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Summary Previous studies demonstrated that the immunohistochemical expression of thymidine phosphorylase (dThdPase) was related
with distant metastasis and disease progression. In this study we investigated the production of dThdPase/platelet-derived endothelial cell
growth factor in gastric cancer quantitatively. In a total of 75 tumour tissues and 60 normal gastric mucosa specimens, dThdPase protein
concentrations were determined by ELISA. The amount of dThdPase was significantly higher in the tumour tissue than in the normal tissue.
Intratumoural dThdPase concentrations were significantly higher in Borrmann types I and II macroscopically, in poorly differentiated and solid
type histologically, in the medullary type of the tumour stroma, and in the tumour-invading serosa. In the medullary type of the amount of
tumour stroma, protein levels of dThdPase were positively correlated with the vertical diameter of the tumour (r = 0.580, P = 0.019). By
immunohistochemical study, dThdPase expression on tumour cells was observed in all seven specimens with high dThdPase protein levels,
but not in all 14 cases with low dThdPase protein levels (P < 0.05). In summary, these data indicated that dThdPase is up-regulated in
advanced solid types of gastric cancer, suggesting that dThdPase production in carcinoma cells might be induced by the microenvironment.
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Preparations of tissue samples
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Table 1 Clinicopathological characteristics in 21 cases selected for immunohistoch

Case Macroscopic Vertical Histological type
type diameter (cm)

High levels of dThdPase protein (≥ 200 U/mg protein)
1 1 2.2 Poorly differentiated and solid
2 3 2.5 Moderately differentiated tubular
3 3 1.4 Mucinous
4 1 1.0 Moderately differentiated tubular
5 2 1.4 Moderately differentiated tubular
6 2 1.0 Poorly differentiated and solid
7a 2 2.0 Poorly differentiated and solid

Low levels of dThdPase protein (< 70 U/mg protein)
8 4 2.3 Poorly differentiated and non-solid
9 4 1.2 Poorly differentiated and non-solid

10b 4 2.0 Poorly differentiated and non-solid
11 4 1.6 Poorly differentiated and non-solid
12 4 2.3 Mucinous
13 4 1.0 Poorly differentiated and non-solid
14 4 2.1 Poorly differentiated and non-solid
15 3 1.8 Poorly differentiated and solid
16 2 0.8 Poorly differentiated and solid
17 3 1.4 Mucinous
18 3 1.2 Moderately differentiated tubular
19 0 ≤ 0.5 Moderately differentiated tubular
20 0 ≤ 0.5 Well differentiated tubular
21 0 ≤ 0.5 Moderately differentiated

aImmunohistochemical findings in case 7, shown in Figure 4. bImmunohistochemic
SM, submucosal neoplastic involvement; SE, serosal involvement; SI, serosal invo
types are based on Borrmann’s classification as follows: type O, early gastric canc
cancer; type 5, unclassified advanced gastric cancer.
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emistry

Amount of Depth of Venous dThdPase contents
tumour stroma invasion invasion (U/mg protein)

Medullary SE Positive 210.0
Medullary SE Negative 217.4
Intermediate SE Negative 262.5
Intermediate SE Positive 411.9
Medullary SI Negative 210.3
Medullary SE Negative 310.8
Medullary SE Positive 459.2

Scirrhous SE Negative 37.2
Scirrhous SE Positive 65.9
Scirrhous SE Negative 42.4
Scirrhous SE Negative 69.9
Scirrhous SE Positive 58.3
Scirrhous SE Negative 33.1
Scirrhous SE Positive 56.9
Intermediate SE Negative 53.0
Intermediate SE Positive 38.6
Intermediate SE Positive 67.5
Intermediate SE Positive 57.4
Medullary M Negative 48.7
Medullary M Negative 68.6
Medullary SM Negative 62.3

al findings in case 10, shown in Figure 5. M, mucosal neoplastic involvement;
lvement with directly infiltrating other organs beyond serosa. Macroscopic
er; types 1, 2, 3 and 4, Borrmann’s types I, II, III and IV advanced gastric
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Figure 1 Distribution of tumour–normal (T/N) ratio of thymidine
phosphorylase protein concentrations determined by ELISA

Table 2 Intratumoral concentrations of dThdPase

dThdPase Statistics
(U/mg protein)

Sex NS
Male (n = 51) 99.6 ± 91.0
Female (n = 24) 73.5 ± 47.9

Macroscopic type a P < 0.05
0 (Early gastric cancer, n = 16) 63.3 ± 31.2
1 (n = 5) 181.9 ± 141.7
2 (n = 8) 164.0 ± 154.0
3 (n = 14) 103.0 ± 68.0
4 (n = 16) 60.2 ± 31.1
5 (Unclassified, n = 15) 69.3 ± 33.8

Histological type P < 0.05
Papillary (n = 1) 56.4
Well differentiated tubular (n = 8) 58.8 ± 24.7
Moderately differentiated tubular (n = 18) 106.6 ± 94.8
Poorly differentiated and solid (n = 10) 172.3 ± 129.6
Poorly differentiated and non-solid (n = 24) 60.8 ± 32.3
Signet ring cell (n = 6) 63.2 ± 22.3
Mucinous (n = 7) 102.9 ± 76.2
Adenosquamous (n = 1) 117.7

Lymph node metastasis NS
Negative (n = 25) 70.8 ± 40.7
Positive (n = 49) 100.2 ± 93.3

Peritoneal dissemination NS
Negative (n = 58) 97.1 ± 85.8
Positive (n = 17) 71.2 ± 55.2

Depth of invasion NS
Mucosa (n = 7) 45.8 ± 21.6
Submucosa (n = 9) 78.1 ± 30.6
Muscularis propria (n = 11) 75.0 ± 40.2
Subserosa (n = 4) 58.3 ± 20.2
Serosa exposed (n = 38) 106.0 ± 102.8
Serosa infiltrating (n = 5) 114.0 ± 69.9

Lymphatic invasion NS
Negative (n = 25) 91.9 ± 98.3
Positive (n = 48) 89.3 ± 71.4

Venous invasion NS
Negative (n = 48) 81.9 ± 63.4
Positive (n = 24) 108.3 ± 108.5

Amount of stroma P < 0.05
Medullary (n = 17) 145.4 ± 111.6
Intermediate (n = 23) 96.0 ± 86.3
Scirrhous (n = 28) 59.6 ± 27.1

Stage NS
Ia (n = 15) 60.7 ± 30.1
Ib (n = 7) 85.8 ± 44.8
II (n = 7) 73.5 ± 42.7
IIIa (n = 15) 117.2 ± 106.5
IIIb (n = 11) 135.2 ± 128.2
IVa (n = 4) 54.4 ± 31.8
IVb (n = 15) 79.4 ± 62.7
Recurrence (n = 1) 165.3

aSee footnote to Table 1 for classification.
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Table 3 Correlations between depth of invasion and maximal diameters in
horizontal and vertical sections

r P-value

All cases (n = 74)
Depth of invasion 0.101 0.404
Horizontal diameter –0.04 0.973
Vertical diameter 0.146 0.226

Medullary type (n = 17)
Depth of invasion 0.468 0.058
Horizontal diameter 0.310 0.227
Vertical diameter 0.580 0.019
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Figure 2 dThdPase protein levels and the amount of stroma in cancer tissue
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Figure 3 dThdPase protein levels and the vertical diameter in the medullary type of the amount of stroma
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Table 4 Site of production and the concentrations of dThdPase

Tumour cells Stromal cells

High contents (≥ 200 U/mg protein) 7/7 4/7
Medullary (n = 5) 5/5 2/5
Intermediate (n = 2) 2/2 2/2

Low contents (< 70 U/mg protein) 0/14 14/14
Medullary (n = 3)a 0/3 3/3
Intermediate (n = 4) 0/4 4/4
Scirrhous (n = 7) 0/7 7/7

aAll cases were early gastric cancer.

Figure 4 Immunohistochemical staining for dThdPase (original
magnification × 50). There is a strong staining of cytoplasm and nuclear
compartment of the tumour cells

Figure 5 Immunohistochemical staining for dThdPase (original
magnification × 100). There is a strong staining in the stromal cells, but not in
the tumour cells

Figure 6 Immunohistochemical staining for dThdPase in cancer cells
invading vessels (original magnification × 40). There is a strong staining of
tumour cells inside the vessels
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