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Abstract

AIM: To study the expression of hypoxia-inducible factor
1 (HIF-1) and vascular endothelial growth factor (VEGF)
in hepatocellular carcinoma (HCC) and the impact on
neovascularization and survival.

METHODS: Expressions of HIF-1, VEGF and microvessel
density (MVD) are studied through immunohistochemistry
in 36 cases of HCC and the corresponding paraneoplastic
tissue and 6 cases of normal liver tissue. The relationship
of the expressions of HIF-1 and VEGF with the
clinicopathological data and survival are analyzed.

RESULTS: The positive rate of VEGF in HCC was 32/36,
which is significantly higher than that in paraneoplastic
tissue and normal liver tissue (P<0.05). The expression
of HIF-1 in HCC tissue is 24/36, also higher than that in
paraneoplastic tissue and normal liver tissue (P<0.05). The
expression of VEGF and HIF-1 in HCC with microscopic
venous invasion is significantly higher than that in HCC
without microscopic venous invasion (P<0.05). Spearman
correlation analysis does not only show the expression
of HIF-1 as correlated with the expression of VEGF
(rs = 0.459, P<0.01), but it also shows the expression of
HIF-1 and VEGF as correlated with MVD (rs = 0.412 and
0.336, respectively, P<0.05). The differences of the
survival rates among VEGF positive group and VEGF
negative group are significant (P<0.05), whereas the
differences of the survival rates among the HIF-1 negative
group and positive group are not significant (P>0.05).

CONCLUSION: HIF-1 plays important ro les in
neovascularization in HCC possibly through regulation of
VEGF transcription.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in China. Owing to the improvement of
surgical technique and early diagnostic methods, the resection
rate of HCC has increased[1,2]. However, the postoperative
relapse and metastatic rate remains high[3]. Neovascularization
may play important roles in the relapse and metastasis of
HCC[4-6].

Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric
transcriptional factor composed of the two basic-helix-loop-
helix (bHLH) -PAS  and  subunits[7,8]. HIF-1 is the
unique, O2-regulated subunit that determines HIF-1 activity.
A series of  genes and proteins that may increase the survival
of tumor cells under hypoxia conditions, including vascular
endothelial growth factor (VEGF), insulin-like growth factor,
inducible nitric oxide synthase, platelet-derived endothelial
growth factor, glucose transporter 1, lactate dehydrogenase,
erythropoietin and nitric oxide synthase gene, are regulated
by HIF-1[9-12]. Thus, HIF-1 may play important roles in
tumor progression.

VEGF is a potent proangiogenic agents. There is a
specific binding site with HIF-1 in the initiating area of
VEGF genes[13-15]. Thus, HIF-1 may also be important in
the regulation of neovascularization of malignant tumors.

The objective of this clinical study is to investigate the
expression of HIF-1 and VEGF in HCC and the impacts
of the expressions of the two biomarkers on neovascularization
and survival in HCC.

MATERIALS AND METHODS

Patients
Thirty-six patients (32 men, 4 women) with HCC who underwent
hepatic resection between March 2000 and October 2001
are included in this retrospective study. The hepatitis B
surface antigens are positive in all HCC cases. None of the
patients received other therapy before the operation.
Median patient age, at time of surgery, is 45.9 (19-77) years.
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Paraneoplastic liver tissue is taken from non-cancerous tissue
1 cm away from the tumor margin. Six samples of  normal
liver tissue are taken from the liver tissue around the hepatic
hemangioma. All the sections are re-evaluated and the
diagnosis are confirmed.

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue specimens are
obtained. Serial 4 mol/L sections are prepared, and one is
stained with H&E. Sections are stained for HIF-1, VEGF
and CD34 based on streptavidin-biotin-horseradish
peroxidase complex formation as mentioned before[16]. In
brief, after deparaffinization and rehydration, endogenous
peroxidase is blocked with methanol containing 0.3%
hydrogen peroxide for 30 min. Slides are treated with target
retrieval solution. Primary antibodies include monoclonal
anti-HIF-1 antibody (clone H1alpha67; NEOMARKERS),
monoclonal  anti-VEGF antibody (clone JH121;
NEOMARKERS) and monoclonal anti-CD34 antibody
(clone QBEnd/10; NEOMARKERS). The peroxidase
reaction is developed, using diaminobenzidine and the slides
used are washed and mounted in mountant. Nuclei are lightly
counterstained with hematoxylin. Negative controls are
performed using PBS instead of  the MAb. Two investigators
(Bao-An Liu and Seng-Lin Chen) independently evaluate
the immunohistochemistry. The immunohistochemical
results for HIF-1 and VEGF are classified as follows: -,
no staining; +, weak staining; ++, strong staining.
Microvessel density, assessed by immunostaining for CD34,
is determined according to Weidner[17]: the immunostained
sections are scanned at low magnification (×40), and the
tumor area with the highest density of distinctly highlighted
microvessels (‘hot spot’) is selected. Microvessel density then
is determined in the hot spot by counting all vessels at a
total magnification of ×200. Each stained lumen is regarded
as a single CD34 positive cell is visible, this cell is also
interpreted as representing a microvessel.

Follow-up
Survival are calculated from the date of  operation. Follow-
up is performed through letter and telephone. Median
duration of  follow-up is 300 d (60-960 d). Follow-up rate is
91.6% (33/36).

Statistical analysis
Mann-Whitney test and Spearman coefficient of  correlation
are used as appropriate. Survival curves are calculated using
Kaplan-Meier estimates and differences among groups are
tested by log rank test. For all tests, a P value of  less than or
equal to 0.05 is considered as significant. All statistics are
calculated through SPSS 10.0 software.

RESULTS

Expression of HIF-1
There are no positive staining in negative control. The
positive staining is located in the cytoplasma and/or the
nucleus (Figure 1). There are 24 sections with positive
staining of HIF-1, including 3 strongly positive sections
and 21 weakly positive, among the 36 sections of HCC.

However, among the 36 sections of paraneoplastic tissue,
all but 2 sections with weakly positive stain of HIF-1 are
negative and all the 6 sections of  normal liver tissue are
negative. The expressions of HIF-1 in the bile duct and
the vessels are negative. The expression of HIF-1 in the
HCC tissue is statistically significantly higher than that in
the paraneoplastic tissue and normal liver tissue (P<0.01).

Figure 1  A specimen of HCC with strong expression of HIF-1.
Immunohistochemistry, original magnification, ×400.

Expression of VEGF
The positive staining of VEGF is located in the cytoplasma
(Figure 2). The positive rate of VEGF in HCC is 32/36,
including 16 strongly positive and 16 weakly positive. Among
36 sections of paraneoplastic tissue, all but 6 sections with
weakly positive staining of VEGF are negative and all the 6
sections of  normal liver tissue are negative. The expression
of VEGF in the HCC tissue is statistically significantly higher
than that in the paraneoplastic tissue and normal liver tissue
(P<0.05).

Figure 2  A specimen of HCC with strong expression of VEGF.
Immunohistochemistry, original magnification, ×400.

Association of HIF-1  and VEGF expression with
clinicopathological data
Significant association is only found between HIF-1
and VEGF expression and microscopic venous invasion
(P<0.05), among the 5 clinicopathological data including
serum alpha fetoprotein concentration, cirrhosis, Edmondson
grading, tumor size and microscopic venous invasion
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(Table 1). The expression of  HIF-1 or VEGF in HCC with
microscopic venous invasion are significantly higher than
those in HCC without microscopic venous invasion (P<0.05).

Table 1  Association between expression of HIF-1 and VEGF with
clinicopathological data in HCC

      HIF-1      VEGF
n P

 -  +  -  +

AFP concentration (ng/mL)

     ≤50 14   2 12 2 12

     >50 22 10 12 2 20          >0.05

Cirrhosis

     With 25 10 15 4 21

     Without 11   2   9 0 11          >0.05

Edmondson grading

     I–II 12   2 10 1 11

     III–IV 24 10 14 3 21          >0.05

Tumor size (mm)

     ≤50   9   3   6 1   8

     >50 27   9 18 3 24          >0.05

Microscopic venous invasion

     With 24   3 21 1 23

     Without 12   9   3 3   9          <0.05

Association of HIF-1  and VEGF expression with
neovascularization
CD34 expression is positive in 33 cases of HCC (Figure 3).
Spearman correlation analysis does not only show the
expression of HIF-1 as correlated with the expression of
VEGF (rs = 0.459, P<0.01), but also shows the expressions
of HIF-1 and VEGF as correlated with that of CD34
(rs = 0.412 and 0.336, respectively, P<0.05).

Figure 3  A specimen of HCC with strong expression of CD34.
Immunohistochemistry, original magnification, ×100.

Survival analysis
The overall 1, 2-year survival rates of  the 36 patients are
52.5% and 28.9%. The 1, 2-year survival rates are 70.7%
and 48.0% in HIF-1 negative HCC group, 43.4% and
14.9% in HIF-1 positive group. Log rank test shows
the differences among the two groups are not significant
(P = 0.10, Figure 4).

The 1, 2-year survival rates are both 75.0% in VEGF
negative HCC group, 49.2% and 14.5% in VEGF positive
group. Log rank test shows the differences among the three
group are significant (P<0.05, Figure 5).

Figure 4  Overall survival curve of patients with different expres-
sion of HIF-1.

Figure 5  Overall survival curve of patients with different expres-
sion of VEGF.

DISCUSSION

The rate of respectability of HCC has risen and the 5-year
survival rate has improved[1-3]. However, the postoperative
relapse rate of HCC remains higher, which becomes one
of  the main obstacles to improve the survival rate. The
molecular mechanisms of the relapse and metastasis of
HCC are thus of interest. Neovascularization is one of the
key steps[4-6]. HIF-1 is thought to be involved in the
regulation of neovascularization in malignancies. The
purpose of  this study is to determine whether the expression
of HIF-1 increases in HCC tissue and the impacts of
HIF-1 expression on neovascularization and survival.

Most studies about the effects of HIF-1 on the
neovascularization in malignancies have used in vitro or animal
models. It has been confirmed that in many cancer cell
lines, hypoxia can induce the expression of some
proangiogenic factors, including VEGF, insulin-like growth
factor, platelet-derived endothelial growth factor, through
HIF-1-dependent manner. It has also been proven through
the method of gene knockout that the loss of HIF-1
may significantly suppress the growth of tumors including
glioblastoma and malignant teratoma and most importantly
decrease the neovascularization of those malignancies[18,19].

HIF-1 is also proven to highly express in many kinds
of malignancies, such as stomach, colon, breast, thyroid,
pancreas, ovary, lung and otopharyngeal cancer[11,20-23].
Zhong et al[11] and Talks et al[20] have studied the expression
of HIF-1 in 8 cases and 5 cases of HCC tissue using
immunohistochemistry. The results show that 2 cases out
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of 13 have positive HIF-1 expression. However, it is
evident that the amount of the samples in the two studies is
too small to conclude. In the current study, the expression
of HIF-1 in 36 cases of HCC are studied through
immunohistochemistry and the positive rate is 24/36, higher
than that in paraneoplastic liver tissue and normal liver
tissue. Also, we demonstrate for the first time to our
knowledge that the expression of HIF-1 in HCC does
not only have relationship with that of VEGF, but also
with that of MVD and microvenous invasion. Thus, this
clinical study has supported that HIF-1 may play pivotal
role in the neovascularization in HCC through regulation
of VEGF expression. Our findings are consistent with some
previous reports in other cancers, such as ovarian cancer[21],
ductal carcinomas in situ[22], non-small cell lung cancer[23]

and supratentorial pure oligodendrogliomas[24].
In the present study, we find no significant difference in

survival among HIF-1 negative group and positive group.
However, overexpression of HIF-1 is demonstrated to
be an independent prognostic factor by univariate and
multivariate analysis in some malignancies, such as early-
stage invasive cervical cancer[12], non-small cell lung cancer[23],
oligodendroglioma[24] and oropharyngeal cancer[25]. Thus to
definitely clarify possible differences in survival in HCC,
larger scale studies will be needed.

We conclude that overexpression of  HIF-1 protein is
associated with neovascularization in HCC, possibly through
regulation of VEGF transcription.
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