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Abstract

AIM: To investigate the significance of angiopoietins,
Tie2 and vascular endothelial growth factor (VEGF)
expression in the angiogenesis and progress of
hepatocellular carcinoma (HCC).

METHODS: Fresh surgically resected specimens of
HCC and noncancerous liver (NCL) tissue from 38
patients with HCC were obtained, and expression of
angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-2), Tie2,
and VEGF messenger RNA (mRNA) was examined by
real-time quantitative reverse transcription-polymerase
chain reaction (RT-PCR). Expression pattern of each
gene in HCC and NCL tissue specimens was compared
and the potential role and interaction in angiogenesis
of HCC were analyzed. Genes’ expression level and its
relationship with tumor’s clinicopathological parameters
were also investigated. Immunohistochemical staining
of CD34 was performed to determine the microvessel
density (MVD) and Ang-2/Ang-1 ratio was calculated.
Relationships between Ang-2/Ang-1 ratio, VEGF and MVD
and clinicopathological features were also tested so as to
evaluate their significance in the progression of HCC.

RESULTS: Ang-2 and VEGF mRNAs in HCC were
significantly higher than those in NCL tissue (P <
0.05), whereas the Ang-1 and Tie2 mRNAs showed no
statistical significance (P > 0.05), though slightly lower
level of Ang-1 mRNA in HCC was observed. Ang-2/
Ang-1 ratio and VEGF were both positively correlated to
MVD. The Ang-2/ Ang-1 ratio, Ang-2 and VEGF were all
associated with tumor’s clinicopathological parameters
(P < 0.05) except for histological grades (P > 0.05).
Ang-1 and Tie2 levels in different clinicopathological
groups were not significantly different (# > 0.05).

CONCLUSION: Dominant Ang-2 expression against

Ang-1 through Tie2 receptor in the presence of VEGF
plays a critical role in initiating early neovascularization
and transformation of noncancerous liver to
hepatocellular carcinoma. Its consequently constant
operation in formed HCC induces further angiogenesis
and progression of HCC.
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INTRUDUCTION

Hepatocellular carcinoma (HCC) is one of the most ma-
lighant tumors in the tropics and the Far Fast, including
China. It is the fourth most common cause of cancer
death and accounts for 53% of all liver cancer deaths
wotldwide!. HCC is also a hypervascular carcinoma. It
is believed that angiogenesis contributes to its malignant
biological characteristics such as invasion and high rates
of recurrence and metastasis” . Anglogenesis is a neovas-
cularization process during which endothelial cells of the
pre-existing capillaries proliferate and migrate to form new
vascular tips or so-called “vascular sprouts” or “endothelial
buds™?. The growth, invasion and metastasis of malignant
tumors depend on the process of angiogenesis. There is
evidence that solid tumors do not grow beyond 2-3 mm’
in volume when vascular sprouts are blocked.
Angiogenesis is a very complicated network which is
closely regulated by many angiogenic factors. Vascular
endothelial growth factor (VEGF) and angiopoietin are the
two most important regulators. The latter is a novel family
of angiogenic factors including Ang-1, Ang-2, Ang-3, and
Ang-4, which have been isolated and identified as a group
of ligands of the tyrosine kinase Tie2 receptor[‘7’g]. Ang-1
and Ang-2 have been reported as the most potent regula-
tors for neovascularization” and atre the activator and an-
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tagonist of Tie2 receptor, where binding of Ang-1 causes
autophosphorylation of Tie2 whereas Ang-2 binding
suppresses the autophosphorylation™”, Tt was reported
that proper regulation of tyrosine kinase Tie2 is absolutely
required for normal vascular development, apparently by
regulating vascular remodeling and maturation'". Ang-1
helps to maintain and stabilize maturation vessels by pro-
moting interaction between endothelial cells and support
cells, such as pericytes. Knockout mice deficient in Ang-1
develop severe vascular defect and die in uterus, similar to
Tie2 deficient mice!'”. Ang-2 acts as an alternative ligand
for Tie2 and binds to Tie2 with similar affinity, but com-
petitively antagonizes Ang-1 effects with blockage of Tie2
phosphorylation and activation. Functionally, transgenic
mice over-expressing Ang-2 show even more severe vas-
cular defects as the Ang-1 or Tie2 deficient mice'”. In the
presence of VEGE, vessel destabilization caused by Ang-2
has been hypothesized to induce angiogenic response,
whereas in the absence of VEGE, Ang-2 leads to vessel
regression!™",

Although the exact role of angiopoietin/Tie2 system
remains enigmatic, there is evidence that this system in
the presence of VEGF is important for the initiation of
angiogenesis and vascular sprouting in tumors'”. It was
recently reported that VEGF and aniopoietin/Tie2 system
play a key role in the transformation of normal lung to
non-small cell lung carcinoma®. However, their exact role
in the initiation and development of HCC is still unclear.
In this study, we investigated the expression of Ang-1,
Ang-2, Tie2 and VEGF by real-time quantitative reverse
transcription-polymerase chain reaction (RT-PCR). Thirty-
eight specimens of HCC and noncancerous liver (NCL)
tissues were examined in an attempt to definite their role.

MATERIALS AND METHODS

Patients and specimens

Fresh sutgically resected specimens of HCC and noncan-
cerous liver tissue were obtained from 38 patients with
HCC who underwent partial hepatectomy in the Depart-
ment of General Sugery of Zhongnan Hospital, Wuhan
University (Wuhan, China) from 2003 to 2005. Demo-
graphic data of all patients are shown in Table 1. Thirty-
four patients suffered from hepatitis and liver cirrhosis at
different extent. Diagnosis of all patients was confirmed
by histological examination after operation, and the non-
cancerous liver tissue was resected. Fully informed consent
was obtained from all patients, and the study was per-
formed in accordance with the guidelines of the Helsinki
Declaration of 1975 amended in 1983. Those who accept-
ed any therapy or accompanied any other severe complica-
tions and those with metastatic liver tumor were excluded.
Some samples were frozen in liquid nitrogen immediately
after resection and the remaining were fixed in 10% for-
malin, embedded in paraffin and stained with hematoxylin-
eosin for pathological examination. Histological grade was
classified according to the criteria of Edmondson and
Steiner.

Real-time semiquantitative RT-PCT assay
Total RNA was extracted with Trizol reagent (Promega,
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No. Sex Age Tumor Tumor Metastasis Portal Histological Liver

size  capsule vein grade  cirrhosis
(cm) invasion

1 M 51 <5 + = - G2 -

2 M 49 <5 + - - G3 +

3 M 31 >10 - - - G2 +

4 M 59 510 + = - G3 +

5 F 55 >10 - - - G1 +

6 M 65 >10 - - + G3 +

7 M 56 >10 - i i G2 “p

8 M 51 >10 - - + G3 +

9 F 49 <5 + = - Gl -
10 M 50 5-10 - - - G2 +
11 M 53 >10 - - + G2 +
12 M 43 <5 + - - G3 +
13 M 36 510 + = - G2 +
14 F 46 5-10 - - - G1 +
15 F 45 5-10 - - - Gl +
16 M 52 5-10 - - - G2 +
17 F 50 5-10 - - - G1 +
18 F 52 <5 + - - G1 +
19 F 61 >10 - + + G1 +
20 M 36 5-10 - - - G2 +
21 M 46 <5 + - - G2 +
22 M 48 >10 - - + G2 +
23 F 63 <5 + - - G1 +
24 M 35 5-10 + - - G2 -
25 M 74 >10 - + + G3 +
26 F 55 5-10 - - - G1 +
27 M 59 5-10 - - - G2 +
28 M 30 <5 + - - G3 +
29 F 56 5-10 - - - G1 +
30 M 60 5-10 - - - G2 +
31 F 65 <5 + - - G1 +
32 M 59 >10 - + + G2 +
33 M 61 >10 - + + G2 +
34 M 55 <5 - - - G2 -
35 M 48 5-10 + = = G3 +
36 M 49 >10 - - + G3 +
37 F 50 5-10 - - - G1 +
38 M 58 >10 - + + G3 +

USA) following the manufacturer’s instructions and quanti-
tated by absorbance analysis at 260 nm. First-strand cDNA
was synthesized using first standard buffer, ANTP mixture
containing each deoxynucleotide triphosphate base dithio-
threitol and moloney murine leukemia virus RT (GIBCO,
BRIL) as previously described"”. Four-fold dilution of the
products was used for PCR in a Rotor-Gene2000 real-time
PCR machine (Corbett Research, Australia). Primers of
each gene are shown in Table 2 as previously described"”.
Glyceraldehyde-3-phosphate dehydrogenase (G3PDH)
was used as an internal standard. Reverse transcription was
petformed at 50°C for 30 min. The samples wete subject-
ed to PCR analysis using the following cycling parameters:
at 95°C for 10 min, then at 95C for 15 s and at 60°C for
1 min for 40 cycles. Negative controls (cDNA-free solu-
tions) were included in each reaction. Standard reaction
curve was analyzed by Rotor-Gene 5.0 (Corbett Research)
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Target gene Sense Antisense
Ang-1 ACTGT GCAGA TGTAT GTGGA ATCTG TCATA
ATCAA GC CTGTG AA
Ang-2 GGAAG ACAAG CACAT AGTAA GCCTG ATTCC
CATCC CTTCC
Tie2 TCTGT GCTGT TCCTT CTTGA GTAAC TTCCA
CTTGC GCGGA
VEGF AGCTA CTGCC ATCCA GGGCG AATCC AATTC
ATCGC CAAGAG
G3PDH GTCAA CGGAT TTGGT AGTCT TCTGG GTGGC
CTGTATT AGTGAT
25 1
O NCL
20 F W HCC
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Figure 1 Expression of Ang-1, Ang-2, Tie2 and VEGF in HCC and NCL. HCC:
hepatocellular carcinoma; NCL: noncancerous liver tissue. °P < 0.05 vs NCL.

software and relative quantity according to standard reac-
tion curve (Rv) was calculated according to the formula Ry
= Raene/Raspon by computer.

Immunohistochemical assessment of vessel density
Paraffin-embedded tissues were sectioned (4 um). The
slides were deparaffined as usual, washed with tris buffered
saline (ITBS), and then incubated with 10% normal goat
serum (Zhongshan Bio. CA). The sections were incubated
with appropriately diluted (1:10) rat anti-human CD34
monoclonal antibody (Santa Cruz Biotechnology, CA) for
24 h at 4°C. Primary antibody was removed and washed
with TBS, goat-anti-rat IgG peroxidase (Zhongshan Bio.
CA) was then added. Finally the slices were stained as
usual with haematoxilin and washed with distilled water.
Quantification of blood vessels was carried out as previ-
ously described"”. Any brown-stained endothelial cell
cluster distinct from adjacent microvessels, tumor cells,
or other stromal cells was considered as a single count-
able microvessel. The most vascular areas of tumors were
identified on a low-power field (X 100), and vessels were
counted in five high-power fields (X 200). The data were
presented as mean * SD. The process was performed by
special pathologists in a blind manner.

Statistical analysis
Data were analyzed for significance with unpaired # test
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Figure 2 Relationship between Ang-2/Ang-1 ratio and microvessel density (A) and
between vascular endothelial growth factor (VEGF) and microvessel density (B).

and ANOVA test. Statistical software SPSS 11.5 was
used in the analysis. P < 0.05 was considered statistically
significant.

RESULTS

Expression of Ang-1, Ang-2, Tie2 and VEGF in NCL and HCC
The expression of Ang-2 and VEGF mRNA was
significantly higher in HCC than in the NCL tissue
(P < 0.05), but the Ang-1 and Tie2 mRNA showed no sta-
tistical significance (P > 0.05), though slightly lower level
of Ang-1in HCC was observed (Figure 1).

Correlation between Ang-2/Ang-1 ratio, VEGF and MVD
The expression of CD34 in NCL tissue was poor or even
negative, but strong in HCC. Microvessel counting revealed
that MVD was higher in HCC than in NCL. Because the
balance between Ang-1 and Ang-2 mainly defines Tie2 sig-
nal, we determined the ratio of Ang-2 to Ang-1 and evalu-
ated its correlation with MVD. VEGF was also involved.
The Ang-2/Ang-1 ratio in HCC was positively related to
MVD (P = 0.01, » = 0.42) and VEGF (P = 0.01, » = 0.41)
(Figure 2).

Relationship between gene expression pattern and
clinicopathological parameters

The values of Ang-1, Ang-2, Tie2, VEGF and Ang-2/
Ang-1 ratio were classified according to HCC clinico-
pathological parameters including tumor size, tumor cap-
sule, portal vein invasion, distal metastasis and histological
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Clinical parameters Ang-2 Ang-1 Ang-2/1 Tie2 VEGF
Tumor size (cm)

<5 (n=10) 0.267 £ 0.113 0.148 + 0.089 2175 +1.025 1.686 + 0.550 0.552 + 0.205

=5 (n=28) 0.748 + 0.422 0.212 + 0.082 3.880 + 2.067 1.570 £ 0.990 1.213 + 0.537
Histlogical grade

G1 (n=12) 0.509 + 0.320 0.168 + 0.064 3.106 + 1.409 1.511 £ 0.574 0.916 + 0.497

G2 (n=16) 0.633 + 0.395 0.194 + 0.081 3.543 +1.925 1.470 +£0.726 1.095 + 0.604

G3 (n =10) 0.737 £ 0.512 0.234 + 0.101 3.645 +2.470 1.921 £ 0.138 1.097 + 0.585
Portal vein invasion

positive (n =11) 1.152 £ 0.376 0.232 + 0.053 5.096 + 1.691 1.880 +1.494 1.791 £ 0.423

negative (1 = 27) 0.405 + 0.163 0.180 + 0.092 2.753 +1.631 1.488 + 0.500 0.732 £ 0.254
Metastasis

positive (1 = 6) 1.320 + 0.366 0.235 + 0.061 5.912 +1.847 2262 +1.734 2.007 £ 0.214

negative (1 = 32) 0.490 + 0.271 0.187 + 0.088 2.967 +1.600 1.148 £ 0.619 0.857 + 0.415
Tumor capsule

positive (n =13) 0.308 + 0.135 0.178 £ 0.112 2.078 + 0.887 1.733 £ 0.424 0.579 £ 0.198

negative (1 = 25) 0.783 + 0.429 0.203 + 0.068 4.135 +1.998 1.529 +1.056 1.278 £ 0.558

grades. Ang-2, VEGF and Ang-2/Ang-1 ratio were all
associated with the above clinicopathological parameters
(P < 0.05) except for histological grades (P > 0.05), where-
as Ang-1 and Tie2 showed no relation with any of the
clinicopathological parameters (P > 0.05) (Table 3).

DISSCUSSION

VEGF and angiopoietin are two of the most important
regulators for neovascularization. The former is the most
potent angiogenic factor that promotes endothelial pro-
liferation and increases vascular permeability by binding
to its specific receptors in endothelial cells such as Flt-1,
KDR/Flk-1 and Flt-4"". Animal models and 7z vitro ex-
periments have shown that Ang-1, Ang-2 and Tie2 in asso-
ciation with VEGF constitute a system that regulates vas-
cular quiescence and endothelial plasticity, through which
a balanced state of vascular maturity and development of
complex vascular networks can be achieved™. In the cur-
rent study we investigated the expression of Ang-1, Ang-2,
Tie2 and VEGF mRNA in HCC and noncancerous liver
in an attempt to definite their exact role in carcinogenesis
and progression of HCC iz angiogenesis. To avoid pos-
sible influence of indefinite borderline carcinoma invasion,
the noncancerous liver tissue was obtained from HCC
position as far as possible during surgery. Ang-2, as an ac-
tively angiogenic factor in the presence of VEGHE, is little
expressed in physiological condition but highly expressed
in several actively neovascularized organs such as endome-
trium, ovary, placenta e!*"*. This factor is up-regulated
in many carcinomas, such as gastric, ovarian, colorectal
and breast cancer, ez, In this study, Ang-2 mRNA was
significantly up-regulated in HCC compared with the non-
tumorous liver tissue, which is consistent with previous
reports”*! and has been regarded as a contributor to re-
currence, metastasis and poor prognosis of HCC. Besides,
high expression of Ang-2 and low expression Ang-1 were
found in HCC in comparison with NCL, indicating that
they play a key role in the carcinogenesis and progression
of HCC via angiogenesis. Tumorous angiogenesis is very
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different from the physiological process”. During this
procession, vascular quiescence and stabilization ate me-
diated by Ang-1, Ang-2 and Tie2 system. Thetefore, the
pathologic state of imbalanced Ang-2/Ang-1 ratio in the
presence of VEGF plays a critical role in the transforma-
tion of noncancerous liver to liver cancer by initiating eatly
neovascularization. Vajkoczy ef a/”” reported that tumors
in their very eatly stage are initiated by host vessels via
VEGE, VEGF receptor-2 and Ang-2. Wong ez al'” also re-
ported that angiopoietins, tie2 and VEGF are differentially
expressed in the transformation of normal lung to non-
small cell lung carcinomas.

CD34 protein, an endothelial-specific marker, was im-
munohistochemically stained and MVD was determined
in HCC in our study. Ang-2/Ang-1 ratio was calculated
and statistical analysis showed that Ang-2/1 ratio was
positively cotrelated to MVD, and VEGFE, but such re-
lation was not found between Ang-1, Tie2 and MVD.
Ang-2/Ang-1 ratio, Ang-2 and VEGF ate all associated
with tumor’s clinicopathological characteristics such as
tumor size, tumor capsule, portal vein invasion and metas-
tasis, indicating that VEGF and angiopoiein/Tie2 system
contributes greatly to the progress of HCC by modulating
angiogenesis. Continuous growth of carcinoma induces
hypoxia and necrosis in central portion, thus reversely up-
regulating VEGF"™. 1In the presence of Ang-2, tumor and
invasion angiogenesis are greatly accelerated. A study”” on
C6 glioma showed that Ang-2 expresses strongly whereas
VEGF expresses pootly when the tumor reaches Imm in
diameter, and when the tumor reaches more than 2 mm
in diameter necrosis occurs in the central portion, both
Ang-2 and VEGF are strongly expressed which induces
intensive angiogenesis. Interestingly, in the current study
Ang-1, Ang-2, Tie2, VEGF and Ang-2/Ang-1 ratio were
all not statistically associated with histological grades of
HCC, which is similar to a previous report on ovarian can-
cer™,

In conclusion, expression of Ang-2 against Ang-1
through the Tie2 receptor in the presence of VEGF plays
a critical role in initiating early neovascularization and in-



Zhang ZL et al. Angiopoietins, Tie2 and VEGF expression in HCC

4245

duces transformation of noncancerous liver to HCC. The
consequently constant immature neovacularization in HCC

further promotes angiogenesis and progression of tumors.
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