
Summary. Background: Thymidylate synthase (TS) is
an enzyme involved in DNA synthesis, and it is a target
for 5-fluorouracil. Previous studies have demonstrated
that TS is a potent estrogen-induced gene in breast
carcinoma cells, suggesting the importance of TS in
estrogen-receptor (ER)-positive breast carcinoma. TS
immunolocalization has been reported previously, but
the clinicopathological significance of TS in ER-positive
breast carcinoma still remains unclear.

Patients and methods: We immunolocalized TS in
178 breast carcinoma tissues in total, and examined its
significance according to the ER-status. 

Results: TS status was positive in 58% of ER-
positive ductal carcinoma in situ (DCIS) cases, and it
was significantly associated with the Ki-67 and
progesterone receptor (PR). Moreover, in ER-positive
DCIS patients who received aromatase inhibitor (AI)
before surgery, TS immunoreactivity was significantly
decreased after AI treatment. In ER-positive invasive
ductal carcinoma (IDC) cases, TS status was
significantly associated with PR, and it turned out an
independent favorable prognostic factor for recurrence
of the patients by multivariate analysis. On the other
hand, TS status was positively correlated with
pathological T factor in ER-negative IDC cases, and
tended to have a worse prognosis for disease-free
survival of the patients. 

Conclusion: These results suggest that TS
expression is mainly regulated by estrogen in ER-
positive breast carcinoma and is associated with
estrogen-mediated proliferation. TS status is a favorable
prognostic factor in ER-positive IDC patients, which is
different from the ER-negative cases. 
Key words: Breast, Carcinoma, Estrogen, Immunohisto-
chemistry, Prognosis 

Introduction

Breast cancer is one of the most common
malignancies in women worldwide. Estrogens play an
important role in the progression of breast cancer, and a
great majority (for instance, 86% by Broukaert et al.,
2012) of breast carcinoma express estrogen receptor
(ER). Invasive breast cancer is generally regarded as a
disease that metastasizes in an early phase (Hüsemann et
al., 2008), and endocrine therapy (tamoxifen and
aromatase inhibitor (AI) etc) and/or polychemotherapy
(anthracycline, cyclophosphamide, methotrexate and
fluorouracil (FU) etc) are frequently used in addition to
the surgical treatment. However, it is also true that a part
of these carcinomas acquire clinical resistance and recur
despite the therapy. Distant recurrence in the patients
treated with tamoxifen alone after surgery has been
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reported as 15 % at 10 years (Paik et al., 2004), and 25%
of the patients who received adjuvant chemotherapy
developed distant recurrence (Tevaawerk et al., 2013).
Therefore, it is very important to examine the molecular
mechanisms of the recurrence and to develop predictive
markers for treatment to improve the clinical outcome of
breast cancer patients.

Thymidylate synthase (TS) is an enzyme that
catalyzes reductive methylation of deoxyuridine-5’-
monophosphatase (dUMP) to deoxythymidine-5’-
monophosphate (dTMP), and is involved in de novo
pyrimidine synthesis that is necessary for DNA synthesis
(Radparvar et al., 1988, Foekens et al., 2001). TS
activity increases 20-fold when the cells entered the S
phase from the G0 phase in synchronized cells
(Navalgund et al., 1980). TS is also a target for
fluoropyrimidines, and 5-FU irreversibly blocks TS after
conversion to its active metabolites 5-fluorodl-UMP
(Radparvar et al., 1988). On the other hand, Bourdeau et
al. (2008) have identified that TS is a potent estrogen-
induced gene in MCF-7 breast carcinoma cells by
microarray analysis. These findings suggest the
importance of TS in growth and/or effects of therapies in
ER-positive breast carcinoma. 

TS immunolocalization has been reported in breast
carcinoma previously. Pestalozzi et al. (1997)
demonstrated that immunohistochemical TS status was
significantly associated with worse prognosis in node-
positive patients, and Yu et al. (2005) showed that TS
status was significantly associated with the aggressive
phenotype of breast carcinoma and that it was an
independent worse prognostic factor in breast cancer
receiving 5-FU-based chemotherapy. However, the % of
ER-positive cases in the sample set was relatively low in
these papers (53% and 19%, respectively), and the
clinicopathological significance of TS in ER-positive
breast carcinoma has not been characterized. Also, TS
immunolocalization has not been reported in ductal
carcinoma in situ of the breast (DCIS) to the best of our
knowledge. Therefore, in this study, we immuno-
localized TS in DCIS and invasive ductal carcinoma
(IDC) tissues, and examined its biological and clinical
significance according to the ER status.
Materials and methods

Patients and tissues

Three sets of tissue specimens were evaluated in this
study. The first set was 10 cases of ER-positive DCIS in
postmenopausal women (range of age; 52-74) who were
enrolled in a previous non-randomized uncontrolled trial
(Takagi et al., 2013). Briefly, DCIS was diagnosed by
biopsy from 2010 to 2011 at Tohoku University Hospital
(Sendai, Japan), Tohoku Kosai Hospital (Sendai, Japan),
Miyagi Cancer Center Hospital, (Natori, Japan), and
Nihonkai General Hospital (Sakata, Japan) (Takagi et al.,
2013), and all the patients received AI (letrozole) for 3-
27 weeks before breast-conserving surgery. The entire

resected surgical specimen was sectioned into slices with
3-5 mm thickness, and all the slices were histologically
evaluated. At the post-treatment diagnosis, 7 cases were
diagnosed at pure DCIS, while small invasive foci (≤2
mm) were detected in 3 cases. Both biopsy samples and
surgical specimens were available for examination in all
the cases. 

As the second set, 48 specimens of pure DCIS (ER-
positive; n=45, and ER-negative; n=3) were obtained
from Japanese female patients who underwent surgical
treatment from 1998 to 2005 in Tohoku University
Hospital (Sendai, Japan) (range of age; 39-80). 

As the third set, 120 specimens of IDC (ER-positive;
n=94, and ER-negative n=26) were obtained from
Japanese female patients who underwent surgical
treatment from 1995-1999 (n=50) and 2007-2008 (n=44)
in the Tohoku University Hospital (Sendai, Japan) (range
of age; 27-87). AI was used in the later period. Review
of the charts revealed that 95 patients received adjuvant
endocrine therapy. In addition, 75 patients received
chemotherapy before (n=12) and/or after the surgery,
and 5-FU was used in 61 patients. The clinical outcome
of the patients was evaluated by disease-free and breast
cancer-specific survival in this study. Disease-free
survival was defined as the time from surgery to the date
of the first locoregional recurrence or first distant
metastasis within the follow-up time after surgery, and
breast cancer-specific survival was defined as the time
from surgery to death from breast cancer. The mean
follow-up time was 87 (range, 4-175 months). 

All the specimens had been fixed in 10% formalin
and embedded in paraffin wax. As shown in Table 1, the
clinicopathological characteristics of the 120 IDC
patients examined in this study were not markedly
different from those previously reported in breast
carcinoma (Brouckaert et al., 2012). Research protocol
was approved by the Ethics Committee at Tohoku
University School of Medicine and other institutional
review boards. 
Immunohistochemistry

Mouse monoclonal antibodies for human TS (sc-
33679) and Ki-67 (MIB1) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) and DAKO
(Carpinteria, CA, USA) respectively. A Histofine Kit
(Nichirei Biosciences, Tokyo, Japan), which employs the
streptavidin-biotin amplification method was used in this
study. Antigen retrieval was performed by heating the
slides in an autoclave at 120°C for 5 min in antigen
retrieval solution (pH 9.0; Nichirei Biosciences) for TS
immunostaining or in citric acid buffer (2 mM citric acid
and 9 mM trisodium citrate dehydrate (pH 6.0)) for Ki-
67. Dilution of primary antibody used was 1/50 (TS) and
1/300 (Ki-67) in this study. The antigen-antibody
complex was visualized with 3,3’-diaminobenzidine
(DAB) solution (1 mM DAB, 50 mM Tris-HCl buffer
(pH 7.6), and 0.006% H2O2) and counterstained with
hematoxylin. Colon carcinoma tissue was used as a
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positive control for TS immunostaining (Edler et al.,
2000). We also used normal mouse IgG instead of the
primary antibody or no secondary antibody as negative
controls in this study, and no specific TS
immunoreactivity was detected in these sections.

Immunohistochemistry for ER (CONFIRM anti-ER
(SP1) and progesterone receptor (PR; CONFIRM anti-
PgR (1E2), Roche Diagnostics Japan, Tokyo, Japan,
respectively) was performed by Ventana Benchmark XT
(Roche Diagnostics Japan) instrument, and that for
HER2 was performed by HercepTest™ (DAKO).
Scoring of immonoreactivity and subgroup definition of
breast carcinoma 

Immunoreactivity for ER, PR and Ki-67 was
detected in the nucleus, and the immunoreactivity was
evaluated in more than 1,000 carcinoma cells for each
case. Subsequently, the percentage of immunoreactivity
(labeling index; LI) was determined. Cases with ER or
PR LI of more than 1% were considered ER-positive or
PR-positive breast carcinoma according to a previous
report (Hammond et al., 2010). TS immunoreactivity
was detected in the cytoplasm of breast carcinoma cells,
and was semi-quantitatively evaluated by modified LI
system. Briefly, the percentage of TS cytoplasmic
immunoreactivity was categorized as 0% (range from 0
to 4% of positive cells), 10% (5-14%), 20% (15-24%),
30% (25-34%) until 100% (95-100%). Then, the cases
that had more than 25% of positive carcinoma cells were
considered positive for TS status according to a previous
report (Pestalozzi et al., 1997). HER2 immunostaining
was scored according to the standardized HercepTest
scoring system (score 0-3+) (DAKO), and the score 3+
was considered positive. HER2 gene amplification was
also investigated by fluorescence in situ hybridization
(FISH) in the score 2+ cases, and the cases showed
positive for FISH were also considered positive for
HER2 status. 

Intrinsic subtypes of IDC were defined according to
2011 St Gallen surrogate definition (Goldhirsch et al.,
2011) as follows: luminal A (ER and/or PR positive,
HER2 negative, Ki-67 LI<14%), luminal B (ER and/or
PR positive, HER2 negative, Ki-67 LI≥14% (HER2
negative), or ER and/or PR positive, HER2 positive
(HER2 positive), HER2 positive (ER and PR negative,
HER2 positive), and triple negative (ER, PR, HER2
negative). 
Statistical analysis

TS status and clinicopathological factors were
evaluated by the Student’s t test or a cross-table using
the chi-square test. TS LI and clinicopathological factors
were evaluated by a correlation coefficient (r) and
regression equation, Student’s t test, one-way ANOVA or
Mann-Whitney U-test. Disease-free and breast cancer-
specific survival curves were generated according to the
Kaplan-Meier method, and statistical significance was

calculated using the log-rank test. Uni- and multivariate
analyses were evaluated by a proportional hazard model
(Cox). P values <0.05 and 0.05≤ P values <0.10 were
considered significant and borderline-significant in this
study, respectively (Sato-Tadano et al., 2013). The
statistical analyses were performed using the JMP Pro
version 9.02 (SAS Institute, Inc., Cary, NC, USA). 
Results

Immunolocalization of TS in breast carcinoma and effect
of AI treatment on the TS status

TS immunoreactivity was detected in the cytoplasm
of carcinoma cells in DCIS (Fig. 1A) and IDC (Fig. 1B)
tissues. TS immunoreactivity was focally and weakly
detected in the epithelium of non-neoplastic mammary
glands (Fig. 1C). 

When we performed immunohistochemistry for TS
in 10 ER-positive DCIS cases which received AI before
the surgery using the first set, immunohistochemical TS
status was positive in 6 out of 10 (60%) biopsy samples
before the AI treatment (Fig. 1D (left panel)). However,
the TS immunoreactivity was significantly decreased in
the surgical specimens after AI treatment (Fig. 1D (right
panel) and Fig. 1E) (P=0.011 by a Mann-Whitney U-
test), and only one pure DCIS case remained positive for
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Table 1. Clinicopathological characteristics of the 120 IDC patients in
the present study compared to those reported by Brouckaert et al.
(2012).

Percentage of the patients
Present study (n=120) Broukaert et al. (n=4,318)

Pathological tumor size (pT)
pT1 52% 50%
pT2-4 48% 52%

Lymph node metastasis
Positive 43% 39%
Negative 67% 62%

Histological type
Invasive ductal carcinoma, NOS 100% 88%
Others 0% 15%

Histological grade
1 25% 32%
2 45% 50%
3 30% 20%

Intrinsic subtype† 
Luminal A 49% 56%
Luminal B 29% 30%
HER2 positive 8% 4%
Triple negative 13% 10%

Therapy received
Endocrine therapy 79% 79%
Chemotherapy 63% 38%

Data are presented as percentage of the patients examined. †; Intrinsic
subtype was defined according to 2011 St Gallen surrogate definition
(Goldhirsch et al., 2011).
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Fig. 1. Immunohistochemistry for TS in breast carcinoma. A, B. TS
immunoreactivity was detected in the cytoplasm of carcinoma cells in
DCIS (A) and IDC (B) tissues. C. TS immunoreactivity was weakly
detected in some non-neoplastic mammary glands. D.
Immunohistochemistry for TS in DCIS at baseline (left panel) and
corresponding post-AI-treatment tissue in the same patient (right panel).
E. TS modified LI in 10 DCIS cases before and after AI treatment. The
median value was illustrated by a horizontal line in the box pot, and grey
box denotes the 75th (upper margin) and 25th percentiles of the values
(lower margin), respectively. The upper bar indicates the 90th
percentile. Each value was shown in an open circle, and the paired
values from the same patient were connected in a line. The statistical
analysis was performed using a Mann-Whitney U-test. P value less than
0.05 was considered significant, and described in bold. Scale bar: 100
µm.



TS after AI treatment. Small invasive foci were observed
in 3 surgical specimens after AI treatment, but TS
immunoreactivity was detected neither in DCIS nor in
small invasion components in these cases. No invasive
component was detected in any biopsy samples in this
study. 
Association between TS status and clinicopathological
parameters in ER-positive breast carcinoma

We next evaluated TS status in ER-positive DCIS
cases using the second set. As shown in Table 2, the
number of TS-immunopositive DCIS was 26 out of 45
(58%) cases, and the TS status was significantly
associated with PR LI (P=0.0067) and Ki-67 LI
(P=0.029). A similar tendency was detected when TS
immunoreactivity was evaluated as a continuous variable
(i.e., modified LI; Table 2).

Association between TS status and various
clinicopathological parameters in ER-positive IDC using
the third set is summarized in Table 3. Of 94 cases
examined in this study, 52 cases (55%) were TS-
positive. The TS status was positively associated with
PR status (P=0.047) and marginally associated with the
status of neoadjuvant chemotherapy (P=0.056). TS
modified LI was significantly associated with PR LI

(P=0.0063) in addition to the status of chemotherapy and
PR status (Table 3). 
Association between TS status and clinical outcome of
ER-positive IDC patients

As demonstrated in Fig. 2A, TS status was
significantly associated with a decreased incidence of
recurrence of ER-positive IDC patients (P=0.0053 by
log-rank test). A similar tendency was detected
regardless of the sample-collection period (1995-1999:
P=0.051, and 2007-2008: P=0.067). A significant
association was not observed in luminal A type (P=0.26,
Fig. 2B), but was detected in luminal B type (P=0.013,
Fig. 2C). TS status was marginally associated with a
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Table 2. Association between immunohistochemical TS status and
clinicopathological parameters in 45 ER-positive DCIS cases.

TS status P value TS modified LI P value
+ (n=26) - (n=19)

Age† (years) 58.4±2.0 61.3±2.2 0.37 0.69
Menopausal status

Premenopausal 6 3 30.0±6.7
Postmenopausal 20 16 0.54 31.9±4.5 0.84

Nuclear grade
1+2 20 16 29.2±4.1
3 6 3 0.55 41.1±9.0 0.21

Comedo necrosis
Absent 7 8 27.3±7.1
Present 19 11 0.29 33.7±4.5 0.44

van Nuys classification
1 6 6 30.0±8.6
2 14 10 28.8±4.6
3 6 3 0.74 41.1±9.0 0.46

ER LI† (%) 71.0±5.7 73.9±5.9 0.73 0.91
PR LI† (%) 56.2±6.2 31.4±5.6 0.0067 (r=0.60) <0.0001
PR status

Positive 25 19 31.6±3.9
Negative 1 0 0.39 30 NE

Ki-67 LI† (%) 5.9±0.7 3.8±0.6 0.029 (r=0.41) 0.0057

†; Data are presented as mean ± SEM, and all other values represent
the number of cases. P value less than 0.05 was considered significant,
and described in bold. NE, not estimated because only one case was
classified into PR-negative group.

Table 3. Association between TS immunohistochemical status and
clinicopathological parameters in 94 ER-positive IDC cases.

TS status P value TS modified LI P value
+ (n=52) - (n=42)

Age† (years) 56.5±1.9 57.5±1.7 0.70 0.25
Menopausal status

Premenopausal 22 13 36.0±3.8
Postmenopausal 30 29 0.26 27.5±3.9 0.087

Stage
I 26 16 31.9±3.1
II 22 18 31.1±4.4
III 4 8 0.21 20.0±6.6 0.31

Neoadjuvant Chemotherapy
Received 1 6 11.4±5.5
Not received 51 35 0.056 32.6±2.5 0.020

Pathological T factor (pT)
pT1 33 22 31.6±2.8
pT2-4 19 20 0.28 29.2±4.3 0.63

Lymph node metastasis
Positive 16 19 26.0±3.7
Negative 36 23 0.15 33.4±3.1 0.14

Histological grade
1 18 11 30.3±4.0
2 26 23 32.0±3.6
3 8 8 0.66 26.9±5.7 0.75

ER LI† (%) 74.4±4.4 80.4±4.1 0.33 0.16
PR LI† (%) 44.5±5.1 39.0±5.5 0.47 (r=0.36) 0.0004
PR status

Positive 49 34 33.0±2.5
Negative 3 8 0.047 12.7±6.3 0.0063

HER2 status
Positive 6 2 33.8±5.7
Negative 46 40 0.24 30.3±2.6 0.70

Ki-67 LI† (%) 13.6±1.6 13.0±1.9 0.81 0.72
Intrinsic subtype

Luminal A 34 25 31.9±3.1
Luminal B 18 17 0.56 28.6±3.8 0.51

†; Data are presented as mean ± SEM, and all other values represent
the number of cases. P value <0.05 and 0.05 ≤P value <0.10 were
considered significant and borderline significant, and are listed in bold
and italic type respectively.
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Fig. 2. Disease-free (A-D, F) and breast cancer-specific survival (E) of IDC patients according to TS status studied by Kaplan-Meier method. Solid line
summarized TS-positive cases and dashed line showed TS-negative cases. A. ER-positive cases (n=94). B. Luminal A group (n=59). C. Luminal B
group (n=35). D. ER-positive cases received adjuvant endocrine therapy and polychemotherapty including 5-FU (n=40). E. ER-positive cases (n=94). 
F. ER-negative cases (n=26). Statistical analysis was evaluated by the log-rank test. P values less than 0.05 were considered significant, and described
in bold.



decreased risk of recurrence of ER-positive IDC patients
who received both adjuvant endocrine therapy and 5-
FU-based chemotherapy (P=0.053, Fig. 2D). 

The results of univariate analysis of disease-free
survival using Cox (Table 4), pT, Ki-67 LI, lymph node
metastasis and TS status were demonstrated to be
significant prognostic parameters for disease-free
survival, and chemotherapy was detected as borderline
significance. A multivariate analysis revealed that only
pT (P=0.0043), Ki-67 LI (P=0.032) and TS status
(P=0.021) were independent prognostic factors. 

TS status was also significantly associated with
better breast cancer-specific survival in ER-positive IDC
cases (P=0.016) (Fig. 2E). In the univariate analysis for
breast cancer-specific survival (Table 5), histological
grade, Ki-67 LI, pT, TS status and chemotherapy turned
out to be significant prognostic variables in these
patients, but a subsequent multivariate analysis revealed
that only TS status was marginally associated with an
independent favorable prognostic factor (Table 5).
TS status in ER-negative breast carcinoma cases

We also immunolocalized TS in ER-negative cases
in the second and third sets. TS status was positive in 2
out of 3 (67%) ER-negative DCIS, and 22 out of 26
(85%) ER-negative IDC cases. The TS-immuno-
positivity was significantly higher in the ER-negative
IDC than ER-positive IDC cases (P=0.0065). The TS
status in ER-negative IDC was significantly associated
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Table 4. Univariate and multivariate analyses of disease-free survival in
ER-positive IDC patients examined. 

Variable Univariate Multivariate
P value P value Relative risk (95% CI)

pT
(pT1/pT2-4) 0.0003‡ 0.0043 0.1 (0.04-0.5)

Ki-67 LI†
(0-60) 0.0011‡ 0.032 1.0 (1.0-1.1)

Lymph node metastasis
(positive / negative) 0.0080‡ 0.35

TS status
(positive / negative) 0.0098‡ 0.021 0.3 (0.1-0.8)

Chemotherapy
(received / not received) 0.072‡ 0.42

Histological grade
(1,2 / 3) 0.11

PR LI†
(0-100) 0.28

HER2 status
(positive / negative) 0.66

Statistical analysis was evaluated by a proportional hazard model (Cox).
P value <0.05 and 0.05≤ P value <0.10 were considered significant and
borderline significant, and are listed in bold and italic type respectively.
†; Data was evaluated as a continuous variable, and all other data were
evaluated as dichotomized variables. ‡; Significant (P<0.05) and
borderline-significant (0.05≤P<0.10) values were examined in the
multivariate analyses in this study. 95% CI, 95% confidence interval.

Table 5. Univariate and multivariate analyses of breast cancer-specific
survival in ER-positive IDC patients examined. 

Variable Univariate Multivariate
P value P value Relative risk (95% CI)

Histological grade
(1,2 / 3) 0.0001‡ 0.13

Ki-67 LI†
(0-60) 0.0008‡ 0.42

pT
(pT1/pT2-4) 0.0053‡ 0.14

TS status
(positive / negative) 0.0073‡ 0.093 NE

Chemotherapy
(received / not received) 0.037‡ 0.99

Lymph node metastasis
(positive / negative) 0.13

PR LI†
(0-100) 0.29

HER2 status
(positive / negative) 0.40

Statistical analysis was evaluated by a proportional hazard model (Cox).
P value <0.05 was considered significant, and are listed in bold. †; Data
was evaluated as a continuous variable, and all other data were
evaluated as dichotomized variables. ‡; Significant (P<0.05) values
were examined in the multivariate analyses in this study. NE, not
estimated because no patient had died in the TS-positive group. 
95% CI, 95% confidence interval.

Table 6. Univariate and multivariate analyses of disease-free survival in
ER-negative IDC patients examined. 

Variable Univariate Multivariate
P value P value Relative risk (95% CI)

HER2 status
(positive / negative) 0.025‡ 0.028 0.2 (0.01-0.8)

TS status
(positive / negative) 0.055‡ 0.062 NE

pT
(pT1/pT2-4) 0.16

Ki-67 LI†
(9-53) 0.24

Histological grade
(1,2 / 3) 0.28

Lymph node metastasis
(positive / negative) 0.39

Statistical analysis was evaluated by a proportional hazard model (Cox).
P value <0.05 and 0.05≤ P value <0.10 were considered significant and
borderline significant, and are listed in bold and italic type respectively.
†Data was evaluated as a continuous variable, and all other data were
evaluated as dichotomized variables. ‡Significant (P<0.05) and
borderline-significant (0.05≤P<0.10) values were examined in the
multivariate analyses in this study. NE, not estimated because no
because no patient had recurred in the TS-negative group. 95% CI, 95%
confidence interval.



with pT (P=0.0011) and marginally associated with Ki-
67 LI (P=0.066) (data not shown).

TS status tended to worse prognosis for disease-free
(P=0.15 by log-rank test) (Fig. 2F) and breast cancer-
specific (P=0.26) survival in ER-negative IDC patients
although it was not significant, and no patient had
recurred or died in the TS-negative group. As shown in
Table 6, the results of univariate and multivariate
analyses of disease-free survival revealed that TS status
was marginally associated with an independent worse
prognostic factor in ER-negative IDC. On the other
hand, univariate analyses of breast cancer-specific
survival showed that only pT was a significant
prognostic factor (P=0.024) in this study (TS status;
P=0.13) (data not shown). 
Discussion

In this study, immunohistochemical TS status was
positive in 58% of ER-positive DCIS and 55% of IDC in
ER-positive IDC, whereas it was negligible in
morphologically normal mammary glands. Since DCIS
is generally regarded as a precursor lesion of IDC (Erbas
et al., 2006), this finding suggests that TS is
overexpressed in ER-positive breast carcinoma from the
early stage. Moreover, our present results demonstrated
that the TS status was significantly associated with Ki-
67 and PR LIs in DCIS tissues, and TS immuno-
reactivity was significantly decreased after AI treatment.
Previously, Bourdeau et al. (2008) genome-widely
examined target genes of estrogen in MCF-7 breast
carcinoma cells by microarray analysis, and detected TS
as a potent estrogen-induced gene ranking the 20th
estrogen-responsive gene in the absence of
cycloheximide. Induction of TS expression by estrogen
was also confirmed at a protein level in MCF-7 cells
(Kurebayashi et al., 2010). On the other hand, PR
expression is considered to represent an intact estrogen-
signaling pathway in breast carcinoma (Dowsett et al.,
2005), and PR LI was significantly decreased in DCIS
tissues following AI treatment (Takagi et al., 2013). Ki-
67 LI reflects proliferative activity of breast carcinoma,
and it was also significantly decreased in DCIS tissues
after AI treatment (Takagi et al., 2013). Therefore, our
present results suggest that TS expression is mainly
induced by estrogen in ER-positive DCIS, which may
play an important role in estrogen-mediated cell
proliferation.

In our study, TS status was significantly associated
with decreased risk of recurrence in ER-positive IDC
patients, and it was evident in luminal B type or the
patients who received both endocrine therapy and 5-FU-
based chemotherapy. Moreover, subsequent multivariate
analysis revealed that TS status was an independent
favorable prognostic factor for recurrence of the patients.
Previously, Foekens et al. (2001) reported that TS
activity was significantly associated with a prolonged
progression-free survival and improved overall-survival
in 121 breast carcinoma patients who received

chemotherapy after failure of endocrine treatment, and
Toi et al. (2007) also showed that the risk of relapse was
significantly lower in patients who received tamoxifen
plus tegafur-uracil (UFT) than those who received
tamoxifen alone in TS-positive breast carcinoma.
Considering that TS is a crucial target for 5-FU, and
patients with luminal B type breast carcinoma are
frequently treated with both endocrine therapy and 5-FU
containing polychemotherapy, it is suggested that TS
status is a useful indicator of a response to adjuvant
therapies in luminal B breast carcinoma patients.

In this study, TS status was significantly associated
with PR status in ER-positive IDC, and the TS modified
LI was significantly correlated with PR LI and PR status.
These are similar findings to ER-positive DCIS, and so it
is possible to speculate that TS immunoreactivity is
markedly decreased in ER-positive IDC tissues after
endocrine therapy. Previously, Ogasawara et al. (1999)
reported that TS level was reduced by a pure
antiestrogen in a nude mouse MCF-7 xenograft model,
and the endocrine therapy additively enhanced the
effects of 5-FU due to the down regulation of TS
activity. In addition, the antitumor activity of 5-FU has
been reported to be inversely correlated with the TS
expression level in human tumors (Beck et al., 1994). On
the other hand, our present results also showed that TS
status or TS modified LI was not associated with Ki-67
LI in ER-positive IDC cases, suggesting that other
enzymes play important roles in the cell proliferation of
ER-positive / TS-negative breast carcinoma. For
instance, thymidine kinase (TK) is known as a key
enzyme of salvage pathway of pyrimidine synthesis
(O’Neill et al., 1995), and its activity was negatively
correlated with TS activity and was significantly
associated with a poor response to tamoxifen treatment
in breast carcinoma (Foekens et al., 2001). Therefore,
ER-positive / TS-positive breast carcinoma may depend
more on estrogen-mediated proliferation and respond
more to adjuvant therapies compared to the TS-negative
cases. 

In our present study, TS status was positive in 67%
of ER-negative DCIS and 85% of ER-negative IDC
cases, and it was inversely associated with ER status of
IDC cases. Previously, DeGregori et al. (1995) reported
that E2F1 transcription factor induced expression of
various genes which are required for DNA synthesis,
including TS. Therefore, factors other than estrogen may
regulate TS expression in ER-negative cases. In
addition, our present results also showed that TS status
was significantly correlated with pT in the ER-negative
IDC cases and it tended to be associated with the
increased risk of recurrence. Previous studies have
demonstrated that TS levels were correlated with poor
prognosis in various cancer patients, including colorectal
(Edler et al., 2000), renal (Mizutani et al., 2003) and
lung (Shintani et al., 2003) carcinomas, in addition to
breast carcinoma (Pestalozzi et al., 1997; Yu et al.,
2005). Pestalozzi et al. (1997) reported that TS status
was significantly associated with worse prognosis in
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node-positive breast carcinoma patients, and Yu et al.
(2005) demonstrated that TS status was significantly
associated with aggressive phenotype of breast
carcinoma, including large tumor size, lymph node
metastasis and high histological grade, and it was an
independent worse prognostic factor in breast cancer
receiving 5-FU-based chemotherapy. These findings
seem to be consistent with those in ER-negative IDC,
rather than the ER-positive IDC, in our present study.
Considering that the % of ER-positive cases in the
sample set was relatively low in these papers (53% and
19%, respectively), the worse prognostic value of TS
may reflect that in ER-negative cases. The biological
and clinical significance of TS is suggested to be
different according to ER status in breast carcinoma, and
further replication studies with a larger sample set are
required. 

In summary, we evaluated TS immunoreactivity in
breast carcinoma according to ER status. TS status was
significantly associated with PR and Ki-67 LIs in ER-
positive DCIS, and TS immunoreactivity was
significantly decreased after AI treatment. In ER-
positive IDC cases, TS status was significantly
associated with PR status, and it was an independent
favorable prognostic factor for recurrence of the patients
by multivariate analysis. However, TS status was
significantly correlated with pT in ER-negative IDC
cases, and it tended to a worse prognostic factor for
disease-free survival of the patients. These findings
suggest that TS expression is mainly regulated by
estrogen in ER-positive breast carcinoma and is involved
in estrogen-mediated proliferation. TS status is a
favorable prognostic factor in ER-positive IDC patients,
but not in ER-negative IDC cases. 
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