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pressed at higher levels in a variety of human carcino-

mas than in adjacent normal tissue. The higher expres-

sion is associated with an increase in intratumoral miciatroduction

vessel density (IMVD) and an unfavorable patient prog-

nosis. This study examined the role of dThdPase in gpwymidine phosphorylase (dThdPase), a member of the
optosis, IMVD and p53 expression in human gastric cayrimidine nucleoside phosphorylase (PyNPase) family,
cinomas. dThdPase expression was noted in 12 (35.3%@n enzyme involved in the salvage pathway of pyrimi-
of 34 early carcinomas, and in 20 (55.6%) of 36 adine nucleotide synthesis [35]. This enzyme also con-
vanced carcinomas. At least 10 areas consisting of caveirts 5'-deoxy-5-fluorouridine (5’-DFUR), a prodrug of
noma cells with diffuse dThdPase expression from tBefluorouracil (5-FU), to 5-FU [9, 15, 16, 38]. As a re-
32 dThdPase-positive tumors (category 1), and 10 area#, dThdPase has an important role in the expression of
without dThdPase expression from the 38 negative the anti-tumor activity of 5’-DFUR. Recent studies have
mors (category Il) were selected from each case. For elmonstrated that dThdPase is identical to platelet-
ly gastric carcinoma, the mean IMVD was 88.8+19.4 ierived endothelial cell growth factor (PD-ECGF),
category | and 61.4+17.3 in category Il carcinomashich has been shown to possess potent angiogenic ac-
while for advanced gastric carcinoma, the mean IMViiXity both in vivo and in vitro [4, 7, 12, 28].

was 98.8+21.0 in category | and 76.0+27.1 in category |l dThdPase expression has been shown to be higher in
carcinomas. The mean IMVD was significantly higher imalignant tissue than in normal tissue in a variety of hu-
category | than in category Il tumor$<0.05). The man carcinomas, including bronchial, mammary, colo-
mean apoptotic index (Al: percentage of apoptotic cell€ctal, pancreatic, and gastric carcinomas [6, 19, 24, 26,
was 1.95%1.30 in category I, and 3.76x1.49 in catega?9—32, 34, 37]. The higher expression of dThdPase has
Il carcinomas for early gastric carcinoma, and 1.51+0.880 been shown to be well correlated with intratumoral
in category | and 2.14+0.66 in category Il carcinomasicrovessel density (IMVD), a high invasive potential,
for advanced gastric carcinoma, the value of the maamor metastasis, and unfavorable prognosis for cancer
Al being significantly P<0.05) higher in dThdPase-patients [10, 17, 22, 30, 31].

negative tumors (category Il) than in the positive tu- Recently, Takebayashi et al. [30] have demonstrated
mors (category l), regardless of tumor stage or histolothiat dThdPase expression is a prognostic factor indepen-
cal type. There was a significant inverse correlatigent of angiogenesis in human colorectal carcinomas.
(P<0.001) between Al and IMVD. These results indica&imilarly, Moghaddam et al. [23] reported an increase
that dThdPase expression is associated with both aniinthe growth of human breast carcinomas expressing
crease in intratumoral microvessels and a decrease indiflrdPase without an increase in IMVD. These results
optosis in human gastric carcinomas. suggest that dThdPase possesses functions other than in-
ducing intratumoral angiogenesis that affect tumor
growth. Kitazono et al. [14] examined the relationship
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could indicate that dThdPase is involved in the intrac@WNEL procedure

lular apoptotic signal transduction pathway, although the o ) .
. . - etect DNA breaks in situ, terminal deoxynucleotidyl transfer-
precise mechanism has not been elucidated. More reCelitry 1) mediated dUTP-digoxigenin nick-end labeling (TUNEL)

ly, we have reported that dThdPase expression provi performed according to the method of Gavrieli et al. [5], us-
an advantage for tumor growth of human colorectal carg an Apop Tag Plus in situ apoptosis detection kit (Intergen,

cinomas, not only by increasing the intratumoral micr&SA). Briefly, after deparaffinization and blocking of endogenous
xidase with 2% hydrogen peroxidase,@5) in methanol

Vessels.’ but also by.attenuatlon of apoptosis, which g%o min at room temperature, sections were incubated with
occur via ap53gene-|ndependent pathway [21]. The rolgy g/ml proteinase K (Boehringer Mannheim/Yamanouchi,
of dThdPase expression, however, has not been anal 0, Japan) for 40 min at 37°C. After prehybridization treat-
in human gastric carcinomas in terms of apoptosis anent, the sections were incubated with terminal deoxynucleotidyl
cell proliferation transferase (TdT), digoxigenin-11-dUTP and dATP in a moist
T L chamber for 90 min at 37°C. Incubation with anti-digoxigenin—
Here, we examine the dThdPase expression in hundgfihody-peroxidase for 30 min at room temperature was em-
gastric carcinomas, comparing histological type apfbyed for detection of digoxigenin-11-dUTP labeling, followed
stage, tumor cell apoptosis, intratumoral angiogenesigcolor development with a solution containing 3,3'-diaminoben-

and p53 expression. Our results provide in vivo evider@d@ne and BO,. Methyl green was used for counterstaining.

. . . To examine the specificity of TUNEL procedure, slides were
that dThdPase expression is associated with not only fkhted with TdT buffer solution not containing TdT or digoxige-

giogenesis, but also protection against apoptosis for gag-11-dUTP as negative controls, which were invariably negative
tric carcinoma cells. for TUNEL signals. At the same time, the TUNEL procedure was
also conducted with control slides of gastric carcinoma, which
were already known to show a lot of apoptotic cells with TUNEL
signals, to obtain constant findings.

Materials and methods

Tissue samples Evaluation of apoptotic index and IMVD

Studies were conducted on 70 surgical specimens of gastric dde apoptotic index (Al: percentage of apoptotic cells) of each
nocarcinoma extracted from the files of the Department of Pathgéstric carcinoma was obtained as the number of TUNEL-positive
ogy, Faculty of Medicine, Tottori University and its related teacleancer cells per 1,000 cancer cells in the most frequently labeled
ing hospitals. The patients, who underwent surgery, received ragea. We evaluated the mean Al and IMVD in areas which were
ther chemotherapy nor radiation before the operation. Routinslected using the following criteria: areas consisting of carcinoma
processed, formalin-fixed, paraffin-embedded tissue blocks caells with diffuse dThdPase expression from the dThdPase-posi-
taining the principal infiltration of the tumoral mass were selectedilze tumors, and areas without dThdPase expression from negative
Sections 3 um thick were examined by light microscopy, immuntoimors. For the determination of IMVD, using the CD34, at least
histochemistry, and the TUNEL procedure. The histological claB3 of the most highly vascularized areas within a section were se-
sification and tumor stage were routinely made according to tfeeted and counted under a light microscope with 200-fold magni-
criteria of the Japanese Gastric Cancer Association [13]. In tfication, as described by Weidner et al. [36]. The average numbers
study, we classified the tumor into two types: well-differentiateslere recorded as the IMVD for each case. The IMVD was count-
(papillary and tubular carcinomas) and poorly differentiated (poad by the two authors (M.O. and H.l.) independently without
ly differentiated and signet-ring cell carcinomas). The classificerowledge of the clinical information, and then adjusted.
tion corresponds to the intestinal type in the former, and diffuse
type in the latter (Lauren’s classification 1965).

Statistical analysis

Immunohistochemistry The correlation between Al and IMVD was analyzed using
the Spearman rank correlation coefficient. The Mann-Whitney’s

Dewaxed paraffin sections were immunostained using the strepdatest was used for analyzing statistical correlations among

vidin—biotin peroxidase complex (SAB) method. The followingMVD, Al and p53 expression. R-value <0.05 was considered

primary antibodies were used: monoclonal antibodies raisggnificant.

against CD34 (NU-4A1; Nichirei, Japan), p53 (BP53-12, diluted

1:50; Novocastra Laboratories, Newcastle, U.K.), and dThdPase

(Anti-dThdPase mouse monoclonal antibody 654-1, diluted 1:10&1' It

Nippon Roche Research Center, Kanagawa, Japan). All the gsults

tions were heated in a 10 mM citrate buffer, pH 6.0, in a micro- . .

wave oven for 15 min at 94°C. Immunoreactions were visualizdd hdPase immunoreactivity

with diaminobenzidine (DAB) and the sections were counter-

stained with 3% methyl green. dThdPase immunoreactivity was observed in both the

To examine the specificity of immunostaining, the primary ans ; ;
tibody was replaced by mouse normal IgG at a 1:100 dilution aIPrIIHdeus and the cytoplasm of the gastric carcinoma

Tris-buffered saline. Control slides were invariably negative f&€!IS: the immunoreaction being more predominant in
immunostaining. We immunostained appropriate control slidestbfe latter than in the former (Fig. 1a, b). The immunore-
gastric carcinoma, which were previously known to show the pogietivity was also noted in stromal lymphocytes, fibro-
tive immnoreactivity for CD34, p53, and dThdPase, at the sapBsts. and macrophages to varying degrees, as de-

time, to obtain constant findings. f%‘iibed previously in an analysis of colonic carcinomas
51, 26].

We judged samples to be positive for p53 or dThdPase whe
least 10% of the cancer cells were stained.
dThdPase expression was noted in 21 (43.8%) of the
48 well-differentiated carcinomas and in 11 (50.0%) of
the 22 poorly differentiated carcinomas, the frequency
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showing no significant difference (Table 1). dThdPasadvanced carcinomas than in the early carcinomas, re-
positive samples were noted in 12 (35.3%) of the 8ardless of the histological type (Tables 1, 2).

early carcinomas, and in 20 (55.6%) of the 36 advanced

carcinomas, respectively (Table 2). The frequency of _

dThdPase-positive cases was significantly higher in t&hdPase expression and IMVD

We selected at least 10 areas containing cancer cells

Table 1 Expression of dThdPase and histlogical type in gastN\éith diffuse dThdPase expression from the 32 dThdPase-

carcinoma

Histological type No. of cases

Intestinal type 48 21 (43.8%)
Early 28 10 (35.7%)
Advanced 20 11 (55.0%)

Diffuse type 22 11 (50.0%)
Early 6 2 (33.3%)
Advanced 16 9 (56.3%)

Table 2 Relationship between

positive cases (category 1), and similarly, at least 10 areas
without dThdPase expression from the 38 negative cases

No. of positive casegcategory II). Intratumoral microvessels were clearly

demonstrated with CD34 immunostaining (Fig. 2a, b).
Table 2 shows the relationship between the dThdPase ex-
pression and mean IMVDs of the gastric carcinomas. For
early gastric carcinomas, the mean IMVD was 88.8+£19.4
in the 12 category | carcinomas and 61.4+17.3 in the 22
category Il carcinomas. Similarly, the mean IMVD was

TP expression, apoptotic index Stage/category

(Al), intratumoral microvessel
density (MVD) and p53 in
human gastric carcinomas
(dThdPasehymidine phos-
phorylase)

*P<0.05 versus control;

** P<0.01 versus control
aValues are expressed as
meanzSE

bNumber of positive cases
(% in parentheses)

Fig. 1a, b Thymidine phos-
phorylase (dThdPase) ex-
pression in human gastric
carcinoma. The expression is
noted in both nucleus and
cytoplasm of carcinoma cells,
as well as stromal lymphoid
cells and fibroblasts. Immuno-
staining for dThdPase&180

a Well-differentiated adenocar-
cinoma,b poorly differen-
tiated adenocarcinoma

IMVB Ala p53
Early (n=34)
Category |
dThdPase (+)=12 (35.3%) 88.8+19. 1.95+1.30 10 (83.3%)
Category Il * o
dThdPase (=22 (64.7%) 61.4+17. 3.76+1.49 5 (22.7%)
Advanced (=36)
Category |
dThdPase (+)=20 (55.6%) 98.8+21. 1.51+0.98 11 (55.0%)
Category Il * *
dThdPase (=16 (44.4%) 76.0+27. 2.14+0.66 8 (50.0%)
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Fig. 3 Spearman rank correlation coefficient test for correlation

between apoptotic indexA() and intratumoral microvessel density
(IMVD). For all cases,=0.19,P<0.001

Correlation between Al and IMVD, and p53 expression

Next, we analyzed the apoptotic indices in the gastric
carcinomas (Table 2, Fig. 2a, ¢). The mean Al was
1.95+1.30 in the 12 category | carcinomas, and 3.76+
1.49 in the 22 category Il carcinomas in the early stages,
and 1.51+0.98 in category h£20) and 2.14+0.66 in
category Il carcinomasn£16) in the advanced stages.
The mean Al was significantly lower in the dThdPase-
positive carcinomas than in the negative carcinomas
(P<0.05), regardless of the tumor stage.

Regression analysis of the Spearman rank correlation
coefficient, on plots of Al versus IMVD on a per case
basis, showed a significant inverse correlation between
Al and IMVD (r=0.19,P<0.001; Fig. 3).

Nuclear P53 expression was noted in 10 (83.3%) of
12 category | carcinomas, and 5 (22.7%) of 22 category
Il carcinomas in the early stages, and 11 (55.0%) in cate-
gory | (h=20) and 8 (50.0%) in category Il carcinomas
(n=16) in the advanced stages. The frequency was signif-
icantly higher in the dThdPase-positive early carcinomas
than in the negative early carcinom&s@.05). On the
other hand, there was no correlation between dThdPase
and p53 expression in the advanced carcinomas.

e 5 & : VARR Y a

Fig. 2 a Intratumoral microvesseldMV) and TUNEL-positive Discussion
tumor cells in dThdPase-negative gastric carcinoma. H&EQ ) )
b CD-34 immunoreactivity demonstrated a few intratumoral min this study, we clearly demonstrated that dThdPase is

crovesselsx170 ¢ Scattered TUNEL-signal-positive tumor Ce||qmmunohistochemica"y expressed in both the cancer
are present<170 cells and the stromal cells of human gastric carcinomas.

The expression was shown to be associated with IMVD.
98.8+£21.0 in the 20 category | carcinomas and 76.0+2Although the precise mechanism of angiogenesis by
in the 16 category Il carcinomas for advanced gastd€hdPase remains unclear, previous reports have demon-
carcinomas. The mean IMVD was significantB<0.05) strated that the expression of dThdPase is significantly
higher in the dThdPase-positive carcinomas (categoryasociated with IMVD [10, 30, 33]. In this study, higher
than in the dThdPase-negative carcinomas (category INJVD was clearly demonstrated in dThdPase-positive
However, there was no statistical difference in the megastric carcinomas than in negative carcinomas, regard-
IMVD in each category: 88.8 versus 98.8 in categoryléss of the tumor stage or histological type. These results
and 61.4 versus 76.0 in category Il. Thus, the mesuggest that the expression of dThdPase has a crucial
IMVD was associated with dThdPase expression, but mole in intratumoral angiogenesis, which occurs in the
with the tumor stage in either category. early phase of gastric carcinoma.
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Several reports are now available on the clinical signuation of apoptotic cell death seems to occur via a
nificance of dThdPase in human gastric carcinom@®3 gene-independent pathway in gastric carcinomas
Takebayshi et al. [31] demonstrated a significantly woragth dThdPase expression.
prognosis in gastric carcinoma patients with dThdPaseThe precise mechanism of the apoptosis resistance of
expression than in those without it. They confirmed posiThdPase-expressing carcinoma cells awaits further clar-
tive significance only in 23 patients of stage lll, but ndfication. Recently, it has been reported that dThdPase
in stages I, Il and IV. Maeda et al. [20] found that the frexpression is regulated by various cytokines and growth
guency of hepatic metastasis was significantly higherfactors, including tumor necrosis faciy-nterleukin-1,
patients with dThdPase-positive carcinomas than imerferony and basic fibroblast growth factor (bFGF)
those with negative carcinomas. On the other hand, th2y 8]. Thus, dThdPase expression is considered to be
failed to demonstrate any significant correlation betweeggulated by various factors via the autocrine and para-
dThdPase expression and patient prognosis. Thus, dhee pathways.
clinicopathological significance of dThdPase expressionIn summary, we have clearly demonstrated by way of
is even now controversial in human gastric carcinomasn vivo evidence that dThdPase expression attenuates

As alluded to in the introductory section, recent studpoptotic cell death and increases IMVD, which pro-
ies have demonstrated that dThdPase expression is agses a preferential advantage for tumor cell prolifera-
ciated with the apoptosis-resistant nature of tumor ceilsn in human gastric carcinomas. Further study may
both in vivo and in vitro. We also confirmed a decreapeovide information valuable for an emerging concept;
in apoptotic cell death in human colorectal carcinomaatiangiogenesis therapy.
with diffuse dThdPase expression [21]. Similar results

were confirmed in human gastric carcinomas in tlﬁ‘?d for Scientific Research (B) from the Ministry of Education,

study. Lu et al. [18] reported the relationship betweeience, Sports and Culture, Japan. The authors thank Mr. N. Itaki
spontaneous apoptosis and IMVD in human gastric cafid Ms. R. Kawasaki for their skillful technical assistance.
cinomas. Our data are consistent with their report, in

which the incidence of apoptosis was significantly influ
enced by the extent of neovascularization, suggestRgferences

that tumor angiogenesis cqntributes to the reduction N cjarke AR, Purpdie CA, Harrison DJ (1993) Thymocyte apop-
apoptosis in tumor cells. It is also suggested that the €X-osis induced by p53-dependent and independent pathways.
pression of dThdPase is associated with the apoptoticNature 362:849-852 o
mechanism in carcinogenesis. It cannot be denied th&tEda H, Fujimoto K, Watanabe S (1993) Cytokines induce

: : o _ thymidine phosphorylase expression in tumor cell and make
dThdPase could be directly involved in intracellular apo- ;& "=~ 5 susceptible to 5'-deoxy-5-fluorouridine. Cancer

ptotic signal transduction, although the precise mecha- chemother Pharmacol 32:333—-338
nism has not yet been elucidated. In any case, dThdPa&s€inlay CA, Hinds PW, Tan TH (1988) Activating mutations
expression provides an advantage for tumor growth in for transformation by p53 produce a gene product forms that

; ; ; _ an hsc70-p53 complex with an altered half life. Mol Cell Biol
human gastric carcinomas, not only by forming a favor 8:531-53

able, highly va_lscular intratumoral microenviron_ment, bui Furukawa T, Yoshimura A, Sumizawa T, Haraguchi M
also by allowing cells to escape the apoptotic mecha- Akiyama S (1992) Angiogenic factor. Nature 356:668
nism. 5. Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identification

P i of programmed cell death in situ via specific labeling of nucle-
Apoptosis is regulated by a variety of oncogenes and ar DNA fragmentation. J Cell Biol 119:493-501

suppressor genes. Among_ the aIt_erations,p%@sup— 6. Giatromanolaki A, Koukourakis MIl, Comley M, Kaklamanis

pressor gene plays a crucial part in the induction of ap-L, Turley H, O’'Byrne K, Harris AL, Gatter KC (1997) Plate-

optosis. The product of the wild-typb3 gene has been let-derived endothelial cell growth factor (tymidine phospho-
shown to be required for induction of the apoptotic path- rylase) expression in lung cancer. J Pathol 181:196-199

: g -Z. Haraguchi M, Miyadera K, Uemura K, Sumizawa T,
way triggered by oncogenous activation and cytotoxi Furul?awa T Yamadya K. Akiyama S, Yamada Y (1994) Angio-

genes [1, 27]. The product may sensitize damaged cellsyenic activity of enzymes. Nature 368:198
to apoptosis, acting to prevent the propagation of trang-Ho CK, OU BR, Hsu ML, Su SN, Yung CH, Wang SY (1990)
forming mutations. The expression of nuclear p53 almost Induction of tymidine kinase activity and clonal growth of

; _ certain leukemic cell lines by a granulocyte-derived factor.
matches that of the mutant type [3]. We previously re Blood 75-2438—2444

ported that the expression of a mutapd® gene attenu- g jiizsch MH, el Kouni MH, Cha S (1985) Kinetic studies of
ated apoptotic cell death in gastric cancer in vivo [11]. In thymidine phosphorylase from mouse liver. Biochemistry 19:

the present study, p53 expression seemingly correlated6799-6807 ] o _ _
with dThdPase expression and lower Al in early gastfg |mazano Y, Takebayashi v, Nishiyama K, Akiba S, Miyadera

. . . . K, Yamada Y, Akiyama S, Ohi YJ (1997) Correlation between
carcinomas, but not in advanced carcinomas. This maythymidine phosphorylase expression and prognosis in human

be partly due to the small number of dThdPase-positive renal cell carcinoma. Clin Oncol 15:2570—-2578
early gastric carcinomas. In fact, we failed to demoht. Ishida M, Gomyo Y, Ohfuji S, Ikeda M, Kawasaki H, Ito H

strate the correlation between the p53 protein and dTh—(1t997) EVitd‘;f‘.”CG hhgt eﬁ]p.reshsmn ofa r?qtﬁﬁtag?”elittenu' .
SN . . ates apoptotic cell death in human gastric intestinal-type carci-

d'Pase expression in another study analyzing gastric caryomas in vivo. Jpn J Cancer Res 88:468-475

cinomas [25], and we were also not able to confirm amy. |shikawa F, Miyazono K, Hellman U, Drexler H, Wernstedt C,

correlation in breast and colonic carcinomas. Thus, at-Hagiwara K, Usuki K, Takaku F, Risau W, Heldin CH (1989)
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