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Abstract The objective of this study was to investigate
the expressions of angiogenic factors and elucidate their
angiogenic and prognostic roles in hepatocellular carci-
noma (HCC) with background of hepatitis B virus (HBV).
We evaluated microvessel density (MVD) of HCC, and
investigated immunohistochemical expression of vascular
endothelial growth factor (VEGF), angiopoietins (Ang-1
and Ang-2), and matrix metalloproteinases-9 (MMP-9) in
67 specimens of surgically resected HCC, which were all
positive for hepatitis B surface antigen. We investigated
the relationship between their expressions and clinico-
pathological factors or prognosis. The microvessel density
(MVD) of tumor tissue and surrounding normal liver tissue
was 93.1 & 43.8/mm?” and 30.4 + 14.8/mm?, respectively.
The MVD of well-differentiated HCC was significantly
less than that of poorly differentiated HCC. MVD was
positively correlated with VEGF and Ang-2 expression
(P =0.0023 and 0.0265, respectively). There was less
tumor recurrence in low Ang-2 and low MMP-9 group than
high Ang-2 and/or high MMP-9 group (P = 0.002). In Cox
regression model, portal vein thrombus and intrahepatic
metastasis was the risk factors of tumor recurrence
(P = 0.003 and 0.001, respectively). Our study showed
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that the expression of VEGF and Ang-2 were positively
correlated with MVD. Ang-2 expression and/or MMP-9
expression might be a significant predictive factor for
recurrence after resection in HCC patients with the back-
ground of HBV.
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Introduction

Hepatocellular carcinoma (HCC) has the characteristics of
vascular invasion and intrahepatic metastasis. There are
accumulating evidences that tumor angiogenesis plays an
important role in the progression and metastasis of HCC,
and a wide variety of angiogenic factors involved in this
process [1-6]. Among the identified angiogenic factors,
vascular endothelial growth factor (VEGF) is a potent
angiogenic factor that plays a critical role in mediating
angiogenesis in HCC [1, 7]. The VEGF can function on
various types of cells, such as endothelial cells [8], hepatic
stellate cells [9], endothelial progenitor cells, and heman-
giocytes [10], to induce vascular changes in HCC.
Therefore, blockade of VEGF-mediated pathways, either
by anti-VEGF neutralizing antibody or tyrosine kinase
inhibitors that target VEGF receptors, suppresses carcino-
genesis and angiogenesis in HCC [11]. In addition to
VEGEF, several other angiogenic factors in HCC have
recently been identified. Angiogenetin (Ang-1 and Ang-2),
the ligands for Tie2, play critical roles in angiogenesis in
concert with VEGF [2]. Ang-1 binds to Tie2 and maintains
and stabilizes mature vessels. Meanwhile, Ang-2
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competitively binds to Tie2 and antagonizes the stabilizing
action of Ang-1, which results in destabilization of vessels.
In the presence of VEGF and ang-2, the destabilized ves-
sels may undergo angiogenic changes [2, 12]. Matrix
metalloproteinases-9 (MMP-9) specially degrades extra-
cellular matrix proteins and is involved in tissue
remodeling and angiogenesis [5, 6]. Recent studies have
shown that the synergistically proangiogenic activity of
Ang-2 and VEGF was at least partly mediated via induc-
tion of MMP-9 in HCC [3]. In recent study, antiangiogenic
therapy has already entered clinical trials in HCC patients
and promising antitumor activity has been observed [13].
Microvessel density (MVD) of tumor is effective to
evaluate new vascularity of tumor. However, the relation-
ship of MVD of HCC and clinicopathological features and
postoperative survival is still controversial [7, 14, 15]. In
this article, we will discuss the MVD of HCC and clinico-
pathological features in our group of patients, and
investigate the relationship between MVD and angiogenic
factors. In addition, the prognostic significance of MVD,
VEGEF, Ang-1, Ang-2 and MMP-9 will also be investigated.

Materials and methods
Patients

Fresh surgically resected specimens of HCC and noncan-
cerous liver tissue were obtained from 67 patients with
HCC who underwent partial hepatectomy in Renming
Hospital, Wuhan University, from 2000 to 2005. The
medium age was 63 years (range: 44-79 years). There
were 67 patients who were positive for hepatitis B surface
antigen. Macroscopically, 20 cases were well differenti-
ated, 40 cases were moderately differentiated, and seven
cases were poorly differentiated. About 53 patients
underwent curative resection, and 14 cases underwent
palliative resection. Resected HCC specimens were fixed in
10% formalin, embedded in paraffin, and stained with
hematoxylineosin for pathological examination. Histolog-
ical grade was classified according to the criteria of
Edmondson and Steiner.

Microvessel density (MVD) determination

MVD was assessed based on the method as Weidner rec-
ommended [16]. After immunostaining with anti-CD34
antibody (mouse monoclonal IgG2a), large and small
microvessels and single brown immunostained endothelial
cells separate from adjacent microvessels and stromal
structures were included in the microvessel count. A KS-
400 image analyzing system (Carl Zeiss Vision GmbH,
Hallbermoss, Germany) was used for this study. The MVD
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count was calculated as the number of microvessels found
within 1 mm? of the microscopic field under a magnifica-
tion of x100. For each area, the average MVD of the five
highest MVD counts was recorded as the MVD of that
area. The MVD of the tumor was thus calculated as the
average MVD of five highest MVD counts within the
tumor.

Immunohistostaining

Formalin-fixed, paraffin-embedded specimens of tumors
and associated periphery were selected for analysis. Sec-
tions measuring 4 pm in thickness were deparaffinized in
xylene, rehydrated, and stained with hematoxylin-eosin
solution for histopathological examination. After depar-
affinization in xylene and rehydration in a graded series of
ethanol, immunohistochemical procedures were performed
using the Vectastain ABC peroxidase kit (Vector Labora-
tories, Burlingame, CA). Briefly, sections were treated with
an antigen retrieval procedure in 0.01 M sodium citrate
buffer (pH 6.0) for 40 min at 95°C and incubated in
methanol containing 0.3% hydrogen peroxide at room
temperature for 20 min to block endogenous peroxidases.
The sections were then incubated with normal protein
block serum solution at room temperature for 20 min to
block nonspecific staining, followed by overnight incuba-
tion at 4°C with anti-VEGF (rabbit polyclonal IgG, Santa
Cruz Biotechnology, Santa Cruz, CA), anti-angiopoietin-1
(goat polyclonal IgG, Santa Cruz Biotechnology), anti-
angiopoietin-2 (goat polyclonal IgG, Santa Cruz Biotech-
nology), and anti-MMP-9 (rabbit polyclonal IgG, Santa
Cruz Biotechnology). Sections were washed three times for
5 min in phosphate-buffered saline (PBS) before incuba-
tion at room temperature for 20 min with a biotin-
conjugated secondary antibody (goat anti-rabbit for VEGF
and MMP-9, rabbit anti-goat for Ang-1 and Ang-2), and
finally with peroxidase-conjugated streptavidin at room
temperature for 20 min. The peroxidase reaction was
developed with 3,3’-diaminobenzidine tetrachloride. The
sections were counterstained with Meyer’s hematoxylin.
Other sections treated with Tris-buffered saline instead of
the primary antibody served as the negative control.

The intensity of immunohistochemical staining for
VEGF, Ang-1, Ang-2, and MMP-9 in these fields was
scored on a scale ranging from level O to 3. Level 0-3
represented negative, faint, moderate, and strong staining,
respectively. The vascular epithelium in the normal liver
field of the same specimen expressed faint levels of Ang-1,
Ang-2, and MMP-9 and the bile duct epithelium in the
normal liver field of the same specimen expressed faint
levels of VEGF. Accordingly, these levels of staining were
used as an internal control within the sample, which was
arbitrarily designed as intensity level 1.
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Statistical analysis

Unless otherwise indicated, numerical data are presented as
mean £ SD. Differences in the proportions of categorical
data were tested using the Chi-square test. Unless other-
wise indicated, differences in mean values of numerical
data were tested using the two-tailed Student’s ¢-test.
Survival was assessed using the Kaplan—Meier method,
and comparisons were made using the log-rank test. A
P value < 0.05 denoted the presence of a statistically sig-
nificant difference. All analyses were performed using
SPSS statistical software (version 11.0, Chicago, IL).

Results
The distribution pattern of angiogenesis in tumor

The tumor region and surrounding normal liver tissue were
included in the assessment of all HCC cases evaluated in
this study. Within HCC, condensed, short, and twisted
blood vessels were observed. There were not more
condensed CD34 staining in the peripheral region in
comparison with central and intermediate regions of tumor
(Fig. 1a). In the surrounding normal liver tissue, positive
CD34 staining was also observed in the Glisson’s triangle
and the central veins, which was not twisted and condensed
as those within the tumor (Fig. 1b).

MVD inside tumor and pathoclinical meanings

The MVD of tumor tissue (93.1 &+ 43.8/mm2; range,
10-229/mm?) was significantly higher than that of the
surrounding normal liver tissue (30.4 + 14.8/mm2; range,
14-109/mm?). We did not observe the relationship of

MVD with liver cirrhosis, tumor size, portal vein invasion,
and intrahepatic metastasis. But we found that the MVD of
well-differentiated HCC was significantly less than that of
poorly differentiated HCC. The MVD was 40.2 + 25.9/
mm? for well-differentiated HCC, 98.5 + 40.5/mm? for
moderately differentiated HCC, and 105.9 £+ 43.7/mm? for
poorly differentiated HCC (Table 1).

Table 1 Relationship between MVD and clinicopathological factors

MVD P value
(mean + SD)

Capsular formation
Yes 90.2 £ 454 0.6468
No 108.3 £ 53.3

Cirrhosis
Yes 113.4 £ 47.7 0.2134
No 89.2 £ 443

Tumor size
>5cm 90.2 £ 474 03111
<5 cm 91.2 + 41.1

Intrahepatic metastasis
Yes 952 £435 0.6324
No 90.6 £+ 444

Portal vein tumor thrombus
Yes 97.3 £43.1 0.4563
No 892 £ 414

Histological grade**
Well 40.2+25.9 0.0032°*
mod 98.5+40.5
Poor 105.9 +43.7 0.0012%*

* Statistically significant when compared between well, moderately,
and poorly differentiated HCC

** Well, well-differentiated HCC; mod, moderately differentiated
HCC; poor, poorly differentiated HCC

Fig. 1 a The CD34-stained photomicrography of HCC tissue sample.
The micro blood vessels are condensed, short and twisted with an
even distribution pattern. Original magnification, x 100. b The CD34

stain photomicrography of surrounding normal liver tissue. The micro
blood vessels of Glisson’s triangle are round and not twisted
compared to blood vessels in tumor. Original magnification, x 100
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Fig. 2 a The anti-VEGEF stained photomicrography of tissue sample
of HCC. Positive staining can be found in the cytoplasm of tumor
cells. Original magnification, x400. b The anti-Ang-2 stained
photomicrography of tissue sample of HCC. Positive staining can
be found in the cytoplasm of tumor cells. Original magnification,
%x400. ¢ The anti-Ang-1s stained photomicrography of tissue sample

Table 2 Immunohistochemical analysis of VEGF, Ang-1, Ang-2,

and MMP-9

Intensity

0/1 2 3
VEGF 13 (19.4%) 41 (61.2%) 13 (19.4%)
Ang-1 21 (31.3%) 38 (56.7%) 8 (11.9%)
Ang-2 21 (31.3%) 33 (49.3%) 13 (19.4%)
MMP-9 12 (17.9%) 27 (40.2%) 28 (41.8%)

The expression of VEGF, Ang-1, Ang-2, and MMP-9

Immunohistochemical staining was assessed by two
investigators independently without knowledge of the
corresponding clinicopathological data. In case of dis-
agreement, a pathologist joined evaluation and resolved
disagreement. VEGF, Ang-1, Ang-2, and MMP-9 immu-
noreactivity was found in both the cytoplasm of cancer
cells and the hepatocytes of adjacent liver tissue. Usually,
the expression of VEGF, Ang-2, and MMP-9 was consid-
erably less intense in hepatocytes than that in tumor
(Fig. 2). VEGF expression was not detected or faintly
stained in 13 cases, moderately stained in 41 cases, and
strongly stained in 13 cases. Ang-1 expression was not
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of HCC. Positive staining can be found in the cytoplasm of tumor
cells. Original magnification, x400. d The anti-MMP-9 stained
photomicrography of tissue sample of HCC. Positive staining can be
found in the cytoplasm of tumor cells and stromal cells. Original
magnification, x400

detected or faintly stained in 21 cases, while 38 cases
showed moderate staining and eight cases showed strong
staining. Ang-2 expression was not detected or faintly
stained in 21 cases, moderately stained in 33 cases and
strongly stained in 13 cases. MMP-9 expression was not
detected or faintly stained in 12 cases, while 27 cases
showed moderate staining and 28 cases showed strong
staining (Table 2).

Relationship of MVD and VEGF, Ang-1, Ang-2,
and MMP-9 expression

According to the expression of these factors, the patients
were divided into strong expression group (intensity 3),
moderate expression group (intensity 2), and weak or
negative group (intensity 0/1). For VEGF, the MVD is
133.2 + 35.5/mm” in strong expression group, 89.3 +
39.4/mm? in moderate expression group, and 58.2 & 28.9/
mm? in weak or negative expression group, which are
significantly different (P = 0.0023). For Ang-2, the MVD
is 123.2 4 36.3/mm? in strong expression group, 99.5 +
37.6/mm? in moderate expression group, and 70.3 + 42.2/
mm? in weak or negative expression group, which are
significantly different (P = 0.0265). For Ang-1 and MMP-
9, there is no significant difference among the MVD of
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Table 3 Relationship between each angiogenic factor
levels in HCC

and MVD

Intensity P value
0/1 2 3
VEGF 582 +£289 8934394 1332 +355 0.0023*
Ang-1 903 £37.8 923 +384 1232 +363 0.154
Ang-2 703 £422 9954376 1153 +£394  0.0265*
MMP-9 803 +£325 91.5+£274 1093 414 0.6324

* Statistically significant when P < 0.05

strong expression group, moderate expression group, and
weak or negative expression group (Table 3).

Relationship of postoperative recurrence and MVD,
VEGF, Ang-1, Ang-2, and MMP-9 expression

We subdivided patients into two further groups of high
MVD and low MVD based on the median value of MVD
(76/mm?). For VEGF, Ang-1, Ang-2, and MMP-9, we
subdivided patients into high expression group (intensity 2,
3) and low expression group (intensity 0/1). The postop-
erative disease-free survival was analyzed with Kaplan—
Meier method. For MVD, VEGF, and Ang-1, there is no
significant difference between high expression group and
low expression group. There is significant difference
between high Ang-2 group and low Ang-2 group (log-rank
test, P = 0.037) (Fig. 3a). There is also significantly dif-
ferent between high MMP-9 group and low MMP-9 group
(log-rank test, P = 0.001) (Fig. 3b). Furthermore, there is
less tumor recurrence in low Ang-2 and low MMP-9 group
than high Ang-2 and/or high MMP-9 group (log-rank test,
P = 0.001) (Fig. 3c). We further analyzed risk factors of
tumor recurrence with Cox regression method. Portal vein
thrombus (risk ratio 2.8, P = 0.003) and intrahepatic
metastasis (risk ratio 3.6, P = 0.001) were the risk factors
of tumor recurrence (Table 4). Other factors such as age,
sex, tumor size, histological grade, and angiogenic factor
did not showe any relationship with tumor recurrence.

Relationship of overall survival and MVD, VEGF,
Ang-1, Ang-2, and MMP-9

For MVD, VEGF, Ang-1, Ang-2, and MMP-9, we subdi-
vided patients into high expression group and low
expression group. The overall survival was analyzed with
Kaplan—-Meier method. No significant relationship was
noted for any of the five angiogenic factors examined, as
well as other clinicopathological factors such as age, sex,
tumor size, histological grade, intrahepatic metastasis, and
portal vein thrombus (data not shown).
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Fig. 3 Disease free survival curves of the HCC patients subdivided
according to immunostaining of MMP-9 and Ang-2

Discussion
Our results showed robust angiogenesis within tumor,

and the MVD of well-differentiated HCC was significantly
less than that of poorly differentiated HCC. MVD was
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Table 4 Cox regression analysis o f risk factors related to recurrence
of HCC

Variable Risk 95% CI or Wald P
ratio Exp(B) value value
Tumor metastasis 2.8 1.5-5.5 9.8 0.003
PV tumor 3.6 1.7-7.5 11.8 0.001
thrombus

positively correlated with VEGF and Ang-2 expression.
There was less tumor recurrence in low Ang-2 and low
MMP-9 group than high Ang-2 and/or high MMP-9 group.
In Cox regression model, portal vein thrombus and
intrahepatic metastasis were the risk factors of tumor
recurrence.

Our results showed that the MVD of HCC is related to
the tumor differentiation. HCC with poor differentiation
performs a more robust angiogenesis. Contrarily, MVD is
not related to other clinicopathological factors such as
cirrhosis, tumor size, capsular invasion, capsular formation,
portal vein invasion, and intrahepatic metastasis. There is
controversy about the relationship between MVD of HCC
and biologic characteristics of tumor. One study showed
that MVD assessed by immunohistochemical analysis with
CD34 antibody was inversely related to tumor size [17]. A
recent study showed MVD of HCC was significantly cor-
related with tumor capsule formation and tumor size [7].
The discrepancy could partly be due to particular tumor
biological factors, accompanying liver disease, or small
study population. For example, HCC is accompanied by
HBYV in all the cases in our study, which is significantly
different in comparison with Japan and European studies,
where HCC is mainly accompanied by HCV [14, 18].

Of the total 67 cases in our study, VEGF was highly
expressed in 53 cases, Ang-1 was highly expressed in 46
cases, Ang-2 was highly expressed in 46 cases, and MMP-9
was highly expressed in 55 cases. Our result also showed
that the expression of VEGF and Ang-2 of HCC was
positively related to the angiogenesis of tumor. The MVD
in high expression group of VEGF, as well as Ang-2, was
significantly higher than low expression group. Our result
demonstrated that tumor cells of HCC highly expressed
many angiogenic factors, which play a critical role in the
angiogenesis of HCC. Several studies reported similar
results of angiogenic factors including Ang-2, MT3-MMP
[19], MMP-2, MMP-9 [20], Trefoil peptides-3 (TFF-3)
[21], Thrombospondin-1 [22], Basic fibroblast growth
factor (bFGF) [23]. VEGF plays a critical role in mediating
angiogenesis in HCC [1, 7]. Ang-2 antagonizes the stabi-
lizing action of Ang-1 and results in destabilization of
vessels. In the presence of VEGF and Ang-2, the destabi-
lized vessels may undergo angiogenic changes [2, 12].
MMP-9 specially degrades extracellular matrix proteins
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and is involved in tissue remodeling and angiogenesis [5,
6]. Recent studies have shown that the synergistically
proangiogenic activity of Ang-2 and VEGF was at least
partly mediated via induction of MMP-9 in HCC [3].
However, further studies are necessary to understand the
detailed mechanism of VEGF, Ang-2, and MMP-9 in the
angiogenesis of HCC.

In our study, we investigated the relationship between
tumor recurrence and MVD, VEGF, Ang-1, Ang-2, and
MMP-9. The results showed that Ang-2 and MMP-9 were
related to tumor recurrence. But none of these angiogenic
factors showed a relationship with total survival time. This
results did not mean that angiogenesis is not important for
tumor invasion and development. Contrarily, angiogenesis
plays a fundamental role in the growth and progression of
HCC. MVD might be the result of synthetic actions of
many angiogenetic factors and might not relate to biologic
characteristics when beyond a threshold value. Other
studies showed controversial results about relationship
between angiogenic factors and survival times. One study
showed that strong Ang-2 expression and/or high nuclear
expression of HIF-1o< was a significant predictive factor for
recurrence after curative resection in HCC patients [14].
Another study showed that only the MVD of tumor was
significantly correlated with intrahepatic recurrence and
disease-free survival [7]. The inconsistency may be caused
by particular tumor biological factors, such as the tumor
location and accompanying liver disease, or by small study
population, different case selection, or heterogeneous
therapy patterns.

Today, blockade of VEGF-mediated pathways has
already entered clinical trials in HCC patients and prom-
ising antitumor activity has been observed. The status of
angiogenesis in HCC provides a potential therapeutic tar-
get. Our study showed that HCC highly expressed
angiogenic factors such as VEGF, Ang-1, Ang-2, and
MMP-9. Meanwhile, Ang-2 and MMP-9 were related to
tumor recurrence. Further studies are necessary to under-
stand the detailed mechanism of angiogenesis of HCC.
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