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INTRODUCTION 
ALTHOUGH ANGIOGENESIS, the physiological process of new 
vessel formation, is essential in tissue development, repro- 
duction and wound healing, unregulated angiogenesis plays 
a critical role in neoplasia [ 11. New blood vessels are essen- 
tial for the growth of tumours after reaching the size of a 
few millimetres [2]. Neovascularisation allows tumour 
growth by actively exchanging nutrients and metabolites 
rather than relying solely on simple diffusion. Folkman and 
associates [3] and Liotta and associates [4] have demon- 
strated that angiogenesis also contributes to the metastatic 
process by facilitating shedding of tumour cells into the 
newly-formed blood vessels. Furthermore, recent evidence 
suggests that angiogenesis may not only enhance tumour 
growth by supplying more nutrients to the tumour, but may 
also work through the paracrine effects of endothelial cells. 
Endothelial cells are capable of releasing growth factors that 
evoke tumour cell proliferation [5]. This suggests that there 
may be an interaction between tumour cells and endothelial 
cells, where tumour cells release substances that stimulate 
endothelial cells and in return these vascular cells release 
substances that promote tumour cell growth. 

Quantitative evaluation of neovascularisation may provide 
information on tumour behaviour and metastatic potential 
and thus be of prognostic value. Recently, several clinical 
studies have demonstrated a correlation between the degree 
of angiogenesis, estimated by immunohistochemical analysis 
of factor-VIII-related antigen positive cells, and the prog- 
nosis of patients with various solid tumours. Thus, patients 
with higher angiogenesis scores have been found to have 
decreased survival rates, while the angiogenesis score and 
grade have been reported to be better predictors of survival 
than tumour grade, size and site in breast [&lo], lung [l 11, 
prostate cancer [ 121 and head and neck cancer [ 131. 

Thus far, many different prognostic factors other than 
clinicopathological factors, have been reported in gastroin- 
testinal cancers [14-l 61. Among these, both the semiquanti- 
tative analysis of angiogenesis (microvessel count) and the 
immunocytochemical expression of angiogenic factors, such 
as vascular endothelial growth factor (VEGF), have shown 
possible clinical application as predictors for survival and 
recurrence [ 17-191. In this article, we have reviewed the 
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prognostic value of tumour angiogenesis in gastro-intestinal 
cancers, such as gastric and colorectal cancer, and describe 
our experimental and clinical results. 

EXPERIMENTAL STUDIES 
Angiogenic factors in colon cancer cells 

Several reports have demonstrated that colorectal cancer 
cells produce angiogenic growth factors, such as angiogenin 
[20], basic fibroblast growth factor (bFGF) [21], transform- 
ing growth factor-a (TGF-c() and TGF-p [22], which stimu- 
late endothelial cells to proliferate, as well as other factors 
which induce the formation of capillaries [23]. bFGF and 
TGF-j may co-operate to enhance endothelial cell prolifer- 
ation and activity [24]. There is now direct evidence that 
supports the hypothesis that tumour growth is angiogenesis 
dependent. Kim and associates [25] reported that a specific 
antibody against VEGF reduced intratumoral microvessel 
density (IMD) and caused significant inhibition of tumours 
that relied on VEGF as their sole mediator of angiogenesis. 
Similar results, using anti-bFGF monoclonal antibody, were 
found in a murine tumour by Hori and colleagues [26]. 
Furthermore, the specific antibody against VEGF and 
bFGF did not inhibit growth of the tumour cells in vitro, 

which suggested that the inhibition of angiogenesis by anti- 
bodies was the direct cause of tumour regression. 

Tumour angiogenesis may contribute not only to the 
enhanced growth of the primary tumour, but also to the 
establishment of metastatic lesions. Therefore, the ability to 
produce angiogenic growth factors may influence the meta- 
static potential of cancer cells. Maeda and associates [18] 
reported that the VEGF status of gastric cancer was signifi- 
cantly associated with hepatic metastasis. We have also 
shown that a highly metastatic colon cancer cell line pro- 
duced higher levels of VEGF than the parental cell line, 
which only produces a low incidence of liver metastases. We 
have established a high metastatic variant colon cancer cell 
line, and shown that the factor produced by these cells, 
which we have characterised, enhances vascular endothelial 
cell proliferation, migration and tube formation. These 
results are described in more detail below. 

Highly metastatic variant cell line of colon cancer. Originally, 
we established a human colon cancer cell line, OCUC-LM 
(LM, parental cell line), which metastasised to the liver at a 
low incidence following intrasplenic injection. The highly 
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metastatic cell line (LMS; daughter cell line) was obtained 
by applying in viva selection. Thus, liver metastatic lesions, 
formed after the intrasplenic injection of LM into nude 
mice, were dissected free and minced into small pieces, and 
then the cell suspension was recultured and again injected 
into the spleen of nude mice. This procedure was repeated 
five times. The incidence of liver metastasis of LM5 was 
dramatically higher than that of LM. LM and LM5 were 
used to analyse the production and to characterise the 
growth factor for vascular endothelial cells. 

The angiogenic factor produced by colon cancer cells. The 

paracrine effects of LM and LM5 on vascular endothelial 
cell (human umbilical vascular endothelial cells; HUVECs) 
were studied using a serum-free, conditioned medium 
(SFCM). Supernatants from LM and LM5 cultures were 
added to HUVECs plated in dishes, and the proliferative 
activity of these target cells was determined after 3 days 
treatment. We found that the proliferation of HUVECs was 
enhanced significantly by treatment with SFCM from both 
LM and LM5 cells compared to the control. However, the 
medium conditioned by LM5 was able to enhance the 
proliferative activity of endothelial cells to a much greater 
extent than that of LM cells (Figure la). Conversely, the 
SFCM of LM5 did not influence the proliferation of control 
cells, such as fibroblasts, even though its effects on vascular 
endothelial cells was substantial. These findings suggest that 
the colon cancer cell lines LM and LM5 may produce some 
growth factor specific for vascular endothelial cells. The 
effects of SFCM from LM and LM5 cultures was examined 
on the migration of HUVECs using chemotaxis chambers. 
It was determined that the number of HUVECs which 
migrated through the filter was increased in comparison 
with control medium, and, moreover, that the migration 
effect of LM5-conditioned material was significantly greater 
than that of LM (Figure lb). We also observed the effects 
of SFCM from LM and LM5 on tube formation by 
HUVECs. When HUVECs were cultured between two 
layers of collagen gel, they aggregated together and 
differentiated into tube-like structures following treatment 
with SFCM. Quantitative analysis of this tube formation 
was made by measuring the specific tube lengths using an 
image analyser. The results showed that the specific tube 
lengths in culture with SFCM were significantly longer than 
that of control, and again the contribution of LM5 was sig- 
nificantly greater than that of LM (Figure lc). From these 
results, it was concluded that an angiogenic factor appeared 
to be produced by colon cancer cells and that the effects 
observed were much stronger when the highly metastatic 
cells were utilised. 

Characterikation of the angiogenic factor. The characteristics 
of the angiogenic factor produced by LM5 cells were 
analysed using several techniques, including high power 

liquid chromatography, SDS polyacrylamide gel electro- 
phoresis and neutralising antibodies against known 
angiogenic factors, such as VEGF, PDGF (platelet derived 
growth factor), b-FGF and TGF-P. The data clarified the 
fact that the angiogenic factor produced by LM5 is VEGF. 
This conclusion was based on the molecular weight of the 
active fraction, which at approximately Mr22000 was the 
same as VEGF, and the finding that the proliferative activity 
on vascular endothelial cells was best inhibited dose- 
dependently by anti-VEGF antibody. 
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Figure 1. The effects of a secreted factor produced by LH 
and LH5 cells, on (a) proliferation, (b) migration and (c) 
tube formation of vascular endothelial cells (HUVEC). 
Conditioned medium with 10% calf serum was used as the 

control. 

CLINICAL STUDIES 

Intratumoral microvessel density (IMD) 

After the pioneering report in 1991 by Weidner and as- 
sociates, [6, 71, many studies have been published correlat- 
ing IMD and prognosis of patients with primary breast 
cancer [8-lo]. However, there have been few studies on the 
association of IMD and prognosis of patients with gastro-in- 
testinal tumours (Table 1). Factor-VIII related antigen (F- 
VIII RAg) was the marker most often used (3 out of 5 stu- 
dies), but in 2 studies, the antibodies CD-31 or CD-34 
were utilised. 

We have also used an immunohistochemical technique 
with an antibody for F-VIII RAg and have investigated the 
correlation between IMD and prognosis in patients who 
underwent curative resection for gastric cancer. The mean 
microvessel count (the mean number of microvessels in the 
five areas of highest vascular density at 200x magnification) 
of these patients was 15.9. We therefore classified these 
patients into two subgroups: a hypervascular group, for 
which the microvessel count was 16 or greater, and a hypo- 
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Table 1. Correlation of intratumoral microvessel density with prognosis in gastro-intestinal tumours 

[Ref.] Origin Marker 
Association with 

metastasis Recurrence Survival 

1171 
v71 
v91 
[301 
1281 

Stomach 
Stomach 
Rectum 
Colon 

Colorectum 

F-VIII RAg SD SD SD 
CD34 SD SD SD 

F-VIII RAg SD SD 
F-VIII RAg SD SD 

CD31 NS NS 

F-VIII RA, factor VIII-related antigen; SD, significant difference; NS, not significant. 

Table 2. Gastric cancer: recurrent cases after curative resection 

Microvessel count Rate of recurrence Location of recurrence 

>I6 (n=38) 
42.1 (16/38) 

cl6 (n=54) 18.5 (10/54) 

* 

Liver 
Peritoneum 

Lymph node 
Other 

Liver 
Peritoneum 

Lymph node 
Other 

43.8 (7/16) 
37.5 (6116) 

6.3 (l/16) 
12.5 (2116) 

0 (0110) 

80.0 (8110) 
10.0 (l/10) 
10.0 (l/10) 

I * 
*P c 0.05. 

vascular group, for which the count was less than 16. The 

survival rate of these two groups was calculated using the 

Kaplan-Meier method. As a result, we found the prognosis 

of the hypervascular group to be significantly (PC 0.05) 

worse than that of the hypovascular group (Figure 2). 

These differences in microvessel density appeared to be re- 

lated to the mode of recurrence. Thus, in the hypervascular 

group, 7 (43.8%) had hepatic metastases, and 6 (37.5%) 

had peritoneal dissemination. In contrast, in the hypovascu- 

lar group, 8 (80%) had peritoneal metastases and none had 

hepatic metastases (Table 2). The frequency of hepatic 

metastasis after curative resection was significantly 

100 r 
- 
e 

80 

e, 2 60 

s 
> 40 ._ 
2 

c? 20 t 

1 
0 

>-c--q-y _-_ 
- Microvessl count < 16 

- - - - Microvessl count > 16 

I I I I I I 
10 20 30 40 50 60 

Months after surgery 

Figure 2. Survival rate in gastric cancer patients, after cura- 
tive resection, according to microvessel count. 

(PC 0.05) higher in the hypervascular group than in the 

hypovascular group. Tanigawa and associates [27] also stu- 

died the correlation between IMD and prognosis in 110 

patients with gastric carcinoma, and reported that IMD is 

associated with poor survival and haematogenous recur- 

rence. 

While Bossi and associates [28] reported that angiogenesis 

is an early, critical step in colorectal tumorigenesis, it 

appeared that IMD did not provide any significant prognos- 

tic information in patients suffering from colorectal cancer. 

Conversely, Saclarides and associates [29] and Frank and 

associates [30] both reported a significant association 

between high vascularisation of primary tumours and metas- 

tasis, recurrence and survival. Thus, Saclarides and col- 

leagues [29] reported that, in patients with rectal cancer, a 

high incidence of metastasis and shorter survival time was 

associated with a higher degree of vascularisation in primary 

tumours. Similar results in 105 patients with node-negative 

colon cancer were reported by Frank and associates [30]. 

Here, IMD was significantly higher for patients with recur- 

rent disease, while the 5-year survival rate was significantly 

higher in the patients who had low microvessel density rela- 

tive to those with a high microvessel density [30]. These 
authors concluded that IMD is an important predictor of 

disease recurrence and could help to identify patients with a 
high risk of recurrence and shorter survival times. 

The angiogenic factor 

Tumour angiogenesis may be regulated by angiogenic fac- 

tors that are produced and secreted by tumour cells. 
Recently, several angiogenic factors have been identified 
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Table 4. Correlation between VEGF expression and microvessel 

density in gastro-intestinal tumours 

VEGF expression 
Microvessel count 

Mean + S.D. Median (range) 

Gastric carcinoma 
Positive (n = 26) 
Negative (n = 14) 

Colorectal carcinoma 
Positive (n = 26) 
Negative (n = 14) 

22.0 k 9.2* 17.8 (9.0-50.0) 
13.0 + 9.6 12.5 (4.0-44.5) 

22.4 k 16.8* 18.3 (9.0-90.4) 
13.8 k 5.1 12.0 (8.8-23.6) 

*PC 0.05. 
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Figure 3. Survival rate in gastric cancer patients, after cura- 
tive resection, according to VEGF expression. 

[28] and VEGF is thought to be one such molecule [31- 
33]. VEGF is a selective mitogen for endothelial cells and 
may directly stimulate the growth of new blood vessels [34, 
351. Toi and associates [36] have reported that the ex- 
pression of VEGF is closely associated with the promotion 
of angiogenesis and poor prognosis in breast cancer. We 
investigated the correlation between expression of VEGF 
and prognosis of patients with gastric or colorectal cancer. 

The prognosis of 95 gastric cancer patients who under- 
went curative resection was studied. As shown in Figure 3, 
we found the prognosis of the patients with VEGF-positive 
tumours to be significantly worse than that of those with 
VEGF-negative tumours. The relationship between VEGF 
expression and recurrence is shown in Table 3 , with the lo- 
cation of recurrence varying between VEGF-negative or 
-positive tumours. Thus, 14 (66.7%) of the patients with 
VEGF-positive tumours had hepatic recurrence, while only 
1 (16.7%) of those with VEGF-negative tumours had hepa- 
tic recurrence. The frequency of hepatic recurrence follow- 
ing curative resection was significantly higher (P ~0.05) in 
the patients with VEGF-positive tumours than in those with 
VEGF-negative tumours. The same tendency was seen in 

the patients with colorectal cancer so that VEGF expression 
was significantly associated with prognosis and haematogen- 
ous metastasis in colorectal carcinoma (Table 3). 

We also found that the microvessel count in VEGF-posi- 
tive tumours was significantly higher than in VEGF-negative 
tumours in both gastric and colorectal cancer (Table 4). 

The finding that neovascularisation is more pronounced 
in VEGF-positive tumours is consistent with the possibility 
that an enhanced vascular supply reflects an increased risk 
of metastasis. Tumour cells rarely shed into the circulation 
before the primary tumour is vascularised [l]. It has been 
shown that greater numbers of tumour vessels increase the 
opportunity for tumour cells to enter the circulation. 
Moreover, newly formed capillaries have fragmented base- 
ment membranes and are leaky, making them more pene- 
trable by tumour cells than mature vessels [4]. Therefore, in 
the hypervascular tumours induced by VEGF, the meta- 
static process may be enhanced by the ‘leaky’ nature of 
newly formed blood vessels which facilitates vascular inva- 
sion [37]. 

CONCLUSION 

In conclusion, both microvessel density and VEGF ex- 
pression may be good prognostic indicators and may be use- 
ful as predictors for the mode of recurrence in patients with 
gastric or colorectal carcinoma. However, more studies, 
particularly clinical trials, using standardised metrology for 

Table 3. Involvement qf VEGF expression in recurrence of gastro-intestinal turnours 

VEGF expression Number of recurrences Location of recurrence 

Gastric carcinoma Positive (n = 59) 21 (35.6%) Liver 
Lung 

* Lymph node 

6 (8.2%) A Liver 
Lymph node 

Others 

Negative (n = 73) 

Colorectal carcinoma Positive (n = 34) 

Negative (n = 6 1) 

14 (41.2%) 

I 

Liver 
Lymph node 

t Others 

12 (19.7%) Liver 

Lymph node 
Others 

14 (66.7%) 

2 (9.5%) 

5 (23.8%) * 

1 (16.7%) 

2 (33.3%) 
3 (50.0%) 

7 (50.0%) 

1 (7.1%) 

6 (42.9%) * 

0 (0%) I 

1 (8.3%) 
11 (91.7%) 

*P < 0.05. 
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the quantification of angiogenic activity are required to con- 

firm the results reviewed here. 
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