
Abstract. Thymidine phophorylase (TP) has been reported to
stimulate angiogenesis in a variety of human malignancies.
We investigated TP expression and its association with
angiogenesis in 73 cases of resected gastric cancer. In addition,
we compared the expression of the other angiogenesis related
factors (VEGF, eNOS and p53) with that of TP with respect
to angiogenesis. TP expression was not detected in most of
the non-tumoral glandular epithelial cells except for 5 cases.
TP expression of the cancer cells and the stroma was assessed
separately. The stromal TP expression was not associated with
the TP expression of the cancer cells. The mean percent of
TP reactive cancer cells was 18.36±2.61 (median, 10.00;
range, 0-90) and cases showing a percentage higher than the
mean were considered as bearing high reactivity. The mean
microvessel score assessed was 90.44±3.69 (median, 86;
range, 31-174). The TP expression of cancer cells was strongly
associated with microvessel density (p=0.030), but the stromal
TP expression was not. The microvessel density of the tumor
showed strong correlation with VEGF expression (p<0.001),
but a marginally significant association with eNOS (p=0.055).
On the contrary, there was no association with p53 expression
and microvessel density of the tumor. No significant correlation
was detected between lymph node metastasis and tumoral or
stromal TP expression or VEGF/TP coexpression. In gastric

cancer, TP expression of the cancer cells, not stromal cells
may play an important role in tumor growth by microvessel
formation. 

Introduction

Thymidine phosphorylase (TP) has been reported to be
produced from a gene known as platelet-derived endothelial
cell growth factor (PD-ECGF) (1), which was first isolated
from platelets (2) and have a mitogenic and angiogenic
potential (2,3). TP may promote angiogenesis in tumors by
reducing the intracellular level of thymidine, an inhibitor to
endothelial proliferation via the salvage pathway (4). TP
expression was found to inhibit apoptosis of cells exposed to
hypoxia (5). TP expression provides an advantage for tumor
growth in human gastric carcinomas, not only by forming a
favorable, highly vascular intratumoral microenvironment,
but also by allowing cells to escape the apoptotic mechanism.
The expression of TP has been analyzed in a variety of
human cancers and has been reported to correlate with high
microvessel density and poor prognosis (6-9). Most of the
previous reports regarding TP expression in gastric cancers
were mainly focused on cancer cells (9-13). However, there
were a few reports which analysed TP in cancer cells and
stroma separately (10).

The angiogenic ability of the tumors is closely related to
their invasive and metastatic potential. Although the role of
eNOS in angiogenesis and progression of gastric cancer
remains unclear, several studies reported a concentrated
localization of eNOS in the endothelial cells of normal gastric
mucosa and tumor tissue (14,15). However, a direct association
of VEGF and/or of TP with increased intratumoral angiogenesis
and poor outcome is rather well established in several studies
on early gastric cancer (16-19) and mutations of the p53 protein
have also been suggested to contribute to the angiogenic
process through suppression of a strong inhibitor of angio-
genesis, namely thrombospondine-1 (20). TP expression in
advanced gastric carcinoma has been barely studied.

We investigated TP, VEGF, eNOS, p53 expression and
their association with angiogenesis in 73 cases of resected
gastric cancer by immmunohistochemical study. We evaluated
the TP expression of cancer cells and stroma independently. In
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addition, we evaluated the relationship between TP expression
and regional lymph node metastasis.

Materials and methods

Patients. Seventy-three appropriately preserved samples from
73 patients (50 males and 23 females: mean age, 58.21±1.41
years) who underwent radical gastrectomy for advanced gastric
cancer from September 2000 to July 2001 at the Department
of General Surgery, Inha University Hospital, were included
in this study. Fundamental data of the patients such as age
and sex were retrieved from the data file, and regional lymph
node involvement was evaluated by pathologists. The status
of the metastatic lymph node was classified according to the
Union International Contra la Cancrum (UICC) tumor node
metastasis (TNM) staging categories (21). This study was
approved by the Ethics Committee of Inha University Hospital.

Tissue preparation. Immediately after resection, the specimens
were transported to the Department of Pathology, sampled from
the tumor and adjacent normal mucosa, and fixed in absolute
methanol (Hayamn, UK) for 24 h. After fixation the tissues
were processed in an automatic tissue processor for 12 h.

Immunohistochemistry (IHC). Monoclonal thymidine phos-
phorylase (p-GF.44C; Oncogene, San Diego, CA, USA),
monoclonal CD31 (clone JC/70A ; Dako, Glostrup, Denmark),
monoclonal VEGF (clone G153-694; Pharmingen, San Diego),
monoclonal eNOS (clone 3; Transduction Lab, Lexington,
KY, USA) and monoclonal p53 (clone DO-7; Novocastra,
Newcastle, UK) were used for IHC. IHC was performed by a
Microprobe Immunostaining System (Foster, CA, USA,
Biomeda). Slides were deparaffinized in xylene rehydrated
through graded ethanol (100%-100%-95%-95%), and adeq-
uately rinsed with distilled water. After washing, slides were
paired together to form a capillary gap, put in the holder, and
immersed in 0.05 M Tris buffer containing 0.05% Tween-20.
Endogenous peroxidase was quenched by immersion in 3%
hydrogen peroxide for 5 min at 45˚C, and washed 4 times
with 0.05 M Tris buffer containing 0.05% Tween-20. For all
reactions, an LSAB kit (Dako, Carpinteria, CA, USA) was used
according to the manufacturer's instructions. After blocking
with serum, primary antibody was immediately applied for 1 h
at 45˚C (TP 1:2000, CD31 1:100, VEGF 1:500, eNOS 1:500,
p53 1:100) and biotinylated anti-rabbit and anti-mouse
immunoglobulin was used as a secondary antibody. After
conjugation with peroxide-conjugated streptavidin for 5 min
at 45˚C, the color was developed by 0.05% 3,3-diamino-
benzidine (Sigma, St. Louis, USA). For all assays, positive
controls with known tissue samples, and negative controls
replacing mouse immunoglobulin for the primary antibody
were used.

Immunohistochemical analysis. For the microvessel counting,
the areas of the highest vascularization were chosen at low
power (x100) and microvessel counting followed on three
chosen x200 fields (0.785mm2 per field) of the highest density.
The microvessel score was the mean of the vessel counts
obtained in these three fields. Vessels with a clearly defined
lumen or well-defined linear vessel shape but not single

endothelial cells were taken into account for microvessel
counting. The TP expression of the cancer cells and the
stroma was assessed separately. We examined at least 200
carcinoma cells to determine whether the cells were positive
for TP at high power (x400) after screening for the areas with
the highest intensity of staining at lower power (x100). The
mean value of positive cells was used as a cut-off point to
distinguish between cases with low and high reactivity. The
expression of TP by stromal fibroblasts and infiltrating cells
was also assessed. Intense stromal TP expression in more
than 50% of optical (x200) fields examined was used as a
criterion to define high versus low TP stroma reactivity. The
degree of positivity of VEGF, eNOS and p53 was graded by
a semiquantitative approach. The proportion of positively
stained tumor cells to the total number of tumor cells was
graded as follows: negative, <10%; low expression, 10-50%;
high expression, >50% positively stained tumor cells.
Concerning p53 expression, the cases with >10% of positive
nuclear staining of cancer cells were considered as positive.
Two pathologists reviewed the results independently. During
the evaluation, both of the investigators were unaware of the
clinical outcome of the patients. Discrepancies were resolved
on the conference microscope. 

Statistical analysis. We investigated TP expression and its
association with angiogenesis and lymph node metastasis in
73 cases of resected gastric cancer by the SPSS 10.0 statistical
software package (SPSS Inc., Chicago, IL, USA.). Student's
t-test was performed to analyze the association between
microvessel density and TP expression of cancer cells, TP
expression of stroma, VEGF, eNOS and p53. Trend test was
performed to analyze the relationship between TP expression
and regional lymph node involvement. The accepted level of
statistical significance was p<0.05.

Results

Result of immunostaining. TP expression was not detected in
most of the non-tumoral glandular epithelial cells except for
5 cases (Fig. 1A). Immunoreactivity for TP was noted in the
nuclei and the cytoplasm of cancer cells and stromal cells,
and stromal TP expression was not associated with the TP
expression of the cancer cells (Fig. 1B and C). The mean
percent of TP reactive cancer cells was 18.36±2.61 (median,
10.00; range, 0-90) and cases showing a percentage higher
than the mean were considered as bearing high reactivity. TP
expression in the cancer cells was low in 47 (64.4%) and
high in 26 (35.6%) of 73 cases. TP expression in the stroma
was low in 42 (57.5%) and high in 31 (42.5%) of 73 cases. The
mean microvessel score assessed was 90.44±3.69 (median, 86;
range, 31-174). VEGF expression was seen in the cytoplasm
of the cancer cells and the endothelial cells (Fig. 2A). VEGF
expression was low in 22 (30.1%) and high in 51 (69.9%) of
73 cases. Generally the eNOS expression of the endothelial
cells was stronger than that of cancer cells (Fig. 2B). eNOS
expression was also noted in the cytoplasm of endothelial cells
of normal mucosa. eNOS expression was low in 47 (64.4%)
and high in 26 (35.6%) of 73 cases. p53 expression was seen
in the nuclei of the cancer cells (Fig. 2C). Thirty-one (42.5%)
of 73 cases were negative and 42 (57.5%) were positive.
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Correlation of microvessel density with TP, VEGF, eNOS, and
p53 expression in gastric cancer (Table I). The TP expression
of cancer cells was strongly associated with microvessel
density (p=0.030), but the stromal TP expression was not.
Among other factors known as having angiogenic potential,
VEGF expression showed strong correlation with the micro-
vessel density of the tumor (p<0.001), but eNOS expression
showed a marginally significant association (p=0.055). On the
contrary, p53 expression was not associated with microvessel
density.

Correlation of TP expression with regional lymph node
metastasis. In the 16 cases of no regional lymph node meta-
stasis, low TP expression of the cancer cells was noted in 9

cases (19.2%) and high TP expression of the cancer cells in 7
cases (26.9%). Low TP expression of the stroma was noted
in 10 cases (23.8%) and high TP expression of the stroma in
6 cases (19.4%). In the 18 cases of 1-6 regional lymph node
metastases, low TP expression of the cancer cells was noted
in 12 cases (25.5%) and high TP expression of the cancer cells
in 6 cases (23.1%). Low TP expression of the stroma was noted
in 8 cases (19.1%) and high TP expression of the stroma in
10 cases (32.2%). In the 39 cases of more than 7 regional
lymph node metastases, low TP expression of the cancer
cells was noted in 26 cases (55.3%) and high TP expression
of the cancer cells in 13 cases (50.0%). Low TP expression
of the stroma was noted in 24 cases (57.1%) and high TP
expression of the stroma in 15 cases (48.4%). No significant
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Figure 1. Strong thymidine phosphorylase expression in cancer cells and negative expression in normal glands. A few stromal cells are also stained (A).
Negative thymidine phosphorylase expression in both normal glands and cancer cells. Stromal cells scattered within the tumor cells are intensely stained (B).
Strong thymidine phosphorylase expression in both cancer cells and stromal cells (C).

Figure 2. Strong VEGF expression in cancer cells and endothelial cells (A). Moderate eNOS expression in cancer cells and strong expression in endothelial
cells (B). Strong p53 expression in cancer cells (C).
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correlation was detected between lymph node metastasis and
tumoral or stromal TP expression or VEGF/TP coexpression.

Discussion

TP is a mitogenic and angiogenic factor present in platelets.
TP levels are markedly increased in tumor tissue compared
with normal tissue in a variety of tumor types (9-13). In this
study, TP expression was not detected in most of the non-
tumoral glandular epithelial cells except for 5 cases. Although
a few researchers did not find a significant association between
TP expression and prognosis in gastric carcinomas (22), many
other researchers reported that positive TP counts showed
highly significant association with invasion, hematogenous
metastasis, peritoneal metastasis and worse prognosis (8,9,12).
In studies aimed at analysing a potential correlation between
TP and malignancy it was shown that high TP-expressing
tumors had higher microvessel density than low TP-expressing
tumors (7,10). Angiogenesis is an essential process for the
primary tumor to grow and invade into the adjacent normal
structures. Several studies suggested that intratumoral angio-
genesis was an important prognostic factor in both operable
and advanced inoperable gastric cancers (9,23,24). A direct
association of VEGF and/or of TP with increased intratumoral
angiogenesis and poor outcome is rather well-established in
several studies on gastric cancer (10,16-19). The microvessel
density of the tumor showed strong correlation with VEGF
expression (p=0.000) in the present study, which supported
the previous reports (10,17,19). Most of the previous reports
regarding TP expression in gastric cancers were mainly focused

on cancer cells (9-13). However, there are a few reports which
analysed TP in cancer cells and stroma separately (12,13) and
TP expression in the advanced gastric carcinoma has been
barely studied. We assessed the TP expression of cancer cells
and stroma, separately. The stromal TP expression was not
associated with the TP expression of the cancer cells. The TP
expression of the cancer cells was strongly associated with
microvessel density (p=0.030), but the stromal TP expression
was not. Our result was consistent with those of the previous
studies (5,9,25,26). Although some previous studies reported
that TP expression in infiltrating cells closely correlated with
tumor vascularity (16,27), a recent study by Yasuno et al
suggested that TP produced by tumor cells has a stimulatory
effect on tumor angiogenesis, while that produced by stromal
cells plays an entierly different role (26). Some previous studies
reported that there was a correlation between TP expression
in cancer cells and lymph node metastasis also (12,28).
However, in our study, no significant correlation was detected
between lymph node metastasis and tumoral and stromal TP
expression or VEGF and TP coexpression. The different
result of this study may be attributed to the different fixative,
immunohistochemical method and analyzing criteria of the
immunohistochemical staining result.

Mutations of the p53 protein have also been suggested to
contribute to the angiogenic process through suppression of a
strong inhibitor of angiogenesis, namely thrombospondine-1
(20). However, our study failed to reveal an association
between angiogenesis and p53 expression. Although the role
of eNOS in angiogenesis and progression of gastric cancer
remains unclear, several studies reported concentrated
localization of eNOS in the endothelial cells of normal gastric
mucosa and tumor tissue (14,15). The eNOS was more
abundant in T1 and T2 tumors than in T3 and T4 tumors (29)
and a comparative study of angiogenesis in early and advanced
gastric cancers revealed that T1 tumor has higher values of
neovascularization than T2 and T3 tumors (30). Although
eNOS expression showed a marginally significant association
with microvessel density (p=0.055) in the present study, this
result together with the above facts suggest that eNOS may
enhance tumor angiogenesis in gastric cancer.

In gastric cancer, the TP expression of cancer cells but not
stromal cells showed a significant correlation with increased
microvessel density. The TP expression of cancer cells may
play an important role in tumor growth by microvessel
formation.
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