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Abstract Purpose: It has been suggested that the ex-
pression of thymidine phosphorylase (TdRPase) corre-
lates with the malignant potential of various cancers, but
its involvement in human invasive ductal carcinoma
(IDC) of the pancreas has not been reported. In the
present study, the distribution and clinical significance
of TdRPase in IDCs and benign diseases of the pancreas
were assessed, especially in relation to the efficacy of
chemotherapy with 5-FU or its derivatives. Method: The
expression of TdRPase in 148 specimens of pancreatic
IDCs (66 primary lesions, 46 nodal lesions and 36 dis-
tant metastases from 126 patients) and in 24 specimens
of benign diseases (4 cystadenomas, 3 hyperplasias, and
17 chronic pancreatitises) was examined by immuno-
histochemical staining with anti-TdRPase monoclonal
antibody and evaluated in terms of three grades of im-
munoreactivity: negative 0, low 1, or high 2. Results:
Positive TdRPase staining (low and high immunoreac-
tivity) was detected in 71% (47/66) of the primary le-
sions, in 46% (21/46) of the involved nodes, in 53% (19/
36) of various lesions of distant metastasis, and in 37%
(9/24) of the benign diseases. The staining intensity was
significantly higher in the IDC tissues than in the benign
disease tissues, and significantly lower in the metastatic
lesions than in the primary lesions. TdRPase reactivity
did not correlate with the survival rate in both resectable
and unresectable IDCs. In patients with both primary
tumor and nodal involvement, however, high TdRPase
activity in involved nodes was significantly associated
with a poor prognosis. On the other hand, although
adjuvant chemotherapy was found to improve the sur-
vival of patients, TdRPase activity in the tumor did not
show any significant relationship with the efficacy of
chemotherapy with 5-FU or its derivatives. Conclusions:
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The present study suggested that in pancreatic IDC the
activity of TdRPase in primary lesions is different from
that in metastatic lesions, and that DNA is synthesized
mainly through the salvage pathway in primary lesions
and through a de novo pathway in metastatic lesions.
This may be one of the reasons for the heterogeneity in
chemosensitivity of human pancreatic IDC.
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Introduction

Invasive ductal carcinoma (IDC) of the pancreas grows
rapidly and is very resistant to a variety of cancer ther-
apies including surgery, radiation, and chemotherapy.
The prognosis of patients with the disease is very poor,
and 85% of patients with unresectable pancreatic IDC
die within a year due to liver metastasis or peritoneal
dissemination [10]. Even when patients undergo curative
surgery, 50% die within a year [8, 17]. Although the
malignant potential of pancreatic IDC is very high, there
are no precise indices for such potential, which is
reflected in growth, invasion, and metastasis. Tumor
growth correlates with DNA synthesis in tumor cells.
Tumor growth and proliferation have been evaluated by
measuring *H-thymidine (TdR) uptake [19, 31], the
BrdU labeling index [24], cell cycle by flow cytometry,
and various cell proliferation markers including the
expression of proliferating cell nuclear antigen and
argyrophilic nucleolar organizer regions [2, 3, 18].

TdR phosphorylase (TdRPase), which consists of 440
amino acids and has a molecular weight of 55 kDa [4, 26],
is a key enzyme for the phosphorylation of pyrimidine in
DNA synthesis. Two major pathways are known in the
metabolism of pyrimidine in DNA synthesis: the de novo
pathway and the salvage pathway. TdRPase promotes
phosphorylation of pyrimidine and subsequent produc-
tion of thymine and 2’-deoxy-p-ribose in the salvage
pathway, and is considered to play an important role in
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the proliferation, invasion, and metastasis of cancer cells
[4, 26]. Higher activity of TdRPase is found in cancerous
tissue than in nonmalignant tissue [9, 11, 12, 13, 14, 20,
30]. Furthermore, TdRPase exerts a significant influence
on the effect of S-fluorouracil (5-FU) or its derivatives
because 5-FU inhibits de novo DNA synthesis [15, 29].
Some tumor cells can, however, survive after chemo-
therapy with 5-FU by synthesizing DNA through the
salvage pathway. Thus, although the relationship be-
tween TdRPase and the efficacy of cancer chemotherapy,
especially with 5-FU or its derivatives, is very important,
the biological role of TdRPase in tumor cells has not
been sufficiently clarified.

In the present study, we examined the expression of
TdRPase in various lesions of human pancreatic IDC,
its correlation with clinicopathological factors including
clinical stage, patient survival, and its implication in the
efficacy of adjuvant chemotherapy (ACT) with 5-FU or
its derivatives after pancreatic IDC surgery.

Materials and methods

Patients

The present study included 102 patients with pancreatic IDC and
24 patients with benign diseases. The profiles of the patients are
summarized in Table 1. Clinically the cancers were staged accord-
ing to the UICC (TNM) classification (1997) [6]. All patients un-
derwent surgery between October 1980 and December 1998 and
were followed up in our department. Of the 102 patients, 66 with
resectable pancreatic IDC underwent pancreatoduodenectomy, or
distal or total pancreatectomy with lymphadenectomy, and 46 of
these 66 demonstrated nodal involvement. The remaining 36 pa-
tients with unresectable IDC underwent bypass or exploratory
surgery, and specimens of distant metastases were obtained during
surgery. A total of 148 specimens of pancreatic IDC (66 primary
lesions, 46 involved nodes and 36 distant metastases) and 24
specimens of benign diseases were examined.

Adjuvant chemotherapy

In Japan, under the universal coverage of the health insurance
system, the use of anticancer agents is strictly restricted by the

Japanese Ministry of Health and Welfare. Accordingly, ACT reg-
imens mainly involve the use of approved agents including 5-FU,
mitomycin-C (MMC), Adriamycin (ADR), cyclophosphamide
(CPA), and UFT (a 4:1 mixture of uracil and Ftorafur). The ad-
juvant chemotherapy is summarized in Table 2. Of the 66 patients
with resectable IDC, 36 received ACT and 30 did not receive any
ACT (surgery alone, SA). Some of the SA group received salvage
chemotherapy after their pancreatic cancer recurred. Of the 36
patients in ACT group, 18 received UFT alone, 1 received HCFU
(carmofur) alone, 15 received combination regimens including
UFT, and 2 were treated with other regimens. Of the 36 patients
with unresectable cancer, 22 did not receive any ACT and 14 re-
ceived ACT (two UFT alone, one 5-FU alone, ten combination
regimens including UFT, one other combination regimen).

Anti-TdRPase monoclonal antibody (mAb)

The anti-TdRPase mAb was kindly supplied by Nippon Roche
Company, Tokyo, Japan. The hybridomas producing mouse anti-
TdRPase mAb were cloned from the spleen cells of mice immu-
nized with human TdRPase, which was purified from a human
colonic cancer xenograft HCT116 [22]. The antibody was diluted at
100 pg/ml for immunohistochemical staining.

Immunohistochemical staining

The specimens were fixed in 10% formalin and embedded in paraffin
blocks, sliced into 3-pum sections and prepared on silanized slides
(DAKO Japan Company, Tokyo, Japan). The slides were deparaff-
inized three times in xylene for 5 min each time and rehydrated three
times in 90% ethanol for 5 min each time. Endogenous peroxidase
was blocked with methanol containing 0.3% H,O, for 5 min. The
specimens were washed in phosphate-buffered saline (PBS; Gibco,
Biocult, Glasgow, U.K.), heated in 10 mM citrate buffer (pH 6.0)
three times in a microwave oven (800 W) for 5 min each time [1, 27].
After washing with PBS, nonspecific reaction was blocked with 10%
normal rabbit serum (Nichirei) in a moist chamber for 10 min. The
slides were incubated with anti-TdRPase mAb in a moist chamber at
8°C for 12 h, washed three times with PBS for 5 min each time, and
incubated with anti-mouse IgG +IgA +IgM antibody (Nichirei)
diluted at 10 pg/ml for 20 min at room temperature. After washing
three times with PBS for 5 min each time, the slides were incubated
with streptoavidin-conjugated peroxidase (Nichirei) diluted at
100 pg/ml for 10 min, and with 3,3-diaminobenzidine-tetrahydro-
chloride solution (Nichirei) for 20 min. The slides were then count-
erstained with 1 ml veronal acetate-buffered methyl green solution
(pH 4.0) for 1 h. After washing twice with 100% ethanol, the slides
were dehydrated with 100% xylene, covered with coverglasses in

Table 1 Profile of the patients

with pancreatic diseases pTNM Invasive ductal carcinoma Bfenign Ovierall
stage diseases (n=120)
Resectable Unresectable (n=24)
(n=0606) (n=36)
Patient characteristics
Male 31 25 17 73
Female 35 11 7 53
Age (years) 65+10 68+9 53+13 6312
Invasive ductal carcinoma
Overall 66 36 - 102
I 10 - - 10
11 3 - - 3
111 32 — - 32
v 21 36 - 57
Benign diseases
Chronic pancreatitis - - 17 17
Cystadenoma - - 4 4
Hyperplasia - - 3 3
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Table 2 Adjuvant chemothera-

py (the remaining patients, i.e. Adjuvant chemotherapy 51eie6céz)1ble };Tln:re;%e)ctable (Cr)l\:rla(;lz)
30 resectable and 22 unresec-
table, were treated with surgery Total - 36 14 50
only) (UFT Ftorafur + uracil, S.O al recelvtmg
5-FU 5-fluorouracil, CPA lr_lrg e, ?gen 19 3 »
cyclophosphamide, MMC U%tfll, 1 18 5 20
mitomycin-C, 4D R Adriamycin, H CFS o?en 1 3 1
HCFU carmofur, CDDP cispl- S.FU la one B 1 1
atin; the last two of these drugs C i} bi at.one .
are not approved by the O%n 1111a lon regimens 17 1 28
Japanese Ministry of Health U%tfll. L5.FU 1 0 1
and Welfare for the treatment UFT + C-P A 12 6 18
of pancreatic cancer; the others
UFT + CPA + 5-FU + CDDP 1 - 1
are) UFT +MMC +5-FU 1 - 1
UFT + CPA + CDDP — 2 2
UFT+ CPA+CDDP+MMC+ADR - 1 1
5-FU + CDDP 1 — 1
5-FU+CDDP + VP-16 1 - 1
5-FU+CPA + ADR - 1 1
CPA +CDDP+MMC — 1 1

4
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Fig. la—c¢ Representative staining of TdRPase in various pancre-
atic diseases and grading of TdRPase immunoreactivity. Positive
TdRPase expression was classified into the following three grades
of immunoreactivity: 0-20% negative (-, grade 0), 21-50% low (+,
grade 1), and 51-100% high (+ +, grade 2). a 61-year-old male,
moderately differentiated adenocarcinoma, grade 0 immunoreac-
tivity; b 63-year-old female, moderately differentiated adenocarci-
noma, grade 1; ¢ 65-year-old male, well differentiated
adenocarcinoma, grade 2

ENTELLAN neu mounting medium (Merck, Rathway, N.J.), dried,
and examined under an optical microscope.

For evaluation of TdRPase expression, staining was taken as
positive only when an unequivocally strong cytoplasmic or nuclear
staining was detected. The total number of stained or unstained
cells was counted in three different fields of the specimen and the
mean value was used for determining the rate of positivity of
TdRPase expression. Immunoreactivity was classified into three
grades: 0-20% negative (-, grade 0), 21-50% low (+, grade 1), and
51-100% high (+ +, grade 2) (Fig. 1).

Statistical analysis

The staining intensity of the TdRPase in four lesions was compared
using the unpaired r-test, and TdRPase expression in primary le-
sions and involved nodes in the same patient with IDC was com-
pared using the paired z-test. The survival curves of the patients
were calculated by the Kaplan-Meier method and compared with
the Cox-Mantel test. The degree of correlation between TdRPase
staining and clinicopathological factors was determined using the
Chi-squared test. P-values less than 0.05 were taken as significant.

Results

Comparative immunostaining of TdRPase
between benign diseases and IDC of the pancreas

The staining intensity of TdRPase in various pancreatic
lesions is summarized in Table 3. Stronger TdRPase
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Table 3 Expression of TdRPase in various pancreatic diseases

Patient Specimens pTNM Number TdRPase immunoreactivity grade®
stage
0 1 2 Mean £+ SD
Invasive ductal carcinoma Primary lesion 66 19 (29%) 23 (35%) 24 (36%) 1.076+0.810""""
1 10 3 4 3
11 2 1 0
111 32 7 11 14
v 21 7 7 7 »
Metastatic lesion 82 42 (51%) 17 21%) 23 (28%)  0.768 +£0.865
Involved node 46 25 (54%) 11 (24%) 10 (22%) 0.674+0.818
Distant metastasis 36 17 (47%) 6 (17%) 13 (36%) 0.889+0.919
Total 148 61 (41%) 40 27%) 47 (32%)  0.905+0.852"
Benign diseases Hyperplasia 1 (33%) 2 (67%) 0 (0%)
Cystadenoma 3 (75%) 1 (25%) 0 (0%)
Pancreatitis 17 11 (64%) 4 (24%) 2 (12%)
Total 24 15(63%)  7(29%)  2(8%)  0.458+0.658""""

*P=0.016, " P=0.029, " P=0.002

4Grade 0, 0-20% immunoreactivity; grade 1, 21-50%; grade 2, 51-100%

staining was seen in pancreatic IDC lesions (59%, 87/
148) than in benign disease specimens (37%, 9/24)
(P=0.016). Moreover, immunoreactivity for TdRPase
in primary lesions was significantly higher than in met-
astatic lesions (P=0.029) or benign disease specimens
(P=0.002). There was no significant difference in TdR-
Pase staining intensity between metastatic lesions and
benign disease specimens. In benign disease specimens,
weak TdRPase staining was seen, and there were no
cases of grade 2 staining in hyperplasias or cystadeno-
mas, whereas in pancreatitis only two cases of grade 2
staining were observed.

In patients with nodal involvement, TdRPase stain-
ing intensity was significantly lower in simultaneously
involved nodes than in primary lesions (P=0.008; Ta-
ble 4). The immunoreactivity of TdRPase in primary
lesions of IDC correlated significantly with the extent of
nodal involvement (r=0.261, P=0.0342), but it showed
no correlation with patient age, gender, stage or histo-
logical grade.

Table 4 Comparative expression of TdRPase between the primary
lesion and the simultaneously involved node in the same patients

Staining TdRPase immunoreactivity grade® Number
intensity (n=46)

Primary lesion Nodal involvement
Same 0 0 8

1 1 5

2 2 10
Different 1 0 11

2 0 6

2 1 5

0 1 1
Mean+SD  1.261+£0.773* 0.674+0.818*
*P=0.008

4Grade 0, 0-20% immunoreactivity; grade 1, 21-50%; grade 2,
51-100%

TdRPase expression and patient survival

The relationship between TdRPase expression and
patient survival is summarized in Table 5. There were

Table 5 Relationship between TdRPase expression, adjuvant chemotherapy (ACT) and survival

TdRPase Median survival (months) (number of specimens)
expression
Resectable Unresectable
Overall No nodal Nodal
involvement involvement
Overall 13.4 (66) 19.2 (20) 11.0 (46) 4.0 (36)
ACT 15.8 (36) 24.6 (12) 11.0 (24) 7.0 (16)**
No ACT 10.5 (30) 11.0 (8) 10.0 (22) 2.0 (20)**
Primary lesion Positive 12.4 (47) 17.4 (11) 11.0 (37) -
Negative 15.7 (19) 21.3 (9) 11.0 (9) -
Involved node Positive - - 9.0 21)* -
Negative - - 13.0 (25)* -
Distant metastasis Positive - - - 4.0 (19)
Negative - - - 4.0 (17)

*P=0.0438, **P=0.0001, Cox-Mantel test



no differences in the survival among patients grouped
by grade of TdRPase expression in the primary lesion
after pancreatectomy. Among patients with nodal in-
volvement, however, survival was significantly higher in
patients whose involved nodes expressed grade 0 TdR-
Pase reactivity (TdRPase’) than in patients with in-
volved nodes expressing grade 1-2 reactivity
(TdRPase™) (P=0.0438), although there were no dif-
ferences in survival when patients were grouped by
TdRPase expression in primary lesions (Fig. 2). In ad-
dition, there were no differences in survival among the
patients with unresectable pancreatic cancer grouped by
the positivity of TdRPase expression.

100

Primary lesion

J*l; Involved node

50

% survival

0 1 2 3 0 1 2 3

Years after surgery

Fig. 2 Survival curves for patients with node-positive resectable
pancreatic IDC. TdRPase expression in primary lesion: (+) grade
1-2, n=37; (-) grade 0, n=9. TdRPase expression in involved
node: (+) n=21; (-) n=25. There was no significant difference in
survival between the patients grouped by TdRPase expression in the
primary lesion. In contrast, survival was significantly higher in
patients with TdRPase™ involved nodes than in those with
TdRPase " involved nodes (P=0.0438)

Table 6 Multivariate analysis of the relationship between various
clinicopathological and cytomolecular factors and the prognosis of
patients with resectable pancreatic cancer by Cox’s proportional
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Relationship between the efficacy of ACT
and TdRPase expression

In patients who had undergone pancreatectomy, the
survival rate of the ACT group was higher than that of
the SA group, although the difference was not statisti-
cally significant (Table 5). In contrast, ACT was dem-
onstrated to be effective in improving the survival of
patients with unresectable cancer (P=0.0001; Table 5).
TdRPase expression in the primary lesion of the IDC
was not correlated with the efficacy of ACT after
pancreatectomy (Fig. 3). In patients with TdRPase " or

100 Resectable i Unresectable
=
2
z 50
2
IS
a
0
0 0 6 12 18

Months after surgery

Fig. 3 Relationship between TdRPase expression and the efficacy
of chemotherapy. Resectable IDC: ¢ TdRPase®™ ACT group
(n=24), b TdRPase™ SA group (n=23), ¢ TdRPase” ACT group
(n=12), d TdRPase  SA group (n=7). There were no significant
differences in survival rates among the four groups. Unresectable
IDC: @ TdRPase™ ACT group (n=5), b TdRPase™ SA group
(n=14), ¢ TdRPase” ACT group (n=11), d TdRPase” SA group
(n=06). The survival rate in the ACT group was significantly higher
than in the SA group amongst both TdRPase and TdRPase™
patients (P=0.0001 and P=0.0323, respectively)

hazard risk model (dependent variable, month; censoring variable,
death due to pancreatic cancer)

Variable

P-value
(chi-squared test)

Conditional risk ratio
(95% confidence limits)

Parameter
estimate (SE)

Resectable (overall) pTNM stage

Histological grade

Age

Adjuvant chemotherapy

Gender

TdRPase expression, primary lesion
pTNM stage

Histological grade

TdRPase expression, involved node
TdRPase expression, primary lesion
Adjuvant chemotherapy

Age

Gender

Adjuvant chemotherapy

TdRPase expression

Histological grade

Age

Gender

Resectable (node-positive)

Unresectable

0.635 (0.175)  1.887 (1.340-2.657) 0.0003
0.674 (0.262)  2.002 (1.198-3.346) 0.0080
0.012 (0.016)  1.012 (0.980-1.045) 0.4698

~0.147 (0.281)  0.863 (0.498-1.497) 0.6006
0.099 (0.316)  1.104 (0.594-2.052) 0.7551
0.009 (0.178)  1.009 (0.712-1.430) 0.9617
1.007 (0.412)  2.739 (1.221-6.145) 0.0145
0.665 (0.308)  1.945 (1.064-3.553) 0.0306

~0.731 (0.366)  0.481 (0.235-0.986) 0.0457
0.693 (0.509)  1.999 (0.738-5.416) 0.1732
0.389 (0.375)  1.475 (0.707-3.078) 0.3000
0.013 (0.017)  1.013 (0.979-1.049) 0.4517
0.082 (0.363)  1.085 (0.533-2.209) 0.8217

-2.030 (0.517)  0.131 (0.048-0.362) 0.0001

~0.409 (0.268)  0.664 (0.392-1.124) 0.1271

~0.636 (0.670)  0.529 (0.142-1.968) 0.3423

~0.002 (0.019)  0.998 (0.961-1.037) 0.9193

~0.039 (0.446)  0.962 (0.402-1.037) 0.9311
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TdRPase™ primary lesions, the survival rate between the
ACT group and the SA group was not significantly
different. On the other hand, in patients with unresec-
table pancreatic TdRPase™ or TdRPase™ tumors, the
survival rate was significantly higher in the ACT group
than in the SA group, suggesting that TdRPase expres-
sion in distant metastases has no significant effect on the
efficacy of ACT (Fig. 3).

Multivariate analysis

The implication of TdRPase expression was evaluated
by multivariate analysis (Table 6). In patients with re-
sectable IDC, stage and histological grade were found to
be significant prognostic factors for IDC-related death,
but TdRPase expression in the primary lesion was not a
significant factor. In patients with resectable IDC in-
volving nodes, TdRPase expression in involved nodes
was found to be a significant low-risk factor, but it was
not a significant factor in the primary lesion. On the
other hand, in patients with unresectable IDC, only
ACT was a significant low-risk factor.

Discussion

The present study demonstrated that the expression of
TdRPase in pancreatic IDC was significantly higher
than in benign diseases. The activity of TdRPase is
higher in cancerous than in normal tissues of various
organs such as breast, colon, stomach, urinary bladder,
uterus and ovary [9, 11, 12, 13, 14, 20, 30], suggesting
that the metabolism of TdR is more active in pancreatic
IDC than in benign diseases. TdRPase is one of the key
enzymes in the salvage pathway of DNA synthesis,
where it metabolizes TdR into thymine and 2’-deoxy-
p-ribose. Accordingly, in normal pancreatic duct cells or
benign diseases of the pancreas expressing low levels of
TdRPase, TdR monophosphate is only synthesized from
deoxyuridine monophosphate (dUMP) and is utilized
for de novo DNA synthesis. In contrast, in cancer cells
expressing high levels of TdRPase, DNA may be syn-
thesized mainly through the salvage pathway.

The present study also demonstrated that the ex-
pression of TdRPase was significantly lower in distant
metastases than in primary lesions. Furthermore, in
patients with both primary lesions and nodal involve-
ment, TdRPase expression was significantly lower in the
involved nodes than in the primary lesion. The activity
of TdRPase in various cancers is higher in primary le-
sions than in liver metastasis [20]. Also the activity of
TdRPase is lower in colon cancer xenografted into nude
mice than in the original tumor, but the activity of TdR
kinase and thymidylate synthase (TS) is not affected by
transplantation into nude mice [13]. The lower activity
of TdRPase in metastatic lesions than in primary lesions
may not necessarily mean lower malignant potential in
metastatic lesions than in primary lesions, because pre-

vious studies have demonstrated that DNA synthesis is
sometimes higher in metastatic than in primary lesions
[19, 21]. We speculate that these results may simply re-
flect heterogeneity in enzyme activity between the pri-
mary and metastatic lesions of pancreatic IDC. In other
words, the major pathway of DNA synthesis may be
different between primary and metastatic lesions. It is
not clear, however, why the activity of TdRPase is lower
in metastatic than in primary lesions. One possible ex-
planation is that cancer cells whose DNA is synthesized
mainly through a de novo pathway may have a bio-
logical potential to metastasize, and another is that
metastasized cells may change their biological charac-
teristics to accommodate environments different from
that of the original lesion. This is a subject for future
clarification.

Our study also demonstrated that the expression of
TdRPase in primary lesions had no significant effect on
the prognosis of patients with resectable IDC. In con-
trast, the expression of TdRPase in involved nodes was
found to be significantly correlated with the prognosis of
patients with node-positive IDC after pancreatectomy,
as shown in the multivariate analysis. It is natural that
the level of DNA synthesis in metastatic lesions should
be more associated with prognosis than that in the pri-
mary lesions after resection of the primary lesion. In
patients with unresectable IDC, TdRPase reactivity was
not correlated with patient prognosis. One possible ex-
planation for this discrepancy may be that the lesions
assessed in patients with unresectable IDC included a
variety of metastatic lesions of the liver, peritoneum and
lymph nodes.

In the present study, ACT was found to improve
significantly the survival of patients with unresectable
IDC, as demonstrated in the multivariate analysis. In
patients with resectable IDC, the survival was higher in
the ACT group than in the SA group, but the difference
was not significant. One possible explanation for this
discrepancy is that the resectable IDCs consisted of
various tumors at different stages, of different histolo-
gies, or with different surgical curabilities, and the effects
of ACT might have been different. In contrast, unre-
sectable IDCs consisted of only far-advanced stage 4
cancers with distant metastasis. On the other hand,
TdRPase activity in the tumor was not significantly
correlated with the efficacy of chemotherapy in patients
with resectable or unresectable IDC. In the present
study, the ACT of most patients included 5-FU or its
derivative UFT. The mechanism of action of 5-FU is
complex, and its effects on DNA, which are thought to
be primarily responsible for its antitumor activity, have
been investigated. TS is a major locus for 5-FU action
[10]. It catalyzes the conversion of dUMP to deoxy-
thymidine monophosphate (dTMP). 5-FU is phos-
phorylated to S5-fluoro-deoxyuridine monophosphate
(FAUMP), and FAUMP inhibits TS activity by forming
a ternary covalent complex with N5-N10-methylene
tetrahydrofolate and TS. Accordingly, FAUMP blocks
the pathway for the de novo synthesis of dTMP and



consequently inhibits DNA synthesis [23, 28]. If cancer
cells have high TdRPase activity, however, they can
synthesize DNA through the salvage pathway even if de
novo synthesis is inhibited by 5-FU administration. In
other words, TdRPase may function as an alternative
pathway of DNA synthesis inhibited through the
de novo pathway.

Although previous reports have suggested that
TdRPase expression is involved in the efficacy of che-
motherapy with 5-FU or its derivatives [11, 12, 14], the
present study did not show a significant association be-
tween TdRPase expression and the efficacy of chemo-
therapy. All ACT regimens included FUs, and UFT was
given in most cases. This also suggests that there was no
relationship between TdRPase expression and the re-
sponse to UFT-based chemotherapies. One hypothesis
to explain this discrepancy is that TdRPase functions as
an angiogenic factor, resulting in promotion of the
growth of tumor cells, because TdRPase has been
demonstrated to be identical to platelet-derived endo-
thelial growth factor [16]. On the other hand, this dis-
crepancy does not necessarily mean a lack of correlation
between TdRPase expression and response to FUs (es-
pecially UFT). The lack of correlation could be due to
the fact that 16 of 36 patients in the ACT group were
treated with FU-based regimens that included other
agents such as CPA, CDDP, MMC, ADR and VP-16, as
shown in Table 2, and combining these agents 5-FU or
its derivatives could alter its efficacy.

The present study showed, however, that the differ-
ence in the activity of TdRPase between the primary and
metastatic lesions of pancreatic IDC may be one of the
factors responsible for the ineffectiveness of chemo-
therapy with 5-FU or its derivatives. In other words,
lesions with a high activity of TS, a target enzyme of
5-FU in de novo pathways of DNA synthesis, can be
considered to be sensitive to 5-FU, but lesions with high
activity of TdRPase, a key enzyme of the salvage path-
way of DNA synthesis, can be considered to be resistant
to 5-FU. Thus, if the primary lesion shows high TS ac-
tivity and is sensitive to 5-FU and the metastatic lesion
shows high TdRPase activity and is resistant to 5-FU,
chemotherapy with 5-FU may result in no response.
Such tumor heterogeneity in chemosensitivity has been
one of the major issues in cancer chemotherapy [5, 7, 19,
21, 25], and the present study shows that the heteroge-
neity in TdRPase activity between primary and meta-
static lesions may be one of the mechanisms responsible
for the resistance to 5-FU-based chemotherapy. It is also
reasonable that the efficacy of 5-FU or its derivatives
may be dependent on the balance between the activities
of TdRPase and TS.

In conclusion, the present study showed that TdR-
Pase expression is different in primary lesions and
metastases of pancreatic IDC, suggesting that DNA is
synthesized through different pathways for the primary
and the metastatic cancers. This heterogeneity in TdR-
Pase activity may be one of the reasons for the resistance
to 5-FU-based chemotherapy.

421

References

1. Bark T, Anderson PJ (1962) Histochemical method for acid
phosphatase using hexazonium pararosonilin as coupler.
J Histochem Cytochem 10:741
2. Chan PK, Frakes R, Tan EM, Brattain MG, Smetana K,
Busch H (1983) Indirect immunofluorescence studies of pro-
liferating cell nuclear antigen in nucleoli of human tumor and
normal tissues. Cancer Res 43:3770
3. Derenzini M, Trere D (1991) Importance of interphase nucle-
olar organizer regions in tumor pathology. Virchows Arch 61:1
4. Desgranges C, Razaka G, Rabaud M, Bricaud H (1981) Ca-
tabolism of thymidine in human blood platelets: purification
and properties of thymidine phosphorylase. Biochem Biophys
Acta 654:211
5. Fidler 1J, Poste G (1985) The cellular heterogeneity of malig-
nant neoplasms: implications for adjuvant chemotherapy.
Semin Oncol 12:207
6. Fleming ID, Cooper JS, Henson DE, Hutter RVP, Kennedy
BJ, Murphy GP, Sullivan BO, Sobin LH, Yarbro JW (1997)
AJCC cancer staging manual, 5th edn. Lippincott-Raven,
Philadelphia
7. Heppner GH (1984) Perspective in cancer research: tumor
heterogeneity. Cancer Res 44:2259
8. Hirata K, Sato T, Mukaiya M, Yamashiro K, Kimura M,
Sasaki K, Denno R (1997) Results of 1001 pancreatic resec-
tions for invasive ductal adenocarcinoma of the pancreas. Arch
Surg 132:771
9. John LP, Mark GS, Alan AZ, Kirss TA, Gore SS, Germain
MJ (1977) Identification and comparative analysis of thymi-
dine phosphorylase in plasma of healthy subjects and cancer
patient: brief communication. J Natl Cancer Inst 58:1587
10. Johnson C (1997) Prognosis in pancreatic cancer. Lancet
349:1027
11. Kono A, Hara Y, Sugata S, Karube Y, Matsushima Y, Ishit-
suka H (1983) Activation of 5’-deoxy-5-fluorouridine by
thymidine phosphorylase in human tumors. Chem Pham Bull
31:175
12. Kouni MH, Kouni MM, Naguib FNM (1993) Difference in
activities and substrate specificity of human and murine pyr-
imidine nucleoside phosphorylase: implication for chemother-
apy with 5-fluoropyrimidine. Cancer Res 53:3687
13. Luccioni C, Beaumatin J, Bardot V, Lefrancois D (1994)
Pyrimidine nucleotide metabolism in human colon carcinomas:
comparison of normal tissue, primary tumor and xenografts.
Int J Cancer 58:517
14. Maeda H, Miyamoto T, Mochinaga N, Tsunoda T (1991)
S-Fluorouracil (5-FU) level and pyrimidine nucleoside phos-
phorylase activity in cancer patients after oral administration of
doxifluridine (5’-DFUR). Jpn J Cancer Chemother 18:965
15. Maehara Y, Kusumoto T, Kusumoto H (1989) 5-Fluorouracil
and UFT-sensitive gastric carcinoma has a high level of thy-
midylate synthase. Cancer 63:1693
16. Moghaddam A, Zhang HT, Fan TP, Hu DE, Lees VC, Turley
H, Fox SB, Gatter KC, Harris AL, Bicknell R (1995) Thymi-
dine phosphorylase is angiogenic and promotes tumor growth.
Proc Natl Acad Sci U S A 92:998
17. Nagakawa T, Konishi I, Ueno K (1991) Surgical treatment of
pancreatic cancer. The Japanese experience. Int J Pancreatol
9:135
18. Nagami H, Tamura K, Kin S, Yano S, Seshimo T, Sumi S, Nio
Y (1995) Relationship between expression of neuron-specific
enolase and argyrophilic nucleolar organizer regions in human
pancreatic cancers. Ann Cancer Res Ther 4:39
19. Nio Y, Imai S, Shiraishi T, Tsubono M, Morimoto H, Tseng
CC, Tobe T (1990) Chemosensitivity correlation between the
primary tumors and simultaneous metastatic lymph nodes of
patients evaluated by DNA synthesis inhibition assay. Cancer
65:1273
20. Nio Y, Kimura H, Tsubono M, Tseng CC, Kawabata K,
Masai Y, Hayashi H, Meyer C, Fukumoto M, Tobe T (1992)



422

21.

22.

23.

24.

25.

26.

Antitumor activity of 5-deoxy-5-fluorouridine in human di-
gestive organ cancer xenografts and pyrimidine nucleoside
phosphorylase activity in normal and neoplastic tissues from
human digestive organs. Anticancer Res 12:1141

Nio Y, Tamura K, Tsubono M, Kawabata K, Masai Y,
Hayashi H, Ishigami S, Araya S, Imamura M (1995) Antitu-
mor chemosensitivity changes between the original and recur-
rent tumors after successful chemotherapy selected according
to the sensitivity assay. Ann Surg 221:89

Nishida M, Hino A, Mori K, Matsumoto T, Yoshikubo T,
Ishitsuka H (1996) Preparation of anti-human thymidine
phosphorylase monoclonal antibodies useful for detecting the
enzyme levels in tumor tissues. Biol Pharm Bull 19:1407

Santi DV, McHenry CS (1972) 5-Fluoro-2’-deoxyuridylate:
covalent complex with thymidylate synthetase. Proc Nat Acad
Sci U S A 69:1855

Sasaki K, Ogino T, Takahashi M (1986) Immunological
determination of labeling index on human tumor tissue sections
using monoclonal anti-BrdUrd antibody. Stain Technol 61:155
Schlag P, Schreml W (1982) Heterogeneity in growth pattern
and drug sensitivity of primary tumor and metastases in the
human tumor colony-forming assay. Cancer Res 42:4086
Schwartz M (1971) Thymidine phosphorylase from Escherichia
coli. Eur J Biochem 21:191

27.

28.

29.

30.

31.

Shi S-R, Key ME, Krishan LK (1991) Antigen retrieval in
formalin-fixed, paraffin-embedded tissues: an enhancement
method for immunohistochemical staining based on micro-
wave oven heating of tissue sections. J Histochem Cytochem
39:741

Sommer H, Santi DV (1974) Purification and amino acid
analysis of an active site peptide from thymidylate synthetase
containing covalent bound 5-fluoro-2-deoxyuridylate and
methylenetetrahydrofolate. Biochem Biophys Res Commun
57:689

Takeda S, Uchida J, Yamada Y (1988) The significance of
measuring inhibition of thymidylate synthase activity as a
parameter for antitumor activity of 5-fluorouracil derivatives.
Jpn J Cancer Chemother 15:2125

Watanabe K, Igarashi T, Suzuki M, Hayashi T, Yoshida K,
Hanyu F (1994) Study on the relationship between concen-
trations of 5-FU and PyNPase activity in tumor tissue during
oral 5-DFUR treatment in patients with advanced colorectal
cancer. Jpn J Cancer Chemother 21:243

Zirvi KA, Hill GJ, Hill HZ (1986) Comparative studies of
chemotherapy of human tumor cells in vitro by tritiated
thymidine uptake inhibition and soft agar clonogenic assay.
J Surg Oncol 31:123



