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Upon completion of this activity you will be able to:

e apply GATA3 antibody when working on a tumor of unknown origin in
both surgical and fine-needle aspiration specimens.

e define effective immunostaining panels in distinction of breast
carcinoma from endometrial carcinoma and from ovarian serous
carcinoma.

e describe the pattern of GATA3 antibody reactivity in estrogen
receptor—positive breast carcinomas.

Abstract

GATA3 expression has been reported in urothelial
and breast carcinomas; however, the published data
on GATAS3 expression in tumors from other organs are
limited. Immunohistochemical evaluation of GATA3
expression in 1,110 carcinomas and 310 cases of
normal tissue using tissue microarray sections, 48
breast and bladder biopsy specimens, and 53 breast

fine-needle aspiration biopsy specimens was performed.

Sixty-two of 72 urothelial carcinomas (86%) and 138
of 147 breast carcinomas (94%) tested positive for
GATA3. All other cases, except for 2 of 96 endometrial
carcinomas, tested negative for GATA3. On fine-needle
aspiration biopsy samples, 88% of primary breast
carcinomas and 82% of metastatic breast carcinomas
tested positive for GATA3. Our study revealed that
GATA3 is a sensitive and specific marker for the
diagnosis of breast and urothelial carcinomas. When
working on a tumor of unknown origin, GATA3 should
be routinely included in the initial screening panel if
either a breast or urothelial primary tumor

is suspected.
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GATA3 (GATA binding protein 3 to DNA sequence
[A/ITIGATA[A/G]) is 1 of 6 members of a zinc finger tran-
scription factor family, and it plays an important role in
promoting and directing cell proliferation, development, and
differentiation in many tissues and cell types,? including
luminal glandular epithelial cells of the mammary gland,®*
T lymphocytes,®7 thymocytes,®® adipose tissue,° kidney,
sympathetic nervous system,? and hair follicles of the skin.13
Together with S100P it has recently been reported to be a
useful immunohistochemical marker for the detection of
urothelial carcinoma and ovarian Brenner tumors. 46 Over-
expression of GATAS has been reported in breast carcinomas
by complementary DNA microarray analysis.}” Low GATA3
expression has also been suggested to correlate with poor
prognosis in breast cancer®820; however, the published
data on GATAS3 expression in tumors from other organs
and normal tissues are limited. In this study, we investigated
the expression of GATA3 in a large series of carcinomas
from various organs using a single immunostaining system
(DAKO, Carpinteria, CA).

Materials and Methods

Construction of Tissue Microarray Blocks

The study was approved by the institutional review board
at Geisinger Medical Center. A total of 1,110 tumors and 310
cases of normal tissues from various organs were identified
from the archives of the Department of Laboratory Medicine
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at Geisinger Medical Center from 2000 to 2010. Seventy-
two cases of urothelial carcinoma were high-grade urothelial
carcinoma with muscularis propria invasion. The number of
tumor cases for each specific entity is summarized in ETable
10. Multiple tissue microarray (TMA) blocks with 2 punches
of 0.75 mm or 1.0 mm each for each case were constructed as
previously described.?1-??

Immunohistochemical Stains on Surgical Specimens

Immunohistochemical evaluation of the expression of
GATAS3 (catalogue No. GATA3 [HG3-31]:sc-268; Santa
Cruz Biotech, Santa Cruz, CA) in 1,110 carcinomas and 310
cases of normal tissue from various organs using TMA sec-
tions, 38 breast core biopsy specimens (9 ductal carcinoma in
situ [DCIS], 10 fibroadenoma, 9 ductal hyperplasia, and 10
normal breast tissue), and 10 benign bladder mucosa biopsy
specimens was performed. The staining was performed on
the DAKO staining system (1:25 dilution, EDTA antigen
retrieval, and 45-minute incubation for primary antibody)
based on the previously published protocol.?32* The staining
intensity for the tumors and normal or nonneoplastic breast
tissues was graded as weak or strong. Only nuclear staining
for GATA3 was regarded as positive. The distribution was
recorded as negative (<5% of tumor cells stained), 1+ (5%-
25%), 2+ (26%-50%), 3+ (51%-75%), or 4+ (>75%). Two
surgical pathologists (F.L. and H.L.) independently evaluated
the immunostained slides.

ITable 10 Summary of GATA3 Immunostaining Results
on 1,110 Tumors

Tumor No. (%) of GATA3+ Cases

Seminoma (n = 30)

Embryonal carcinoma (n = 24)

Yolk sac tumor (n = 12)

Lung neuroendocrine carcinoma (n = 61)
Lung adenocarcinoma (n = 61)

Lung SCC (n = 49)

Papillary thyroid carcinoma (n = 47)
Follicular thyroid carcinoma (n = 37)
Medullary thyroid carcinoma (n = 10)
Clear cell RCC (n = 82)

Papillary RCC (n = 20)

Colonic adenocarcinoma (n = 43)
Esophageal adenocarcinoma (n = 30)
Gastric adenocarcinoma (n = 21)
Pancreatic adenocarcinoma (n = 50)
Urothelial carcinoma (n = 72)
Prostatic adenocarcinoma (n = 136)
Cholangiocarcinoma (n = 11)

Breast ductal carcinoma (n = 99)
Breast lobular carcinoma (n = 48)
Endocervical adenocarcinoma (n = 17)
Endometrial carcinoma (n = 96)
Ovarian serous carcinoma (n = 56)
Hepatocellular carcinoma (n = 18)
Pancreatic endocrine neoplasm (n = 15)
Skin melanoma (n = 100)

2 (86)

[eNeoNoNoooNoloNolololoNolololoNoNe)

90 (91)

N
— @
N =
o
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RCC, renal cell carcinoma; SCC, small cell carcinoma.
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Immunohistochemical Stains on Fine-Needle Aspiration
Biopsy Specimens on Cell Blocks

On the basis of the study results, immunohistochemical
evaluation of the expression of GATA3 was further per-
formed on 53 cases of fine-needle aspiration biopsy (FNAB)
specimens of the breast on cell block sections. The preparation
of the cell block was as previously described.?® The immuno-
staining protocol was as described for surgical specimens.?3:24

The 53 cases were divided into 3 groups. Group 1
included 17 cases of breast ductal carcinoma with adequate
cellularity (12 cases were well-differentiated or moderately
differentiated ductal carcinoma; the remaining 5 were poorly
differentiated ductal carcinoma). Group 2 included 22 cases
of metastatic breast ductal carcinoma in axillary lymph
nodes (12 cases with low to intermediate nuclear grade and
10 with high nuclear grade). Group 3 included 14 cases of
benign breast proliferative lesion without atypia (9 cases
with apocrine metaplasia). Only carcinoma cases with ade-
quate cellularity in the cell block preparation were included
in this study. Adequate cellularity was tentatively defined as
at least 3 groups of atypical epithelial cells (>10 cells in each
group) and single atypical cells. For benign breast lesions,
a minimum of 3 groups of ductal cells and apocrine cells
in the cell block was considered adequate. Most cell blocks
contained more than 5 groups of atypical epithelial cells or
benign ductal cells. The staining intensity (weak or strong)
and distribution (negative [<5% of tumor cells stained], 1+
[5%-25%], 2+ [26%-50%], 3+ [51%-75%], or 4+ [>75%])
were recorded. Two surgical pathologists (F.L. and H.L.)
independently evaluated the immunostained slides. Follow-
up surgical biopsy or resection confirmed the diagnosis for
each malignant case.

Results

GATAZ3 Expression on Tumors on TMA Sections

The positive staining results and the total number of
cases for each entity are summarized in Table 1. Sixty-two
of 72 urothelial carcinomas (86%), 90 of 99 ductal carcino-
mas (91%) and 48 of 48 lobular carcinomas (100%) tested
positive for GATAS. Diffuse (3+ or 4+) and strong nuclear
staining was noted in 65% of urothelial carcinomas, 84% of
ductal carcinomas, and 77% of lobular carcinomas. Two of 96
endometrioid-type endometrial carcinoma cases tested posi-
tive for GATAS. All others cases in this study tested negative
for GATA3. Representative photomicrographs of GATA3
in breast carcinoma are shown in Blmage 10 and in urothe-
lial carcinoma in Bimage 2. The detailed staining results for
breast carcinoma and urothelial carcinoma are summarized in
ITable 20
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Blmage 10 Positive nuclear staining for GATAS in breast ductal carcinoma at low (A, x40) and high (B, x400) magnification and

positive staining for GATAS in breast lobular carcinoma at low (€, x40) and high (D, x400) magnification.
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HImage 20 Positive staining for GATAS in urothelial carcinoma at low (A, x40) and high (B, x400) magnification.
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ITable 28 GATA3 Immunostaining Results on Breast and Urothelial Carcinomas

Total No. (%)

Diagnosis Negative 1+ 2+ 3+ 4+ of Positive Cases
DCA grade | (n = 25) 0 0 0 5 20 25 (100)

DCA grade Il (n = 46) 5 0 2 5 34 41 (89)

DCA grade Il (n = 28) 4 0 5, 5 14 24 (86)

CLCA (n = 48) 0 0 0 11 37 48 (100)
UC(n=72) 10 7, W 1 8 37 62 (86)

CLCA, classic lobular carcinoma; DCA, ductal carcinoma; UC, invasive urothelial carcinoma; W, weak nuclear staining.

GATAZ3 Expression on Breast and Bladder Biopsy
Specimens

In addition to the invasive ductal and lobular carcinomas
of the breast being tested on TMA section, GATA3 expres-
sion in DCIS, ductal hyperplasia, fibroadenoma, and normal
breast tissue was also performed, and the results showed
nuclear positivity in 100%, 78%, 100%, and 50%, respec-
tively. Only 50% of normal breast tissues tested positive for
GATAS3, and the staining was generally focal (1+-2+) and
weak. In the ductal hyperplasia group, 2 cases of apocrine
metaplasia tested negative for GATAS. Similarly, 2 cases of
apocrine DCIS had only focal (1+) and weak nuclear stain-
ing for GATA3. All 10 urothelial mucosa biopsy specimens
tested positive for GATA3. Representative photomicrographs
of GATA3 expression in DCIS, ductal hyperplasia, fibroad-
enoma, and normal breast tissue are shown in Bimage 30. The
results are summarized in BTable 3N.

GATAS3 Expression on Normal Tissues

Of the 310 cases of normal tissues tested, 20 (100%) of
20 cases of distal renal tubules tested positive for GATAS.
Proximal renal tubules, glomeruli, and interstitium tested
negative. All other normal tissues (lung, parotid gland,
stomach, duodenum, small intestines, colon, pancreas, liver,
thyroid, prostate, seminal vesicles, ovary, and endometrium)
tested in the study were negative for GATA3 (normal breast
and bladder tissues were not included here). The results are
given in Table 3.

GATA3 Expression on FNAB Specimens of the Breast
on Cell Blocks

Strong and diffuse staining (3+ or 4+) for GATA3 was
seen in 88% of group 1, 82% of group 2, and 36% of group
3. Two cases in group 1 (primary breast ductal carcinoma)
tested negative for GATAS3. One was triple-negative (estro-
gen receptor [ER], progesterone receptor [PR], and Her2/neu
negative), high-grade ductal carcinoma, and the other was
high-grade ductal carcinoma with apocrine features. Four
cases in group 2 tested negative for GATA3; 2 were ductal
carcinoma with high nuclear grade, and the other 2 were duc-
tal carcinoma with intermediate nuclear grade. All 9 cases of
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apocrine metaplasia in group 3 tested negative for GATAS.
The results are summarized in ETable 41. Representative
photomicrographs of the expression of GATAS on cell block
sections with H&E stain are shown in Bimage 41.

Discussion

The primary focus of the current study is to determine
whether GATAS is an organ-specific biomarker, its potential
utility in a tumor of unknown origin on surgical and FNAB
specimens, and its expression in normal tissues. This study
demonstrates that GATA3 expression is primarily limited to
breast carcinoma and urothelial carcinoma and only rarely seen
in tumors from other organs, such as endometrial adenocarci-
noma (endometrioid type), which confirms the previous report
by Higgins et al'® and broadens the potential diagnostic utility
of GATAS, especially for a tumor of unknown origin. In the
study by Higgins and coworkers, all 4 cases of breast carcino-
ma tested positive for GATAS. Our current study with a large
series of cases demonstrates a similar finding, with GATA3
expression in 100% of lobular carcinomas and 91% of ductal
carcinomas (combined grade I, 11, and 111 ductal carcinomas).
The expression of GATA3 was observed in 100% of grade |
ductal carcinomas and was reduced to 86% in grade 11 ductal
carcinomas, which shows the downregulation of GATA3
expression with progression of tumor grade. Furthermore,
GATAS3 expression appears to be even lower in luminal B
subtype breast carcinoma. In our study with a limited number
of cases (F. Lin, MD, PhD, unpublished data, October 2011),
only 4 of 8 cases of luminal B subtype breast carcinoma tested
focally positive for GATA3. All 8 cases were triple-negative
breast carcinomas (ER, PR, and Her2/neu negative).

It has been well documented that there is a good correla-
tion between ER and PR status and GATA3 expression (ie,
a strong ER positivity with a high level of GATA3 expres-
sion).31819 Our current data on ER, PR, and Her2/neu are
incomplete; therefore, a complete correlation study of the
expression of GATA3 and ER, PR, and Her2/neu status can-
not be performed at this time. However, preliminary results
indicated that (1) all grade I ductal carcinomas tested posi-
tive for ER and GATAS as expected, (2) 8 cases of grade

© American Society for Clinical Pathology
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BImage 30 GATAS3 expression in breast core biopsy specimens with diffuse and strong staining in ductal carcinoma in situ (DCIS)
(A, x400), only focal and weak staining in apocrine DCIS (B, x400), strong staining in ductal hyperplasia (C, x400), and focal
staining in normal breast ducts and lobules (D, x200).

ITable 31 GATA3 Immunostaining Results on DCIS, DH, FA, NBT, and BUM

Total No. (%)

GATA3 Negative 1+ 2+ 3+ 4+ of Positive Cases
DCIS (h =9) 0 2 0 3 4 9 (100)
DH(h=9) 2 0 0 3 4 7 (78)

FA (n=10) 0 1 4 4 1 10 (100)

NBT (n =10) 5 3 2 0 0 5 (50)

BUM (n = 10) 0 0 3 4 2 10 (100)

BUM, benign urothelial mucosa; DCIS, ductal carcinoma in situ; DH, ductal hyperplasia; FA, fibroadenoma; NT, normal breast tissue.

Il ductal carcinoma tested negative for ER but expressed
GATAS3 with an overall sensitivity of 89% vs 73% for ER,
(3) 8 cases of grade 111 ductal carcinoma tested negative for
ER but positive for GATA3, and (4) 3 cases of nuclear grade
Il lobular carcinoma tested negative for ER, and 4 cases

© American Society for Clinical Pathology

of nuclear grade Il lobular carcinoma were only weakly
positive for ER, whereas all lobular carcinoma cases tested
positive for GATAS3. Subtypes of breast carcinoma, such as
colloid, medullary, apocrine, and pleomorphic lobular, were
not tested in this study.
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The sensitivity of GATA3 expression in urothelial carci-
noma is higher in the current study (86% vs 67%) than in the
study by Higgins et al.’® The explanation for the discrepancy
between these 2 studies can be difficult for the following rea-
sons. All 72 cases in our study are invasive, high-grade uro-
thelial carcinoma because we are more interested in knowing

when a urothelial carcinoma presents as an unknown primary
tumor; in contrast, in the study by Higgins and coworkers,®
208 cases were invasive, and 113 cases were noninvasive. We
have routinely used several antigen retrieval methods to test a
new antibody, with multiple different dilutions for the primary
antibody as previously described.?8 These methods include

ITable 41 GATA3 Immunostaining Results on Fine-Needle Aspiration Biopsy Specimens

Total No. (%)

GATA3 Negative 1+ 2+ 3+ 4+ of Positive Cases
BDCA (n=17) 2 2 3 7 3 15 (88)

MDCA (n = 22) 4 4 4 5 5 18 (82)

Benign breast lesions (n = 14) 9 1 2 2 0 5 (36)

BDCA, breast ductal carcinoma; MDCA, metastatic breast ductal carcinoma.

BImage 40 GATA3 expression on breast fine-needle aspiration biopsy specimens on cell blocks with strong and diffuse staining
in ductal carcinoma (A, x600), focal staining in ductal carcinoma (B, x600), diffuse and strong staining in metastatic breast
carcinoma (€, x600), and focal staining in metastatic breast carcinoma (D, x600).

62 AmJ Clin Pathol 2012;138:57-64
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EDTA, Tris buffer, high pH, citrate buffer, proteinase K, and
no retrieval. For GATA3, we noticed that the antigen retrieval
method and primary antibody dilution have a significant
effect on the staining intensity and distribution. Following the
comparison of different antigen retrieval methods, 3 different
dilutions for GATAS3 (1:25, 1:50, and 1:100), and different
incubation times for a primary antibody (30 minutes, 45 min-
utes, and 60 minutes), we concluded that the optimal work-
ing condition for GATA3 with the DAKO system is EDTA
antigen retrieval, 1:25 dilution, and 45 minutes of incubation
time. In the study by Higgins et al,*® the primary antibody
was the same one (same clone from the same vendor) used
in this study; however, the dilution was 1:50, and the antigen
retrieval and incubation time were not specified in the article.
Perhaps the higher sensitivity in our study is attributable to the
higher primary antibody concentration, better antigen retrieval
method, and longer incubation time. No major technical
issues were encountered in our study. Staining background
was generally absent, and the stain was easily reproducible.

The expression of GATA3 was observed in 100%
of DCIS, 50% of normal breast tissue, and 78% of ductal
hyperplasias. Therefore, GATA3 has a limited value in the
distinction of breast carcinoma from benign breast tissue or
ductal hyperplasia. Similarly, because GATA3 was expressed
in normal urothelium,!® it has little utility in differentiating
urothelial carcinoma from benign or reactive urothelium.
GATA3 expression was also observed in normal renal distal
tubules but absent in proximal renal tubules, glomeruli, and
stromal cells; however, the papillary renal cell carcinomas and
clear cell renal cell carcinomas examined in this study tested
negative for GATAS.

The expression of GATA3 on FNAB specimens of the
breast on cell blocks was slightly lower than that of surgical
specimens. The sensitivities for ductal carcinoma and meta-
static ductal carcinoma were 88% and 82%, respectively. For
FNAB of benign breast lesions, the expression of GATA3
was seen in 36% of cases. All 9 cases with apocrine meta-
plasia tested negative for GATA3. Even though the staining
signal was weaker in benign breast lesions than in primary and
metastatic carcinomas, the utility of using GATAS3 to distin-
guish breast carcinoma from benign breast lesion or normal
breast tissue is limited.

When working on a tumor of unknown origin with an
immunostaining profile of CK7+/CK20—/ER+, the primary
sites being considered should include the breast, ovary, and
uterus, especially breast ductal and lobular carcinomas, ovarian
serous carcinoma, and endometrial adenocarcinoma. PAX8 is
a recently described nuclear marker, which is usually expressed
in millerian tumors, renal cell carcinomas, and thyroid carci-
nomas of follicular cell origin but negative in breast carcino-
mas.?’-30 Our unpublished data demonstrated that PAX8 was
positive in 58 of 58 cases of endometrial adenocarcinoma

© American Society for Clinical Pathology
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(endometrioid type) and 41 of 41 cases of ovarian serous carci-
noma and negative in 98 of 98 breast ductal carcinomas. WT-1
was also a sensitive positive nuclear marker for ovarian serous
carcinoma. Our unpublished data revealed that 88% of ovarian
serous carcinomas (36 of 41 cases) tested positive for WT-1,
but 0 of 98 breast carcinomas tested positive. Therefore, a panel
of immunostaining markers, including PAX8 and GATAS3,
should be considered when differentiating a breast primary
tumor from an endometrial primary tumor. Similarly, a panel of
immunomarkers, including GATA3, PAX8, and WT-1, should
be considered when the differential diagnosis includes breast
carcinoma and ovarian serous carcinoma.

Urothelial carcinoma frequently presents as a tumor
of unknown origin, and there are no highly sensitive and
specific markers for it. Nearly all urothelial carcinomas are
positive for p63 and CK7, and most are also positive for
high-molecular-weight cytokeratin (CK903 and CK5/6).
Approximately 50% of cases are also positive for CK20.
Uroplakin 111 has been described as a specific marker for
urothelial carcinoma; however, the sensitivity is relatively
low (approximately 50%).3132 Qur experience showed a
poor reproducibility of uroplakin I11. In addition, S100P and
thrombomodulin are relatively sensitive markers,141%31 put
the specificity is low. Both p63 and high-molecular-weight
cytokeratin are positive in squamous cell carcinomas. To
our knowledge, GATAZ3 is the most sensitive and specific
marker for urothelial carcinomas.

In our limited experience, GATAS3 has been proven to be
a useful marker for tumors of unknown origin. Recently, we
encountered 2 cases of urothelial carcinoma with metastasis to
the rectum. Both cases tested positive for GATA3. One case
was only focally positive for CK7 and p63 with squamous
differentiation, and the other was positive for CK20 and p63.
Many high-grade urothelial carcinomas may show squa-
mous differentiation. Because squamous cell carcinoma and
urothelial carcinoma are positive for high-molecular-weight
cytokeratin and p63, GATAS can be important in distinguish-
ing between these 2 entities. We also had a case of breast
carcinoma with pulmonary hilar metastasis. The tumor tested
negative for ER, PR, GCDFP-15, and mammaglobin but posi-
tive for GATA3, which confirmed the clinical suspicion of a
breast primary tumor.

In summary, on the basis of our current study, we recom-
mend that GATAS be routinely included in a panel of immu-
nomarkers on surgical and FNAB specimens when working
with a tumor of unknown origin, especially when either a
breast carcinoma or urothelial carcinoma is being considered.

From Geisinger Medical Center, Danville, PA.
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