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Background
Estrogen receptor (ER)-positive and progesterone receptor (PR)-positive breast
tumors are characterized by a gene expression profile exhibiting profound
differences from that of ER and PR-negative tumors. GATA-3 gene expression
is correlated with ER in breast cancer.
Aim
We aimed to evaluate immunohistochemically the expression of GATA-3 in
invasive breast carcinoma, comparing this with ER and PR status and available
clinicopathological features, and also to detect the association between GATA-3
and the included breast cancer molecular subtypes.
Materials
and methods Fifty invasive breast carcinomas were studied for immuno-
histochemical demonstration of GATA-3 in the tumor cells. Cases were
classified into two equal groups: group 1, that is, ER and PR positive, and
group 2, that is, ER and PR negative. Molecular subtyping was applied.
Results
GATA-3 expression was detected in 88% of cases of group 1 and 56% of cases of
group 2, showing direct association with ER and PR (P=0.031) and also significant
association with luminal-like breast tumors. In addition, GATA-3 showed an inverse
association with Ki-67 (P=0.0269); however, GATA-3 failed to show significant
association with any of the clinicopathological parameters.
Conclusion
GATA-3 is an important luminal marker showing strong association with ER and PR
in breast cancers, suggesting being a promising new breast-specific
immunomarker that could be used for detection of breast cancer origin in
metastatic tumors.
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Introduction
Worldwide, more than a million women are diagnosed
every year with breast cancer; however, despite this
increase, the mortality rate is declining. This is because
of a combination of factors including early diagnosis
and effective treatment [1].

Grasia et al. [2] documented relations between
transcription of the progesterone receptor (PR) gene
and estrogen in breast and reproductive tissues, and
they found estrogen receptor (ER)-positive breast
tumors that lacked PR expression were less
responsive to endocrine therapy than those that
express PR. Moreover, they detected ER and PR
status as not always being stable phenotypes, and
they can change over the natural history of the
disease or following endocrine treatment. GATA-3
is one of the genes whose expression is correlated with
ER expression [3]. GATA-3 is emerging as a sensitive
lters Kluwer - Medknow
and relatively specific marker for breast carcinomas. Its
expression was noted in breast and urothelial
carcinomas [4]. It belongs to GATA family that
includes six transcription factors, GATA-1 to
GATA-6, each of which binds to the DNA
consensus sequence (A/T) GATA (A/G) [5].
GATA-3 played a crucial role at multiple stages of
breast development, including formation of terminal
end buds at puberty and luminal cell differentiation [6].

The frequent absence of expression of currently available
breast-specific immunomarkers (such as ER) in
metastatic breast carcinomas leads to a need for more
studies to discover newer markers. GATA-binding
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protein 3 (GATA-3) is one the most promising
immunomarkers [7].

Accordingly, we aimed in this study to evaluate
immunohistochemically expression of GATA-3 in
invasive breast carcinoma, comparing this with ER
and PR status and available clinicopathological
features, and also to detect the association between
GATA-3 and the included breast cancer molecular
subtypes.
Materials and methods
Study group
This analytical observational cross-sectional study
included a series of 50 cases of invasive breast
carcinomas obtained through modified radical
mastectomy or quadrentectomy with axillary clearance.
They were retrieved from the files of the Department of
Pathology, Cairo University, between March 2015 and
October 2016 guided by their ER and PR status, blinded
to clinicopathological data. Patients’ ages ranged from 20
to 76 years. Sample size was calculated using EpiCalc
2000 program, Microsoft Windows, with proportion
88%, null hypothesis value 65%, significance 0.01, and
power 80%.

The patients’ medical records were revised.
Clinicopathological characteristics of our patients are
summarized in Table 1. Cases with missing data or
invasive carcinomas removed by simple mastectomy
without axillary clearance were excluded.

Depending on the ER and PR status of each case, two
groups have been established with 25 cases each.

Group 1: ER and PR positive.
Group 2: ER and PR negative.

Histopathological evaluation
Formalin-fixed and paraffin-embedded tissue blocks
were cut at 5-μm thickness and then stained by
haematoxylin and eosin stain for histopathological
examination. The tumors were histologically typed
according to the latest available WHO
recommendations [8]. Histological grading of invasive
ductal, mixed duct, and lobular carcinomas was
performed according to the Nottingham combined
Grading System [9], whereas grading of micro-
papillary carcinoma depended only on the nuclear
features and mitotic count of the same grading system
[10]. Invasive lobular carcinoma is considered as grade 2
according to latest available WHO publication [8].
Tumor staging was performed using the TNM
staging system, and the cases were further divided into
prognostic stages [11]. Moreover, lymphovascular
invasion was checked, and it was identified as
presence of tumor cells within an endothelial-lined
space (lymphatic and/or blood vessel) outside the
confines of the tumor [12].
Immunohistochemical staining
Sections of 3–5 μm thickness were prepared from the
paraffin blocks, mounted on charged glass slides, and
left for overnight incubation at 37°C for proper
adherence. For antigen retrieval, Ventana Ultra CC1
was used as buffer at 95–100°C for 32min.
Diaminobenzidine (DAB) was used as chromogen
and hematoxylin with bluing reagent as counterstain.

Anti-GATA-3 (mouse monoclonal antibody,
L50-823) (Cell Marque; Sigma-Aldrich, St Louis,
Missouri, USA) was used for immunohistochemical
staining in BenchMark XT IHC/ISH staining module
(Ventana; Medical Systems, Roche Group, California,
USA). Sections of normal breast tissue were used as
positive control [13].

GATA-3 is expressed in the nucleus of tumor cells; its
evaluation is based on a semiquantitative scoring system.
Percentageof positively stained tumor cellswas classified
as follows: 0=no nuclear expression, 1=1–10% positive
tumor nuclei, 2=11–20%, and so on until a maximum
score of 10=91–100% positive tumor nuclei. The
intensity was scored as follows: 1+ (weak staining), 2+
(moderate staining), and 3+ (strong staining) [14].
Numeric score was obtained by multiplication of
percentage and intensity of nuclear expression. Scores
starting from 0 to 3 were typed as negative, and scores of
at least 4 to a maximum of 30 were considered being
positive [15].

Commercially available ER (1 : 50; Dako Corporation,
Carpinteria, CA, USA), PR (1 : 10; Dako), HER2/neu
(1 : 10; Dako), and Ki-67 (1 : 300, cat. #RB-9043-P;
Lab Vision, Thermo Fisher Scientific, Fremont,
California, USA) were used as primary antibodies,
and steps of immunostaining were performed in
BenchMark XT IHC/ISH staining module (Ventana).

For ER and PR, nuclear staining in 1% of the cells was
considered positive. Her2 grading was as follows: 0, no
staining or membrane staining in less than 10% of
tumor cells; 1+, faint incomplete membranous staining
in more than 10% of tumor cells; 2+, weak/moderate
complete membranous staining in greater than 10% of
tumor cells; and 3+, strong complete membranous
staining in more than 10% of tumor cells. Ki-67



Table 1 Association between GATA-3 expression, patients’ clinicopathologic characteristics, other marker staining, and
molecular subtypes of breast cancer

Characteristics Total [n (%)] GATA-3 [n (%)] χ2 P value

Positive Negative

Age (years)

≥56 26 (52) 20 (76.9) 6 (23.1) 0.651 0.420

<56 24 (48) 16 (66.7) 8 (33.3)

Laterality of tumor

Right breast cancer 16 (32) 10 (62.5) 6 (37.5) 1.36 0.507

Left breast cancer 34 (68) 26 (76.47) 8 (23.53)

Tumor size (cm)

≤5 45 (90) 34 (75.6) 11 (24.4) 2.822 0.093

>5 5 (10) 2 (40) 3 (60)

Histological types

IDC 45 (90) 32 (71.1) 13 (28.9) – –

ILC 1 (2) 0 1 (100)

Mixed 3 (6) 3 (100) 0

Micropapillary 1 (2) 1 (100) 0

Tumor grade

Grade II 43 (86) 31 (72.1) 12 (27.9) 0.001 0.971

Grade III 7 (14) 5 (71.4) 2 (28.6)

Nodal status

N0 24 (48) 18 (75) 6 (25) 0.998 0.802

N1 11 (22) 7 (63.6) 4 (36.4)

N2 9 (18) 6 (66.7) 3 (33.3)

N3 6 (12) 5 (83.3) 1 (16.7)

Lymph node capsule

Positive 12 (24) 10 (83.3) 2 (16.7) 1.006 0.316

Negative 38 (76) 26 (68.4) 12 (31.6)

Tumor anatomic stage

Stage I 5 (10) 5 (100) 0 – –

Stage II 29 (58) 20 (69) 9 (31)

Stage III 16 (32) 11 (68.75) 5 (31.25)

Lymphovascular emboli

Positive 7 (14) 7 (100) 0 – –

Negative 43 (86) 29 (67.4) 14 (32.6)

ER/PR status

Positive 25 (50) 22 (88) 3 (12) 4.667 0.031*

Negative 25 (50) 14 (56) 11 (44)

HER2/neu score

Score 0 41 (82) 27 (65.9) 14 (34.1) – –

Score 1 4 (8) 4 (100) 0

Score 3 5 (10) 5 (100) 0

Ki-67 (%)

<14 13 (26) 11 (84.6) 2 (15.4) 1.39 0.239

≥14 37 (74) 25 (67.6) 12 (32.4)

Breast cancer molecular subtypes

Luminal A 11 (22) 9 (81.8) 2 (18.2) – –

Luminal B-HER2 negative 10 (20) 9 (90) 1 (10)

Luminal B-HER2 positive 4 (8) 4 (100) 0

Triple negative 25 (50) 14 (56) 11 (44)

Total [n (%)] 50 (100) 36 (72) 14 (28)

ER, estrogen receptor; IDC, invasive duct carcinoma; ILC, invasive lobular carcinoma; PR, progesterone receptor.
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proliferation index was scored as low if less than 14%
and as high if equal to or more than 14%.

Regarding the molecular subtyping, tumors were
classified as luminal A [ER and/or PR positive,
HER2–and low Ki-67 (<14%)], luminal B-HER2
negative [ER and/or PR positive, HER2–and high
Ki-67 (>14%)], luminal B-HER2 positive (ER and/
orPRpositive,HER2positive and anyKi-67), and triple
negative ‘ERandPGRabsent andHER2negative’ [16].
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Statistical methods
Statistical package for the social sciences (statistical
product for services solutions, version 22.0; IBM
Corporation, New York, New York, USA) was used.
Categoricaldatawereanalyzedusingχ2-test.Comparison
of numerical variables was done using unpaired Student’s
t-test for independent samples in comparing two groups.
Comparing more than two groups was done using
Kruskal–Wallis test (KW). The P value of less than
0.05 was chosen to represent statistical significance.
Results
Fifty female cases of breast carcinomas were studied.
Age of the patients ranged from 20 to 76 years, with a
mean age of 55.9±11.76 years, and 52% of patients were
older than 56 years.

Nuclear expression of GATA-3 was detected in 36
(72%) cases (Fig. 1), whereas 14 (28%) cases were
negative (Fig. 2).

All possible clinicopathological variables and their
correlation with GATA-3 expression are summarized
in Table 1, whereas distribution of GATA-3 positive
scores is presented in Table 2.

Regarding group 1, ER and PR positive, GATA-3 was
positive in 22 (88%) cases, with a mean 22.86±6.07,
Figure 1

GATA-3 positive expression in invasive duct carcinoma, grade II, score
21/30 with intensity=3 in 70% of tumor section; original magnification
X40.
whereas in group 2, ER and PR negative, GATA-3 was
positive in 14 (56%) cases, with a mean of 13.29± 7.36.
This denotes statistically significant association between
GATA-3 and ER and PR each, with P=0.031.

Thirty-one (68.9%) of HER2/neu (score 0 and 1)
‘negative’ cases were GATA-3 positive, whereas 100%
of HER2/neu (score 3) ‘positive’ cases were GATA-3
positive. However, this difference was statistically
insignificant.

In cases with Ki-67 less than 14%, GATA-3 was
positive in 11 (84.6%) of 13 cases, with a mean of
23.55±6.82, whereas in cases with Ki-67 at least 14%,
GATA-3 positivity was found in 25 (67.6%) of 37
cases, with a mean of 17.20±7.88. This denotes
statistically significant inverse association between
GATA-3 and Ki-67 (t=2.31, P=0.0269).

GATA-3 positivity in various molecular subtypes
was as follow: nine (81.8%) of 11 cases in luminal
A, with a mean of 23.22±7.16; nine (90%) of 10 cases
in luminal B-HER2/neu-negative, with a mean of
23.56±4.45; four (100%) of four cases in luminal
B-HER2/neu positive, with a mean of 20.5±7.68;
and 14 (56%) of 25 cases in triple negative, with a
mean of 13.29±7.36. Through an analysis of KW
test, significant association was detected between
GATA-3 expression and both luminal A and
Figure 2

GATA-3 lost expression in invasive duct carcinoma original magnifi-
cation X200.



Table 2 Distribution of GATA-3 positive scores among patients’ clinicopathologic characteristics, other marker staining, and
molecular subtypes of breast cancer

Characteristics N Mean±SD Test used

Age (years)

≥56 20 17.50±8.10 t=1.39

<56 16 21.19±7.73

Laterality of tumor

Right breast cancer 10 15.7±8.06 t=1.961

Left breast cancer 26 20.46±7.78

Grade of tumor

Grade II 31 18.94±8.28 t=0.373

Grade III 5 20.4±6.99

Histological types

IDC 32 19.44±8.19 t=0.625

ILC, mixed and micropapillary 4 16.75±7.27

Nodal status

N0 18 18.78±8.35 t=0.266

N1, N2 and N3 18 19.5±7.94

Capsule in lymph node

Capsule positive 10 21±6.57 t=0.858

Capsule negative 26 18.42±8.55

Tumor anatomic stage

Stage I 5 17.8±8.84 KW=0.315

Stage II 20 19.7±8.90

Stage III 11 18.73±6.54

Lymphovascular emboli

Positive 7 20.86±8.17 t=0.625

Negative 29 18.72±8.10

ER/PR status

Positive 22 22.86±6.07 t=4.250*

Negative 14 13.29±7.36

HER2/neu score

Score 0 and score 1 31 18.61±8.07 t=0.977

Score 3 5 22.4±7.89

Ki-67 (%)

<14 11 23.55±6.82 t=2.31*

≥14 25 17.20±7.88

Molecular subtype

Luminal A 9 23.22±7.16 KW=11.777*

Luminal B-HER2 negative 9 23.56±4.45

Luminal B-HER2 positive 4 20.5±7.68

Triple negative 14 13.29±7.36

ER, estrogen receptor; IDC, invasive duct carcinoma; ILC, invasive lobular carcinoma; KW, Kruskal–Wallis; PR, progesterone receptor;
*Denotes statistically significant.
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B-HER2/neu-negative tumors when compared with
triple-negative subtype.

These observations suggested a correlation between
increased GATA-3 expression and estrogen and
progesterone in breast cancer, signifying being a
promising new breast-specific immunomarker. However,
no evident correlations were observed between GATA-3
expression and other clinicopathological features.
Discussion
Development of breast neoplasia involves hormones
such as estrogen and progesterone that regulate cell
proliferation and apoptosis [17]. Nowadays, breast
cancer clinical classification is based on expression of
various immunohistochemical markers. Hormone
receptors are the most significant [18]. GATA-3 is
a promising, sensitive, and relatively specific marker for
breast carcinoma [4].

In the current study, we first illustrated the expression
of GATA-3 in breast cancer tissues by immuno-
histochemistry as being a practical and cost-effective
method present in almost all laboratory centers,
in contrast to molecular studies, followed by
demonstrating the association between GATA-3
expression and clinicopathologic parameters and
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then concentrated on its role in breast cancer molecular
classification.

In our study, we found GATA-3 immunostaining
positivity in 88% of cases of group 1, which was ER
and PR positive. Previous studies agreed that
GATA-3 is among the best predictors of ER
positive status with reported expression of 87.7%
by Albergaria et al. [19], 72% by Yang et al. [20],
and 89% by El Hag et al. [21]. However, they
suggested that GATA-3 mRNA expression has a
strong association with ER status.

Regarding group 2, that is, ER and PR negative, we
found that 56% of the cases showed positive GATA-3
expression. Reports of GATA-3 expression in ER-
negative breast carcinomas varied between 16% in a
study done by Albergaria et al. [19] and 5% by Yang
et al. [20]. Higher values of 50 and 48% have been
reported in more recent studies by Cimino-Mathews
et al. [22] and Byrne et al. [23], respectively.

The varying degrees of expression reported may be
caused by the difference in the surgical procedure. In
the current study, all sections were prepared from
excised mass whether by MRM or quadrentectomy;
however, previous studies included core biopsies.
Moreover, this discrepancy could be explained by
geographic variability, sample size, choice of the
antibody used, differences in immunohistochemical
protocols, and scoring with a different setting of
threshold scores; therefore, a need for multicenter
studies is required to confirm GATA-3 expression.

In this study, GATA-3 was expressed in 72.1% of
grade II and 71.4% of grade III tumors, so it failed to
show association with histological grading. On the
contrary, GATA-3 expression showed an inverse
association with histological grade as documented by
Ping et al. [24]. This contradiction may be related to
accidental absence of grade I, predominance of
grade II (86%), and low percentage of grade III
tumors (14%).

By applying the molecular classification of breast
cancer, and correlating with GATA-3 expression,
GATA-3 positivity was detected in 81.8% of
luminal A subtype, 90% of luminal B-HER2
negative, 100% of luminal B-HER2 positive, and
56% of triple negative subtype. Through the analysis
of KW test, significant association was detected
between GATA-3 expression in both luminal A and
B-HER2-negative tumors when compared with
GATA-3 expression in triple-negative subtype.
The same was reported by Jiang et al. [25]. This
observation agreed with the hypothesis that GATA-
3 mutations might be important in the etiology of
luminal-like breast cancers.

We found inverse association between Ki-67 and
GATA-3 expression; matching results were reported
by Dydensborg et al. [26] and Kim et al. [27] who
detected reduction of Ki-67 proliferation index after
overexpression of GATA-3 gene in the highly
aggressive LM2-4175 (LM2) cell line.

In the present study, no association could be found
between GATA-3 expression and any of the studied
clinicopathological features including age, tumor size,
number of masses, laterality, tumor and nodal staging,
or lymphovascular invasion or HER2/neu status. This
was supported by a cohort study created by Albergaria
et al. [19]. They found GATA-3 was neither a
predictor for breast cancer disease-free survival nor a
marker of prognostic significance. However, these
results were contradictory with those reported by
Cakir et al. [28] who found a statistically significant
association between GATA-3 expression and
clinicopathological parameters. Accordingly, they
stated GATA-3 as a prognostic marker through its
ability for promotion of differentiation of luminal
progenitor cells.

In this study, the intensity of nuclear GATA-3 staining
was variable among the same tumor section, even
totally lost by some tumor groups, and some of
these groups were detected within lymphovascular
spaces; this could be explained by the suggestion
that GATA-3 plays a contributory role in metastasis
formation in breast cancer with its level of expression
lower in metastases rather than their corresponding
primary tumors. Thus, progression to a GATA-3
negative state may suggest onset of tumor
dissemination.
Conclusion
Strong association was found between ER and PR and
GATA-3 expression in breast cancer, with evidence of
inverse association with Ki-67 overexpression.

Significant association was detected between GATA-3
expression and both luminal A and B-HER2/neu-
negative tumors when compared with GATA-3
expression in triple-negative subtype.

GATA-3 showed no significant association with any of
the clinicopathological parameters.
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GATA-3 showed variable intensity, and even lost
expression in some tumor groups, suggesting that
GATA-3 may plays a causal role in metastasis
formation in breast cancer.
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