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Abstract. Nucleic acid-metabolizing enzymes, such as
thymidylate synthase (TS), dihydropyrimidine dehydro-
genase (DPD), thymidine phosphorylase (TP) and orotate
phosphoribosyl transferase (OPRT), have attracted attention
as candidates for response determinants of 5-fluorouracil
(5-FU). Whether the expression levels of these enzymes can
be adopted as valuable parameters for 5-FU sensitivity in
breast cancer has yet to be elucidated. In the present study,
intratumoral mRNA expression of TS, DPD, TP and OPRT
were determined in formalin-fixed paraffin-embedded
surgical specimens collected from 217 breast cancer patients,
using the Danenberg Tumor Profile method, which combines
microdissection and real-time-polymerase chain reaction.
The significance of these enzymes as prognostic and 5-FU
efficacy-predicting factors was evaluated. Our data showed
that a low DPD expression is related to a high nuclear grade
and other factors including hormone receptor-negativity. Low
expression levels of TP were found in hormone receptor-
negative tumors. TS and OPRT expression were not related
to various clinicopathological factors, but patients with a high
TS mRNA expression showed a significantly poorer prognosis
in cases where 5-FU was not administered. The efficacy of
5-FU was more significant when administered for more than 6
months in the group with a high TS mRNA expression. These
data suggest that TS mRNA expression in breast cancer tissue
is an ideal predictor of outcomes for patients with no adminis-
tration of 5-FU, and of the efficacy of 5-FU.
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Introduction

Modalities such as endocrine therapy, chemotherapy and
therapy using antibodies are widely used for early operable
breast cancer to prevent relapse after surgery. The guidelines
established at the St. Gallen Consensus Conference (1) propose
therapeutic approaches based on treatment thresholds that are
stratified by hormone receptor expression [including estrogen
receptors (ER) and progesterone receptors (PgR)] and HER-2
overexpression or amplification (1). Moreover, it is crucial to
use chemotherapy for any patient with breast cancer without
these targets, but with a high risk of recurrence, even if patient
results are positive for hormone receptors. Chemotherapy is a
therapeutic option for patients with recurrence risks, notably
those with early-stage disease. However, no specific markers
exist to forecast the effectiveness of anti-cancer drugs.

In recent studies on prognostic factors and factors
predicting the effects of chemotherapy, enzymes such as
thymidylate synthase (TS), dihydropyrimidine dehydrogenase
(DPD), thymidine phosphorylase (TP) and orotate phospho-
ribosyl transferase (OPRT) have shown notable effects on
5-FU as a chemotherapeutic agent. These studies have mainly
focused on cancers of the digestive system (2-9).

TS is a target enzyme for chemotherapy with 5-fluorouracil
(5-FU). Numerous studies have found that 5-FU therapy for
metastatic and advanced colon cancer is more effective in
patients with low levels of intratumoral TS mRNA or TS
protein expression compared to patients with high levels of
expression (2-6). However, certain studies report that 5-FU
post-operative adjuvant chemotherapy is effective in patients
with colon cancers expressing high TS levels (7-9). Attention
has been focused on 5-FU therapy and TS expression levels
in breast cancer. Patients with breast cancers that express low
TS levels and who receive 5-FU-based chemotherapy have an
ideal prognosis (10,11). However, the addition of tegafur-uracil
(UFT), an oral 5-FU agent, to hormone monotherapy given as
post-operative adjuvant therapy for breast cancer is likely to
offer longer relapse-free survival (RFS) time in patients with
high levels of TS expression (12).
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DPD is a 5-FU degrading enzyme. It has been reported
that 5-FU therapy for advanced head and neck cancers is more
effective in patients with lower ratios of tumor/non-tumor DPD
enzymatic activities (13). Another study on adjuvant chemo-
therapy following surgery for breast cancer also showed 5-FU
to be associated with more a favorable prognosis in patients
with lower DPD expression (14).

TP, also known as platelet-derived endothelial cell growth
factor, appears to behave in a manner similar to TS. In meta-
static colon cancer, 5-FU therapy is less effective for patients
with high levels of intratumoral TP mRNA expression (15).
Alternatively, TP expression was mainly observed in the tumor
stroma of colorectal carcinoma, where patients with a high TP
expression showed a more favorable prognosis and a lower rate
of metastasis than patients with a low TP expression (16).

OPRT is a phosphorylating enzyme of 5-FU. OPRT
activity in tumor tissue is reportedly related to prognosis and
5-FU sensitivity in colon cancer (17-19).

Additionally, whether these molecular markers predict
5-FU efficacy in breast cancer is controversial, since the
histological variety of breast cancer specimens contains large
amounts of cancerous stroma and non-tumorous tissues. Gene
expression levels of TS, DPD and TP in carcinoma cells and
stroma were shown to vary in breast cancer (20). Laser capture
microdissection (LCM) and real-time polymerase chain
reaction (RT-PCR) are effective techniques for measuring
gene expression in carcinoma cells. However, few reports exist
regarding the expression of these enzymes in breast carcinoma
cells analyzed by LCM plus RT-PCR in association with the
prognosis and effect of 5-FU.

In this study, a retrospective approach was adopted to
investigate whether markers such as intratumoral TS, DPD, TP
and OPRT analyzed by LCM plus RT-PCR in formalin-fixed
paraffin-embedded specimens may be used as prognostic or
sensitivity-defining factors (5-FU efficacy-determining factors).

Materials and methods

Case series. A total of 217 patients who had undergone
surgery between 1988 and 2006 at Ito Surgical Mammary
Gland Clinic and Tokushima Breast Care Clinic, Japan, for
primary breast cancer were recruited. The median duration
of observation was 7.6 years. This study was approved by the
Ethics Committee of the Tokushima University Hospital and
the patients gave written consent. Patient characteristics and
stage grouping corresponding to pTNM categories by UICC
are shown in Table I. Oral 5-FU agents were administered to
147 patients, of whom 127 were able to continue the medica-
tion for =6 months. UFT, doxifluridine (5-DFUR) and 5-FU
tablets were used as oral 5-FU agents. A total of 20 patients
stayed on the medication for <6 months. A total of 70 patients
did not receive any oral 5-FU agents. Postoperative endocrine
therapy was carried out in 112 cases.

Determination of gene expression levels related to 5-FU-
metabolizing enzymes using RT-PCR. Following the evaluation
of hematoxylin-eosin-stained slides by pathologists, 5 slides
of 5-um sections were prepared from each formalin-fixed
paraffin-embedded specimen. The Danenberg Tumor Profile
(DTP) method (Response Genetics, Inc., Los Angeles, CA,
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Table I. Patient characteristics.

No. of patients 217
Age

Median 53

Range 24-83
Stage

I 109

II 88

III 20
Menopausal status

Premenopausal 85

Postmenopausal 132
Histological classification

Papillotubular carcinoma 64

Solid-tubular carcinoma 24

Scirrhous carcinoma 96

Mucinous carcinoma 6

Medullary carcinoma 10

Others 17
ER

- 61

+ 147
PgR

- 83

+ 125
HER-2

0,1 136

2 23

3 24
Axillary lymph node metastasis

- 141

+ 73
Nuclear grade

1 109

2 18

3 35
Hormonal therapy

Not received 105

Received 112
Chemotherapy of oral 5-FU

Not received 70

Received (<6 months) 20

Received (=6 months) 127

USA, United States Patent Number 6,248,535), a system
combining LCM technique and quantitative RT-PCR through
Taq Man (Applied Biosystems) chemistry, was employed to
measure quantities of mRNA for nucleic acid-metabolizing
enzymes in tumor tissues on the slides. Following RNA
extraction, the cDNA was prepared as previously described
(21). The sequence of the target cDNA was amplified using
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Table II. Association of TS, DPD, TP and OPRT mRNA expression with various clinicopathological factors.
mRNA (mean) TS P-value DPD P-value TP P-value OPRT P-value
Stage NS <0.05 NS NS
I 3.72 1.79 14.3 1.57
I 3.24 1.39 14.5 1.54
I 4.07 1.74 12.8 1.84
Menopausal status NS <0.05 NS NS
Premenopausal 3.88 1.82 12.2 1.63
Postmenopausal 3.33 1.48 15.5 1.55
Axillary lymph node metastasis NS NS <0.05 NS
- 3.58 1.69 15.5 1.58
+ 3.45 1.44 11.7 1.55
Nuclear grade NS <0.01 NS NS
1 3.34 1.73 13.9 1.61
2 3.93 1.63 14.6 1.47
3 4.10 1.25 154 1.56
Histological classification NS <0.05 NS NS
Papillotubular carcinoma 3.26 1.51 12.7 1.65
Scirrhous carcinoma 3.39 1.71 13.7 1.36
ER NS <0.01 <0.01 NS
- 3.62 1.28 12.7 1.47
+ 3.55 1.76 15.0 1.63
PgR NS <0.01 <0.05 NS
- 3.55 1.37 13.4 1.48
+ 3.58 1.78 15.0 1.66
HER-2 NS NS NS NS
0,1 3.66 1.63 13.7 1.61
2 3.76 1.70 17.2 1.84
3 293 1.51 15.2 1.23

The mean value of the ratio to the expression of the (3-actin of each mRNA is shown. Student's t-test (comparison between two groups) or
ANOVA (comparison between three groups) was used to test the difference between log,, (mean) of the subgroups. TS, thymidylate synthase;
DPD, dihydropyrimidine dehydrogenase; TP, thymidine phosphorylase and OPRT, orotate phosphoribosyl transferase.

RT-PCR by the Taqg Man method [ABI PRISM 7900 Sequence
Detection System (Taq Man); Applied Biosystems, Foster
City, CA, USA]. The PCR reaction mixture contained the
primers: dATP, dCTP, dGTP, dUTP, MgCl, and Taq Man
buffer (reagents from Applied Biosystems). PCR conditions
were 10 sec at 50°C; 10 min at 95°C, followed by 42 reaction
cycles (each cycle lasting 15 sec at 95°C and 1 min at 60°C).
Each mRNA expression level was computed from its ratio to
the expression of [-actin.

Immunohistochemical analysis. Immunohistochemical analysis
for ER, PgR and HER-2 was performed on the patients.
Positive responses to ER or PgR were determined when =10%
of the tumor tissues were stained. HER-2 responses were
classified into four levels (0-3) based on the HercepTest: 0, no
staining; 1+, weak partial membranous staining in =10% of
cells; 2+, weak to moderate complete membranous staining in
=10% of cells and 3+, strong complete membranous staining
in 210% of cells.

Statistical analysis. mRNA expression levels of each enzyme
were converted into the value for log,, (mRNA) and the
values were assessed using the Student's t-test (two-sided) or
ANOVA. Univariate and multivariate survival analyses based
on Cox's proportional hazard regression model were used to
evaluate independent contributions of each variable to RFS
for 70 patients not treated with 5-FU. The appropriate cut-off
value for each mRNA was calculated using receiver operating
characteristic (ROC) analysis. Sensitivity and specificity were
computed from relationships with each mRNA, designating
relapse as positive and relapse-free states as negative. Factors
were investigated in the 127 patients who were on 5-FU
agents for =6 months to predict the efficacy, based on the
cut-off value obtained through ROC analysis. The patients
were divided into a low or high group, using the cut-off values
of each mRNA. An estimate of RFS was calculated using
the Kaplan-Meier method, and differences were assessed
using the log-rank test. RFS was analyzed between patients
who received 5-FU for =6 months and those who received it
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Table III. Univariate and multivariate analysis of clinicopathological factors and mRNA expression.

Prognostic factor Univariate analysis Multivariate analysis
Hazard ratio P-value Hazard ratio P-value
Stage NS
I 1
II, 111 0.91
Menopausal status NS
Premenopausal 1
Postmenopausal 1.30
Axillary lymph node metastasis NS <0.05
- 1 1
+ 3.18 11.6
Nuclear grade <0.05 <0.05
1,2 1 1
3 5.38 6.12
Histological classification NS
Papillotubular carcinoma 1
Scirrhous carcinoma 0.76
ER NS
- 1
+ 0.81
Pgr NS
- 1
+ 0.91
HER-2 NS
0,1 1
2,3 1.02
TS <0.01 <0.01
Low (<4.57) 1 1
High (=4.57) 6.67 10.9
DPD NS
Low (<1.8) 1
High (=1.8) 0.66
TP NS
Low (<11.8) 1
High (=11.8) 1.78
OPRT NS
Low (<1.66) 1
High (=1.66) 3.56

TS, thymidylate synthase; DPD, dihydropyrimidine dehydrogenase; TP, thymidine phosphorylase and OPRT, orotate phosphoribosyl transferase;

NS, not significant.

for <6 months or not at all. 5-FU may not have exhibited an
adequate effect in the 20 patients who had discontinued it after
less than 6 months due to factors including adverse events
(10 patients) and patient refusal (5 patients). Significance was
set at P<0.05. JMP ver7.0.1, provided by SAS Institute, Inc.,
was used for the statistical analysis. As the event number was

small, overall survival (OS) was not calculated.

Results

Evaluation of mRNA expression levels and correlation to clin-
icopathological factors. The expression of mRNA in breast
cancer was successfully determined in 166, 172, 174 and 167
patients, and the median mRNA expression levels were 3.05,
1.35, 11.9 and 1.39 for TS, DPD, TP and OPRT, respectively.
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Figure 1. Relationship between relapse-free survival (RFS) and TS mRNA
expression, and between RFS and TS mRNA expression in patients with no
administration of 5-FU is shown. (A) Patients were divided into two groups
with a low (TS<4.57) versus a high (TS=4.57) TS expression. Correlation of
RFS to 5-FU administration in (B) the TS-low and (C) TS-high groups. Each
group was divided into two groups: patients who received no administration
of 5-FU or had taken it for <6 months, and patients who received 5-FU for
=6 months.

The results failed to indicate any correlation between TS and
OPRT expression and various clinicopathological factors
(Table II). DPD expression was reduced, and inversely related
to the nuclear grade. A low DPD expression was detected in
postmenopausal patients and in hormone receptor-negative
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tumors. A low TP expression was detected in patients with
lymph node metastasis and with hormone receptor-negative
tumors.

Correlation between mRNA expression levels and RFS in
patients without 5-FU agents. Univariate analysis focusing on
RFS showed the nuclear grade and TS expression level to be
significant prognostic factors. Multivariate analysis identified
the presence (or absence) of axillary lymph node metastases,
nuclear grade and the TS expression level as independent
prognostic factors for RFS (Table III).

TS expression level as prognostic factor, predicting the effect
of 5-FU agents. The prognosis was significantly better in the
low TS group where no 5-FU was administered (Fig. 1A).
In addition, prognosis of the low TP group was significantly
better, but no correlation was found between DPD or OPRT
expression levels and RFS time (data not shown). No difference
was noted between patients who received 5-FU administration
for =6 months and those who had <6 months or none in the
low TS group, while the high TS group showed a significantly
more favorable prognosis when 5-FU was administered for
6 months or more (Fig. 1B and C). No differences were found
on completion of similar analyses for DPD, TP and OPRT to
that of TS (data not shown).

Discussion

This study presented novel information regarding correlations
between TS mRNA expression and prognosis in 217 breast
cancer patients. Part of our data was included in the results of
a recent report on a large number of test subjects with regard
to TS, DPD and OPRT mRNA and protein expression levels
in certain tumors (22).

Positive TS immunoreactivity in breast cancer tissue is
associated with aggressive phenotypes, including large tumor
size, high histological grade and nodal metastasis (10). Failure
to correlate TS mRNA expression with clinicopathological
factors in the present study may be due to variations in the
methods regarding detection and evaluations. Results of the
multivariate analysis suggest that the TS mRNA expression
level was an independent factor.

Observation of the RFS time stratified by the level of TS
mRNA suggest that TS is an effective prognostic factor for
patients that did not receive 5-FU. These results suggest a favor-
able prognosis in patients whose level of TS mRNA expression
is less than 4.57, while the effect of oral 5-FU is believed to
be minimal. Among patients with TS mRNA levels exceeding
4.57, on the other hand, the prognosis was relatively poor. Such
patients may require an alternative form of treatment.

Factors that predict the efficacy of oral 5-FU agents showed
their recurrence-preventing effects, particularly in patients
expressing TS mRNA levels of 4.57 or more. The findings of
this study coincide with other findings, including the effect of
an oral 5-FU agent (UFT) on hormone monotherapy applied
as postoperative adjuvant therapy for breast cancer (12), and
longer RFS time in the group with a high TS expression, as
examined by immunohistochemistry.

Therapies using infusional 5-FU, such as CMF (cyclo-
phosphamide, methotrexate and fluorouracil) and CEF
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(cyclophosphamide, epirubicin and fluorouracil) regimens,
have resulted in a favorable prognosis for patients with low TS
cancers (10,11). Our data, however, were not in agreement with
these results. Oral administration of 5-FU showed a higher
peak level in blood than did continuous intravenous injection
of 5-FU at an equal molar ratio (23). The reliability of TS as a
predictor for 5-FU efficacy may thus differ between oral and
infusional 5-FU.

The estimation of TS mRNA expression by microdissec-
tion and RT-PCR from formalin-fixed paraffin-embedded
specimens may be more useful than immunohistochemistry,
as cut-off values are clearly calculated. We calculated a useful
cut-off value and patient ratio for prognostic predictions and
5-FU effect forecast using ROC analysis. This study showed
that the proportion of cases expressing high TS levels was as
much as 20% of all patients. Such patients are expected to
achieve a high relapse prevention effect following oral 5-FU
administration for 6 months or more as postoperative adjuvant
chemotherapy. Pestalozzi et al analyzed TS expression in
early breast cancer by immunohistochemistry and reported
that node-negative patients with high TS levels showed a
significant improvement in disease-free survival and OS when
treated with six cycles of adjuvant CMF therapy, compared
with those receiving only one cycle (24). Our result coincided
with this report, suggesting that completion of chemotherapy
leads to a favorable prognosis.

In this study, high DPD or TP levels in breast cancer tissue
correlated with a positive expression of hormone receptors.
These results imply that UFT including the DPD inhibitor
is efficacious as an oral 5-FU derivative for the hormone
receptor-positive patient.

The present study found prognostic value only in the
expression of TS and TP, and an efficacy-predicting value
in TS expression. However, other investigators showed the
expression of DPD, TP or OPRT to be correlated with various
clinicopathological factors, prognosis and efficacy of 5-FU
agents (14,25-28). Although the reason for these discrepan-
cies was unclear, trials to verify prognosis and efficacy of
the 5-FU agents while taking clinicopathological factors into
account are a crucial strategic objective to further validate
useful biomarkers.

In conclusion, TS mRNA is effective for breast cancer prog-
nosis and as a predictor of efficacy for oral 5-FU anticancer
agents among the mRNA expression of 5-FU-metabolizing
enzymes. Thresholds for systemic treatment modality indica-
tions were discussed in St. Gallen (1), and those for cytotoxic
chemotherapy use have yet to be clearly defined. Increasingly,
greater expectation is to be placed on the use of individualized
medicine, using prognostic and efficacy-predicting markers. If
TS mRNA expression levels can be utilized in this manner,
more selective and efficacious treatments may become
possible. Our results were obtained with short follow-up times
in a small-scale population analysis. Larger-scale studies are
required in prospective clinical trials for patients with breast
cancer before using TS expression as a predictive factor.
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