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Transcriptional GATA factors are known lineage selector genes and regulate a

variety of biological processes including specification and differentiation of tis-

sues. In the present study, we examined expression profiles of six GATA factor

genes in invasive ductal carcinomas (IDC) of the breast using microarray analysis

(n = 20) and found that GATA4 expression was closely correlated with recurrence

in patients. Because the significance of GATA4 has remained largely unknown in

breast carcinoma, we further immunolocalized GATA4 in ductal carcinoma in situ

(DCIS) of the breast (n = 48) and IDC (n = 163). GATA4 immunoreactivity was

detected in the nuclei of carcinoma cells and was positive in 27% of DCIS and

31% of IDC cases. GATA4 status was significantly associated with nuclear grade

and van Nuys classification in DCIS and was positively associated with distant

metastasis, histological grade and HER2 status, but negatively correlated with

progesterone receptor labeling index in IDC. Subsequent multivariate analysis

demonstrated that GATA4 status was an independent prognostic factor for both

disease-free and breast cancer-specific survival of IDC patients. All of these

results indicate that GATA4 plays important roles in the progression of breast

carcinoma from an early stage and that immunohistochemical GATA4 status is

considered a potent prognostic factor in human breast cancer patients.

B reast cancer is one of the most common malignancies in
women. Invasive breast cancer is generally regarded as a

disease that metastasizes in the early phase(1) and metastasis is
the major cause of death of breast cancer patients. Breast can-
cer patients frequently receive adjuvant therapies such as endo-
crine therapy and chemotherapy after surgical treatment.
However, distant recurrence in patients treated with the anti-
estrogen tamoxifen after surgery has been reported in 15% of
patients at 10 years(2) and results of 11 clinical trials revealed
that 25% of patients who received adjuvant chemotherapy
developed distant recurrence.(3) Therefore, it is very important
to examine the molecular mechanisms of recurrence in breast
carcinoma to improve the clinical outcome of patients.
Zinc finger transcriptional factors of the GATA family

bind to the consensus DNA sequence (A ⁄T) GATA (A ⁄G)
and regulate a variety of biological processes including spec-
ification and differentiation of tissues (reviewed in Shimizu
and Yamamoto(4) and Kaneko et al.(5)). Six members of the
GATA family have been identified.(6–9) Expressions of
GATA1, GATA2 and GATA3 are mainly restricted to
hematopoietic and neuronal cell lineages (reviewed in
Patient and McGhee(10)) and GATA factor switching from
GATA2 to GATA1 contributes to erythroid differentia-
tion.(5,11) In contrast, GATA4, GATA5 and GATA6 are
commonly expressed in heart and digestive organs and
GATA4 plays important roles in cardiovascular develop-
ment.(12) The former three and latter three are often referred

to as hematopoietic GATA factors and endodermal GATA
factors, respectively, but much broader tissue distribution of
GATA proteins has also been reported.(10) GATA factors
can function in undifferentiated progenitor cells and can
direct the coordinated maturation and cell cycle withdrawal
in terminally differentiating cells;(13) alteration of GATA
factor expression is suggested to contribute to the develop-
ment of various human cancers.(14)

Among these GATA factors, GATA3 is expressed in mam-
mary gland epithelium and plays a role as a key factor in the
development of mammary epithelium.(15) GATA3 was positive
in 77–95% of estrogen receptor (ER)-positive breast carcinoma
and was reported as a marker to determine response to endo-
crine therapy for breast cancer patients.(16) However, signifi-
cance of other GATA factors has remained largely unknown in
breast carcinoma. Therefore, in the present study, we first eval-
uated expression profiles of six GATA factors in breast carci-
noma tissues based on microarray data and demonstrated that
GATA4 was closely correlated with recurrence in patients.
Previously, Bertucci et al.(17) reported an association between
GATA4 immunoreactivity and HER2 status in breast carci-
noma, but other clinicopathological features of GATA4,
including whether it can represent a prognostic factor in breast
cancer patients, have not yet been examined to the best of our
knowledge. Therefore, in the present study we immunolocal-
ized GATA4 in human breast carcinoma to clarify its signifi-
cance.
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Materials and Methods

Patients and tissues. Two sets of tissue specimens were eval-
uated in the present study. In the first set, 20 specimens of
invasive ductal carcinoma (IDC) of the breast were obtained
from women (age, 40–74 years) who underwent surgical treat-
ment from 2001 or 2002 in the Department of Surgery,
Tohoku University Hospital, Sendai, Japan. Among these, 18
patients received endocrine therapy and seven patients received
adjuvant chemotherapy after surgery. Disease-free survival was
defined as the time from surgery to the date of the first locore-
gional recurrence or first distant metastasis within the follow-
up time after surgery (range, 8–137 months). These specimens
were stored at �80°C for microarray analysis. Specimens fixed
in 10% formalin and embedded in paraffin wax were available
in 17 cases and these were used for immunohistochemistry for
GATA4.
In the second set, 48 specimens of pure ductal carcinoma in

situ (DCIS) of the breast and 163 specimens of IDC were
obtained from female Japanese patients who underwent surgi-
cal treatment from 1998 to 2005 for DCIS and 1995 to 1999
for IDC in the Department of Surgery, Tohoku University
Hospital, Sendai, Japan. The patients did not receive adjuvant
therapy before surgery. A review of the charts of IDC patients
revealed that 116 patients received adjuvant endocrine therapy
and 111 patients received adjuvant chemotherapy following
surgery. The clinical outcome was evaluated by disease-free
and breast cancer-specific survival of stages I–III IDC patients
according to a previous report(18) and the mean follow-up time
was 115 months (range, 1–175 months). Breast cancer-specific
survival was defined as the time from surgery to death from
the breast cancer. All specimens had been fixed in 10% forma-
lin and embedded in paraffin wax.
Research protocols for the present study were approved by the

Ethics Committee at Tohoku University School of Medicine.
Laser capture microdissection ⁄microarray analysis. Gene

expression profiles of breast carcinoma cells in the first set
(n = 20) were examined using microarray analysis. Part of the
gene expression profile data was assembled in our previous
study.(19,20) Briefly, approximately 5000 breast carcinoma cells
were laser transferred from the frozen section and total RNA
was subsequently extracted. Sample preparation and processing
were performed as described in the Affymetrix GeneChip
Expression Analysis Manual (Affymetrix, Inc., Santa Clara,
CA, USA), with the exception that the labeled cRNA samples
were hybridized to the complete human U133 GeneChip set
(Affymetrix, Inc.), containing U133A (22 215 genes) and
U133B (22 577 genes). In the present study we focused on
expression of six GATA factor genes.

Immunohistochemistry. Goat polyclonal antibody for GATA4
(sc-1237) was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Monoclonal antibodies for ER
(ER1D5), progesterone receptor (PR) (MAB429) and Ki-67
(MIB1) were purchased from Immunotech (Marseille, France),
Chemicon (Temecula, CA, USA) and DAKO (Carpinteria, CA,
USA), respectively. Rabbit polyclonal antibody for HER2
(A0485) was obtained from DAKO.
A Histofine Kit (Nichirei Bioscience, Tokyo, Japan), which

uses the streptavidin-biotin amplification method, was used in
the present study. Antigen retrieval was performed by heating
the slides in an autoclave at 120°C for 5 min in citric acid buf-
fer (pH 6.0) for these antibodies. The antigen–antibody complex
was visualized with 3,30-diaminobenzidine and counterstained
with hematoxylin. We used human ovarian tissue as a positive

control(21) and normal goat IgG instead of the primary antibody
as a negative control for GATA4 immunostaining.

Scoring of immunoreactivity and statistical analysis. GATA4
immunoreactivity was detected in the nuclei of breast carci-
noma cells and the cases that had more than 10% of the posi-
tive carcinoma cells were considered positive for GATA4
status. Immunoreactivity for ER, PR and Ki-67 was detected
in the nuclei and was evaluated in more than 1000 carcinoma
cells for each case. Subsequently, the percentage of immunore-
activity (labeling index [LI]) was determined. Cases with an
ER LI of more than 1% were considered ER-positive breast
carcinoma according to a previous report.(22) HER2 immunore-
activity was evaluated according to the grading system pro-
posed in the HercepTest (DAKO) and strongly circumscribed
membrane immunoreactivity of HER2 present in more than
10% carcinoma cells (score 3+) was considered positive.
An association between immunohistochemical GATA4 status

and clinicopathological factors was evaluated using the Stu-
dent’s t-test or a cross-table using the Chi-squared test. Dis-
ease-free and breast cancer-specific survival curves were
generated according to the Kaplan–Meier method and statisti-
cal significance was calculated using the log-rank test. Uni-
and multivariate analyses were evaluated using a proportional
hazard model (Cox). P-values < 0.05 were considered signifi-
cant in the present study.

Results

Gene expression profiles of GATA factors associated with

recurrence in IDC patients. First we examined associations
between gene expression of GATA factors and recurrence of
20 IDC cases using microarray analysis. The median with a
min–max value of signal intensity of each GATA factor gene
was as follows: GATA1, 44 (13–119); GATA2, 130 (64–230);
GATA3, 573 (104–1650); GATA4, 18 (9–98); GATA5, 6 (3–
87); and GATA6, 57 (7–134). As shown in Figure 1, when we
classified these cases into two groups according to the median
value, GATA4 was significantly associated with an increased
incidence of recurrence (P = 0.031) (Fig. 1d). GATA1 tended
to link to the increased recurrence (P = 0.18) (Fig. 1a), while
GATA2 tended to link to decreased recurrence (P = 0.13)
(Fig. 1b), but these did not reach statistical significance.
GATA3 (Fig. 1c), GATA5 (Fig. 1e) and GATA6 (Fig. 1f)
were not associated with recurrence in patients in the present
study (P = 0.50, P = 0.55 and P = 0.76, respectively).
Associations of the expression levels among these GATA

factor genes are summarized in Table 1. Inverse associations
were detected between GATA2 and GATA5 expression levels
(P = 0.048) and between GATA3 and GATA6 expression lev-
els (P = 0.021). GATA1 tended to be positively associated
with GATA2 (P = 0.084) and GATA6 (P = 0.087), and
GATA2 tended to be associated with GATA6 (P = 0.13),
although these did not reach statistical significance. GATA4
tended to be inversely associated with GATA3 (P = 0.18), but
it was not associated with other GATA factors.

GATA4 immunolocalization in human breast carcinoma. GATA4
immunoreactivity was detected in the nuclei of carcinoma cells in
both DCIS (Fig. 2a) and IDC (Fig. 2b) tissues, but was negative
in non-neoplastic mammary glands and stroma (Fig. 2c). In the
positive control, GATA4 was immunolocalized in the ovarian
antral follicle (Fig. 2d), as reported previously.(21) When we im-
munolocalized GATA4 in 17 IDC cases using the microarray
analysis, the median value of GATA4 signal intensity was
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1.8-fold higher in GATA4-positive cases (n = 7) than GATA4-
negative cases (n = 10), although the P-value did not reach sig-
nificance (P = 0.071) (Fig. 2e).
Associations between immunohistochemical GATA4 status

and clinicopathological parameters in DCIS are shown in
Table 2. The number of GATA4-immunopositive breast carci-
nomas was 13 out of 48 (27%) DCIS cases. GATA4 status was
significantly associated with nuclear grade (P = 0.0085) and
van Nuys classification (P = 0.026), while no significant associ-
ation was detected between GATA4 status and patients’ age,
menopausal status, comedo necrosis, ER status and PR LI.

Associations between GATA4 status and various clinico-
pathological parameters in IDC are summarized in Table 3.
Of 163 IDC cases examined in the present study, 51 cases
(31%) were GATA4 positive. GATA4 status was positively
associated with distant metastasis (P = 0.020), histological
grade (P = 0.011) and HER2 status (P = 0.0022), while it
was inversely correlated with PR LI (P = 0.0029). In contrast,
no significant association was detected between GATA4 status
and other factors such as patients’ age, menopausal status,
stage, pathological T factor (pT), lymph node metastasis, ER
status and Ki-67 LI.
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Fig. 1. Association between expression of six
GATA factor genes ([a] GATA1; [b] GATA2;
[c] GATA3; [d] GATA4; [e] GATA5; and [f] GATA6)
and recurrence of invasive ductal carcinoma of the
breast using the Kaplan–Meier method (n = 20).
The cases were categorized into two groups
according to the median value of the signal
intensity obtained from the microarray (i.e. high
group [solid line] and low group [dashed line]).
Statistical analysis was evaluated using the log-rank
test. P-values < 0.05 were considered significant
and are shown in bold.

Table 1. Association among expression levels of six GATA factor genes in 20 invasive ductal carcinoma of the breast cases

GATA2 GATA3 GATA4 GATA5 GATA6

GATA1 0.084 (r = 0.40) 0.80 0.53 0.34 0.087 (r = 0.39)

GATA2 0.44 0.45 0.048 (r = �0.45) 0.13 (r = 0.35)

GATA3 0.18 (r = �0.31) 0.50 0.021 (r = �0.51)

GATA4 0.49 0.26

GATA5 0.29

Data are presented as P-values. Statistical analysis was performed using correlation coefficient (r) and regression equation. P-values < 0.05 were
considered significant and are shown in bold.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Association between GATA4 status and clinical outcome of IDC

patients. As demonstrated in Figure 3(a), GATA4 status was
significantly associated with an increased incidence of recur-
rence in stage I–III patients (n = 140) (P = 0.0069 using the
log-rank test). Association between GATA4 status and breast
cancer-specific survival is summarized in Figure 3(b) and a
significant association was detected between GATA4 status
and an adverse clinical outcome of patients (P = 0.0013 using
the log-rank test). Interestingly, this association was also
significant (P = 0.0032) in stage IV patients (n = 23) (data not
shown). A tendency between GATA4 status and a worse prog-
nosis was observed regardless of lymph node status in stage
I–III cases (lymph node-negative group: P = 0.19 for
disease-free survival [data not shown] and P = 0.0053 for
breast cancer-specific survival [Fig. 3c]; lymph node-positive
group: P = 0.017 for disease-free survival [data not shown]
and P = 0.067 for breast cancer-specific survival [data not
shown]). Associations between GATA4 status and the clinical
outcome of patients according to ER and HER2 status are
shown in Figures S1 and S2, respectively.
Eighty-one patients received adjuvant endocrine therapy

after surgery in stage I–III ER-positive cases in the present
study and GATA4 status was marginally (P = 0.064) associ-
ated with an increased risk of recurrence (data not shown) and
significantly (P = 0.0061) associated with breast cancer-spe-
cific survival (Fig. 3d) in these patients. GATA4 status was
also significantly associated with a worse prognosis in stage
I–III patients who received adjuvant chemotherapy (n = 95)

(P = 0.0015 for disease-free survival [data not shown] and
P = 0.0041 for breast cancer-specific survival [Fig. 3e]).
Results of univariate analysis of disease-free survival using

Cox (Table 4), lymph node metastasis, GATA4 status, HER2
status and PR LI were demonstrated to be significant prognos-
tic parameters for disease-free survival in stage I–III patients
(n = 140). A multivariate analysis revealed that only lymph
node metastasis (P = 0.0092) and GATA4 status (P = 0.047)
were independent prognostic factors with relative risks over
1.00. In the univariate analysis for breast cancer-specific sur-
vival (Table 5), GATA4 status (P = 0.0044), histological
grade (P = 0.0053), Ki-67 LI (P = 0.026) and HER2 status
(P = 0.047) were significant prognostic variables in stage I-III
patients (n = 140), and a subsequent multivariate analysis
revealed that only GATA4 status was an independent prognos-
tic factor with a relative risk over 1.00 (P = 0.0094).

Discussion

Results of the microarray analysis in the present study revealed
that the GATA4 expression level was significantly associated
with increased recurrence in IDC patients. A similar tendency
was detected in GATA1, although the P-value did not reach
significance, while GATA2 expression tended to be associated
with a better prognosis. Among the GATA factors, Boidot
et al.(23) reported that GATA1 was overexpressed in breast
carcinoma and possibly associated with tumor aggressiveness,
which is consistent with our finding. The role of GATA2 is in

(a) (b)

(c)

(e)

(d)

Fig. 2. Immunohistochemistry for GATA4 in breast
carcinoma. (a, b) GATA4 immunoreactivity was
detected in the nucleus of carcinoma cells in
ductal carcinoma in situ (DCIS) (a) and invasive
ductal carcinoma (IDC) (b) tissues. (c) GATA4
immunoreactivity was not detected in the non-
neoplastic mammary epithelium or stroma. (d) In the
positive control section, GATA4 immunoreactivity
was detected in granulosa cells of the antral follicle in
the ovary. Bar, 100 lm, respectively. (e) Association
between immunohistochemical GATA4 status and
the signal intensity of the GATA4 gene obtained from
microarray (n = 17). Data are represented as a box
and whisker plot (open box, GATA4-negative group;
and gray box, GATA4-positive group). The median
value is represented by a horizontal line in each box
and the 75th (upper margin) and 25th (lower margin)
percentiles of the values are demonstrated. The
upper and lower bars indicated the 90th and 10th
percentiles, respectively. Statistical analysis was
performed using theMann–WhitneyU-test.
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dispute in breast carcinoma and Acosta et al.(24) showed that
GATA2 expression was decreased in breast carcinoma tissues
relative to normal breast tissues, whereas Wang et al.(25)

reported that GATA2 was increased in breast carcinoma and
negatively regulates PTEN (phosphatase and tensin homolog
deleted on chromosome 10) transcription. Although GATA3
was the most abundantly expressed in breast carcinoma among
the GATA factors in the present study, these data suggest that
other GATA factors may also play roles in breast carcinoma.
GATA4 was the most pronouncedly linked to recurrence in
breast carcinoma patients, but to the best of our knowledge its
clinicopathological significance has remained largely unknown.
In the present study, GATA4 immunoreactivity was detected

in 27% of DCIS, which is generally regarded as a precursor
lesion of IDC, and 31% of IDC cases, whereas it was negative
in morphologically normal mammary glands. In previous stud-
ies, GATA4 immunoreactivity was detected in several human
malignancies, such as ovarian carcinoma (12%(26)), breast car-
cinoma (27%(17)), glioblastoma of the brain (42%(27)), pancre-
atic carcinoma (68%(28)) and gastric carcinoma (93%(29)). Loss
of GATA4 expression by the promoter methylation was
reported in several carcinomas(30,31) and GATA4 is suggested
to function as a tumor suppressor in some aspects.(32) In con-
trast, GATA4 was frequently expressed in neuroblastoma, but
was negative in the developing nervous system.(33) GATA4
promoter demethylation was induced by several factors includ-
ing the mitogen-activated protein kinase pathway(34) and
MYC,(35) and GATA4 promoted initiation of adrenocortical
neoplasms in mice.(36) The results in the present study suggest
that GATA4 is overexpressed in breast carcinoma compared
with normal breast tissues and plays important roles in breast
carcinoma from an early stage. Interestingly, Karafin et al.(28)

found GATA4-positive pancreatic carcinoma was significantly

higher in female than male patients and suggested functions of
GATA4 as a gender-specific regulator.
The results in the present study demonstrated that GATA4

status was significantly associated with nuclear grade in DCIS
and histological grade in IDC cases. Two different models
have been proposed to explain the possible mechanisms of
transition from DCIS to IDC. In the first model, low-grade
DCIS lesions are considered to progress to high-grade DCIS
lesions that then become IDC (i.e. linear progression the-
ory)(37,38) and in the latter model of the hypothesis, low-grade
DCIS lesions progress to low-grade IDC and high-grade
DCIS lesions progress to high-grade IDC (parallel disease
theory).(39,40) Accumulating data including chromosomal-
alteration studies support the parallel disease theory(41,42) and a
great majority of molecular alterations detected in breast carci-
noma can be detected already in DCIS.(43,44) Taken together
with similar GATA4 immunopositivities of DCIS (27%) and
IDC (31%) cases examined, the present results seem to be
more compatible with the parallel disease theory. Because
GATA4 is a known lineage selector gene, GATA4 overexpres-
sion might be associated with dedifferentiation and higher-
grade malignancy in breast carcinoma.

Table 2. Association between immunohistochemical GATA4 status

and clinicopathological parameters in 48 ductal carcinoma in situ of

the breast cases

GATA4 status
P-value

+ (n = 13) � (n = 35)

Age† (years) 59.9 � 2.6 59.4 � 1.7 0.86

Menopausal status

Premenopausal 3 6 0.64

Postmenopausal 10 29

Nuclear grade

1 and 2 7 31 0.0085

3 6 4

Comedo necrosis

Absent 5 10 0.51

Present 8 25

van Nuys classification

1 3 9 0.026

2 4 22

3 6 4

ER status

Positive 12 33 0.80

Negative 1 2

PR LI† (%) 45.4 � 9.3 43.3 � 5.2 0.84

†Data are presented as mean � SEM. All other values represent the
number of cases. Statistical analysis was performed using the Student’s
t-test or a cross-table using the Chi-squared test. P-values < 0.05 were
considered significant and are shown in bold. ER, estrogen receptor;
LI, labeling index; PR, progesterone receptor.

Table 3. Association between GATA4 status and clinicopathological

parameters in 163 invasive ductal carcinoma of the breast cases

GATA4 status
P-value

+ (n = 51) � (n = 112)

Age† (years) 53.2 � 1.5 55.3 � 1.2 0.30

Menopausal status

Premenopausal 19 43 0.89

Postmenopausal 32 69

Stage

I 10 31 0.12

II 23 53

III 6 17

IV 12 11

Pathological T factor (pT)

pT1 15 42 0.31

pT2–4 36 70

Lymph node metastasis

Positive 26 46 0.24

Negative 25 66

Distant metastasis

Positive 12 11 0.020

Negative 39 101

Histological grade

1 (well) 6 34 0.011

2 (moderate) 22 49

3 (poor) 23 29

ER status

Positive 39 93 0.32

Negative 12 19

PR LI† (%) 18.6 � 3.6 33.9 � 3.0 0.0029

HER2 status

Positive 18 16 0.0022

Negative 33 96

Ki-67 LI† (%) 20.5 � 1.9 19.0 � 1.8 0.61

†Data are presented as mean � SEM. All other values represent the
number of cases. Statistical analysis was performed using the Student’s
t-test or a cross-table using the Chi-squared test. P-values < 0.05 were
considered significant and are shown in bold. ER, estrogen receptor;
LI, labeling index; PR, progesterone receptor.
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In the present study, GATA4 status was significantly associated
with HER2 status and distant metastasis in IDC cases. HER2
plays important roles in the proliferation and metastasis of breast
carcinoma.(45) Previously, Bertucci et al.(17) examined gene
expression profiles of breast carcinomas and identified GATA4 as
one of the 29 overexpressed genes differentially expressed in
breast carcinomas associated with HER2 overexpression. They
also showed a positive association between GATA4 immunoreac-
tivity and HER2 status in breast carcinoma tissues, which is in
good agreement with our finding. In addition, Hua et al.(46)

reported that the GATA4 gene was activated by HER2, whereas
HER2 expression was repressed by GATA4 through its direct
binding to the regulatory sequences, indicating a direct functional
link between GATA4 and HER2 in breast carcinoma. In contrast,
Barbosa et al.(47) showed that GATA4 mRNA expression was
more abundant in metastasizing adrenocortical tumors than
non-metastasizing tumors and very recently Castro et al.(35) dem-
onstrated that GATA4 was necessary for MYC-induced metasta-
sis in lung adenocarcinoma. Therefore, it is suggested that
GATA4 is involved in oncogene-dependent signaling including

HER2 in the development of distant metastasis with breast carci-
noma. Considering that we did not detect a significant association
between GATA4 status and lymph node metastasis in the present
study, GATA4 might play an important role in the processes of
hematogenous spread.
In the present study, GATA4 status was significantly associ-

ated with van Nuys classification in DCIS cases. The van Nuys
classification was reported to be significantly associated with
local recurrence of DCIS and has been established as a potent
prognostic classification for DCIS patients.(48) GATA4 status
was significantly associated with recurrence and worse progno-
sis in IDC patients and a similar tendency was also detected in
patients who received adjuvant therapies after surgery. More-
over, results of our present multivariate analyses clearly
demonstrated that GATA4 status was an independent prognos-
tic factor for both recurrence and breast cancer-specific survi-
val in IDC patients. Therefore, GATA4 status is suggested to
be a prognostic factor rather than a predictive marker for adju-
vant therapies in breast carcinoma patients. Previously, Antto-
nen et al.(21) reported that GATA4 expression was positively
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Fig. 3. Disease-free (a) and breast cancer-specific
survival (b–e) of stage I–III patients according to
GATA4 status. The solid line shows GATA4-positive
cases and the dashed line shows GATA4-negative
cases. (a, b) Total cases (n = 140); (c) cases negative
for lymph node metastasis (n = 89); (d) estrogen
receptor (ER)-positive cases that received adjuvant
endocrine therapy following surgery (n = 81); and
(e) cases that received adjuvant chemotherapy after
surgery (n = 95). Statistical analysis was performed
using the log-rank test. P-values < 0.05 were
considered significant and are shown in bold.
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correlated with recurrence of ovarian granulosa cell tumors,
which is consistent with the results of the present study.
GATA4 has been reported to serve as a survival factor in car-
cinoma cells by regulating anti-apoptotic factors such as Bcl-2
and Bcl-x(49,50) and overexpression of GATA4 prevented car-
diac myocyte apoptosis induced by antracyclines including
doxorubicin, which is frequently used in breast carcinoma.(51)

No information is available about the effects of endocrine therapy
on GATA4 functions in breast carcinoma to our knowledge.
However, considering that we did not find an association between
GATA4 status and ER status in breast carcinoma and GATA4
expression was regulated by estrogen in osteoblasts but not in
breast carcinoma cells,(52) GATA4 might not directly regulate
estrogen actions in breast carcinoma, which is different from
GATA3 .(16) Because GATA4 possibly regulates a variety of bio-
logical functions of breast carcinoma cells as described in this
section, residual carcinoma cells following surgical treatment in
GATA4-positive breast carcinomas could still have the potential
to rapidly recur despite adjuvant therapy. Further examinations
are required to clarify the molecular functions and possible new
therapeutic potential of GATA4 in human breast carcinoma. Rep-
lication studies with different sets and prospective studies are also
needed to confirm the significance of GATA4 in breast carci-
noma.

In summary, we examined the expression profiles of GATA
factor genes in IDC cases using microarray analysis and dem-
onstrated that GATA4 expression was closely associated with
recurrence. Subsequent immunohistochemical analyses
revealed that GATA4 immunoreactivity was detected in 27%
of DCIS and 31% of IDC cases, and was significantly associ-
ated with nuclear grade and van Nuys classification of DCIS
and distant metastasis, histological grade, PR LI and HER2
status in IDC. Multivariate analysis further demonstrated that
GATA4 status was an independent prognostic factor in IDC
patients. These findings suggest that GATA4 plays important
roles in the progression of breast carcinoma from an early
stage and immunohistochemical GATA4 status is a potent
prognostic factor in breast cancer patients.
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