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Tumor angiogenesis and its clinical significance in pediatric
malignant liver tumor
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Abstract
AIM: To investigate the expression of vascular endothelial
growth factor (VEGF) and microvascular density (MVD) count
in pediatric malignant liver tumor and their clinical significances.

METHODS: Fourteen children with malignant liver tumors
including seven hepatocellular carcinomas (HCCs), five
hepatoblastomas, one malignant mesenchymoma and one
rhabdomyosarcoma were studied. Twelve adult HCC samples
served as control group. All samples were examined with
streptavidin-biotin peroxidase (SP) immunohistochemical
staining for VEGF expression and MVD count.

RESULTS: VEGF positive expression in all pediatric malignant
liver tumors was significantly higher than that in adult HCC
(0.4971±0.14 vs 0.4027±0.03, P<0.05). VEGF expression
in pediatric HCC group was also markedly higher than
that in adult HCC group (0.5665±0.10 vs 0.4027±0.03,
P<0.01) and pediatric non-HCC group (0.5665±0.10 vs
0.4276±0.15, P<0.05). The mean value of MVD in pediatric
malignant liver tumors was significantly higher than that
in adult HCC (33.66±12.24 vs 26.52±4.38, P<0.05).
Furthermore, MVD in pediatric HCC group was significantly
higher compared to that in adult HCC group (36.94±9.28 vs
26.52±4.38, P<0.05), but there was no significant difference
compared to the pediatric non-HCC group (36.94±9.28 vs
30.37±14.61, P>0.05). All 7 children in HCC group died within
2 years, whereas the prognosis in pediatric non-HCC group
was better, in which two patients survived more than 5 years.

CONCLUSION: Children with malignant liver tumors,
especially with HCC, may have extensive angiogenesis that
induces a rapid tumor growth and leads to a poor prognosis.
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INTRODUCTION
We reported a group of 26 children with primary liver malignant

tumor during a ten year period, in which hepatocellular carcinoma
(HCC) was in the majority[1]. These patients had a very poor
prognosis due to frequent metastases and rapid recurrence,
and died in a short time no matter what kind of therapeutic
procedures was taken. The characteristics of pediatric malignant
liver tumor, especially HCC, are worthwhile to be studied.
Recently, the roles of vascular endothelial growth factor (VEGF)
in the growth and metastasis of tumors have drawn extensive
attention. We presume there is an unusual angiogenesis that
might be related with VEGF expression in pediatric liver
malignant tumor. In this study, we investigated the VEGF
expression and microvascular density (MVD) in primary liver
malignant tumor in children, and elucidated the possible reasons
and correlative factors responsible for the high malignant
behaviors of these tumors.

MATERIALS AND METHODS

Patients
Among 26 children with malignant liver tumor who were treated
during 1992 to 2001, 14 cases (10 boys and 4 girls with an average
age of 68.6 mo and range 0.8-182 mo) underwent surgery and
were pathologically diagnosed as HCC (7 cases, 50%),
hepatoblastoma (HB, 5 cases,  35.7%),  mal ignan t
mesenchymoma (1 case, 7.14%) and rhabdomyosarcoma (1 case,
7.14%). In HCC group, 4 had multiple tumors and 3 had a
single tumor in liver, but the patients with HB, malignant
mesenchymoma or rhabdomyosarcoma had only single tumor
in liver. Alpha-fetoprotein (AFP) and HBsAg in all patients
were measured before operation.

Immunohistochemistry of VEGF and MVD
The specimens obtained from normal liver, tumor and tumor
surrounding tissues were fixed in 100 mL/L formalin, embedded
in paraffin and serially sectioned (4 m thick). Routine
histopathologic evaluation of the tumor was performed using
hematoxylin and eosin staining, streptavidin-biotin peroxidase
(SPTM kit, ZYMED, USA) procedure was used for immunohisto-
chemical staining of VEGF and MVD. The first antibodies were
rabbit anti-human VEGF polyclonal antibody (1:20, Santa Cruz
Biotechnology, Inc) and mouse anti-human CD34 (endothelial
cell marker for measuring MVD) monoclonal antibody (1:50,
NeoMarkers), respectively. Another 12 specimens obtained
from adult HCC (ranging in age from 36 to 59 years) were used
as control. All steps of manipulation were carried out according
to the manufacturer’s instructions of the kit. Positive VEGF
staining appeared as brown in cytoplasm was analyzed with
microscopy and computer-image system (HPIAS-1000, QianPing
Co.). The areas of positively stained cells in five visual fields
were measured by HPIAS-1000 in each section. According to
the criteria of Weidner et al[2], the number of capillaries and
microvessels which were endothelial-lined within tumor was
measured by MVD count. The distribution of microvessels in
each section was observed primarily under a low-power
microscope, and then 5 fields with abundant microvessels were
selected for counting under a high power microscope (400
magnification), and a mean value was calculated.



Survival follow-up
The survival time of all children in HCC and non-HCC groups
was calculated until their death or September of 2003, and
described with the Kaplan-Meier curve.

Statistical analysis
The values of VEGF positive expression and MVD count were
presented as mean±SD. Student’s t test was used to analyse
the data. P<0.05 was considered statistically significant.

RESULTS

Clinical examination
In children with HCC, HB and two cases of malignant
mesenchymoma or rhabdomyosarcoma, the positive rate of AFP
was 71.2% (5/7), 100% (5/5) and 0%, respectively. The positive
rate of HBsAg was 43% (3/7), 0% and 0%, respectively.

Table 1  VEGF expression and MVD count in each group (mean±SD)

Groups    VEGF      MVD

Pediatric malignant liver tumor        0.4971±0.14a 33.66±12.24a

group (n = 14)

Pediatric HCC group (n = 7)          0.5665±0.10b       36.94±9.28a

Pediatric non-HCC group (n = 7)     0.4276±0.15c       30.37±14.61

Adult HCC group (n = 12)          0.4027±0.03        26.52±4.38

aP<0.05, bP<0.01 vs adult HCC group; cP<0.05 vs pediatric HCC
group.

VEGF expression and MVD count
VEGF positive expression was brown in sections of tumor tissue
(Figures 1A, B). It was significantly higher in all pediatric malignant
liver tumors than in adult HCC (0.4971±0.14 vs 0.4027±0.03,
P<0.05). VEGF expression in pediatric HCC group was also
markedly higher than that in adult HCC group (0.5665±0.10 vs
0.4027±0.03, P<0.01) and pediatric non-HCC group (0.5665±0.10
vs 0.4276±0.15, P<0.05, Table 1). The distribution of microvessels

was asymmetric in tumor tissue and the densest distribution
was in the edge of the tumor (Figures 1C, D). The mean value of
MVD in pediatric malignant liver tumor was significantly higher
than that in adult HCC (33.66±12.24 vs 26.52±4.38, P<0.05, Table 1).
Furthermore, MVD in pediatric HCC group was markedly higher
compared to the adult HCC group (36.94±9.28 vs 26.52±4.38,
P<0.05), but there was no significant difference compared to
the pediatric non-HCC group (36.94±9.28 vs 30.37±14.61, P>0.05,
Table1).

Figure 2  Survival rate described by Kaplan-Meier curve in
children with HCC and non-HCC.

Survival rate
All patients were followed-up. All children in HCC group died
within two years after operation. The patients in non-HCC group
had a better prognosis. Among the survivors, two cases survived
for over 5 years. Kaplan-Meier curve showed that although all
patients underwent surgery procedures, there was a significant
difference in survival rate between patients with HCC and
without HCC, the survival rate of non-HCC group was notably
higher than that of HCC group (Figure 2).

DISCUSSION

In this study, the clinical characteristics of pediatric primary

Figure 1  Immunohistochemical staining for VEGF expression (×400) and MVD (×100). A, B: Immunohistochemical staining for
VEGF expression in HCC (A) and HB (B); C, D: Immunohistochemical staining for MVD (×100 ) in HCC (C) and HB (D).
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malignant liver tumor were as follows: (1) HCC cases out
numbered HB cases. This result was different from previous
reports that the incidence of HB was the highest in pediatric
malignant liver tumors[3]. (2) HBsAg was positive in 43%(3/7)
of all HCC cases, and negative in all HB cases, implying that
hepatitis B virus (HBV) infection might be responsible for HCC
in children. (3) AFP was positive in all HB and most HCC cases,
but HBsAg and AFP were negative in patients with mesenchymoma
or rhabdomyosarcoma. (4) The resection rate of pediatric
malignant liver tumor was low, accounting for 38.5% (10/26)
during the same period, and the resection rate of HCC was
only 21.05% in this study.
       Clinical results have shown pediatric malignant liver tumors
grow rapidly and are often at the late stage when found or
diagnosed. Furthermore, pediatric malignant liver tumors,
especially HCC, have a very poor prognosis even if treated. In
pediatric HCC group of our study, none survived for over
two years. This poor prognosis might be due to the rapid
recurrence and metastasis of pediatric malignant liver tumor
even after surgical resection.
     A more recent research indicates that the growth and
metastasis of solid tumors are dependent on the formation of
new blood vessels[4]. The onset of angiogenesis is believed to
be an early event in tumorigenesis and may facilitate tumor
progression and metastasis[5]. Several growth factors with
angiogenic activity have been described, including fibroblast
growth factor (FGF), platelet derived growth factor (PDGF) and
VEGF. Among the angiogenesis factors, VEGF is the most
important one and a hot spot of study at present. It has been
reported that VEGF is a dimeric glycoprotein with a structural
homology with PDGF[6,7], and also a highly specific mitogen for
blood vessel endothelial cells, which can stimulate endothelial
cells of microvessels to proliferate and increase permeability,
resulting in tumor angiogenesis[8]. On the other hand, tumor
MVD is not only the criterion for evaluating angiogenesis, but
also has a close relation with malignant behaviors of tumor,
such as recurrence and metastasis[9]. The higher the density of
the new blood vessels is in tumor, the worse the prognosis of
patients is. Thus VEGF and MVD were chosen to measure and
understand the angiogenesis event in pediatric liver malignant
tumor in this study.
       The VEGF expression and MVD count in pediatric malignant
liver tumor, especially in pediatric HCC group, were significantly
higher than those in adult HCC group. The results indicate
there is stronger angiogenesis in pediatric liver malignant tumor
which might be an important reason why tumor growth is faster
and prognosis is poorer in children than in adults. Among the
children with malignant liver tumor, VEGF positive expression
and MVD count in HCC group were also higher than those in

non-HCC group. On the other hand, there were also significant
differences in survival rate between HCC and non-HCC groups.
Almost all patients in HCC group died within two years after
operation, but more patients in non-HCC group survived for over
two years. Two possibilities might be accountable for this outcome.
First, since this study consisted of a small number of patients, the
cases were not sufficient to reflect the different characteristics
of angiogenesis of pediatric HCC and non-HCC. Second, except
for angiogenesis, other factors, such as types of tumor,
differentiation degree, course of disease, location and metastasis,
might be responsible for the prognosis. In the non-HCC group, two
patients with malignant mesenchymoma or rhabdomyosarcoma
are still alive. Interestingly, although without statistical
significance, their VEGF expression was negative.
       The strong angiogenesis features in pediatric malignant liver
tumor can predict the rapid growth, easy metastasis and recurrence,
and extremely poor prognosis after operation. All these findings
indicate that antiangiogenic therapy could prolong the survival
time of malignant liver tumor patients after operation. The cause
of the strong expression of VEGF and increased MVD in malignant
liver tumor in children is still unclear, thus further studies are
needed.
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