
Abstract. Aim: We investigated the association of glutathione
S-transferase P1 (GSTP1) expression and methylation status
with clinicopathological characteristics of estrogen receptor
(ER)-positive breast cancers. Materials and Methods: Primary
ER-positive breast cancer patients (n=177, stage I-III) were
retrospectively analyzed. A quantitative GSTP1 methylation
assay was performed using DNA micro-dissected from formalin-
fixed and paraffin-embedded (FFPE) breast surgical specimens
and GSTP1 expression was examined immunohistochemically.
Results: GSTP1 methylation index (MI) was higher for the
following patient subsets: Large-size (p=0.029), high-grade
(p=0.010), human epidermal growth factor receptor-2 (HER2)-
positive (p=0.024) and Ki67-positive (p=0.001) patients. In
addition, GSTP1 hyper-methylation was more frequently
observed in the luminal-B than the luminal-A subtype (p<0.001)
and there was no significant difference in GSTP1 positivity
between the two subtypes (p=0.150). Conclusion: GSTP1
methylation may well be associated with the pathogenesis of the
biologically-aggressive phenotype in ER-positive breast cancer. 

Breast cancer is classified into five intrinsic subtypes which
feature different biological characteristics based on gene
expression profiling using DNA microarrays (1). As a
substitute for DNA microarrays, sub-typing of breast cancers
with the immunohistochemical determination of estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor-2 (HER2) and Ki67 or histological

grade (HG) is rapidly gaining popularity (2-4). With this
method, ER-positive breast cancer is classified into the
luminal-A or luminal-B subtype, with the latter subtype
representing the more aggressive phenotype.

It has been reported that breast cancer harbors subtype-
specific, epigenetic abnormalities exemplified by a different
methylation pattern (5, 6). We recently reported that
glutathione S-transferase P1 (GSTP1), which detoxifies toxic
substances such as DNA-damaging estrogen metabolites and
anticancer drugs (7-9), is methylated more frequently in
luminal-A, luminal-B and HER2-enriched subtypes than in
the basal-like subtype (10). In the same study, we presented
preliminary results that GSTP1 hyper-methylation results in
the pathogenesis of a more aggressive phenotype among the
luminal-subtype tumors, since the luminal-B subtype had a
higher GSTP1 methylation index (MI) and lower GSTP1
positivity than its luminal-A counterpart. However, the
number of studied patients was too small to reach a valid
conclusion. Moreover, DNA used for the methylation assay
in this study was extracted from freshly-frozen tissues in
which the proportion of tumor cells was unknown, therefore
false-negative results may have occurred.

In the present study, for the methylation assay we used
DNA manually micro-dissected from formalin-fixed and
paraffin-embedded (FFPE) sections, which allows for the use
of archived FFPE tumor tissues as well as the confirmation
of inclusion of tumor cells. We then attempted to clarify the
clinicopathological characteristics of ER-positive breast
cancer by means of GSTP1 promoter methylation. 

Materials and Methods
Patients and tumor samples. Primary estrogen receptor (ER)-
positive breast cancer patients (n=177, stage I-III), who had
undergone breast surgery at the Osaka University Hospital between
1993 and 2006, were enrolled and retrospectively analyzed in this
study. Bilateral breast cancer patients, male breast cancer patients
and patients treated with chemotherapy were excluded from this
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study. Minimal tumor size requirement was 0.5 cm. Tumor samples
obtained from surgical specimens were fixed in 10% buffered
formaldehyde for both immunohistological examination and DNA
extraction. This study was approved by the Ethics Review
Committee of Osaka University (Osaka, Japan) and informed
consent was obtained from each patient before surgery.

Immunohistochemistry (IHC). Immunohistochemical staining of
glutathione S-transferase P1 (GSTP1) was performed according to a
previously described method (10) using mouse anti-human GSTP1
monoclonal antibody (Cell Signaling Technology, Inc., Danvers,
MA, USA) at a dilution of 1:800 with the following modifications:
Antigen retrieval was carried-out by incubation at 98˚C in citrate
buffer (pH 6.0) for 15 min and tumor specimens were treated with
a peroxidase-conjugated secondary antibody (Histofine Simple Stain
MAX PO; Nichirei Biosciences Inc., Tokyo, Japan), followed by
incubation for 1 h at room temperature (Universal Immuno-enzyme
Polymer method; Nichirei).

GSTP1 was considered positive when the GSTP1 labeling index
(GSTP1 LI), determined by manually counting cytoplasmic GSTP1-
positive tumor cells, was found to be equal to or higher than 10%
(10). ER, PR, HER2 and Ki67 expression  or HER2 amplifications
were examined by means of immunohistochemistry or fluorescence
in situ hybridization (FISH), respectively, as previously described
(10-13). Cut-off values for ER, PR and Ki67 were 10%, 10% and
20%, respectively. The cut-off value for HER2 scoring was set at
3+ for IHC and 2.0 for FISH. When the HER2 expression in the
specimen was found to be 2+ for IHC, additional FISH was
performed and classified as HER2-positive if the HER2 gene was
found amplified. The histological grade (HG) was determined
according to the Scarff-Bloom-Richardson grading system (14).

GSTP1 promoter methylation assay. DNA was extracted from formalin-
fixed and paraffin-embedded (FFPE) tumor samples. Six 10-μm
paraffin sections were dissected from each tumor sample and mounted
on 2-μm PEN-Membrane slides (Leica Microsystems, Wetzlar,
Germany) followed by hematoxylin-eosin staining. Areas of invasive
tumor cells detected with a stereomicroscope (Olympus SZ2-ILST;
Olympus, Tokyo, Japan) were manually micro-dissected with scissors
as shown in Figure 1A and B and then captured in 1.5-ml microtubes
filled with 100% ethanol. DNA was extracted from the micro-dissected
specimens with a QiaAmp DNA FFPE Tissue Kit (Qiagen, Valencia,
CA, USA) according to the manufacturer’s protocol. 

DNA bisulfite conversion and quantitative real-time methylation-
specific polymerase chain reaction (MSP) were performed according
to previously described methods (10, 15). Each sample was assayed in
triplicate. When at least one triplicate assay was below the detection
limit, the sample was defined as negative. The methylation index (MI)
was calculated as follows: MI(%)=100 × methylated GSTP1 copy
numbers/(methylated + unmethylated GSTP1 copy numbers).

Subtyping by immunohistological factors. Each tumor was categorized to
be of luminal-A or luminal-B subtype based on the immunohistological
findings obtained with HG, HER2 and Ki67; The luminal-A subtype
consists of HG1 or HG2, HER2-negative and Ki67-negative tumors and
luminal-B subtype consists of the others (2, 4, 16, 17).

Statistical analysis. The JMP software package version 10 (SAS
Institute Inc., Cary, NC, USA) was used for all statistical analyses.
The relationship between two categorical parameters was assessed

by the Chi-squared test or Fisher’s exact test, where appropriate for
univariate analysis and the logistic regression model for multivariate
analysis. Differences in GSTP1 MI in terms of clinicopathological
characteristics were evaluated with the Mann-Whitney’s U-test. All
statistical analyses were two-sided and p<0.050 was considered to
be statistically significant.

Results

Relationships between GSTP1 expression and
clinicopathological characteristics. The expression of GSTP1
was examined in 177 breast tumors by means of IHC.
Representative results for positive and negative staining of
GSTP1 are shown in Figure 1C to D. In cases of strong
staining, tumor cells showed both cytoplasmic and nuclear
staining but in weak or moderate staining, only cytoplasmic
staining was observed. We next investigated the relationships
between GSTP1 expression and clinicopathological
parameters (Table І). The univariate analysis showed that
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Table I. Relationships between GSTP1 expression and
clinicopathological characteristics of breast tumors.

GSTP1 Expression Univariate analysis

Total Positive Negative OR p-Value
number (95%CI)

Menopausal status
Pre- 77 18 59 3.70 <0.001
Post- 100 53 47 (1.91-7.14)

Tumor size†

T1 95 41 54 1.32 0.374
T2 77 27 50 (0.72-2.41)
T3 4 2 2 
T4 1 1 0 

Nodal status
Positive 9 3 6 1.36 0.742
Negative 168 68 100 (0.33-5.62)

HG‡

1 87 39 48 1.63 0.310
2 67 25 42 (0.63-4.18)
3 23 7 16 

PR
Positive 132 54 78 1.14 0.711
Negative 45 17 28 (0.57-2.29)

HER2
Positive 15 4 11 1.94 0.267
Negative 162 67 95 (0.59-6.35)

Ki67
Positive 29 9 20 1.56 0.305
Negative 143 59 84 (0.66-3.67)
Unknown 5 3 2

†T1 vs. T2+T3+T4; ‡HG1+2 vs. HG3; HG: histological grade; PR:
progesterone receptor; HER2: human epidermal growth factor receptor-
2; OR: odds ratio; CI: confidence interval.



GSTP1 positivity was significantly higher for post-menopausal
patients (53/100; 53.0%) than pre-menopausal patients (18/77;
23.4%) (p<0.001) and that no other parameters were
significantly associated with GSTP1 positivity. 

Relationships between GSTP1 methylation and
clinicopathological characteristics. GSTP1 MI was successfully
calculated for 167 tumors out of the 177 FFPE samples (94.4%)
and its relationship with various clinicopathological parameters
was investigated. Methylation was found to be significantly
higher in GSTP1-negative (p<0.001; Figure 2A), large
(p=0.029; Figure 2B), high histological grade (p=0.010; Figure
2C), HER2-positive (p=0.024; Figure 2D) and Ki67-positive
(p=0.001; Figure 2E) tumors. On the other hand, there was no
significant association of GSTP1 MI with menopausal status
(p=0.532), nodal status (p=0.598) or PR (p=0.953) (data not
shown). Since breast tumors with more than 17.0% GSTP1 MI
were all negative for GSTP1 staining, we defined these tumors
as GSTP1 hyper-methylated tumors. Univariate analysis showed
that tumor size (p=0.044) and Ki67 status (p=0.002) were
significantly associated with GSTP1 hyper-methylation, and

multivariate analysis revealed that Ki67 status was the only
independent predictive factor for GSTP1 hyper-methylation
(p=0.007) (Table II).

GSTP1 expression and hyper-methylation according to
breast tumor subtype. Relationships of GSTP1 expression or
hyper-methylation with breast tumor subtypes were also
investigated. There was no significant difference (p=0.150)
in GSTP1 positivity between luminal-A (55/129; 42.6%) and
luminal-B (13/43; 30.2%) tumors (Table III). On the other
hand, the ratio of GSTP1 hyper-methylated tumors was
significantly higher (p<0.001) for luminal-B tumors (15/42;
35.7%) to luminal-A tumors (15/121; 12.4%) (Table III).

Discussion

Since GSTP1 suppression induced by GSTP1 methylation
has been frequently observed in ER-positive, but not ER-
negative, tumors (10), the main purpose of the present
study was to investigate the association of GSTP1
expression and/or GSTP1 methylation with
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Figure 1. Micro-dissection technique for GSTP1 methylation assay and immunohistochemical staining for GSTP1. (A): Hematoxylin and eosin-
stained breast tumor specimen mounted on a membrane slide. (B): Invasive breast tumor area was selectively micro-dissected to enrich cancer cells
for the GSTP1 methylation assay and the non-tumor element remained on the slide. Bars: 500 μm. (C) and (D): Results of immunohistochemical
examinations for GSTP1 are shown for (C) positive and (D) negative staining. Bars: 100 μm.



clinicopathological characeristics of ER-positive breast
tumors. The reason why we set a cut-off value of ER at
10%, but not 1%, in this study was to validate our previous
findings by means of enrolling tumors in the same
population using the same criteria (10) and to recruit
tumors which display typical characteristics of ER-positive
tumors. Actually, most of low-positivity (1-10%) ER-
positive tumors are reported to be similar to ER-negative
tumors regarding their clinicopathological characteristics
and to be classified into non-luminal subtypes, such as
basal-like or HER2-enriched subtypes (17). 

We first analyzed the relationships between GSTP1
expression and clinicopathological characteristics in ER-
positive tumors and found that GSTP1 was significantly
suppressed in pre-menopausal patients, suggesting that GSTP1
plays a more important role in the pathogenesis of ER-positive
tumors in pre-menopausal patients than in post-menopausal

patients. However, contradictory results have also been
reported, namely, that there was no significant relationship
between GSTP1 expression and menopausal status in
Caucasian women (18, 19). This discrepancy may be
explained, at least in part, by the fact that previous studies
analyzed the association between GSTP1 expression and
menopausal status for all breast tumors, while the analysis in
our study was limited to ER-positive tumors. It is also possible
that the role of GSTP1 in the pathogenesis of ER-positive
tumors may be different for Japanese and Caucasian women. 

Next, we investigated the associations between GSTP1 MI
and clinicopathological characteristics in ER-positive breast
tumors. In order to enhance the accuracy of the assay in
terms of GSTP1 MI, tumor cells from the paraffin sections
were micro-dissected in this study and GSTP1 methylation
analysis was completed for 94.4% of all tumors, which is in
line with a previously reported procedure (20). GSTP1 MI
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Figure 2. Distribution of GSTP1 MI according to clinicopathological parameters in breast cancer. GSTP1 MI was compared in (A) GSTP1-positive
and GSTP1-negative tumors, (B) T1 and T2+T3 tumors, (C) HG1+HG2 and HG3 tumors, (D) HER2-positive and HER2-negative tumors, and (E)
Ki67-positive and Ki67-negative tumors. Bars: Median with interquartile range.



was significantly higher in GSTP1-negative compared to
GSTP1-positive tumors, indicating that GSTP1 expression is
regulated by GSTP1 methylation (10, 21). 

Moreover, GSTP1 MI was higher in breast tumors with
biologically-aggressive phenotypes such as large-size, high
HG, HER2-positivity and Ki67-positivity, which is consistent
with findings of previous studies (10, 22, 23). Furthermore,
multivariate analysis showed that Ki67 positivity was the
only independent predictive factor for GSTP1 hyper-
methylation, and that GSTP1 hyper-methylated tumors were
observed more frequently in luminal-B than luminal-A
subtypes. Holm et al. also reported that breast tumors

showed a subtype-specific methylation pattern and that
GSTP1 methylation levels were in fact highly elevated in
luminal-B and moderately so in luminal-A subtypes (6). On
the other hand, there was no significant difference in GSTP1
expression between luminal-A and luminal-B tumors, while
luminal-B tumors showed a lower GSTP1 positivity than
luminal-A tumors in the previous study (10). This
inconsistency may be due to a difference in the subtype
classification method or to the number of patients analyzed
in the two studies. In any case, it seems that GSTP1
expression has, at most, a weak impact on the aggressiveness
of the luminal-subtype tumors.
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Table II. Relationships between GSTP1 hyper-methylation and clinicopathological characteristics of breast tumors.

GSTP1 Hyper-methylation Univariate analysis Multivariate analysis

Total number Positive Negative OR (95%CI) p-Value OR (95%CI) p-Value

Menopausal status
Pre- 73 13 60 1.02 0.963 - -
Post- 94 17 77 (0.46-2.26)

Tumor size†

T1 89 11 78 2.28 0.044 2.05 0.090
T2 74 18 56 (1.01-5.16) (0.89-4.88)
T3 4 1 3
T4 0 0 0

Nodal status
Positive 9 1 8 1.80 1.000 - -
Negative 158 29 129 (0.22-14.95)

HG‡

1 81 10 71 2.67 0.066 - -
2 65 13 52 (0.97-7.35)
3 21 7 14 

PR
Positive 127 22 105 1.19 0.701 - -
Negative 40 8 32 (0.48-2.94)

HER2
Positive 15 5 10 2.54 0.150 - -
Negative 152 25 127 (0.80-8.07)

Ki67
Positive 28 11 17 3.95 0.002 3.61 0.007
Negative 135 19 116 (1.61-9.72) (1.42-8.99)
Unknown 4 0 4

†T1 vs. T2+T3+T4; ‡HG1+2 vs. HG3; HG: histological grade; PR: progesterone receptor; HER2: human epidermal growth factor receptor-2; OR:
odds ratio; CI: confidence interval.

Table III. Relationships of GSTP1 expression or GSTP1 hyper-methylation with luminal-A and luminal-B tumors.

GSTP1 Expression p-Value GSTP1 Hyper-methylation p-Value

Total number Positive Negative Total number Positive Negative

Luminal-A 129 55 (42.6) 74 (57.4) 0.150 121 15 (12.4) 106 (87.6) <0.001
Luminal-B 43 13 (30.2) 30 (69.8) 42 15 (35.7) 27 (64.3)



Combining these results leads us to hypothesize that
GSTP1 suppression, induced by GSTP1 methylation in
normal luminal progenitor cells, which are thought to be ER-
positive and thus to have high estrogen concentration, may
result in increased production of DNA-damaging estrogen
metabolites and promote their initiation. It could be,
furthermore, supposed that GSTP1 methylation together with
the other methylated genes featured in the luminal-B subtype
may play a significant role in the progression of biologically-
aggressive ER-positive breast tumors.

In conclusion, our analysis of GSTP1 methylation using
DNA extracted from tumor cells micro-dissected from
paraffin sections, demonstrated that GSTP1 methylation is
associated with biologically-aggressive phenotypes in ER-
positive breast tumors. However, the exact role of GSTP1 in
the pathogenesis of such tumors needs to be further clarified.
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