcinoma. Arrows denote areas of positivity (× 200); C: 
Moderate to strong staining predominantly localized in the cell cytoplasm in an adenocarcinoma. Arrows denote areas of positivity (× 200); D: Average staining scores 
of nuclear hepatoma-derived growth factor (HDGF) expression in cholelithiasis and gallbladder cancer (GBC) tissues; E: Average staining scores of cytoplasmic 
HDGF expression in cholelithiasis and GBC tissues; F: Kaplan-Meier plots of overall survival in GBC patients with positive and negative HDGF expression scores. 

Table 1  Hepatoma-derived growth factor expression in tissues from malignant gallbladder cancer and cholelithiasis groups  n  (%)

Tissue types Cases (n ) Nuclear HDGF Cytoplasmic HDGF

Positive cases χ 2 P  value Positive cases χ 2 P  value

GBC 40 31 (77.5) 20.05 < 0.001 13 (32.5) 1.003 0.317
Cholelithiasis 40 11 (21.5)   9 (22.5)

HDGF: Hepatoma-derived growth factor; GBC: Gallbladder cancer. 

HDGF (-)

P  < 0.01

HDGF (+)
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endothelial cells, and a variety of  cancer cell lines, after 
translocation to the nucleus[17,22]. Consistent with these 
findings, Chen et al[13] determined that the nuclear HDGF 
staining level, but not the cytoplasmic staining level, was 
correlated with the proliferation index in breast cancer. In 
this study, we also detected significantly increased nuclear 
HDGF expression in the vast majority of  GBC tissues 
compared with cholecystitis tissues, while cytoplasmic 
HDGF localization had no prognostic significance. Al-
though the role of  cytoplasmic HDGF expression has 
not yet been clarified, it is thought to be associated with 
HDGF receptors located at the plasma membrane[23]. Ad-
ditional studies are necessary to identify the precise bio-
logical role of  cytoplasmic HDGF in different cancers.

Invasion and metastasis are the predominant charac-
teristics of  malignant diseases[24]. In multiple studies, it 
has been shown that elevated levels of  HDGF in differ-
ent types of  tumors are correlated with metastatic poten-

results confirmed that HDGF expression and the pres-
ence of  lymph node metastasis were negatively correlated 
with post-operative survival, suggesting that high HDGF 
expression is a risk factor for disease-free survival (Table 
5).

DISCUSSION
GBC is associated with highly invasive, rapidly proliferat-
ing tumors. Unfortunately, the most aggressive conven-
tional treatments for GBC still remain associated with 
poor survival[18,19]. Therefore, it is necessary to identify 
prognostic biomarkers that are independently correlated 
with tumor aggressiveness. This study documents HDGF 
immunostaining in GBC for the first time, showing that 
a high level of  nuclear HDGF expression is found in ap-
proximately 77.5% of  cases. 

HDGF, located on chromosome 1q21-23, is a 
heparin-binding growth factor that was originally puri-
fied from media conditioned with the human hepatoma 
cell line HuH7[20]. HDGF comprises 240 amino acids 
and contains multiple functional domains, including a 
conserved N-terminal domain 100 amino acids in length 
that is responsible for DNA binding and 2 bipartite 
nuclear localization sequences for nuclear localization[21]. 
HDGF is a nuclear-targeted mitogen that exhibits mito-
genic activity and stimulates the proliferation of  various 
cells, including fibroblasts, vascular smooth muscle cells, 

9567 July 28, 2014|Volume 20|Issue 28|WJG|www.wjgnet.com

Table 2  Association between hepatoma-derived growth factor expression and the clinicopathological characteristics of gallbladder 
cancer  n  (%)

Parameter Category Cases (n ) HDGF

Positive cases χ 2 P  value

Age < 60   9   8 (88.9) 0.227 0.634
≥ 60 31 23 (74.2)

Sex Male 11   7 (63.6) 0.755 0.385
Female 29 24 (82.8)

Histopathological subtypes High   8   3 (37.5) 8.027 0.018
Middle 14 12 (85.7)

Low 18 16 (88.9)
TNM stage 0-Ⅰ   5   1 (20.0) 7.349 0.007

Ⅱ-Ⅳ 35 30 (85.7)
Lymph node metastasis Negative 19 14 (73.7) 0.029 0.865

Positive 21 17 (83.0)
Perineural invasion Absent 12   5 (41.7) 9.858 0.002

Present 28 26 (92.9)
Gallbladder stones Negative 17 14 (82.4) 0.152 0.697

Positive 23 17 (77.3)

HDGF: Hepatoma-derived growth factor; TNM: Tumor node metastasis.

Table 3  Correlation between patient survival time and 
hepatoma-derived growth factor expression

Survival time Cases (n ) HDGF

Positive cases χ 2 P  value

< 1 yr 28 25 (89.3) 5.352 0.021
≥ 1 yr 12   6 (50.0)

HDGF: Hepatoma-derived growth factor.

Table 4  Univariate log-rank analysis of disease-specific 
survival

Parameter Category Cases 
(n )

Mean survival time (mo) 
95%CI

P  
value

Age < 60   8 14.8 (4.3-25.2) 0.930
≥ 60 32 14.3 (9.2-19.4)

Sex Male 11   20.2 (10.4-30.1) 0.142
Female 29 12.7 (7.9-17.5)

Histopathological 
subtypes

High   8   30.4 (21.5-39.2) 0.003
Middle 14 12.1 (5.6-18.5)

Low 18 7.2 (4.8-9.7)
TNM stage 0-Ⅰ   5   36.0 (36.0-36.0) 0.015

Ⅱ-Ⅳ 35 11.4 (7.4-15.4)
Lymph node 
metastasis

Negative 19   19.4 (11.4-27.4) 0.005
Positive 21   9.1 (4.4-13.8)

Perineural 
invasion

Absent 12   27.6 (18.3-37.0) 0.013
Present 28 10.3 (6.3-14.2)

HDGF Negative   9   32.1 (22.1-42.2) 0.001
Positive 31   9.6 (6.1-13.1)

HDGF: Hepatoma-derived growth factor; TNM: Tumor node metastasis.
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tial, increased malignancy, and an unfavorable prognosis 
for the patients[8-12,25]. However, the molecular mechanism 
underlying HDGF-induced metastasis remains unclear. 
One possibility is that HDGF may promote tumor pro-
gression through the modulation of  angiogenesis or fa-
cilitate epithelial-mesenchymal transition to create a niche 
environment for metastasis[23,26]. In this study, we also 
found that upregulated nuclear HDGF expression was 
strongly correlated with the degree of  tumor differentia-
tion, perineural invasion, and TNM stage in GBC pa-
tients. Further survival analysis showed that after surgery, 
the survival time of  cases with positive nuclear HDGF 
expression was significantly lower than the survival time 
of  cases with negative expression. Cox multivariate 
analysis showed that HDGF expression was negatively 
correlated with the postoperative survival ratio and was 
an independent indicator of  poor prognosis. These find-
ings indicate the potential role of  HDGF in promoting 
aggressive phenotypes of  GBC and the potential utility 
of  HDGF expression levels as a prognostic biomarker of  
GBC.

This study was a retrospective analysis and had some 
limitations. The sample size of  the study was relatively 
small, with only 40 cases. To further understand the spe-
cific role of  HDGF in the prognosis of  GBC, additional 
comprehensive prospective studies must be performed. 

In conclusion, nuclear HDGF overexpression is 
present in a substantial proportion of  GBC cases and is 
significantly correlated with the clinical biological behav-
iors of  GBC. More importantly, HDGF overexpression, 
along with advanced stages and poor differentiation, 
represents a significant prognostic factor for reduced 
disease-specific survival. Our data suggest that nuclear 
HDGF overexpression could predict a poor prognosis in 
GBC patients, suggesting HDGF as a potential molecular 
target for GBC therapy.
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